A. Getaldic, et al., Environmental Protection in Natural Gas Industry: ...

Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 2, pp. 135-143

135

ENVIRONMENTAL PROTECTION IN NATURAL GAS INDUSTRY
Comparison of Different Spatio-Temporal Radiological

Risk Assessment Scenarios
by

Ana GETALDIC V", Marija SURIC MIHIC 2, Zelimir VEINOVIC |,
Bozena SKOKO 3, Branko PETRINEC *, and Tomislav BITUH *

1 Faculty of Mining, Geology and Petroleum Engineering, University of Zagreb, Zagreb, Croatia
2 Civil Protection Directorate, Ministry of the Interior, Zagreb, Croatia
3 Rudjer Boskovié Institute, Zagreb, Croatia
4Institute for Medical Research and Occupational Health, Zagreb, Croatia

Scientific paper
https://doi.org/10.2298/NTRP2302135G

The paper analyses results of spatio-temporal radiological risk assessment scenarios based on
existing in-situ long-term monitoring data from a natural gas processing plant to analyse the
effect of different input data on the assessment outcome. The ERICA Assessment Tool was
used to estimate the dose rates to biota and potential impacts due to the exposure to ionising
radiation. The input data for radiological risk assessment scenarios included annual data on
activity concentration of radionuclides in soil from in-situ measurements performed from
1994 to 2016 and laboratory gamma-spectrometric data related to the period from 2014 to
2019. Predicted total dose rate to biota was generally below the ERICA Tool's screening dose
rate of 10 uGyh! or slightly above, with the highest total dose rate estimated for lichen and
bryophytes. Total dose rates to lichen and bryophytes in the studied period show certain tem-
poral variation, but a specific trend was not detected. Estimated total dose rates to biota from
different assessment scenarios were below internationally proposed reference levels for which
no detrimental effects are expected. The overall potential radiological risk to terrestrial biota

from the operation of the natural gas processing plant was found to be negligible.
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INTRODUCTION

Natural gas is being used worldwide as a primary
energy source, with global data showing it constitutes
as more than a quarter in the global energy mix [1] and
similarly in the energy mix of the EU [2]. Natural gas
also has an important role in the global energy security
[3-5]. Consequently, the natural gas industry has a sig-
nificant impact on the quality of the overall environ-
ment.

Naturally occurring radioactive material (NORM)
results from different industrial processes as an industrial
by-product where radionuclides accumulate in different
types of waste. Industrial activities that may lead to the
enhanced levels of radioactivity have been gaining atten-
tion in the last decades. The European Council 2013/
59/Euratom recognizes possible risks arising from natu-
ral radioactivity, i. e., NORM, while possible environ-
mental contamination risks associated with NORM-re-
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lated industries were documented in detail by interna-
tional community as well [6-10]. Different aspects of
NORM generation in industries, its emissions, and possi-
ble effects on health and the environment have been stud-
ied in the last two decades [11, 12]. Since industrial
NORM releases can be associated with detrimental ef-
fects on populations and environment, radiation protec-
tion in the context of industries related to NORM aims to
mitigate adverse effect by using radiation protection
principles of justification, and optimization in occupa-
tional exposure [13-16].

The importance of oil and gas industries as
NORM-related industries in establishing standards and
ensuring adequate protection of both populations and
the environment has been researched in several specific
studies. Koppel et al. [17] stress the potential role of oil
and gas facilities that are to be decommissioned, risks
associated with decommissioning options, and possible
ecological impacts. In their paper Cowie et al. [ 18] pres-
ent a practical industrial experience in developing a
NORM management strategy in oil and gas industry.
Jodlowski et al. [19] studied waste from gas exploration
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and production including drill cuttings, drilling muds,
fracking fluids, return, fracking fluids, and waste
proppants, while Gafvert e al. [20] sampled produced
water from offshore platforms in Norway. Al-Masri and
Haddad [21] used fly and bottom ash samples from a
natural gas power plant to study NORM emissions.
Several studies were conducted on soil and sludge sam-
ples, Xhixha ef al. [22] conducted an extensive study
using soil and sludge samples in order to identify areas
for strategical plan of future radiological assessments in
Albania, where Barros ef al. [23] sampled scale in in-
dustrial pipelines in Venezuela. Garner ef al. [24] ex-
plored oil and gas producing region in the United King-
dom, Attallah ez al. [25] studied scale samples from
petroleum industry in Egypt, and study from Taheri ez
al.[26] used samples of soil and sludge from a gas field
in Iran. There are also studies that include characteriza-
tion of waste arising from oil and natural gas production
[27] and geochemical signature of NORM waste from
oil industry [28]. The study from Husain and Sakhnini
[29] focused on radiological impacts of NORM from oil
and gas industry in Bahrein. All these studies demon-
strate the importance of robust environmental monitor-
ing and proper attention paid to NORM waste and as-
sessments of its potential radiological risks to the
environment in all production phases. Lazarus et al.
[30] investigated presence of mercury, and other stable
metalloids and radionuclides in biota as a part of the ex-
tensive monitoring of soil, earthworms, moss, livestock
and wildlife animals at the natural gas treatment plant.
The main goal of environmental monitoring is
the quantification of radioactive substances or ionis-
ing radiation that arise from human activities and natu-
ral sources in different environmental media [31]. Re-
garding the practical context of environmental
monitoring programmes, Article 35 of the Euratom
Treaty implies implementation of comprehensive na-
tional programmes of monitoring the environmental
radioactivity. These programmes aim at monitoring
main pathways of potential exposure of population
and include sampling and analyses of the environmen-
tal media [32]. These programmes might not include
particular industrial sites related to NORM, but envi-
ronmental monitoring of NORM-related industrial lo-
cations aligns with the overarching goals of national
environmental radioactivity programmes. Environ-
mental radioactivity monitoring also has a role in ef-
fective risk preparedness and prevention [33]. Study
from Riberio et al. [34] presents an example of exten-
sive environmental monitoring programme imple-
mentation. Sun et al. [35] focused on optimization of
long-term monitoring of radiation air-dose rates, while
including the goals of long term environmental moni-
toring i.e., detecting possible changes of contaminant
mobility and validating the reduction of hazard levels.
Michalik [12] emphasizes the importance of environ-
mental radioactivity monitoring including non-human
species representatives, and possible radiation dose

and effects on biota. Soil radioactivity was also stud-
ied to establish baseline data for future radiation
impact assessments [36], to estimate possible pollu-
tion with industry as a source of radionuclides and
heavy metals [37], and to estimate possible use of or-
ganisms as biomonitors [38].

The assessment of potential impacts arising from
exposure of non-human biota to ionising radiation can
be performed using different approaches and models
[39,40]. The ERICA Integrated Approach and ERICA
Tool were developed through EU co-funded 6™
Framework Program EURATOM project Environ-
mental Risk from Ionising Contaminants Assessment
and Management (ERICA). The key characteristics of
the ERICA Tool is the assessment-based risk quantifi-
cation through use of data on environmental transfer
and dosimetry, resulting in the measure of exposure
that is further compared to exposure levels associated
with known detrimental effects of radiation [41-44].
The use of ERICA Tool can be used for planned, emer-
gency or existing exposure situation, where
NORM-related activities are regarded as planned ex-
posure situations [45, 46].

This paper compares different spatio-temporal
radiological risk assessment scenarios based on exist-
ing in-situ long-term monitoring data from a natural
gas processing plant to analyse the effect of different
input data on the assessment outcome. Additionally, a
risk assessment using laboratory gamma-spectromet-
ric data from the same site was conducted, and results
from both studies were compared. The results of these
comparisons could provide valuable feedback for de-
sign of future radiological risk assessments in
NORM-related industries and general insight in
justifiability of conducting long-term radioactivity
monitoring and using the resulting data to perform ra-
diological risk assessments, as opposed to using more
concise environmental radioactivity data sets.

MATERIALS AND METHODS
Assessment site

The research area included the natural gas pro-
cessing plant site Molve, located in Croatia, Europe.
The site is part of Podravina reservoir and presents one
of the largest natural gas and gas condensate reserves
in the Republic of Croatia that accounts for the major-
ity of the national natural gas production [47]. After
initial research in 1974, as a part of the project
Podravina the production at the natural gas field
Molve first started in 1981 with two gas wells and was
later further developed in several phases [47, 48]. The
ongoing production of natural gas and gas condensate
for the last 40 years makes this the most complex en-
ergy project related to hydrocarbon exploration and
production in Croatia, as well as an example of a pro-
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ject implementation that effectively combined en-
ergy-related goals and environmental protection prin-
ciples [49]. The ongoing activities at the site include
the production and purification of gas and gas conden-
sate for transport.

Assessment data

In-situ gamma-ray spectrometry measurements
were performed by Radiation Protection Unit of the
Institute for Medical Research and Occupational
Health in the period from 1994 to 2016 on three loca-
tions at the plant site which included the location of the
central gas station (CPS) and locations of two gas
wells, station M-9 and station M-10, fig. 1.

In-situ gamma-spectrometric measurements were
carried out to determine the sources of basic radiation,
both cosmic and terrestrial, by direct measurements in
the field using a semiconductor detector ORTEC
HPGe, a multi-channel analyser (with 16000 channels)
and the associated electronic circuit with a computer.
The characteristics of the HPGe detector included reso-
lution of 1.75 keV at 1.33 MeV ®Co and relative effi-
ciency of 21 % at 1.33 MeV *Co. All in-situ measure-
ments were conducted during 1000 seconds and
ORTEC Gamma Vision software was used to analyse
the resulting spectra. The activity concentrations of nat-
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Figure 1. Assessment site and sampling locations
(CPS, M-9, and M-10) layout

ural radionuclides in the soil were calculated assuming
their uniform distribution in the soil.

In the period from 2014 to 2019, samples of soil
(0-10 cm) were taken from the location of central gas
station CPS, station M-9, and station M-10. All the
samples were prepared in the laboratory and analysed
using gamma-ray spectrometry. The sample prepara-
tion included sample sieving, drying of samples at
105 °C, and then ashing at 450 °C in a muffle furnace.
The samples prepared in this manner were then packed
in sealed containers of 200 ml volume. The samples
were measured in a gamma-spectrometric laboratory
after 66 days to ensure the secular equilibrium within
the uranium and thorium decay chains. Determining
radioactivity in soil samples was performed using
high-resolution gamma-spectrometry with a method
accredited according to HRN EN ISO/IEC 17025. HP
GMX ORTEC detector system was used with the fol-
lowing characteristics: resolution of 2.2 keV at 1.33
MeV %°Co and a relative efficiency of 74.3 % at 1.33
MeV %°Co. Efficiency calibration was carried out by
the standards from the Czech Metrological Institute
covering the energy range from 40 to 2000 keV. Data
on 28U, 226Ra, and 232Th activities were determined
from those of their decay products. Activity of >>°Ra
was determined from that of 2'“Bi (photopeaks at
609 keV, 1120 keV, and 1764 keV), activity of 2>’Th
from that of 228 Ac (photopeaks at 338 keV, 911 keV,
and 968 keV), and activity of 38U from those of 2**Th
(photopeak at 63 keV). The measured activity in all the
samples was above the detection limit. The quality as-
surance of radionuclide determination was performed
through systematic participation in comparative mea-
surements organized by the International Atomic En-
ergy Agency (IAEA), the World Health Organization
(WHO), as well as the EU's Joint Research Centre
(JRC) [50].

Use of the ERICA tool

The ERICA Assessment Tool (version 2.0) was
used to calculate dose rates to terrestrial biota from ex-
posure to radionuclides. The assessment can be per-
formed by selecting different default ecosystems: ter-
restrial, marine and freshwater. The ERICA Tool uses
activity concentrations in environmental media i.e.,
sediment, soil, water and air as input data for the assess-
ment. The estimation of radionuclide transfer to the en-
vironment is performed using the concentration ratio
(CR) values [41, 43,45]. The ERICA Tool assesses po-
tential effects arising from both internal and external
exposure by interpreting activity concentration data in
environmental media and biota which is done through
the use of internal and external dose conversion coeffi-
cients (DCC;,, and DCC,,,) [44, 45]. The Tool also uses
weighting factors to address different components of
radiation, 10 for alpha, 3 for beta and 1 for gamma radi-
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ation [43]. The default list of radionuclides in the
ERICA Tool in line with the environmental protection
framework of the International Commission on Radio-
logical Protection, as well as the use of reference organ-
isms as generalised ecosystem representations [43]. For
reference organisms, the occupancy factors define the
fraction of time that the organism spends in a certain en-
vironmental media, and these values can be modified by
the user if necessary [44, 45].

The ERICA Assessment Tool allows users to run
assessment in different assessment contexts, i.e., differ-
enttiers. Tier 1 presents the basic highly conservative as-
sessment that requires minimal user data input. The Tier
2 assessment context allows users to input site-specific
media concentrations and to use single point or more
complex temporal and spatial data series. Tier 2 also of-
fers users to perform a less conservative assessment and
comparison of results against tables of radiological ef-
fects and exposure due to naturally occurring radio-
nuclides [45]. The default screening dose rate proposed
by the ERICA Tool is 10 pGyh™!, and suggested uncer-
tainty factors (UF) are 3 and 5 that enable the assessment
for 5 %, and 1 % probability of exceeding the dose rate
screening value, respectively [43-45].

All risk assessment scenarios using the in-situ
gamma-spectrometric measurements from the long- term
monitoring data were run at Tier 2 of the ERICA Tool fora
terrestrial ecosystem. The reason for this is that only Tier 2
allows users to input multiple series data and specific com-
bination of spatial and temporal series of data.

The input data included annual activity concen-
tration of radionuclides in soil (in Bgkg™) from sam-
ples collected at three sampling locations, at a natural
gas processing plant, in the period from 1994 to 2016.
Table 1 summarizes activity concentrations in the soil
samples for the studied period.

The assessments included all ERICA Tool's de-
fault terrestrial reference organisms, and the default
occupancy factors, assuming that the selected organ-
isms spend 100 % of their time at the site, which could
be regarded as a conservative approach. The selected
screening dose rate for all the assessment scenarios
was the ERICA Tool's default value of 10 pGyh™'.
Other default parameters included UF of 3, percentage
of dry weight of media of 100 %, and the default
weighting factors for alpha, high energy betta/gamma
and low energy beta radiation of 10, 1, and 3, respec-
tively. The CR values used in the assessments were de-
fault values provided by the assessment Tool, as
site-specific CR values were not available. The use of
site-specific CR values by the ERICA Tool in a
NORM-related assessment context was researched in
detail by other authors and generally, the results show
lower dose rate estimations as opposed to assessments
that use ERICA Tool's default CR values [51-53]. Ta-
ble 2 summarizes parameters used in the risk assess-
ments: list of radionuclides and reference organisms.

The study performed multiple radiological risk as-
sessment scenarios using the in-sifu gamma-spectromet-

Table 1. Activity concentrations (Bqkg™ dry mass) in soil
the samples from in-situ gamma spectrometric
measurements in the period 1994-2016, (N-number of
measurements, the range is given in parenthesis)

Activity concentrations + SD [Bqkg ']
Sampling location N >Th “%Ra
+
CPS 18 40+ 15 44+ 19
(11-61) (26-97)
M-10 16 30£20 3612
(11-90) (23-77)
+
M-9 18 34£32 38+ 14
(5-128) (20-69)

Table 2. Assessment parameters in terrestrial
assessments using in-situ gamma-spectrometric data

Radionuclides Reference organisms
Grasses and Herbs
2Th Shrub

26
Ra Tree

Amphibian
Annelid
Arthropod — detritivorous
Bird
Flying insects
Lichen & Bryophytes
Mammal — large
Mammal — small burrowing
Mollusc — Gastropod

Reptile

ric measurements. The first risk assessment scenario
used the complete long-term data set on annual activity
concentrations per sampling location (CPS, M-9, and
M-10) from 1994 to 2016. For the same data set separate
risk assessment were performed using an annual average
radionuclide concentration from all three sampling loca-
tions. Additional assessment used the maximum mea-
sured activity concentrations from all the sampling loca-
tions in the studied period. In order to assess the potential
cumulative effects, a separate assessment scenario used
tripled maximum measured activity concentrations from
the sampling locations.

A second radiological risk assessment scenario
using the data from the laboratory gamma-spectro-
scopic measurements, for the period from2014 t0 2019,
was also performed using the Tier 2 assessment context
with data on activity concentration of radionuclides in
soil (in Bgkg™") from three sampling locations at the
Molve site. This assessment also included the ERICA
Tool default reference organisms and default parame-
ters of the screening dose rate, occupancy factors, UF of
3, the percentage of dry weight of media of 100 %, and
the default weighting factors for an alpha, high energy
betta/gamma, and low energy beta radiation. Again,
Tool's default CR values were used. Table 3 summa-
rizes all assessment input data, and tab. 4 lists activity
concentrations of soil samples used in the assessment
scenario.
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RESULTS AND DISCUSSION

Risk quotient (RQ), a unitless value calculated
by the Tool, using the data on selected screening dose
rate and the total estimated whole body absorbed dose
rate for each individual organism [45], did not exceed
1 in risk assessment scenario related to the in-situ
gamma spectrometric temporal data set. The risk as-
sessment scenario that used laboratory gamma-spec-
trometric data detected a RQ slightly above 1 and re-
sulting in lichen and bryophytes as the most affected
reference organisms. These results could be explained
by the laboratory gamma-spectrometric data including
more radionuclide data which then increases the esti-
mated dose rates and consequently the estimated RQ.

In assessment scenarios using the in-situ gamma
spectrometric data and laboratory gamma spectromet-
ric data, Tool's output data on external and internal
dose rate was analysed to determine the dominant ex-
posure route and key contributors to the dose rate. The
assessments based on the in-sifu gamma spectrometric
data resulted in external dose with 2>°Ra as the main
contributor, with amphibian, annelid, arthropod, small
burrowing mammals and reptile as the most affected
organisms. The internal dose rate was also primarily
associated with exposure to 2°Ra, with the highest in-
ternal dose rate to lichen and bryophytes and shrub.

Table 3. Assessment parameters in terrestrial assessments
using laboratory gamma-spectrometric data

Radionuclides Reference organisms
238y Grasses and Herbs
2>Th Shrub
iZRa Tree

Pb Amphibian
Annelid
Arthropod — detritivorous
Bird

Flying insects

Lichen and Bryophytes

Mammal — large

Mammal — small burrowing
Mollusc — Gastropod
Reptile

Table 4. Activity concentrations (Bqkg™ dry mass) in soil
samples from laboratory gamma-spectrometric
measurements in the period 2014-2019, (N-number of
measurements, the range is given in parenthesis)

Sampling N Activity concentrations + SD [Bqkg ']
location 238 2327y, 2R, 210py,
+ + + +
CPS 5 38+5 | 44+£17 | 45+10 | 53£21
(33-45) | (31-74) | (35-60) | (28-76)
+ + + +
M-10 5 44412 | 52+£19 |49+ 15 | 4921
(28-57) | (31-83) | (31-73) | (28-77)
M-9 5 48+16 | 54+£23 | 33+22 | 38+28
(30-67) | (14-70) | (5-57) | (11-84)

Again, the internal dose rate was the parameter that
affected the estimated total dose rate the most irrespec-
tive of the temporal aspect of the input data or if the
maximum activity concentrations was used in the as-
sessment. The calculation of dose rate in assessment
scenarios using laboratory gamma-spectrometric data
showed that the main contributor to the external dose
rate for all reference organisms was 2*°Ra, with the
highest contribution to following reference organ-
isms: amphibian, annelid, arthropod, mammals (small
-burrowing), mollusc, and reptile. The data on the in-
ternal dose rate showed that >>°Ra contributes the most
to the internal dose rate, primarily observed in refer-
ence to lichen and bryophytes and shrub. The total
dose rate estimation can almost entirely be attributed
to internal dose rate. The contribution of different
radionuclides, specifically >*°Ra, to the total dose rate
from our study is in accordance with results from pre-
vious studies related to exposure to naturally occur-
ring radionuclides from other authors [51, 54-57]. Ad-
ditionally, the presence of >>°Ra and importance of its
activity concentration for the assessment results is re-
lated to the fact that >*°Ra is a prevalent radionuclide in
scales and deposits found in equipment of the oil and
gas industry and discharges, and as such, is a major
source of radiation exposure [13, 20, 24].

Individual temporal assessments that relied on
the annual in-situ data from 1994 to 2016 resulted in
estimated dose rates between the lowest of 0.1 pGyh™!
to the tree as a reference organism and the highest total
dose rate of 10.13 uGyh™' to lichen and bryophytes.
The same data set, that was temporally averaged be-
fore calculation, resulted in an estimated total dose be-
tween 0.1 uGyh™' for tree and 4.39 pGyh™! for lichen
and bryophytes.

Results from assessment scenario that used labo-
ratory gamma-spectrometric data from 2013 to 2019
showed that the total dose rate to biota ranges from
0.05 uGyh™! for tree to 15.20 uGyh™' to lichen and
bryophytes. Figure 2 shows the comparison of the av-
erage values of the estimated total dose rate in the stud-
ied period for two most affected reference organisms
(lichen and bryophytes and shrub) from individual as-
sessment scenario using in-situ and laboratory gamma
spectrometric data from 1994 to 2016.

Additional assessment scenario, performed using
the maximum soil activity concentrations from the pe-
riod 1994 to 2016, estimated the total dose rate from 0.26
uGyh' for tree and 10.87 uGyh' to lichen and
bryophytes. In order to conduct an assessment consider-
ing the highest input values, maximum measured activity
concentrations from all the sampling locations were
used. A comparison of estimated total dose rates to all
reference organism from assessment scenarios that used
temporal average and maximum activity concentrations
from in-situ gamma-spectrometric measurements is pre-
sented in fig. 3. To estimate the potential cumulative
radionuclide concentration effect, the maximum mea-
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Figure 2. Comparison of average total dose rates to most
affected reference organisms from assessments based on
in-situ and laboratory gamma-spectrometric data sets

sured activity concentrations per radionuclide from all
three sampling locations were tripled and another assess-
ment scenario was run with these parameters. In this
case, the predicted total dose rate to lichen and
bryophytes was 32.5 uGyh™!, which exceeded the
ERICA Tool's default screening value, but was below the
reference values of 400 pGyh™ for terrestrial plants [57].
These results would imply that even in the case of cumu-
lative contamination the predicted effects to the biota in
the proximity of the facility would be below internation-
ally recognized reference levels.

Since lichen and bryophytes were found to be
the most affected reference organisms in all the assess-
ment scenarios, and given they are often used as
biomonitors of potential environmental contamina-

tion [58-60]. Figure 4 presents the estimated total dose
rate to lichen and bryophytes based on the in-situ
gamma spectrometric data from 1994 to 2016. Total
dose rates to lichen and bryophytes in the studied pe-
riod show certain temporal variation, but our analysis
did not detect a specific trend.

Estimated total dose rate value in the studied
period was below the selected screening dose rate of
10 uGyh™!, which together with the assessments re-
sults, based on the maximum input activity concentra-
tions, implies that the potential radiological risk to ter-
restrial biota arising from the operation of the natural
gas processing plant is not significant. The overall re-
sults from various temporal assessments, including
in-situ and laboratory data, are in accordance with the
results from previous studies. Study by Cuji¢ and
Dragovic [55] assessed NORM-related total dose rate
to lichen and of 14.4 pGyh™'. Lazarus et al. [30] re-
ported estimated dose rates to terrestrial biota up to 3.7
uGyh™! to mosses and lichen. Study by MacIntosh et
al.[61] onradiological risk assessment to marine biota
from exposure to NORM related to decommissioning
offshore oil and gas pipeline, estimated a potential
dose rate from external exposure up to 33 uGyh'.

Presented results from risk assessment scenarios
need to be observed keeping in mind certain uncertain-
ties associated with performed assessments. One of the
possible contributors to the uncertainty is a minimal
data gap in available in-situ gamma spectrometric data,
i.e., missing data points for a specific radionuclide in a

Figure 3. Comparison of
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Figure 4. Estimated total dose rate to
lichen and bryophytes based on the
in-situ gamma-spectrometric data
from the period 1994 to 2016
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certain year, but given the observed temporal variations
of the available data, extreme activity concentrations of
the missing data are unlikely. Other uncertainties are as-
sociated with the lack of experimental data on site-spe-
cific transfer values. The ERICA Tool uses a conserva-
tive approach to assessments, especially when Tool's
default CR values are used, as was the case in all risk as-
sessment scenarios conducted in this study. Hence, the
chance of assessment results underestimating the radio-
logical effects and risks should be minimal, but an over-
estimation of the total dose rates due to the use of Tool's
default CR values is possible.

CONCLUSIONS

The assessment results from temporal assess-
ments using in-sifu gamma spectrometric data showed
that the same reference organisms, lichen and
bryophytes, were the most affected for in all performed
assessment scenarios, irrespective of the time period se-
lected, with the highest estimated total dose rate of
10.13 uGyh™!. The effect of using average activity con-
centrations in temporal assessments resulted in total
dose rates generally below the assessment screening
doserate of 10 pGyh!. Assessments that relied on max-
imum activity concentrations as input resulted in total
dose rate only slightly exceeding the default screening
dose rate for lichen and bryophytes. The assessment
scenario that used gamma-spectrometric laboratory
data from soil samples from the same location, resulted
in the highest total dose rate to lichen and bryophytes of
15.20 uGyh'. In this context, the results correlate with
the previous studies related to NORM-related exposure
scenarios, recognizing the lichen and bryophytes as or-
ganisms most sensitive to potential radiological haz-
ards. Given the Tool's inherent conservativism and the
effect of using the Tool's default CR values, which are
known to lead to overestimation of the potential dose
rates, the overall radiological risk in all assessment sce-
narios can be considered negligible. Nonetheless, the
continuation of environmental monitoring is encour-
aged. The conclusions of this study should be observed
in a particular research context, where the assessment
results identifying the exposure situation as posing no
significant risk to the environment could also be attrib-
uted to the gas industry in question setting and imple-
menting robust standards of both radiological and envi-
ronmental protection that are continuously being
confirmed through monitoring and assessment.
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Ana FETAJIINH, Mapuja CYPUh MUXWh, Keanvmup BEUHOBU,
boxena CKOKO, bpanko IETPUHELI, Tomucnas BUTYX

SANITUTA OKOJJIMHE Y UHAYCTPUIU ITPUPOJHOTI TACA -
YIHOPEBEBE PA3ZINYUTUX IMPOLIEHA
MMPOCTOPHO-BPEMEHCKHUX PAINOJOHNKUNX PU3UKA

Pap ananusupa pesynraTte NpocTOPHO-BPEMEHCKUX ClieHapuja MPOLeHe PaJHOIOUIKOT pU3KKa
Ha TeMmeJby nocrojehux in-situ mogaTaka gyroTpajHOr MOHUTOPUHTA Ha JIOKAIMjU IOCTPOjeHha 3a Ipepagy
MIPUPOJIHOT Taca, fia 61 ce OpeAo YUNHAK Pa3IMYUTUX ylIa3HUuX nofgaTaka Ha ucxop npoueHe. ERICA As-
sessment Tool kopuitheH je 3a mpolueHy Jo3a Ha OMOTY M NMOTEHLHUjaTHUX YTULaja 300T U3II0KEHOCTH
joHmsyjyhem 3paudemy. YJa3HU HNOAalM 3a CIEHapHje MpOIeHe PagUOJIOMIKOr pU3UKa YKIbYUMBAIU CY
TOJIAIIHGE TIOJATKE O KOHIEHTPAIUj! aKTUBHOCTH PAJUOHYKIIU/A Y TIIY U3 in-situ Meperma 00aBbEHUX O]
1994. no 2016. roguHe, Te 1abOpPaTOPHUjCKE TaMACIIEKTPOMETPH]CKE TIOATKE KOjH CE OJHOCE Ha IEPHUOJ, Off
2014. no 2019. ropune. [1penBubena ykynHa jaunHa o3¢ Ha OMOTY TeHepasHo je OUla UCHOf jaulHe o3¢e
anara ERICA o 10 uGyh™! uin He3HaTHO MIOBHIIIEHA, € HajBehOM YKYITHOM jauMHOM JIO3€ MPOIEHEHOM 32
nuiajese u OpuoduTe. YKyIHe jaunHe 103a Ha JIUIIajeBe 1 OpuoduTe y mocMaTpaHoM pa3fo0sby MoKasyjy
onpebene BpeMeHcke Bapwujalyje, anu y pagy Huje youeH oapebenn Tpena. [1ponemene yKymnHe jaunHe
mo3e 3a OMOTY M3 pa3lIMYUTUX ClIeHapuja MpoleHe Ouiie cy ucnop MebyHapopHo npeoxKeHuX
pedepeHTHUX HUBOA 3a KOje ceé He OYeKyjy HHKAaKBU HITETHM YYMHIU. YTBpheHO je fa je yKymHH
TOTEHIMjaJTHU PAIMOJIONIKY PU3HUK 32 KOMTHEHY OMOTY 300T pajia MOCTPOjera 3a pepajy NpupoHOT raca
3aHEMapuB.

Kmwyune peuu: NORM, fipupoonu z2ac, UpouyeHa paouoaoukoz pusuxa, 3auitiuilila OKoAuHe,
anaiu Erica



