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Abstract
Residuals from coal combustion are known as a potential source of radiation exposure, especially in cases where the coal 
used in the combustion is characterized by increased radioactivity, resulting in coal ash and slag with potentially high 
activity concentration of radionuclides. This paper presents the results of the radiological risk assessments based on the 
ERICA Tool approach, used to estimate dose rates to terrestrial biota in the proximity of a coal fired thermal power plant 
in Croatia. The study consists of three radiological risk assessments using environmental data on activity concentration 
(Bqkg-1) from samples collected prior to the remediation of the disposal site and samples after the remediation imple-
mentation was completed. The resulting total dose rate to biota derived using data prior to the remediation ranged from 
3.28 μGyh-1 to 147.68 μGyh-1. Assessment results of total dose rate based on the data from the studied area after remedia-
tion ranged from 0.23 μGyh-1 to 18.06 μGyh-1. The results showed that after the remediation only the total dose rate for 
lichens and bryophytes slightly exceeded ERICA Tool conservative screening value of 10 μGyh-1, which implies that envi-
ronmental risks in relation to exposure to the disposal site can be considered negligible. The study results confirm the 
applicability of the ERICA Tool for the assessment of potential radiological impact and the effective remediation imple-
mentation at the coal and ash slag disposal site.

Keywords: 
radiological risk assessment; NORM; coal fired power plant; remediation; environmental monitoring

1. Introduction

Although the use of renewable energy sources is on 
the rise, worldwide statists show that coal use as a pri-
mary energy source still accounts for approximately a 
quarter of the global energy mix (Ritchie et al., 2022). 
In addition, European countries still significantly rely on 
fossil fuels (Martins et al., 2018). The disposal of resi-
dues related to coal use is associated with different envi-
ronmental challenges, engineering solutions, and re-
source management strategies. The disposal of coal 
combustion residues (coal fly ash and slag) is often re-
lated to large waste quantities and requires that specific 
environmental and safety standards are met (Hirschi 
and Chugh, 2019).

Naturally occurring radioactive materials (NORM) are 
found in different natural resources. Various industrial 
processes generate NORM residues and present a poten-
tial for radiation exposure. The international community 

has recognized the risk associated with natural radioactiv-
ity and radiation exposure through different legal acts 
(e.g. The European Council 2013/59/Euratom) and inter-
national guidance documents (IAEA, 2003; IAEA, 2013; 
IAEA, 2022; ICRP, 2019). Coal combustion presents a 
potential source of radiation exposure, where the resulting 
coal ash and slag can contain considerable activity con-
centrations of radionuclides, which are usually related to 
the activity concentrations present in the parent coal used 
in the combustion in the first place (IAEA, 2003). These 
radionuclides, contained in coal ash, can later be trans-
ported to the environment by different pathways, like dis-
persion and leaching, and can be associated with detri-
mental environmental and health effects. In order to miti-
gate potential adverse effects, NORM-related industries 
are required to establish and implement radiological pro-
tection principles, including the principle of justification 
and, in different industrial stages, optimization through 
the use of a graded approach (Lecomte, 2020).

The international community provided recommenda-
tions on radiation protection, including non-human biota 
(ICRP, 2007; NEA, 2007), and the need for it to be sci-
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entifically and independently assured through the use of 
ecological risk assessment paradigm, defined dose limits 
and reference organisms, and considering the geograph-
ic region (Delistraty, 2008). Potential environmental 
impacts related to the exposure of non-human biota to 
ionizing radiation can be estimated using different mod-
els and approaches, including concentration ratios, ki-
netic models, compartment models, and an allometry 
approach (Higley and Bytwer, 2007; Beresford et al., 
2010; Pentreath and Woodhead, 2001). The ERICA 
Tool was developed as a part of the European Union co-
funded 6th Framework Program EURATOM project 
named Environmental Risk from Ionising Contaminants 
Assessment and Management (ERICA). The ERICA 
Tool uses concentration ratios to calculate activity con-
centrations in the whole organism, and together with the 
activity data from environmental media, estimates dose 
rates (internal, external, and total) to organisms (Jo-
hansen et al., 2012). In the ERICA Tool, the radiologi-
cal risk assessment is defined by comparing the calcu-
lated total dose rate and the exposure levels associated 
with known detrimental radiation effects (Brown et al., 
2008; Brown et al., 2013). The ERICA Tool and Ap-
proach is applicable to various exposure situations, in-
cluding planned and existing exposure situations and 
activities, including NORM/TENORM (Beresford et 
al., 2007). Several studies have used the ERICA Tool to 
assess the radiological impacts of NORM-related indus-
tries. A study by Ćujić and Dragović (2018) assessed 
dose rates to terrestrial biota around a coal-fired power 
plant in Serbia. Research from Mrdakovic Popic et al. 
(2020) used ERICA for the estimation of dose rate at the 
NORM legacy mining site in Norway. ERICA Tool was 
used for radiological risk assessment at different mining 
sites in Central Asia in a study by Oughton et al. (2013). 
Skoko et al. (2019) used the ERICA Tool for risk assess-
ment of the coal ash and slag legacy disposal site in 
Croatia.

Previous research conducted at the location includes 
studies of radionuclides in the soil and their distribution 
(Kovac and Bajlo, 1996; Ernečić et al., 2014; Radolić 
et al., 2019; Dvoršćak et al., 2019), investigations re-
lated to coal used at the power plant and resulting waste 
(Marović et al., 2008), and environmental impacts stud-
ies of the disposal site (Skanata et al., 1996a; Marović 
et al., 1997; Marović et al., 2004; Bituh et al., 2017).

Although the management of NORM residues is in-
creasingly focusing on approaches other than disposal, 
such as recycling and use as by-products, the disposal of 
NORM residues is still very much present. In the context 
of NORM residue disposal, the implementation of reme-
diation must include principles of optimization and jus-
tification and ensure that the radiological and environ-
mental impacts of these activities are within the accept-
able limits, and provide long-term protection and safety 
(IAEA, 2013).

The aim of this paper is to estimate potential impacts 
to the terrestrial biota from coal ash and slag disposal 
using the Erica Tool and compare the estimations in rela-
tion to the implemented remediation of the disposal site. 
The study used several spatial and temporal data sets be-
fore and after the site remediation was performed. The 
results from different assessments provide insight into 
the degree to which the deposited material is contained 
and can be used as a reference in the design of future 
estimations and assessments of radiological impacts at 
similar locations. In addition, the study confirms the im-
portance of environmental monitoring in the implemen-
tation of radiological protection in NORM-related in-
dustries.

2. Materials and Methods

This study compares the results of three radiological 
risk assessments performed with the ERICA Tool for ter-
restrial biota at a disposal site near a coal-fired power 
plant in Croatia. The disposal site contains large quanti-
ties of residues resulting from coal combustion.

2.1. Assessment site

The study focused on the location of the coal-burning 
power plant “TE Plomin” in Croatia, situated on the 
eastern coast of the Istrian Peninsula, in the northern part 
of the Adriatic Sea (see Figure 1). Areas with slightly 
elevated natural background radioactivity are present in 
the Istrian region (Marović et al., 2004), studies on ra-
dioactivity in the soil also showed that activity concen-
trations of soil were above the national average (Šoštarić 
et al., 2021).

The site consists of two facilities: Plant I and Plant II. 
Plant I has been operational since the 1970s and is 
known for using local coals (anthracite, lignite, and 
brown coal) until 1999 when Plant II was constructed. 
Anthracite coal, also known as Raša coal, was character-
ized by elevated levels of radioactivity and, owing to its 
high content of organic sulphur (up to 14%), was classi-
fied as a superhigh-organic-sulphur coal (Medunić et 
al., 2016). The radioactivity of the resulting coal ash and 
slag from coal combustion was increased. Local mines 
were eventually closed during the 1990s due to environ-
mental unacceptability, insufficient reserves, and lack of 
profit (Medunić et al., 2016). Hence, Plant II used im-
ported coal with low sulphuric content and low radioac-
tivity (Marović et al., 2004).

Waste from the plant’s routine operation was continu-
ously disposed of at the site. The disposal site was reme-
diated during the 1990s. The remediation included the 
use of geo-synthetic material as a ground sealing layer, a 
protective cover consisting of an earth layer and grass, 
and the implementation of rainwater channels and a set-
tling tank (Marović et al., 2008).
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2.2. Use of the ERICA Assessment Tool

Estimation of potential dose rates to terrestrial biota 
from exposure to radionuclides detected in samples col-
lected from the research site, before and after the reme-
diation, was done using the ERICA Tool (version 2.0), 
freely available to users online. The ERICA Tool relies 
on activity concentrations in the environmental media 
(sediment, soil, water, and air) as input data, activity 
concentrations in organisms, and uses reference organ-
isms as generalised ecosystem representations of animal 
and plant species (Beresford et al., 2007; Brown et al., 
2008). Radionuclides available in the Tool and the con-
cept of reference organisms follow the guidelines pro-
posed by the International Commission on Radiological 
Protection (ICRP, 2007; ICRP, 2008). The ERICA Tool 
is suited for environmental assessments related to the 
potential impacts of radiation due to planned or existing 
exposure situations, including scenarios related to 
NORM/TENORM, remediation, radioactive waste dis-
posal, decommissioning of various nuclear facilities, 
and nuclear accidents (Beresford et al., 2007).

In the ERICA Tool, the estimation of environmental 
transfer of radionuclides to the biota is performed by us-
ing the concentration ratio (CR) values which represent 
the ratio between activity concentrations of radionu-
clides in the biota (whole body) and activity concentra-
tions in the selected environmental media (soil, water, 
and air) (Beresford et al., 2007; Brown et al., 2008; 
Brown et al., 2016). In assessing the potential effects of 
internal and external exposure to ionizing radiation, the 
ERICA Tool uses Dose Conversion Coefficients (DCCint 
and DCCext) in µGyh-1 per Bqkg-1 fresh weight and com-
pares the data on activity concentration in the biota and 
the environmental media (Beresford et al., 2007; 
Brown et al., 2008; Brown et al., 2013). Other param-
eters and values used to perform the assessment include 
weighting factors, used to address different components 
of radiation (low β, β + γ, and α) (Brown et al., 2008; 
Brown et al., 2016). The assessor conducting the assess-
ment can select one of the three ecosystems (freshwater, 
terrestrial, and marine) and either the Tool’s default 
screening dose rate value of 10 µGyh-1 (Brown et al., 
2008), 400 µGyh-1 (UNSCEAR, 1996), or a custom as-

Figure 1: Study site location
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sessment screening dose rate value. The Tool uses uncer-
tainty factors (UF), 3 and 5, to ensure conservativism 
between Tier 1 (a simple assessment requiring minimal 
data input) and Tier 2 assessments, which are defined as 
the ratio between the 95th and 99th percentile of the risk 
quotient and the expected value of the probability distri-
bution of the dose rate (Beresford et al., 2007). The de-
fault UF values of 3 and 5 have the role of ensuring that 
the assessment is run for a 5% and 1% probability of 
exceeding the dose rate screening value (Brown et al., 
2016). One of the risk assessment outputs is the risk 
quotient (RQ), which is a unitless value that the Tool 
calculates by comparing the selected assessment screen-
ing dose rate and the total estimated whole-body ab-
sorbed dose rate for each organism (Beresford et al., 
2007; Brown et al., 2008). A conservative risk quotient 
is calculated by multiplying the expected RQ value and 
the uncertainty factor (Beresford et al., 2007). All radi-
ological risk assessments performed in this study used 
the default values of weighting factors, occupancy fac-
tors, screening dose rate value, and uncertainty factors.

2.3. Assessment input data

The overview of assessment input data for scenarios 
before and after the remediation is given in Table 1. Ra-
diological risk assessment related to the environmental 
scenario before the remediation of the disposal site was 
based on laboratory gamma-spectrometric measure-
ments of the samples collected at the disposal site pub-
lished in previous studies by Marović and Bauman 
(1986) and Skanata et al. (1996b). The average values 
of the activity concentrations in coal ash and slag sam-
ples and activity concentration ranges are presented in 
Table 2. For the risk assessment of the potential environ-
mental impact of the disposal site after the remediation, 
available data from a previous study by Marović et al. 
(2008) was used. This study included data from in situ 
gamma-spectrometry measurements and gamma-spec-
trometry measurements in the laboratory that were car-
ried out using an HPGe detector. Details on the measure-
ment methods and sampling are available in Marović et 
al. (2008). Table 3 presents the activity concentrations 
in the media that were used as assessment input data.

An additional radiological risk assessment scenario 
for the plant site was performed using the extensive data 
on 50 surface soil samples taken at the plant perimeter in 
2015 as a part of environmental monitoring conducted 
by the Institute for Medical Research and Occupational 
Health, Zagreb, Croatia. Sampling was carried out in ac-
cordance with the procedures proposed by International 
Atomic Energy Agency (IAEA, 1989). The sampling 
method included the removal of vegetation and sam-
pling of the surface layer of soil (0 - 10 cm). The samples 
were oven-dried at 105°C and then sieved. The dried and 
sieved samples were sealed with PVC in 1000 mL vol-
ume Marinelli containers. To ensure radioactive equilib-
rium the samples were stored for at least 30 days before 

Table 3: Average activity concentrations (Bqkg-1 dry mass)  
in samples collected after the remediation (AM ± SD, range) 

(adopted from Marović et al., 2008) 

Radionuclide Activity concentration (Bqkg-1)
238U 105 ± 35

(69 – 139)
226Ra 79 ± 33

(49 – 115)
232Th 57 ± 1

(56 – 59)

Table 1: Assessment parameters for scenarios before  
and after* the remediation

Ecosystem type Radionuclides Reference organisms
Terrestrial 238U

226Ra
238U*
226Ra*
232Th*

Amphibian
Annelid
Arthropod - detritivorous
Bird
Flying insects
Grasses & Herbs
Lichen & Bryophytes
Mammal - large
Mammal - small-
burrowing
Mollusc - gastropod
Reptile
Shrub
Tree

Table 2: Average activity concentrations (Bqkg-1 dry mass)  
in samples collected prior to the remediation (AM ± SD, 
range) (adopted from Marović and Bauman, 1986 and 

Skanata et al., 1996b) 

Radionuclide Activity concentration (Bqkg-1)

238U 1344 ± 653
(882 – 1806)

226Ra 1180 ± 543
(796 – 1565)

Table 4: Average activity concentrations (Bqkg-1 dry mass)  
in surface soil samples collected in 2015 (AM ± SD, range) 

Radionuclide Activity concentration (Bqkg-1)
238U 96 ± 65

(17 – 304)
226Ra 106 ± 64

(18 – 299)
232Th 37 ± 24
210Pb (3 – 96)

115 ± 147
(15 – 710) 

conducting measurements. Radionuclide activity con-
centrations were determined by high-resolution gamma-
ray spectrometry using HPGe detectors. The activity 
concentration of 238U was determined based on the activ-
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ity concentration of 234Th (photopeaks at 63.29 keV and 
92.38 keV) under the assumption that secular equilibri-
um had been established. Activity concentration of 226Ra 
was determined from that of 214Pb (photopeaks at 295.22 
keV and 351.93 keV) and activity concentration of 232Th 
from the activity of 228Ac based on photopeaks at 338.32 
keV, 911.20 keV and 968.97 keV. 210Pb activity concen-
tration was obtained from photopeak at 46.54 keV. The 
average activity concentrations data for this assessment 
scenario are given in Table 4.

3. Results and Discussion

The results from the radiological risk assessment 
based on the data from 1990s before the remediation 

(adopted from Marović and Bauman, 1986; Skanata 
et al., 1996b), showed that the overall expected risk 
quotient (unitless) and the conservative risk quotient 
values were the highest in lichen and bryophytes, with a 
risk quotient of 14.77 and a conservative risk quotient of 
44.3. Regarding the data set from 2008, the overall cal-
culated risk quotient values were much lower, with the 
highest risk quotient value estimated for lichen and bry-
ophytes equal to 1.92. A comparison of the risk quotient 
for all reference organisms in both assessment scenarios 
is given in Figure 2.

The estimated total dose rate in the assessment sce-
nario before the remediation exceed the screening value 
of 10 µGyh-1 for 9 out of 13 reference organisms includ-
ed in the risk assessment, with the highest estimated to-

Table 5: Comparison of estimated total dose rates (µGyh-1) to reference organisms in assessment 
scenarios before and after the remediation 

Reference organism Total Dose Rate (µGyh-1)
before remediation

Total Dose Rate (µGyh-1)
after remediation

Amphibian 34.10 2.30
Annelid 35.94 2.45
Arthropod - detritivorous 37.97 2.62
Bird 6.17 0.42
Flying insects 9.27 0.63
Grasses & Herbs 31.66 2.40
Lichen & Bryophytes 147.68 10.92
Mammal - large 15.15 1.02
Mammal - small-burrowing 15.82 1.07
Mollusc - gastropod 6.02 0.44
Reptile 34.11 2.30
Shrub 57.43 3.98
Tree 3.28 0.23

Figure 2: Comparison  
of the RQ results  

in assessment scenarios 
before and after the 

remediation
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tal dose rate for lichen and bryophytes being 147.68 
µGyh-1. In the assessment scenarios referring to post-re-
mediation, estimated total dose rates were much lower, 
with the total dose rate for lichen and bryophytes of 
10.92 µGyh-1, almost equal to the selected screening 
value. Table 5 presents the comparison of data on the 
estimated total dose rate to all reference organisms in 
assessment before and after remediation of the disposal 
site, where Figure 3 shows the comparison of total dose 
rates to 9 reference organisms for which the screening 
dose rate in the assessment scenario before the remedia-
tion of the site was exceeded.

The results of the assessment scenario before the reme-
diation showed that the total dose rate estimation can pri-
marily be attributed to the internal exposure, with 226Ra as 
the main contributor, especially for lichen and bryophytes 
and a shrub as reference organisms. The distribution of 
radionuclides that contribute to the external dose rate also 
includes 226Ra as a key contributor and amphibian, anne-
lid, arthropod, mammal (small-burrowing) and reptile as 
the most affected reference organisms.

The total dose rate results for the post-remediation as-
sessment scenario also show that internal exposure con-
tributes the most to the total dose rate to all reference 
organisms. Again, 226Ra is the main contributor to the 
internal dose rate, with the highest dose internal rate in 
lichen and bryophytes and a shrub. Sotiropoulou et al. 
(2016) from Greece also found 226Ra to be the main con-
tributor to the internal dose rate to lichen and bryophytes. 
External dose rate can primarily be attributed to 226Ra, 
with the highest dose rates in amphibian, annelid, arthro-
pod, mammal (small-burrowing) and reptile. The distri-
bution of internal and external dose rates from exposure 
to 226Ra before and after the remediation for the most 
affected reference organisms is given in Figure 4 and 
Figure 5.

The assessment results from additional assessment 
based on the data on soil samples from 2015 are in line 
with the results of the assessment scenario based on the 
data from 2008, although the activity concentrations 
from 2015 resulted in slightly higher dose rate estima-

tions. The overall highest estimated value was found in 
lichen and bryophytes 18.06 µGyh-1, where data from 
2008 resulted in predicted total dose rate to lichen and 
bryophytes of 10.92 µGyh-1. 226Ra was found to contrib-
ute the most to both internal and external dose rates to 
reference organisms.

As lichen and bryophytes were found to be the most 
affected organisms in the scenario before the remediation, 
Table 6 presents the distribution of total, internal and ex-
ternal dose rate to lichen and bryophytes from an assess-
ment run with data before the disposal site remediation.

The results from the assessment that relied on data 
before the disposal site remediation are in line with re-

Figure 3: Comparison  
of total dose rate to most 
affected reference 
organisms from 
assessment scenarios 
before and after the 
remediation

Figure 5: 226Ra contribution to external and internal dose 
rates to the most affected reference organisms after 

remediation disposal site

Figure 4: 226Ra contribution to external and internal dose 
rates to the most affected reference organisms before 

disposal site remediation
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sults from previous studies on total dose rates to terres-
trial biota that focused on NORM legacy site and min-
ing. The study by Mrdakovic Popic et al. (2020), at the 
legacy NORM site in Norway, reported the highest pre-
dicted total dose rate of 206 µGyh-1 to lichen and bryo-
phytes when default CR values were used and 23 µGyh-1 
when site-specific soil and plant activity concentrations 
were used. Oughton et al. (2013) conducted risk assess-
ments at several mining sites in Central Asia. Risk as-
sessments used site-specific data and included calculated 
dose rates to aquatic and terrestrial biota. Findings from 
the study include assessment results related to disposal 
site containing tailings with the highest total dose rate 
value of 660 µGyh-1 predicted to lichen and bryophytes. 
Additionally, this study also reported 226Ra as the main 
contributor to the internal and external dose rates 
(Oughton et al., 2013), which was also the case in our 
assessments that used data before the site remediation. 
The assessment of dose rate to terrestrial biota in the 
area around coal fired power plant in Serbia also resulted 
in screening dose rate being exceeded only for lichen 
and bryophytes (Ćujić and Dragović, 2018).

Regarding the results of the total dose rate after the 
site remediation, which only slightly exceeded the ERI-
CA Tool conservative screening value of 10 μGyh-1 for 
lichen and bryophytes but were still below the value of 
40 and 400 μGyh-1 for terrestrial biota for which no ef-
fects on population levels should be expected (UN-
SCEAR, 2008), the overall risk can be regarded as neg-
ligible. This conclusion is also supported by the fact that 
lichen and bryophytes are considered highly radiosensi-
tive organisms and, as a result, are often used as bio-
monitors of potential contamination and concerning 
both artificial and natural radionuclides (Marović et al., 
2008; Garty et al., 2003; Kirchner and Daillant, 2002; 
Loppi et al., 2003).

Both assessment scenarios and respective results 
should be observed considering several uncertainties. 
The study used two sets of data on soil activity concen-
trations that included a limited number of soil samples 
and relatively small number of radionuclides. Although 
soil samples are from the same disposal site, given the 
remediation of the disposal site, they were taken from 
different sampling locations. Hence, the data sets should 
be regarded as different spatial and temporal sets of data. 
An additional source of uncertainty is the lack of other 

site-specific data, such as CR values and activity con-
centrations in plants or animals. Considering that the 
ERICA tool is known to use a conservative approach 
when the Tool’s default CR values are used, an overesti-
mation of the total dose rate results in both assessment 
scenarios is possible.

4. Conclusions

In cases where coal with elevated levels of natural ra-
dioactivity is used as a primary energy source, coal com-
bustion can be a source of exposure to radiation due to 
the resulting coal ash and slag accumulating significant 
activity concentrations of radionuclides. Remediation of 
such coal and ash slag disposal site provided research 
context for our study of radiological risk assessment for 
terrestrial biota. In order to assess the potential impacts 
of the disposal site and the effects of the remediation, the 
environmental data on activity concentration in the soil 
before and after the disposal site remediation was used 
to conduct radiological risk assessments using the ERI-
CA tool.

The results from the assessment related to the period 
before the remediation showed that for several reference 
organisms, the estimated total dose rate exceeded the de-
fault screening value, with the highest predicted value of 
147.68 μGyh-1 to lichens and bryophytes, which is not 
surprising as they are considered as most radiosensitive 
organisms. The assessed radiological risk and respective 
dose rates to reference organisms after the site remedia-
tion were significantly lower, with the total dose rate to 
lichens and bryophytes being 10.92 μGyh-1, which is al-
most equal to the assessment’s conservative screening 
dose rate of 10 μGyh-1. In both assessment scenarios, 
internal exposure attributed the most to the estimated to-
tal dose rate, with 226Ra contributing the most to both the 
internal and external dose rates, around 80%. This find-
ing is in line with results from similar studies conducted 
at different locations from other authors.

Assessment results indicate that remediation of the 
site was adequate and that the overall radiological risk to 
terrestrial biota from the disposal site can be considered 
negligible, and that the estimated total dose rates to biota 
are below the levels that can be associated with detri-
mental effects. It should be stressed that environmental 
monitoring of the site is required to ensure reliable long-

Table 6: Distribution of internal and external dose rate to lichen and bryophytes assessed based  
on the sample data before the disposal site remediation

Isotope External Dose Rate 
(µGy h-1)

Internal Dose Rate 
(µGy h-1)

Total Dose Rate* 
(µGy h-1)

238U 0.01 30.35 30.36
226Ra 0.31 116.9 147.68

* The total dose rate presented includes contributions from other radionuclides besides the 238U and 
226Ra listed in this table
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term radiological and environmental protection and 
safety. The results from both radiological risk assess-
ment scenarios can serve as an example for the future 
estimation of potential radiological impacts of similar 
disposal sites and radiological risk assessment design.
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SAŽETAK

Sanacija odlagališta ugljenoga pepela i šljake:  
usporedba procjena radiološkoga rizika

Ostatci od spaljivanja ugljena poznati su kao potencijalni izvor izloženosti zračenju, posebno u slučajevima kada je 
ugljen koji se koristi u spaljivanju karakteriziran povećanom radioaktivnošću, što rezultira pepelom i šljakom s potenci-
jalno visokom aktivnošću koncentracije radionuklida. U radu su prikazani rezultati procjene radiološkoga rizika teme-
ljeni na pristupu ERICA alata korištenim za procjenu brzine doza za kopnenu biotu u blizini termoelektrane na ugljen u 
Hrvatskoj. Studija se sastoji od triju procjena radiološkoga rizika korištenjem podataka o koncentraciji aktivnosti (Bqkg-

1) u okolišu iz uzoraka prikupljenih prije sanacije odlagališta i uzoraka nakon završetka sanacije. Rezultirajuća ukupna 
brzina doze za biotu dobivena korištenjem podataka prije sanacije kretala se od 3,28 μGyh-1 do 147,68 μGyh-1. Rezultati 
procjene ukupne brzine doze na temelju podataka s istraživanoga područja nakon sanacije kreću se od 0,23 μGyh-1 do 
18,06 μGyh-1. Rezultati su pokazali da je nakon sanacije samo ukupna brzina doze za lišajeve i briofite neznatno prema-
šila konzervativnu vrijednost provjere ERICA alata od 10 μGyh-1, što implicira da se rizici za okoliš u odnosu na izloženost 
odlagalištu mogu smatrati zanemarivima. Ovi rezultati studije potvrđuju prikladnost korištenja ERICA alata za procjenu 
potencijalnoga radiološkog utjecaja i učinkovite provedbe sanacije odlagališta ugljena i šljake.

Ključne riječi: 
procjena radiološkoga rizika, NORM, elektrana na ugljen, sanacija, monitoring okoliša
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