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Phosphogypsum (PG) isawaste product (residue) from the production of phosphoric acid characterized by technologically
enhanced natural radioactivity. Croatia's largest PG deposition site is situated at the edge of Lonjsko Polje Nature Park,
a sensitive ecosystem possibly endangered by PG particles. This field study investigates two aspects relevant for the
generd radiological impact of PG: risk assessment for the environment and risk assessment for occupationally exposed
workers and local inhabitants. Activity concentrations of natural radionuclides (?U, 25U, #2Th, 2°Ra, 2°Ph, and “K)
weremeasured in the PG (at the deposition site), soil, and grasssamples (in the vicinity of thesite). The ERICA Assessment
Tool was used to estimate the radiological impact of PG particles on non-human biota of the Lonjsko Polje Nature Park.
The average annual effective dose for occupationally exposed workers was 0.4 mSv which was within the worldwide

range.
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Phosphogypsum (PG) is a Naturally Occurring
Radioactive Material (NORM) generated asawaste product
during the “wet process’ of phosphoric acid production
(1-3). PG radioactivity originates from the natural
radioactivity of phosphate ore —araw material used in the
production. PG contains different quantities of natural
radionuclides, mostly ?°Ra, whichincorporateinto it during
phosphate ore processing (4). As a waste product, PG is
usually deposited near factories; however, during the last
decade, investigationshavefocused onitsusein agriculture,
as building material, and as backfill for road construction
(2, 4, 5-9).The Republic of Croatia has only one PG
deposition site, located at the edge of the Lonjsko Polje
Nature Park. So far, ~4 million tonnes of PG have been
deposited there (10). In 2009, the production of phosphoric
acid ceased, barring any new PG deposition. However, the
plundering of PG with machinery continues and this may
lead to exposure for the workers.

Investigations on the spread of PG from thisdeposition
site to the environment were performed recently (11). The
results showed that PG particles spread across the
surroundings of the deposition site. Therefore, higher
activity concentrations of natural radionuclides were to be
expected in the soil and biotasampled outsidethevery site..
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10001 Zagreb, E-mail: thituh@imi.hr

The specific location of the deposition site required a
close examination of the surrounding ecosystem. Natural
radionuclides in PG may affect the complex ecosystem of
the Lonjsko Polje Nature Park, which is home to different
wild and domestic animals that graze in the vicinity of the
site on adaily basis, as the site is not fenced. Also, doses
originating from the natural radionuclidesin PG may cause
health problemsfor occupationally exposed workersaswell
asthelocal population sincethereisavillage about 200 m
fromthesite. Apart from radioactivity, chemical compounds,
trace elements, as well as PG acidity are also reason for
concern (3).

Due to the specific location of the site and the quantity
of the PG, continuous and thorough investigations of the
deposition site and its surroundings are vital. The general
objective should be to preserve the stability of the specific
ecosystem surrounding the site aswell as protect the health
of the workers. This study aimsto contribute to this goal .

MATERIALS AND METHODS

Study design

The present study examined the activity concentrations
of natural radionuclides (#8U, 25U, #?Th, 2*Ra, 2°Ph, and
“K) measured in 15 surface and 20 in-depth PG samples.
In addition, soil and grass samples from various locations
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on the earth embankment dam surrounding the site were
analyzed. The results were compared to measurements of
radioactivity in soil samples from the Zagreb region (NW
Croatia) (12, 13).

The nearby area of the PG deposition site is used by
local inhabitants for pasture (cattle and sheep). The most
important pathway of animal contamination by radionuclides
is through the ingestion of contaminated soil and feed.
Ingestion of feed gives the highest contribution to animal
contamination since the availability of radionuclides from
ingested soil islow (14). To evaluate the suitability of the
studied area for pasture, an assessment of radionuclide
transfer from grassto animal products (milk and meat) was
doneusing concentration ratios provided by the International
Atomic Energy Agency (IAEA) (15).

Theradiological risk of PG on non-human biotain the
vicinity of the deposition site was estimated by the ERICA
(Environmental Risk from lonizing Contaminants:
Assessment and Management) Assessment Tool. This
software enables the assessment of radiological risk from
ionising radiation to wildlife by calculating dose rates
received by different groups of animals and plants — so-
called referenceanima sand plants. Thisincludesadatabase
of default radionuclides, distribution coefficients,
concentration ratios, and dose conversion coefficients that
enable dose rate calculations from input data. Also, the
softwareis ableto identify radionuclidesthat contribute to
the dose rate the most aswell asthe most exposed organisms
(16-19). It isimportant to note that, within the ERICA Tool,
thelist of reference organismsisformed by amalgamating
terrestrial ecosystems into a single representative semi-
natural ecosystem. ERICA uses default geometries of the
corresponding reference organisms proposed by the ICRP
(20). Hence, reference organisms do not directly represent
specific animal or plant species in the ecosystem under
consideration. In addition, the ERICA Tool includes a
number of methods for addressing various types of
uncertainties during ecological risk assessment (21).
Different tierscan have different approachesto dealing with
uncertainties. In Tier 2, (the screening tier) the uncertainties
can be large, so quantitative uncertainty analysis is
impossible, hence conservative estimates and assumptions
result in a worst-case estimate of risk and ensure that
exposure, even if uncertain, is overestimated (21).

Thedetermined activity concentrationsof soil and grass
in the vicinity of the PG deposition site were used asinput
parameters for dose assessment to terrestrial animals and
plants within the Tool. All of the reference animals and
plants available within the software were selected for
screening possibleradiological riskstotheterrestrial biota.

Since PG is widely used as an additive in building and
construction industry, and the planning of remediation of
the site isin progress, the radiological effects of PG were
estimated by cal culating the radium equival ent index (Raeq),
activity concentration index (1), external absorbed doserate
(D), and annual effective dose (E).

Sampling site

The studied deposition site (Figure 1) islocated in the
central part of Croatia, at the edge of the Lonjsko Polje
Nature Park, some 4 km south from a fertilizer plant
(45°26'38.67"" N and 16°44'40.76" E).

The deposition siteis not fenced and, although thereis
asurveillance on site, animals and humans can walk on the
site and the earth embankment dam freely.

The waste pile has a surface area of 1.6 km? and an
average depth of 4 m.

Workers use machinery to plunder the deposited PG on
adaily basis.

Sample collection, preparation, and measurements

PG samples were collected at the deposition site
according to Figure 1a. The measurement grid was set to
cover most of the surface of the deposition site. Since PG
isconstantly plundered and moved from oneside of thepile
to another, it wasimportant to measure the radioactivity of
both surface and in-depth samplesto get better overal status
of the activity concentrations thorough the pile.

Surface samples (0-20 cm) were collected at 15
locations, whilein-depth sampleswere collected at 50, 100,
150, and 200 cm at 5 locations.

The samples were dried at 105 °C for 24-72 h and
packed in Marinelli beakers of 1 L. Soil and grass samples
were collected acrossthe earth embankment dam according
to Figure 1b. Soil samples were collected from an
uncultivated surface using acorer tool (@=10 cm; 10 cores,
depth 20 cm) from a surface area of 1 m?, sieved (2 mm),
dried at 105 °C for 3 days and ashed at 450 °C. Soil samples
were packed in Marinelli beakers of 1 L. Grass samples
were cut 5 cm above the ground, dried at 105 °C for 24
hours and ashed at 450 °C. The samples were packed in
sedled plastic cylindrical containers of 100 or 200 mL.

All of the samples were stored for at least 30 days to
allow there-establishment of secular equilibrium conditions
between 2®Ra and its short-lived decay products. All
sampling and sampl e preparation were performed according
to the standardized procedures of the IAEA (22). The
measurement time was set to at least 24 h.

The samples were gamma-spectrometrically analysed
in the laboratory using an HPGe detector (ORTEC, USA)
(FWHM 2.24 keV at 1.33 MeV ©Co and relative efficiency
of 74.2 % at 1.33 MeV ®Co). The detector was calibrated
using sources supplied by the Czech Metrological Institute
covering an energy range between 40 and 2000 keV (23).
28Ra was determined using the photopeak of its daughter
nuclide®“Bi at 609.32, 1120.28, and 1764.51 keV. 28U was
determined from *Th at 63.29, 92.38, and 92.80 keV. 25U
was calculated from 22U and directly at 185.72 keV. 2?Th
was determined using 209.40, 338.40, 911.07, 964.60,
968.90, and 1587.90 keV emissions from 22Ac. 2°Pb and
40K were calculated directly from 46.52 keV and
1460.75 keV, respectively.
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Figure 1 Phosphogypsum sampling locations at the deposition site (1a); soil and grass sampling locations surrounding the

phosphogypsum deposition site (1b) (Google Earth, 2014)

Quality assurance was implemented through
international inter-calibration programmes organized by
the IAEA, World Health Organization (WHO), and Joint
Research Centre (JRC). The applied method has been
officially accredited according to the ISO/IEC 17025
Standard.

Estimation of radiological risk on non-human biota

Tier 2 from the ERICA Assessment Tool was used. Key
differences in the tiered approach (there are 3 tiersin the
ERICA Tool) are flexibility in calculations, data
requirements, and the provision of concomitant contextual
information (16). The purpose of Tier 2 isto identify and
screen out situations with low probability of significant
radiological impact on non-human biota (16, 24). It was
therefore used for the calculation of the radiation exposure
dose rate for terrestrial organisms due to radionuclide

content of the soil and grass in the vicinity of the PG
deposition site. Asinput data, average soil and grass activity
concentrations for specific radionuclides were used, since
field data did not show high diversity in activity
concentrations between sampling points. Inputs of the best
estimated activity concentrations for media and organisms
are also recommended by the software guidance document
for Tier 2 (25). In the software database, there is no data
for “K; therefore it was excluded from the calculation. All
of the terrestrial reference organisms were included in the
assessment. A dose rate of 10 pGy h* was used as the
screening confidence level below which radiological risks
are negligible (26). This value is lower than the value
proposed by the IAEA (27) and UNSCEAR (28) for
terrestrial animals (40 uGy h). The ratio between the
estimated total dose rate for reference organisms, tand the
selected screening dose rate produces arisk quotient (RQ)
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for each organism included in the assessment (16). Other
parameters were left at their default values: concentration
ratiosfor reference organisms (other than grass and herbs),
occupancy factors, radiation weighting factors, and
uncertainty factor.

Estimation of radiological effect on workers and the
general population

Theradiological effect of phosphogypsum and soil on
occupationally exposed workers and the local population
was cal culated through the radium equivalent index, activity
concentration index, external absorbed doserate, and annual
effective dose.

The radium equivalent index (Raeq) is used to define a
uniform valuein respect to radiation exposure. It isused to
present the radioactive hazard of building materialsand is
calculated using the following formula(29, 30):

Ra, =Ag, +1434, +00774, (1)

where A_, A, and A_(in Bq kg?) are the activity
concentrations of ?%Ra, 22Th, and “K, respectively. The
weights are based on the estimation that 370 Bq kg* of
26Ra, 259 Ba kg™ of 22Th, and 4810 Bq kg of “K produce
the same gamma ray dosage (30, 31).

The activity concentration index (1) for the gamma
radiation emitted by building materials must be |ess than
unity in order to keep the radiation hazard insignificant, i.e.
the annual radiation exposure due to the radioactivity from
building materials is limited to 1 mSv. European Council
Directive 2013/59/EURATOM (32) defines | asfollows:

A, Ay A >
= =+ =+ =1 2
300Bg/ kg 200Bg kg 3000Bg/ ke

The guidelines provided by UNSCEAR (33) provide
the absorbed dose rates (D) in nGy h?) due to gamma
radiation in air at 1 m above the ground for uniform
distribution of naturally occurring radionuclides (**Ra,
22Th, and “°K). The absorbed dose rates are calculated as
follows:

D =04624,, +0.6214;, +0.04174; (3

The annua effective dose (E) in mSv was calculated
according to UNSCEAR (33):

E =D(nGyh™)» 87600/ ") x 0.20.7(SVGr™) (4)

where 0.7 Sv Gy is the conversion coefficient from the
absorbed dosein air to the effective dose received by adults,
while 0.2 is the outdoor occupancy factor.

Additionally, the transfer of radionuclides from grass
growninthestudied areato animal products, meat and milk,
was assessed by concentration ratios (CR). The CRis the
ratio of the radionuclide activity in afood product (Bq kg*

f.w.) divided by the radionuclide concentration in feed
(Bgkg'dry matter). It is useful in field studies because the
dietary intake doesnot need to be calculated (15). Therefore,
our assumption was that animals were fed solely by the
grass grown at the investigated location. The average
activity concentrations of radionuclidesin grasswere used.
Since the IAEA (15) does not include data on CR for ?’Ra
in cow’s milk, the transfer coefficients (F ) and daily dry
matter intake values were applied, according to the IAEA
(14). The transfer of #?Th from grass to milk was not
assessed dueto alack of available data, aswasa so the case
with the transfer of 2Ra to sheep milk.

RESULTS AND DISCUSSION

The impact of the phosphate industry on the natural
environment is the focus of investigations worldwide. The
specific location of the studied deposition site also calls for
aclose examination of the surrounding ecosystem.

The data presented here might be of relevance for the
scientific community dealing with radioecological
assessments. By using the ERICA Tool, the radiological
risk to biota could be assessed regardless of obtained
knowledge on the activity concentrations of radionuclides
in the analysed samples. A similar approach was also used
in previous studies (19, 34).

One of the main reasons for adopting such a study
approach was the fact that some of the plans regarding the
future management of this deposition site include its
possible remediation; through the use of PG as a building
material in road construction and in gypsum board
production. Therefore, we used a conservative approach of
calculating therisksfor local inhabitants, workers, animals,
and biota.

Activity concentrations

To extend the investigations covered by our previous
publication (11) which reports the extent of the PG spread,
the present study focused only on the natural radionuclides
28, 25U, #2Th, ?5Ra, 2°Ph, and “K, which we found
important for the assessments.

The activity concentrations of 22U, U, %?Th, ?*Ra,
20ph, and “°K measured in PG, soil, and grass samples are
shown in Table 1. Activity concentrations of ?*Rain PG
varied from 507+12 Bqg kg to 1054422 Bq kg™ in surface
samples and 47319 Bq kg* to 1626+29 Bq kgt in the in-
depth samples. Usually, the activity concentrations of 22°Ra
vary depending on the origin of the phosphate rock used in
the process. The results obtained in this study are in
accordance with the investigations of PG radioactivity in
samples from phosphate industries in other countries that
use phosphate rock of sedimentary origin (1, 3, 4, 35).

The values of activity concentrations of natural
radionuclidesin soil samplesfor al of the analysed natural
radionuclides except for 2Rawere similar or higher than
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Table 1 Activity concentrations (Bq kg?) of natural radionuclides in phosphogypsum (PG), soil, and grass samples

Activity concentrations (Bq kg?)

PG samples soil samples grass samples
. . Surface samples in-depth samples
Radionuclide (n=15) P er()n:ZO) P
28 104+7 125+10 62.6+0.6 0.93+0.04
(46-172) (70-207) (52-76) (0.2-1.9)
25 7.9t0.4 10.5+0.5 3.23+0.05 0.46+0.02
(3-21) (5-16) (3-4) (0.2-0.8)
2Th 7.5+0.3 8.4+0.3 54.2+0.1 0.94+0.03
(4-14) (3-15) (44-68) (0.3-1.5)
25R4 757+4 962+4 57.1+0.8 1.80+0.02
(507-1054) (473-1626) (44-69) (0.9-4.4)
210pp 7467 865+18 57+1 21.6+0.4
(532-1281) (401-1089) (40-80) (15-29)
w0k 12.7+0.6 12.5+0.5 663+1 491+1
(7-23) (10-17) (601-774) (157-779)

dthe range is given in parentheses and the errors of the range are of the order up to 15 %

those in soil samples from the Zagreb region (12, 13). If
we compare the results with investigations from other
countries (2, 4, 36, 37), most of the values from this study
were within the range of those obtained in other countries
(10-99 Bqkg?; 16-44 Bq kg?; 12-54 Bg kg?; 9-99 Bq kg,
and 54-627 Bq kg* for 28U, 22Th, 2%Ra, 2°Ph, and “K,
respectively).

The activity concentrations of natural radionuclidesin
grass samples collected at the earth embankment dam
showed that the average valueswere comparablewith grass
samplesfor the Zagreb region for all natural radionuclides
(12). Also, the values are comparable with investigations
conducted in other countries (2, 36).

Radiological effects on non-human biota

The results of the radiological risk assessment
performed with the ERICA Tool are shown in Table 2 and
Figures 2a and 2b. The total dose rates (internal and
external) for all of the radionuclides measured in soil and
grass (28U, 25U, 22Th, 2Ra, and 2°Ph, except for “K) are
presented in Table 2. Dose rates for al of the reference
organismswere|ower than the selected screening doserate
limit of 10 uGy ht. Themaximum doserateswere estimated
for lichen and bryophytes (1.97 pGy h*), and minimum for
trees (0.03 uGy ht). Total dose rates for specific radionuclides
and reference organismsare shownin Figure 2a. It isevident
that the most important contributor to the total dose rate
was ?%Ra (91 %). #*Ra s aradionuclide with higher dose
conversion coefficients, especially for internal alpha
radiation.

All of the studied radionuclides showed maximum dose
rates for lichen and bryophytes, which confirms their unique
role as bioindicators of radioactive contamination (38).

The expected risk quotient (RQ) values are shown in
Figure 2b. The expected RQ for reference terrestrial
organismsin the area of investigation waslow (the highest
RQ<0.2). Together with the uncertainty factor, it indicates

that there was aless than 5 % probability that the absorbed
dose rate to any organism will exceed the screening dose
rate.

Based on these results, it could be concluded that the
spread of PG particlesfrom theinvestigated PG deposition
site into the environment did not affect the terrestria
environment in such away that would raise concerns from
the radioecological point of view (the highest calculated
value was five times lower than the set screening dose rate
limit).

Radiological effect on workersand general population

Using values obtained from measurements of activity
concentrations of 2%Ra, 22Th, and K, the radium equival ent

Table 2 Total dose rates (uGy h™) to reference terrestrial
organisms estimated using ERICA Tool

Total dose rate per

Organism

organism (uGy h?)
Amphibian 0.30
Bird 0.32
Bird egg 0.30
Detritivorous invertebrate 0.79
Flying insects 0.75
Gastropod 0.42
Grasses & Herbs 0.09
Lichen & bryophytes 1.97
Mammal (Deer) 0.22
Mammal (Rat) 0.25
Reptile 0.30
Shrub 0.24
Soil Invertebrate (worm) 0.78
Tree 0.03
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Figure 2 Total dose rates for specific radionuclides and reference animals and plants (a) and expected risk quotient (RQ) for reference

terrestrial organisms (b) calculated with the ERICA Tool

index, activity concentration index, absorbed dose rates,
and annual effective doses from PG were calculated and
summarized in Table 3.

The radium equivalent index for PG samples was
calculated using equation (1). Both minimal (146 Bq kg?)
and maximal (1649 Bq kg*) Ra,, values were calculated
fromin-depth samples (2 m depth). Thewiderange of Ra,,
values could have resulted from the deposited PG, which
originates from phosphate ores of different radioactivity;
therefore, the diversity in thedistribution of the Ra,, vaues
was expected. Except for one location (146 Bq kg™), al of
the Ra,, values exceeded the threshold value of 370 Bq kg™

Asseen from Table 3, the average value for the activity
concentrationindex (2.53 and 2.73 for surface and in-depth
samples, respectively) exceeded unity. We have concluded
that PG by itself must not be used asamaterial for building.
However, if PG was to be mixed with other materials (not

NORM) and the resulting composite achieved 1<1, it could
be used as such.

The calculated absorbed dose rates were high. The
average value for surface sampleswas 350 nGy h* and for
in-depth samples 380 nGy h' with a range of up to
761 nGy ht. These results are in accordance with earlier
direct dose rate measurements conducted on the same
deposition site using electronic dosimeters (11). However,
all of the cal culated annual effective dose valueswerelower
than reported in UNSCEAR (33). Figures 3a and 3b show
theannual effective dosesfor surfaceand in-depth samples,
respectively. The values ranged from 0.08 to 0.93 mSyv. The
worldwide average annual effective dose is 0.43 mSv, with
the results for individual countries being within the range
0f 0.3-0.6 mSv (33). As seen in Figure 3a, almost all of the
surface samples were within the range of 0.3-0.6 mSv
(dotted lines), while someannual effective doses cal cul ated
for in-depth samples (Figure 3b) slightly exceeded the
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Table 3 Phosphogypsum EI)JG) and soil samples (SS) — average values for radium equivalent index (Ram), activity concentration index

(1), absorbed dose rate (

), and annual effective dose (E)

Ra_(Bq kg*)* e D (nGy )2 E (mSvy?)?
surface samples (n=15) 758 253 350 0.43
P B (512-1068) (1.71-3.56) (237-493) (0.29-0.60)
PG
. _ 822 2.73 380 0.47
in-depth samples (n=20) (146-1649) (0.49-5.50) (67-761) (0.08-0.93)
SS  earth embankment dam (n=6) 90 (78-109) 0.11 (0.1-0.13)
aTherangeis given in parentheses
SURFACE SAMPLES
1,0
0,9
08
0,7
3
E
Ll
a
IN-DEPTH SAMPLES
1,0
0,9
0,8
0,7
@ |
4 0,6
Ll 0,5 T
04 -
03 -
02 -
01 -
0,0 -
pepth(cm) | B |8 |8 |83 |8[F[§/ B8 /8|8 |28 /][ B8 88
Sample 16 17 18 19 20
b

Figure 3 Annual effective doses (E, mSv) of phosphogypsum surface samples (a) and of phosphogypsum in-depth samples (b). The

dotted lines represent the worldwide range
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Table 4 Calculated activity concentrations of different radionuclides in meat and milk of animals that graze in the vicinity of the

phosphogypsum deposition site
P, Meat (Bq kg*f.w.) Milk (Bq L)
Cattle Sheep Cattle Sheep
28y 0.3 0.3 0.005 0.005
25 0.2 0.2 0.002 0.002
22Th 0.006 0.006 n.d.z2 n.d.2
2Ra 0.3 0.3 0.01 0.01
210pp 17 0.3 0.05 0.6
an.d.-there are no data on transfer from animal feed to milk for #?Th
worldwide averages. The risk for occupationally exposed CONCLUSIONS

workers could be significant; however, since plundering
PG with machinery is not performed on an hourly basis,
the workers are not exposed constantly.

The radiological effects were also calculated for soil
samples collected from the earth embankment dam
surrounding the PG deposition site (Table 3). The results
showed lower values for Raeq and | (<1in all samples).

Dose rates and annual effective doses were lower
compared to world averages. There is no radiation hazard
for occupationally exposed workers. Compared to the soil
samples from the Zagreb region (0.07 mSv), the calculated
doses were dightly higher, which could be explained by
the spread of PG particles across the earth embankment
dam (11).

This study did not calculate the inhalation dose for
occupational workers, because according to the ICRP (39)
such a calculation is generally recommended for particles
1 and 5 pm in diameter. Considering that the average PG
particle size was ~40 pum, they were likely withheld in the
upper part of the respiratory tract.

Theresults of radionuclidetransfer from grassto animal
products are shown in Table 4. Maximum activity
concentrations in meat were calculated for 2°Pb in cattle
meat (1.7 Bgkg™f.w.), and minimumfor #2Th (0.006 Bq kg*
f.w.). Values for 28U, 25U, and ?Ra were similar in both
cattle and sheep meat. For milk, the maximum activity
concentration was calculated for 2°Pb in sheep milk
(0.6 Bg L™), and minimum for 2°U (0.002 Bq L) in cattle
and sheep milk.

Dueto thelack of dataon natural radionuclidesinlocal
meat and milk, we compared our results data from other
sources and established that they are reasonably similar
(40-42). Also, they are below theinternational ly maximum
permitted levels of radioactive contamination in foodstuffs
and below or similar to the proposed safe values of
radionuclides in food and feed (43). It can therefore be
concluded that the area surrounding the PG deposition site
issuitable for agricultural use, e.g. for pasture.

Theallocation of adeposition site near an ecologically
sensitive environment is not specific to Croatia. PG is
commonly deposited worldwidein rivers, seawater, lakes,
near forests, etc. (1, 2, 4, 44).

This study covered measurements of activity
concentrations for natural radionuclides (*8U, 2°U, 2%2Th,
26Ra, 29Ph, and “°K) in sail, PG, and grass samples. Results
showed that activity concentrations in PG vary with the
origin of the phosphate rock used in production, which is
in accordance with investigations performed in other
countries. The PG deposited at the studied | ocation cannot
be used as a building materia by itself. However, if it is
mixed with other materialsand the resulting composite has
I<1, it could. The average annual effective dose for
occupationally exposed workers (with regard to the time
spent on the site) was 0.4 mSv, which is within the
worldwide range. Some annual effective doses calculated
for in-depth samples exceeded worldwide averages due to
differencesin activity concentrations of the deposited PG.

It must be noted, however, that due to uncertainties
arising from estimations and assumptions our conclusions
are conservative estimates and can only servefor screening
purposes.
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Mjerenjei modeliranje radioloskog utjecaja odlagalista fosfogipsa na okolis

Fosfogips je nusproizvod koji nastgje tijekom proizvodnje fosforne kiseline, a karakteriziran je tehnolo3ki povisenom
prirodnom radioaktivnos¢u. Odlagaliste fosfogipsa u Hrvatskoj nalazi se na rubu Parka prirode Lonjsko polje, osjetljivom
ekosustavu potencijalno ugrozenom od cestica fosfogipsa. Istrazivanje opisano u ovom radu sagledava dva aspekta
znac¢ajna za radioloski utjecaj fosfogipsa: procjenu rizika za okolis te procjenu rizika za profesionalno izloZzene radnike
i lokalno stanovnistvo. Koncentracije aktivnosti prirodnih radionuklida (22U, 25U, 22Th, 25Ra, 2°Ph i “K) izmjerene su
u uzorcimafosfogipsauzetimas odlagaliState u uzorcimatlai trave uzetimau blizini odlagalista. Zamodeliranje utjecaja
fosfogipsanaokolis (biotu) korigten je program ERICA Assessment Tool. Prosje¢na godisnja efektivna doza za profesionalno
izloZene radnike iznosila je 0,4 mSy, §to je na razini svjetskog prosjeka.

KLJUCNE RUECI: dozimetrija profesionalno izloZenih radnika; ERICA; procjena doze; radioaktivnost



