CIVCAHUE HA BBAMAPCKOTO.
TEONIOTMYECKO APYXECTBO.

REVIEW OF THE BULGARIAN

‘GEOLOGICAL SOCIETY

CIIMCAHUE HA BBJITAPCKOTO I'EOJIOTMYECKO JIPY>KECTBO,
rox. 86, ku. 3, 2025, c. 218223

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,
vol. 86, part 3, 2025, p. 218-223

Spatial distribution of >*U, >*Th,*’K and radiological risk assessment
in stream sediments of Oltet River, Romania

Adriana Ion, Ana Cosac, Gavril Sabau

Geological Institute of Romania, Bucharest, RO-012271, Romania; E-mails: adi75Sriana@yahoo.com; cosac_ana@yahoo.ro;
g sabau@yahoo.co.uk

Adriana Ton, Ana Cosac, Gavril Sabau. 2025. Spatial distribution of 2**U, 2Th,*K and radiological risk assessment
in stream sediments of Oltet River, Romania — Rev. Bulg. Geol. Soc., 86, 3, 218-223, https://doi.org/10.52215/rev.
bgs.2025.86.3.218.

Abstract. This paper reported on the distribution of natural radionuclides: 23U, #*Th and K in stream sediments
from Oltet River, southern Romania to establish baseline background in relationship with lithological features of
the area for future environmental monitoring. Stream sediment samples were collected from the riverbed, and the
concentration of naturally occurring radionuclides was determined using gamma-ray spectrometry with a high pu-
rity germanium (HPGe) detector. The average activity concentration of **U, **Th and “’K was found to be 38.41,
50.45 and 219.57 Bg/kg. Based on radionuclides activity concentrations, radiological hazard parameters were esti-
mated in order to assess any radiation risk which may be associated with the riverbed sediments. The radiological
hazard parameters, such as radium, equivalent activity (Raeq.), absorbed gamma dose rates in air (DR) and external

hazard index (Hex) were calculated and compared with international safety limits.
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Introduction

In addition to cosmic radiation, terrestrial radiation,
originating from radionuclides of the 2*U, **Th,
and “K series, is the main natural source of radia-
tion exposure to humans (Cardi et al., 2021).
Natural radioactivity, given by the 2%U, 22Th
and “K radionuclides, can be found in many dif-
ferent geological formations, including soils, rocks,
plants, sand, water, and air. The abundance of these
primordial radionuclides depends on the local en-
vironment’s geology (Baez et al., 1995). Uranium,
thorium, and potassium are lithophile elements
found in the upper continental crust, being present
in metamorphic and magmatic rocks (Rudnick R.L.
and Gao S., 2003). Uranium is mainly sourced from
minerals like uraninite and carnotite, whereas tho-
rium is found in thorite and thorianite. They are
also present in accessory minerals, notably zircon
and monazite, which are refractory to weathering
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(Cinelli G. et al., 2019). Potassium is a key com-
ponent of the feldspar mineral series, feldspathoids,
and micas (IAEA-TECDOC-1363).

Since natural radiation accounts for the majority
of the radiation exposure of the human population,
ionizing radiation exposure is one of the scientif-
ic topics that garners public interest (UNSCEAR,
2000). Understanding the distribution of radioactiv-
ity found in natural materials allows one to evalu-
ate any potential radiological risk that using those
resources may pose to humanity (Choudhury et al.,
2025). Additionally, determining radiological risks
that could affect human populations requires base-
line monitoring of natural background radiation lev-
els (Dizman et al., 2022).

The global relevance of environmental radiation
monitoring focuses on potential concerns related to
food safety and radiation exposure in neighboring
riparian habitats. The dangers of radiation in rivers
and the potential use of river sediments in construc-
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tion have prompted several critical investigations
worldwide into the location of natural radionuclides
in these sediments. Numerous researchers have dis-
covered higher levels of radiation and naturally oc-
curring radioactive concentration in various regions
as a result of heavy mineral deposits (Caridi et al.,
2021; Cotac et al., 2024; Natarajan et al., 2024). A
detailed investigation of the origins of sediments in
riverbeds enriched in natural radionuclides is neces-
sary, as well as an investigation of the geographical
distribution of natural radionuclides to determine
their concentration in sediments in inhabited areas
and in order to assess the associated risks.

River sediments are detrital products of rocks
and serve as an archive of geochemical datasets for
natural elements, derived from petrographic vari-
ability in riverbed material composition, explained
by the source area’s petrography (Schneider et al.
2016). River sediment, comprising gravel and sand,
is a crucial and predominant mixing material for
construction in Romania. Sediment is the primary
source of ongoing radiation exposure for humans
and serves as a migration pathway for radionuclide
transfer to biological systems, making it an essential
indicator of environmental radiological pollution.
River sediment comprises naturally occurring radi-
onuclides that contribute significantly to the popu-
lation’s background radiation exposure (Degerlier
et al., 2008). The geochemistry of sediment quanti-
fies natural background and anthropogenic effects,
distinguishing mineralization-induced enrichments
from anthropogenic effects due to host rock sourc-
es and of geographical relief type (Maxwell et al.,
2020).

The aim of this study is to determine the spe-
cific activity of »*U, #**Th and *K in stream sedi-
ments, and to examined their spatial distribution in
the longitudinal profile of the Oltet River, in con-
nection to the local geology, lithology, and human
activities. The radiological risk parameters: radium
equivalent activity (Raeq), external hazard index
(Hex) and gamma absorbed dose rates (DR) will be
calculate in order to know the complete radiological
characteristics of the stream sediments. The study
will serve as a benchmark for next environmental
research and background radiation assessments in
the area.

Study area

The Oltet River is the right tributary of the Olt Riv-
er, has a length of 185 kilometers and flows through
the southern central region of the country. The Oltet
Basin’s terrain is diverse, ranging from high moun-

tain regions to low-lying plains areas (Jurchescu et
al., 2015). The watercourse’s elevation varies from
1963 m in the Paring Mountains to 200 m at the
Olt River confluence. The upper sector features gla-
cially shaped landscapes with valleys, ridges, and
alpine cirques.

The Oltet River flows through the Getic Sub-
Carpathians and the Oltet Hills, transitioning to a
hilly area near its confluence with the Olt River,
marking the boundary between the Getic Piedmont
and the Romanian Plain. Due to the nearly steep
shift from mountainous to hilly terrains, significant
amounts of clastic material have been deposited by
torrents at the interface of highlands and lowlands
(Bercia et al., 1968).

The climate is temperate continental, shaped
by geographical location, atmospheric circulation,
and relief components. The region is predominantly
covered by forests, alongside permanent crops, pas-
tures, seasonal crops, and rural landscapes (Jurches-
cu M. etal., 2015).

From a geological perspective, a cross-section
of the Oltet River from North to South reveals that
it traverses basement formations belonging to the
Danubian domain, including metamorphic rocks
(schist, gneisses, quartzite, marble, and mica-schist)
and associated Pre-Alpine granite and granitoid
massifs (granitoid rocks containing intrusions of
microgranite, aplite, pegmatite, and lamprophyre),
as well as sedimentary rocks from the Paleozoic to
Mesozoic formations (carbonate rocks), followed
by post-tectonic Cenozoic formations that belong
to the Dacian Basin (Bercia et al., 1968). Among
Cenozoic deposits, the Pontian — Romanian layers
consist of clays, marls, and sands, notable for lignite
seams. Above these, Quaternary formations rich in
fossil vertebrates are present, comprising marls,
sands, and gravels with sandy-clayey sequences and
coal layers. (Fig. 1a) (Ion et al., 2018).

Significant to the Oltet hydrographic basin is
the presence of open-pit coal deposits in the mid-
dle zone, through which the Oltet River flows.
Upstream, the river interacts with metamorphic
and sedimentary rocks, and the area is affected by
numerous waste dumps from the exploitation of
graphite, limestone, and granite.

Material and Methods

The alluvial sediment samples were collected from
44 sampling points along the Oltet River, spaced
approximately 4—5 km apart. The location is depict-
ed in Figure la. The volumetric sampling method
was used as sampling method, with the weight of
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the largest galet in each section determining 5% of
the total sample weight. Around 10 kg of sediment
was collected from each sampling point.

The stream sediment samples were dried at room
temperature and sieved with Teflon sieves of 2 mm
and 0.63 mm mesh. The 0.63 mm fraction was
ground to a size smaller than 0.15 mm. To ensure
equilibrium between parent and daughter isotopes
in the 28U, 22Th series and “°K, each 300g sediment
sample was stored in plastic containers for 30 days.

The specific activity of radionuclides in sediment
samples was measured non-destructively using gam-
ma-ray spectrometry with a high purity germanium
(HPGe) detector. The detector has a relative efficien-
cy of 26% and an energy resolution of 1.80 keV for
%Co. It was protected by a 10 cm thick lead shield
and samples were analyzed for 26,000 seconds. En-
ergy calibration used certified sources (“°Co, '*’Cs)
while efficiency calibration employed IAEA refer-
ence materials (RGU_1, RGTh_1, and RGK 1). The
specific activity calculations for the 2®U series uti-
lized gamma energy lines of 186 keV (***Ra), 609 and
1120 keV (**Bi), and 352 and 295 keV (**Pb). For
22Th, gamma lines at 338.4 and 911.2 keV (***Ac),
727 keV (*'*Bi), and 860 keV (*®TI) were used, while
the activity of “K was based on its 1460 keV emis-
sion (Ion et al., 2022).

The radiological parameters evaluated for radi-
oactive risk in the research area include the exter-
nal hazard index (Hex), absorbed gamma dose rate
(DR), and radium equivalent activity (Raeq). The
calculations are based on the specific activities of
4K, 28U, and 2Th in sediment samples, using the
following formulas: Ra  =A;+ 1.43A;, + 0.077Ay
(Bg/kg); Dy = 0.462A, + 0.604A,, + 0.042A,
(nGy/h), and H_, = (A/370) + (A/259) + (A
/4810). In all equations: A, A,,, and A, represent

the specific activity of 28U, #*Th, and “K (Bg/kg)
(Ion et al., 2022).

The SPSS 17 program conducted statistical anal-
ysis on the data set, calculating standard deviation,
skewness, kurtosis, minimum, and maximum for
each variable. Pearson’s coefficients facilitated the
correlation analysis, whereas the inverse-distance
weighting (IDW) method was employed to generate
spatial distribution maps for natural radionuclides
(38U, #2Th, and *°K) and radiological hazard indexes
(Raeq, DR, and Hex), using ArcGIS 10.2 software.

Results and Discussion

Statistical parameters for specific activity of #*U,
22Th and “/K in sediment samples from Oltet River
are presented in Table 1.A. The specific activity
or activity concentration (activity per unit mass) is
expressed in Bq/Kg of radionuclides in sediment,
and the conversion recommended between Bg/Kg
and ppm is: 1 ppm U = 12.35 Bq/kg, 1 ppm Th =
4.06 Bg/kg and 1% K = 313 Bq kg (IAEA-TEC-
DOC-1363, 2003). In addition, Table 1A summa-
rize and statistical parameters for radiological haz-
ard indexes (Raeq, DR and, Hex).

The activity concentration of *U, **Th and *K
varies differently in the study area due to varied
drainage pattern and geological context. The fol-
lowing ordering of specific activities was observed
in all sediment samples analyzed: K > »*>Th >*%U.

The specific activity of 2*U in sediment samples
ranging from 6.18 to 68.76 Bq/kg with a mean con-
centration of 38.41 Bq/kg. The statistical parameters
calculated for U (Table 1A) indicate variation of
uranium in river sediments, and suggest a spatially
inhomogeneous distribution given by the geologi-

Table 1. A) Descriptive statistics for »*U, %?Th and *’K specific activities and radiological parameters (Raeq, DR, Hex) in river
sediments; B) Pearson’s correlation coefficients among selected variable in sediment from the Oltet River

A. Descriptive statistics

B. Pearson correlation coefficient

238U 232Th 40K Ra D

N (BqKe) (ByKe) (ByKg) ByKg) mGym) ‘e Variable  FU FTh UKo Ra, DR
Minimum 44 6.18 8.12 99.14 31.98 14.97 0.09 28y 1.000
Maximum 44 68.76 89.28 317.59 186.20 83.97 0.50 22Th 0.283 1.000
Mean 44 38.41 50.45 219.57 127.46 57.44 0.34 R 0.444 0.513 1.000
Std. Dev. 44 17.20 25.15 69.72 46.46 20.36 0.12 Raeq, 0.584 0.938 0.497 1.000
Skewness 44 —0.056 0.116 -0.283 041 -0.44 -0.45 DR 0.595 0.930 0.510 0.995 1.000
Kurtosis 44  —0.892 —1.300 —-1.218 -1.078 —1.056 —1.067 H. 0.563 0.944 0.521 0.999 0.982

in

(N) — number of samples, Std. Dev. — standard deviation.
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cal settings and the drainage pattern. The standard
deviation (Std. Dev.) value for *U is moderate
(17.20 Bg/Kg) and indicates a positive asymmet-
ric distribution of the #*U in the investigated sedi-
ments, while skewness and kurtosis parameter are
negative and indicate that data are skewed to left.
The spatial distribution map of 2*U (Fig. 1b) shows
that uranium specific activity decreases concentri-
cally towards the north, where metamorphic and
sedimentary rocks are present, and south towards
sandy deposits. The high values of #*U in middle
part of the Oltet River are associated with the pres-
ence of coal seams and alluvial deposits enriched
in fossil materials, and suggested that the uranium
was secondary accumulated, uranium being derived
by leaching of the granitic and metamorphic rocks,
mobilized, precipitate from surface and ground wa-
ters, and strongly absorbed by organic matter from
coal.

With an average concentration of 50.21 Bg/kg,
22Th concentration varied within moderate limits
ranging from 8.12 to 89.28 Bg/kg. Although there
aren’t many differences in *Th specific activities,
22Th exhibits an asymmetric distribution in the
river sediments. Statistical parameters calculated
for #*>Th show a moderate variation and reflects the
natural background of thorium content in sediments
attributed to the lithology of the source material
dominated by the presence of metamorphic rocks in
the upper sector of the Oltet River. The spatial dis-
tribution map of **Th (Fig. 1¢) emphasize the high
level of **Th in sediment samples collected from
upper are of Oltet River (in the springs area) de-
rived from granitic and metamorphic rocks, where
thorium is concentrated in accessory minerals such
as zircon, monazite, apatite, allanite, and titanite, re-
garded as mineral resistant to weathering.

As effect of lithological feature of the investi-
gated river sediments, potassium specific activities
range from 99.14 to 317.59 Bq/Kg, with a mean
specific activity of 219.57 Bg/Kg. The descriptive
statistics for *K reveal an uneven distribution of
content values and significant variances in specific
activities. The spatial distribution of “K (Fig. 1d)
marks the fact that potassium is one of the main
constituents of silicate rocks being present in miner-
als such: K-feldspar, micas, clay minerals, and also
that potassium content varies and depends on detri-
tal mineralogy and alteration during river sediment
formation.

The spatial distribution of radionuclides in the
Oltet River’s sediments reveals a strong correla-
tion between 28U, #*Th, and *K in the upper sector,
linked to local geological features where mechani-
cal rock degradation is predominant. In the river’s

middle section, a stark transition from mountainous
to hilly terrain increases radionuclide levels due to
clastic materials from torrents.

Pearson correlation coefficient analysis of the
28U, #2Th, and *°K specific activity concentrations
and related radiological parameters (Raeq, DR,
Hex) are presented in Table 1B. Pearson’s corre-
lation coefficients classify the linear relationship
between all variables as weak (0.00-0.19), moder-
ate (0.2-0.39), strong (0.4-0.79), and very strong
(0.8-1.00) (Akpanowo M. et al., 2020). Generally,
a strong correlation has been found between 23U,
22Th and “°K. The positive correlation between “’K,
233U and 232Th, reveals that all radionuclides are de-
rived from natural sources, potassium is a common
element found in sedimentary rocks, where its con-
centration is higher in K-feldspar, mica, and clay
minerals. A moderate correlation exists between
238U and 2Th (0. 283), and reflects, on the one
hand, to a lesser extent, the common source of these
elements, accessory minerals containing U and Th
(e.g. monazite, apatite, zircon) present in the sedi-
ments mass, and on the other hand, the moderate
correlation underline the high mobility of uranium
in environmental condition. The very strong cor-
relation between **Th and the radiological hazard
indices (Raeq, DR and H, ) suggests that thorium is
the dominant contributor to the radiological hazard
and risks assigned to gamma rays emitted from the
22Th decay series in the sediments of Oltet River.
Raeq, as a calculated parameter, exhibits a strong
correlation with all radionuclides and demonstrates
a significant relationship with all radiological haz-
ard parameters (Figs. le, f, and g).

The calculated radiological indices (Raeq, DR,
and Hex) do not suggest a radiological hazard linked
to the sediment of the Oltet River, as the mean val-
ues for the radiological parameters fall below the
thresholds set by UNESCEAR (370 Bqg/Kg for
radium equivalent (Raeq), 84 nGy/h for absorbed
gamma dose rate (DR), and values that exceeding 1
for the external hazard index (Hex)).

The radiological risk associated with present of
238U, 22Th, and “K in stream sediments from Oltet
river is insignificant. The level of ***U, **Th, and
“K in sediment, and their spatial distribution along
to the Oltet River, indicate, firstly, the level of en-
richment of the parent rocks, and secondly, the role
played by alteration and transport processes in mo-
bilization and deposition of the material throughout
the hydrographic basin.
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