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Abstract
The main focus of this study was to assess radiation exposure to human and non-human biota due to natural radionuclides in 
soil of the Serbian capital. For the first time, ERICA tool was employed for calculation of gamma dose rates to non-human 
biota in this area. In analyzed soils, the mean values of 226Ra, 232Th and 40K specific activities were found to be 35, 43 and 
490 Bq kg−1, respectively. The distribution of analyzed natural radionuclides in soils was discussed in respect to its statisti-
cally significant correlations with sand, silt, clay, carbonates, cation exchange capacity and pH value. The annual outdoor 
effective dose rates to the population varied from 48 to 98 μSv, and the total dose rates to terrestrial biota, calculated by 
ERICA tool, varied from 9.84 × 10−2 μGy h−1 (for tree) to 5.54 × 10+0 μGy h−1 (for lichen and bryophytes). The results 
obtained could serve as a baseline data for the assessment of possible anthropogenic enhancement of the total dose rate to 
human and non-human biota of the study area.
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Introduction

Human and non-human biota are exposed to ionization 
radiation from natural (such as cosmic and terrestrial radia-
tion) and man-made sources of radiation (UNSCEAR 2010, 
2011). Primordial gamma-emitting radionuclides such as 
238U, 232Th along with their daughter products and 40K, pre-
sent in trace amounts in the soil, represent the main exter-
nal sources of exposure (UNSCEAR 2010), and a number 
of surveys were carried out worldwide to determine spe-
cific activities of natural radionuclides in soils and asso-
ciated gamma dose rate (Abdalhamid et al. 2017; Antovic 
et al. 2012; Baykara and Doğru 2009; Bouhila et al. 2017; 

Dragović et al. 2006; Huy et al. 2012; Taskin et al. 2009). 
The data obtained in these surveys are dominated by dose 
assessment to humans. The need to protect the non-human 
biota from exposure to ionizing radiation led to the develop-
ment a number of models and approaches (e.g., RESRAD-
BIOTA, ERICA tool, DosDiMEco, LIETDOS-BIO) for the 
dose and risk assessment (Beresford et al. 2008a; IAEA 
2012; Vives i Batlle et al. 2007, 2011). The ERICA tool has 
been widely used worldwide to assess the radiological risk 
to biota within terrestrial and aquatic (i.e., freshwater and 
marine) ecosystems (Botwe et al. 2017; Čern et al. 2012; 
Doering and Bollhöfer 2016; Hosseini et al. 2011; Li et al. 
2015; Mazeika et al. 2016; Nedveckaite et al. 2011; Wood 
et al. 2008).

A few assessment studies dealing with radiological risk 
due to naturally occurring gamma-emitting radionuclides 
and Chernobyl-derived 137Cs in soil were conducted so far 
on the territory of Belgrade urban area (Janković-Mandić 
et al. 2014; Janković Mandić and Dragović 2010; Petrović 
et al. 2013). However, their main focus was the radiation 
exposure to humans. In available literature, there are no data 
on application of ERICA tool for non-human biota of Bel-
grade urban area. Although previous studies conducted on 
the territory of Belgrade area did not indicate the increased 
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specific activities of natural radionuclides in soil and cor-
responding dose rates to population, this study will be the 
first effort to establish reference levels of dose rates to both 
human and terrestrial non-human biota. The importance of 
knowing and monitoring these doses lies in the fact that the 
environment of Belgrade is the habitat of many plant and 
animal species, with a number of protected natural assets 
such as Miljakovačka šuma, Topčider, Košutnjak, Banjička 
šuma. (Đurdić et al. 2011) and also over million people live 
within urban area of the city of Belgrade. Accordingly, the 
objectives of this study were to determine the 226Ra, 232Th 
and 40K specific activities in surface soil samples collected 
from the territory of Belgrade, to investigate correlations 
among radionuclides and soil properties by the Pearson cor-
relation analysis and to estimate dose rates to the population 
and to terrestrial biota in the Belgrade area based on the 
measured radionuclides in soil.

Materials and methods

Study area and sample collection

Belgrade, the largest and capital city of Serbia, is situated 
in the northern part of Serbia (Southeastern Europe). The 
agglomeration of Belgrade covers the area at the contact 
of the Pannonian Basin and its southern rim, represented 
by the Šumadija beam of low mountains (Komatina and 
Komatina 1999). It is situated on the confluence of the two 
great rivers, the Sava and the Danube. The southeastern part 
of the city lies on the hilly terrains of Belgrade Posavina, 
with elements of the karst relief. Most of New Belgrade 
was developed in the lowland on sandy and alluvial terrains. 
Most of the city is covered by neogene deposits underlined 
by flysch sediments. The territory of Belgrade is a zone of 
contact between the two tectonic units, the Vardar zone in 
the south and the Pannonian depression in the north. Signifi-
cant tectonic processes took place during the neogene and 
post-neogene phases. The area is characterized by a diverse 
geological structure with significant distribution of clay, 
sand, conglomerates, and quaternary sediments dominated 
by eolian, river and lake loess, as well as other sediments of 
Pleistocene age, especially in the area of New Belgrade and 
Zemun. In the southeastern parts of the city, there are mag-
matic rocks and serpentinized peridotites of Mesozoic age.

The territory of Belgrade is under the influence of the 
steppe-continental climate. According to the Köppen–Gei-
ger climatic classification, it has the Cfa (humid subtropi-
cal climate), with characteristics of moderate-warm climate 
with a warm summer (Šegota 1988; Kottek et al. 2006). 
The coldest month is January with an average temperature 
of 0.1 °C, and the hottest July with an average perennial 
temperature of 22 °C (Dragović and Kićović 2001). The 

average insolation is 2096 h. Growth of average annual air 
temperature is not continuous, but the trend of longer growth 
periods is observed. The average atmospheric pressure in the 
territory of Belgrade is 1001 millibars. During the year, the 
silence conditions are dominated, especially in the summer 
months, caused by the anticyclone and isobaric conditions. 
The winds of the south and southeast are the most frequent. 
These winds, known as Kosava, most commonly occur in 
the second half of the year as a result of unequal air pres-
sure. The winter Kosava usually lasts 2–3 days, but can be 
extended up to 15 days. A cozy and cold winter Kosava 
contributes favorably to the climate of the city, reducing the 
level of pollution. The average relative atmospheric humid-
ity is about 70%, with the highest values in December and 
the lowest in July and August. The high relative humidity in 
the winter months in the absence of wind affects increased 
air pollution because humid air binds particles that are 
the product of pollution. The mean annual precipitation is 
669 mm.

Simplified geological map, based on a geological map 
of Serbia at 1:500,000 scale (Federal Geological Survey 
1970), of study area with sampling locations is presented 
in Fig. 1. A total of 83 uncultivated soil samples were col-
lected up to 15 cm depth in 2011 according to International 
Atomic Energy Agency (IAEA) guidelines for environmen-
tal contaminants (IAEA 2004). The soil samples were dried 
to constant weight, mechanically homogenized and sifted 
through a 2 mm mesh sieve. The 0.5 L Marinelli beakers 
full of samples were then hermetically sealed and stored for 
about 4 weeks, in order to achieve radioactive equilibrium 
among radium-226 and its daughters, prior to radioactivity 
measurements.

Analytical methods

The radioactivity of soil samples was measured using high-
purity germanium (HPGe) gamma-ray spectrometer ORTEC-
AMETEK (34% relative efficiency and 1.65 keV resolution at 
1332 keV for 60Co) for 16.7 h in order to provide an analytical 
precision of about ± 5–10% at the 95% level of confidence. 
The calibration (energy and efficiency) of the HPGe gamma-
ray spectrometer was performed using MBSS2 standard in 
500 mL Marinelli beaker, Cert. No: 9031-Ol-419/10 supplied 
by CMI—Czech Metrology Institute. For quality assurance 
and quality control purposes, i.e., to assess the possible influ-
ence of inhomogeneous distribution of the sample and other 
sources of the uncertainty, the reference materials (IAEA-
RGU-1 and IAEA-RGTh-1) and intercomparison exercises 
were used on regular basis. The 226Ra specific activities were 
determined using the most intense gamma-ray lines of 214Bi—
609.3 keV and 214Pb—295.2 and 352.0 keV. The 232Th specific 
activities were determined using the most intense gamma-ray 
lines of 228Ac—338.4; 911.1 and 968.9 keV. For determination 
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of 40K specific activities, its gamma-ray line at 1460.8 keV was 
used. For spectra analysis, Gamma Vision 32 MCA emulation 
software was used (ORTEC 2001).

Standard methods were used for determination of the 
following soil properties: particle size distribution (sand, 
silt and clay), soil pH (in H2O), specific electrical conduc-
tivity—SEC, organic matter content—OM, carbonate con-
tent—CaCO3 and total cation exchange capacity of the sorp-
tive complex—CEC (ISO 10390 2005; ISO 10693 1995; 
ISO 11265 1994; Kappen 1929; Rowell 1997; Simakov 
1957; Walkley and Black 1934). The Statistical Package for 
the Social Sciences—SPSS 16.0—was employed for statisti-
cal data analysis (SPSS 2007).

Assessment of the doses from terrestrial exposure 
of population

Total absorbed dose rates Dtot (nGy h−1) in air at a height of 
1 m above the ground surface were calculated from 226Ra, 

232Th and 40K specific activities in surface soil samples. Out-
door annual effective dose AEDoutdoor (μSv) was calculated 
using the factor of 0.7 Sv Gy−1 to convert the absorbed dose 
rate in air to the effective dose received by adults and 0.2 
for the outdoor occupancy factor (the fraction of time spent 
outdoors). Details about equations used for calculations of 
Dtot and AEDoutdoor can be found in UNSCEAR (2000).

Radiation dose assessment for the biota 
of terrestrial ecosystems

ERICA tool (version 1.2.1) was used to estimate dose rates 
to default terrestrial reference organisms: amphibian (frog), 
annelid (earthworm), arthropod—detritivorous (woodlouse), 
bird (duck), flying insects (bee), grasses and herbs (wild 
grass), lichen and bryophytes, mammal—large (deer), mam-
mal—small burrowing (rat), mollusk—gastropod (snail), 
reptile (snake (on soil)), shrub and tree (Brown et al. 2008, 
2016; ERICA 2007). At the present study, the Tier 2 of the 

Fig. 1   Simplified geological map of study area with sampling locations
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ERICA tool was applied. Maximum measured 226Ra and 
232Th specific activities in soil were used as input data in the 
model, in order to ensure that maximum possible value of 
dose rates to non-human biota was below the screening dose 
rate criterion of 10 μGy h−1. Default uncertainty factor (UF) 
of 3 was selected at Tier 2 to account for the uncertainties 
involved in the assessment method. According to the defini-
tion available in ERICA tool software system, an UF = 3 
will test for 5% probability of exceeding the dose screening 
value, assuming that the risk quotient distribution is expo-
nential (ERICA 2007). The dose rate calculations in Tool 
are performed using the inputted data by applying DCCs, 
dose conversion coefficients in μGy h−1 per Bq kg−1 fresh 
weight and weighting factors of 10 for α, 3 for low β and 1 
for (high energy) β and γ radiation. Details about ERICA 
tool and their uncertainties can be found in a number of stud-
ies (Beresford et al. 2008b; Brown et al. 2008, 2016; IAEA 
2014; Larsson 2008; Oughton et al. 2008).

Results and discussion

Specific activities of natural radionuclides in soils 
and their relationship with soil properties

The values of radionuclides specific activities in analyzed 
soils varied from 19 to 51 Bq kg−1 (mean: 35 Bq kg−1) for 
226Ra; from 23 to 58 Bq kg−1 (mean: 43 Bq kg−1) for 232Th; 
and from 310 to 650 Bq kg−1 (mean: 490 Bq kg−1) for 40K 
(Table 1). The great majority of soil samples are taken from 
areas where quaternary continental deposits and limestones 
with marine clastics are dominant geological rock types, 36 
and 26, respectively. The rest of the soil samples (25%) are 
from areas of neogene lake deposits—10 samples, upper 
cretaceous flysch and limestones—7 samples, and only 4 
samples are from brackish sediments, limestones and coal 
(Fig. 1). Accordingly, the obtained variability of radionu-
clide specific activities in soils can be related to the variety 
of geological composition of the investigated area. The mean 
values of 226Ra, 232Th and 40K specific activities obtained 

in this study are comparable to those obtained in different 
regions of the country as well as in countries in the region 
with similar geological composition and geotectonic struc-
tures (Dragović et al. 2014) (Table 2). For evaluation of 
relationships between 226Ra, 232Th and 40K specific activi-
ties and soil properties, the Pearson correlation analysis 
was used. Basic descriptive statistics of the soil properties 
are presented in Table 3. The Pearson correlation coeffi-
cients among 226Ra, 232Th and 40K specific activities and 
soil properties are shown in Table 4. The positive correla-
tion coefficients were found between radionuclides specific 
activities (Table 4), which indicate their common source 
in soil (parent material) (Navas et al. 2011; Ćujić et al. 
2015). Radionuclides specific activities were found to be 
strong positively correlated with both the clay and silt soil 
fractions, but negatively correlated with sand soil fraction 
(Table 4). These correlations indicated that radionuclides are 
associated with the finer soil fractions (clay and silt), which 
was expected since it is known that soils contain a number 
of radionuclide adsorbing components in the silt and clay 
fractions (Kumar et al. 2013). The correlations obtained in 
this study are in accordance with those reported in similar 
studies worldwide (Belivermis et al. 2010; Ćujić et al. 2015; 
Dragović et al. 2012a; Navas et al. 2002). Blanco Rodríguez 
et al. (2008) observed that the 238U, 230Th and 226Ra activity 
concentration in soil decreases as the particle size increases. 
Caridi et al. (2016) also found that the 226Ra, 232Th and 40K 
concentrations increase with decreasing sediment parti-
cle size, and highest concentrations of radionuclides were 
obtained in pelite (< 65 µm) fraction. The carbonate content 
was negatively correlated with radionuclides specific activi-
ties (Table 4), which agrees with results reported in similar 
studies (Ćujić et al. 2015; Dragović et al. 2012a; Navas et al. 
2011; Tomić et al. 2011). According to Ćujić et al. (2015), 
Dragović et al. (2012a) and Elejalde et al. (1996) negative 
correlations between radionuclides and carbonates suggest 
their binding in soils with minerals other than calcite, prob-
ably in silicates derived during weathering processes from 
parent rocks. In analyzed soils, radionuclides specific activ-
ities were negatively correlated with the cation exchange 

Table 1   Descriptive statistics 
of 226Ra, 232Th and 40K specific 
activities in surface soils from 
Belgrade and estimated gamma 
dose rates and annual outdoor 
effective doses

a Multiple modes exist. The smallest value is shown

Specific activity (Bq kg−1) Gamma dose rate (nGy h−1) AEDoutdoor 
(μSv)226Ra 232Th 40K DRa DTh DK Dtot

Mean 35 43 490 16 26 21 63 77
Median 36 43 497 16 26 21 63 77
Mode 33a 49 314 14a 23a 24 61 75
SD 6.3 8.4 69 2.9 5.1 2.9 9.7 12
Range 31 35 340 14 21 14 41 50
Minimum 19 23 310 9.0 14 13 39 48
Maximum 51 58 650 23 35 27 80 98
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Table 2   Comparison of the 226Ra, 232Th, and 40K specific activities (Bq kg−1) in soils obtained in this study with values reported for different 
parts of the Serbia and countries in the region

City/country 226Ra (Bq kg−1) 232Th (Bq kg−1) 40K (Bq kg−1) References

Belgrade/Serbia 34 (12–55) 39 (11–64) 508 (285–797) Janković Mandić and Dragović (2010)
Belgrade/Serbia – 38 (11–64) 501 (232–814) Janković Mandić et al. (2010)
Kragujevac/Serbia 34 (20–55) 50 (30–73) 426 (167–559) Milenkovic et al. (2015)
Subotica/Serbia 20 (12–33) 18 (13–23) 290 (260–390) Janković Mandić et al. (2016)
Serbia 33 (8–88) 36 (9.5–84) 508 (45–900) Dragović et al. (2012b)
Serbia and Montenegro 31 (14–55) 41 (18–83) 567 (271–919) Dragović and Onjia (2006)
Montenegro 40 (11–216) 44 (18–107) 438 (245–711) Antovic et al. (2012)
Bulgaria 45 (12–210) 30 (7–160) 400 (40–800) UNSCEAR (2000)
Hungary 33 (14–76) 28 (12–45) 370 (79–570) UNSCEAR (2000)
Romania 32 (8–60) 38 (11–75) 490 (250–1100) UNSCEAR (2000)
Albania – 24 (4–160) 360 (15–1150) UNSCEAR (2000)
Croatia 54 (21–77) 45 (12–65) 490 (140–710) UNSCEAR (2000)
Slovenia 41 (2–210) 35 (2–90) 370 (15–1410) UNSCEAR (2000)
Belgrade/Serbia 35 (19–51) 43 (23–58) 490 (310–650) Present study

Table 3   Basic descriptive statistics of the analyzed soil properties

a Multiple modes exist. The smallest value is shown

Sand (%) Silt (%) Clay (%) Carbonates (%) Cation exch. capac-
ity (cmol kg−1)

Org. matter (%) pH Spec. electrical con-
ductivity (µS cm−1)

Mean 16 64 20 5.9 71 4.2 7.5 150
Median 13 65 19 5.6 93 4.0 7.6 120
Mode 4.7a 56a 22 0.07a 95a 2.7a 7.2a 106a

SD 13 11 5.3 5.5 33 1.7 0.43 86
Range 59 57 25 26 96 8.5 2.0 529
Minimum 1.2 24 10 0.10 4.0 0.80 6.1 35
Maximum 60 81 35 26 100 9.3 8.2 564

Table 4   Pearson correlation coefficients between radionuclides specific activities and soil properties

Data in bold indicates statistical significance
*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level

226Ra 232Th 40K Sand Silt Clay CaCO3 CEC OM pH SEC

226Ra 1.000
232Th 0.834** 1.000
40K 0.505** 0.622** 1.000
Sand − 0.576** − 0.713** − 0.478** 1.000
Silt 0.431** 0.555** 0.404** − 0.911** 1.000
Clay 0.471** 0.539** 0.293** − 0.473** 0.067 1.000
CaCO3 − 0.308** − 0.547** − 0.370** 0.264* − 0.173 − 0.268* 1.000
CEC − 0.356** − 0.538** − 0.249* 0.429** − 0.250* − 0.503** 0.649** 1.000
OM − 0.030 − 0.098 − 0.059 0.055 0.046 − 0.230* 0.090 0.114 1.000
pH − 0.286** − 0.302** − 0.091 0.224* − 0.093 − 0.343** 0.431** 0.541** 0.027 1.000
SEC − 0.059 − 0.111 0.023 0.302** − 0.230* − 0.240* 0.200 0.374** 0.380** 0.196 1.000



	 Environmental Earth Sciences (2018) 77:290

1 3

290  Page 6 of 12

capacity (Table 4). This means that the cation exchange 
capacity decreases when the radionuclides specific activi-
ties in the soil increase which may be due to various fac-
tors, since cation exchange capacity of soils is mainly deter-
mined by clay content, the type of clay minerals present, 
and soil organic matter content as well as soil pH. Although 
it is known that organic matter influences the radionuclides 
mobility in the soil (Boggs et al. 1985), no correlations were 
found between the organic matter content and radionuclides 
specific activities in soils (Table 4). The lack of correlation 
between radionuclides specific activities and organic mat-
ter content indicates association of these radionuclides with 
the mineral soil fraction. The lack of correlation was also 
reported by Navas et al. (2002, 2011). Negative correlations 
between soil pH and both 226Ra and 232Th specific activities 
were obtained (Table 4), which agrees with the findings of 
Belivermis et al. (2010), Dragović et al. (2012a) and Milen-
kovic et al. (2015). Guo et al. (2008) indicated that soil pH 
influences the distribution and mobility of thorium fractions 
in soil. Chandrasekaran et al. (2015) found concentrations of 
238U and 232Th and absorbed gamma dose rate to be mainly 
controlled by physicochemical properties such as sand, silt, 
clay, pH and electrical conductivity.   

Population doses from terrestrial gamma exposure

In the study area, the values of the Dtot varied from 39 to 
80 nGy h−1, with the mean value of 63 nGy h−1 (Table 1). 
Variability of Dtot reflects the variability of radionuclides spe-
cific activities among sampling locations. The highest con-
tribution due to 232Th (26 nGy h−1, i.e. 41.3%) to the total 
gamma dose rate was found, followed by contribution due 
to 40K (21 nGy h−1, i.e. 33.3%) and 226Ra (16 nGy h−1, i.e. 
25.4%) (Table 1). Results of the extensive survey conducted 
in Serbia and Montenegro show that contribution of 226Ra, 
232Th and 40K to the Dtot varied with sampling location and 
reflected the geological origin of the analyzed soils (Dragović 
et al. 2006). The normal frequency distribution of DRa, DTh 
and DK was obtained (Fig. 2), which is similar to results of 
the extensive research in Serbia and Montenegro (Dragović 
et al. 2006). The spatial distribution of AEDoutdoor on the ter-
ritory of Belgrade is presented in Fig. 3. Proportional symbol 
map is used for visualizing quantitative data and illustrat-
ing differences of values between locations. The center of 
every single circle represents a sampling location and the 
size of each circle is proportional to the value of AEDoutdoor 
(μSv). The value of each circle could be estimated using a 
map legend. The data are unclassed, and the legend includes 
the smallest (48 μSv) and the largest value (98 μSv) as well 
as some intermediate reference values (70, 80 and 90 μSv). 
The presence of overlaps between the circle symbols is a 
result of an attempt to easily see the differences of values 
associated with a specific location and identify patterns in 

the data. The values of the AEDoutdoor varied from 48 to 
98 μSv, with mean value of 77 μSv (Table 1), i.e., below the 
value of 1 mSv recommended by the ICRP for members of 
the public (ICRP 2007) and similar to worldwide average 
value of 0.07 mSv (UNSCEAR 2000). The lowest values of 
AEDoutdoor are obtained within Quaternary continental depos-
its, clastics, deposits rich of organic matter and the highest 
within limestones and marine clastics (Fig. 3). Results of 
AEDoutdoor obtained in this study match the AEDoutdoor values 
obtained in previous studies conducted in Belgrade (72 μSv) 
(Janković Mandić and Dragović 2010) and also in Serbia and 
Montenegro (81.9 μSv) (Dragović et al. 2006). However, the 
mean value of the AEDoutdoor obtained in this study is 18% 
lower then the average value obtained around the largest coal-
fired power plants (CFPP) in Serbia, 42 km upstream from 
Belgrade, where there was an indication of the pollution at 
some sampling locations (Ćujić et al. 2015). 

Dose rates to terrestrial organisms

Calculated external, internal and total dose rates to terrestrial 
reference organisms are presented in Table 5. As observed 
from the results (Table 5), the internal dose rates to refer-
ence organisms were found to be higher than external dose 
rates from both 226Ra and 232Th. The higher contribution 
to total dose rate in grass and mammals derived from the 
internal exposure by 226Ra and 228Th Sotiropoulou et al. 
(2016) attributed to the way by which these radionuclides 
(as alpha emitters) irradiate the organism. The total dose 
rates for all terrestrial reference organisms (Table 5) were 
found to be much higher due to 222Ra and then due to 232Th, 
and contribution of 226Ra to the total dose rates received by 
the reference biota from natural radionuclides range from 
85.6 to 99.9%. As can be seen in Fig. 4, the highest total 
dose rate (derived from both 226Ra and 226Th) was obtained 
for lichens and bryophytes (5.54 × 10+0 μGy h−1), but it is 
still below the screening level of 10 mGy h−1 (Brown et al. 
2008; ERICA 2007). Applying ERICA tool, Hosseini et al. 
(2011) found that lichen and bryophytes were most exposed 
organisms, but indicated they are not necessarily the most 
at risk bearing in mind that the mosses and lichens are least 
sensitive to radiation exposure comparing to other terrestrial 
animals and terrestrial plants. For all terrestrial reference 
organisms, the 226Ra exhibited higher contribution to the 
total, internal and external dose rates (Fig. 4, Table 5), which 
confirms the findings of previous studies (Černe et al. 2012; 
Oughton et al. 2013). The values of total dose rates obtained 
in this study were much lower than those found for terres-
trial organisms from the uranium mine area Žirovski vrh in 
Slovenia (Černe et al. 2012), and this may be explained by 
much higher 238U, 226Ra and 230Th specific activities in area 
affected by uranium mining.
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Although there was no intention to analyze artificial 
radionuclides in this study, only for comparison rea-
sons, the dose rates from 226Ra and 232Th were com-
pared to those obtained by applying ERICA tool to 137Cs 
data in soil of the same area published in our previous 
paper (Petrović et al. 2013). According to results pre-
sented in Table 5, for 137Cs the internal dose rates were 
higher for grasses and herbs (2.81 × 10−2 μGy  h−1), 
lichen and bryophytes (8.04 × 10−2 μGy h−1), large mam-
mal (2.09 × 10−1  μGy  h−1), small-burrowing mammal 
(1.04 × 10−1 μGy h−1) and shrub (4.94 × 10−2 μGy h−1) in 

comparison with external dose rates. The contribution of 
the dose rate by 137Cs to the total dose rate per organ-
ism ranged from 2% for lichen and bryophytes to 40% 
for large mammal (Fig. 4, Table 5). In study conducted 
by Sotiropoulou et al. (2016), the contribution of natural 
radionuclides to the total dose rate was higher in compari-
son with the contribution from the artificial radionuclides. 
External, internal and total absorbed dose rates assessed 
from 226Ra, 232Th and 137Cs obtained in this study were 
found to be similar to those obtained for terrestrial biota 
in the area around coal-fired power plant ‘Nikola Tesla’ 

Fig. 2   The histograms and 
probability plots of gamma dose 
rates due to 226Ra, 232Th and 
40K in soils from the territory of 
Belgrade
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in Serbia (Ćujić and Dragović 2017), as a consequence of 
similar value of radionuclides specific activities in soil 
used as input data in these assessments.

Conclusions

According to results of the Pearson correlation analysis, 
sand, silt and clay fractions, carbonate content, cation 
exchange capacity and soil pH were found to be corre-
lated with natural radionuclides in analyzed soil. The 

assessment of radiation exposure to human due to ana-
lyzed radionuclides showed that the mean value of external 
gamma dose rate was close to the Serbian average, with 
the highest contribution of 232Th. The dose rates for the 
terrestrial biota calculated by ERICA tool did not exceed 
the screening dose rate of 10 μGy h−1. The 226Ra shows 
higher contribution to the total, internal and external dose 
rates for all terrestrial reference organisms compared to the 
232Th. To our knowledge, this study is the first to inves-
tigate the radiation exposure of non-human biota of Bel-
grade applying ERICA tool.

Fig. 3   A proportional symbol 
map of annual outdoor effective 
dose AEDoutdoor (μSv)
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