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Abstract. The principal sources of polonium and uranium radionuclides the Wislinka area waste dump are phosphorites
and phosphogypsum produced by the Phosphoric Fertilizers Industry of Gdainsk. The values of uranium and polonium
concentration in water with immediate surroundings of waste heap are considerably higher than in the waters of the
Martwa Wista river. The activity ratio #*U/Z*U is approximately about one in the phosphogypsum (0.97+0.06 and
0.99+0.04) and in the water of a retention reservoir and a pumping station (0.92+0.01 and 0.99+0.04), while in the water
from the Martwa Wista river is slightly higher than one (1.00+0.07 and 1.06%=0.02). The leaching process of uranium and
polonium from the phosphogypsum waste heap is responsible for the maximum uranium concentration (1097+6 pg-dm=
and 1177%6 pg-dm) and the high *'’Po concentration (131.4+0.9 mBq-dm™ and 165.7+1.4 mBq-dm™) in the retention
reservoir. The major source of polonium and uranium in plants are wet and dry atmospheric falls gathering soil and
air dust from the phosphogypsum waste dump and root system. The highest uranium and polonium concentrations
were found in older part of grasses (yellow oatgrass, meadow foxtail, moneywort), exposed to atmospheric falls for a
long time. The maximum concentrations of >'’Po were characterized for samples of plant root collected at the retention
reservoir (150.50+4.97 and 108.55%3.95 Bq-kg™" dry mass). Polonium and uranium concentrations in water samples of
the Martwa Wista river are relatively low in comparison with the value in the retention reservoir and pumping station
near the phosphogypsum waste heap. This suggests that the radionuclides could be leached from the dumping site to
the surrounding environment.
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Introduction

The phosphogypsum waste heap at WiSlinka is per-
manently integrated into the landscape of Zutawy
Gdanskie (northern Poland). This continuously is rais-
ing a great deal of doubts. One of them concerns a plant
of the Phosphoric Fertilizers Industry of Gdansk, the
others ecological organizations and local population.
The local people are concerned and worried about the
idea of refusal to build an incinerator at the WiSlinka
village, initiated by the municipal authority. In addi-
tion, the process wastes from a thermoelectric power
station “Gdansk” are deposited on the Sobieszewska
Island, too.
According to the decision of voivodeship national
B. Skwarzec, A. Boryto™, A. Kosifiska, S. Radzajewska council (GW-11-0531/115/67) in Gdansk, the phospho-
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of phosphate fertilizers, is obtained in a wet process by
the reaction of phosphatic rocks with sulphuric acid
[14]. During this process, phosphogypsum is produced
which is transported by cargo boats from the Phos-
phoric Fertilizers Industry of Gdansk to a waste dump
at Wislinka. Biological reclamation actions are now in
progress. Closing down of the WiSlinka waste dump is
planned at the end of 20009.

Uranium is spread in nature, occurring in over 160
minerals, locally in high concentrations (between 50-90%
uranium content, e.g. uranite, broegerite, becquerelite,
cleveite, autunite, carnotite, pitchblende, kasolite) [11,
36]. Higher uranium concentrations are observed, for
example, around phosphogypsum stacks [6, 18, 20, 27].
The principal source of uranium in the natural environ-
ment is atmospheric precipitation of terrigenic material,
as well as river waters and fertilizers [33]. In addition, the
concentration of uranium in the natural environment is
increased by results of human activity — industry, fossil
fuel combustion, phosphate fertilizers in agriculture,
domestic and industrial sewage [30]. Natural uranium
consists of three alpha radioactive isotopes: 99.2745%
of 28U, 0.7200% of 5U and 0.0054% of #*U [4, 8]. 1 Bq
28U corresponds to 81.6 nug of natural uranium (1 pg
of natural U - 12.3 mBq of ?U) [26]. The **U isotope
belongs to the natural radioactive decay series of 2U
[21]. The specific radioactivity of natural uranium (**U,
75U and #8U) is about 25,446 Bq-g™' [4, 20], although the
specific radioactivity of #*U is lower (1.24 x 10* Bq-g™)
in comparison with 24U (2.30 x 10% Bq-g™) [9].

The ?*U and ?*U radionuclides are not in the radio-
active state of equilibrium in the natural environment,
higher disequilibrium has been noticed in seawater
rather than in sediments [30, 34]. In the southern Baltic
(Gulf of Gdanisk) waters the mean value of #*U/Z*U
activity ratio was found to be 1.17, while in the sediments
it is about 1.00 [30, 35]. In the aquatic environment
uranium exists in the two valency states: U(IV) and
U(VI]). In oxidated form in sea and river water there
are soluble carbonate complexes: [UO,(COs);]* and
[UO,(COs),J* [30].

The uranium is a radioactive and toxic metal, it is a
hazardous environmental pollutant. It is relatively high-
ly toxic to humans, both chemically and radiologically
(its progeny are highly radioactive). The compounds of
uranium can penetrate the blood from alveoli pockets
in the lungs or through the gastrointestinal (GI) tract
as a result of consumption of contaminated water or
food. The residence time of the insoluble uranium in the
GI tract is estimated in years. Due to its heavy metal
nature, the presence of uranium in the body causes
damage to the kidney leading to nephritis. The limit
of permissible uranium in drinking water is 30 ng-dm=
according to the United States Environmental Protec-
tion Agency [12] and 15 ug-dm= according to the World
Health Organization (WHO) [3§].

Polonium ?°Po, belongs to the natural uranium
decay series starting from ?*U, but its fate depends on
the further members of this series, e.g. *’Ra and most
of all on ?'°Pb. *?Rn escaping from the earth’s surface
constitutes the source of atmospheric ?’Po [31]. The
main source of ?°Po in environmental pollution is
210Pb and *!%Po falling to the ground with atmosphere.
A small amount of #°Po is formed in situ as a result of

the radioactive decay of uranium contained in seawater.
Apart from ?°Po formed by the decay of >°Pb contained
in the air, its additional quantities are emitted directly
from the earth as a result of forest fires and volcanic
eruptions [31]. The specific radioactivity of polonium
20Pg is very high and equals 1.66 x 10 Bq-g™, and its
half-life is 138.4 days [9]. Polonium *'Po belongs to the
most radiotoxic nuclides to human beings [33]. The limit
of all permissible alpha emitters in drinking water is
0.1 Bq-dm according to the World Health Organiza-
tion (WHO) [3§].

The objective of this study was the determination
of uranium and polonium concentration in surface
and bottom water samples, phosphogypsum and some
plants from the area around the phosphogypsum waste
dump and from the Martwa Wista river in northern
part of Poland.

Experimental

The surface water samples (10 dm~) were collected in
October and December 2008 from the area around the
phosphogypsum waste dump at Wislinka and from the
Martwa Wista river. Down the main current of the Mar-
twa Wista river samples were collected at Przegalina,
Sobieszewko and Gorki Wschodnie. The places of the
surface water, phosphogypsum and plant sampling (yel-
low oatgrass, meadow foxtail, moneywort) are presented
in Fig. 1. Phosphogypsum and plant samples were col-
lected in December 2008 and February 20009.

The radiochemical method for polonium *°Po and
uranium (?*U, #8U) determination in analyzed samples
was based on the procedure established by Skwarzec
[30-32].

Radioactivity of ?'’Po, **U and **U was measured
using alpha spectrometry equipment with semiconductor
silicon detectors of 300 mm? active surface barrier (Can-
berra-Packard, USA). Polonium samples were measured
for 2-3 days and their radioactivity was calculated on the
electrodeposition day. Uranium samples were measured
for 3-5 days. The polonium and uranium yield in the
analyzed samples ranged from 50 to 80%. The results of
20po, 24U and #*U concentration in the analyzed samples
are given with standard deviation (SD) calculated for
95% confidence intervals. The trueness and precision
of the radiochemical methods were evaluated using
International Atomic Energy Agency (IAEA) reference
materials (IAEA-384, IAEA-385, IAEA-414), estimating
that the absolute relative bias is less than 10%.

Results and discussion

The results of #*U and #*U measurements in surface
water samples are given in Tables 1, 2 and Fig. 2. The
highest concentrations of uranium isotopes and total
uranium in samples collected in October and Decem-
ber 2008 were observed in water from the pumping
station and retention reservoir of the phosphogypsum
waste heap at Wislinka. A higher uranium concen-
tration was confirmed in the pumping station (from
250+7 mBq-dm™ to 275+7 mBq-dm~ for #*U and from
248+7 mBq-dm™ to 273+7 mBq-dm™ for #*U in the
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surface water and from 507+28 mBq-dm™ to 527+28
mBq-dm~ for **U and from 498+27 mBq-dm~ to
524%28 mBq-dm for #*U in the bottom water), the
highest uranium amounts, thousand times higher than
those observed in the Martwa Wisla river, were found
in the retention reservoir (13.440=68 mBq-dm~ and
14.430%+69 mBq-dm™ for »8U, 13.140£65 mBq-dm™
and 13.240x£66 mBq-dm~ for **U). Consumption of
this water by wild animals could be dangerous because
the preliminary radiological criterion for drinking water
is gross alpha radioactivity 0.1 Bq-dm™ or gross beta
radioactivity 0.1 Bq:dm™ [22]. The enriched amounts
of uranium and thorium radionuclides have been
measured in water and suspended matter samples in
the estuarine system of the Odel river (Spain) near the

Fig. 1. Place of taking water, phosphsum, plant samples (October and December 2008, February 2009).

fertilizer processing complex [23, 24]. The obtained
results confirm hypothesis that uranium is leached from
phosphogypsum waste dump to surface and bottom
water of the retention reservoir. Uranium concentra-
tion in the bottom water of the analyzed retention res-
ervoir and pumping station ditch increases with depth,
indicating the diffusion process from dump surface to
water. The average values of the ?*U/*8U activity ratio
in the analyzed pumping station and retention reservoir
oscillated between 0.92-0.99. These data indicate that
the general source of uranium is phosphogypsum. Also
the uranium concentration in groundwaters around the
fertilizer factory complex in Spain was considerably
higher than those in other areas of the same aquifer [1].
The potential leaching of radionuclides from sedimen-

Table 1. The uranium concentration and values of the »#U/*8U activity ratio in water samples from the phosphogypsum waste

heap and Martwa Wista river in October 2008

Sampling location ) By Total uranium Activity ratio
(mBg-dm™) (mBq-dm™) (ng-dm?) BUAsU

Przegalina 25.34 = 0.99 25.38 = 0.99 2.07 £ 0.08 1.00 £ 0.06
Sobieszewko 33.63 = 1.61 32.55 £ 1.65 2.82+0.13 1.06 = 0.02
Gorki Wschodnie 30.34 £ 0.94 31.38 £ 0.98 2.47 £ 0.08 1.03 £ 0.04
Pumping station — surface water 250 =7 248 =7 20.41 = 0.57 0.99 = 0.04
Pumping station — bottom water 507 =28 498 + 27 41.36 = 2.13 0.98 = 0.07
Retention reservoir 13.440 + 68 13.140 + 65 1097 £ 6 0.97 + 0.07

Table 2. The uranium concentration and values of the #*U/*¥U activity ratio in water samples from the phosphogypsum waste

heap and Martwa Wisla river in December 2008

Sampling location U U Total uranium Activity ratio
(mBq-dm™) (mBq-dm™) (ug-dm™) BayssU

Przegalina 60.23 + 2.61 62.26 * 2.65 491 +0.21 1.03 = 0.06
Sobieszewko 82.39 £ 432 82.62 = 4.32 6.72 = 0.35 1.00 £ 0.07
Gorki Wschodnie 70.52 + 3.01 7231 £3.21 5.75 £ 0.24 1.02 = 0.06
Pumping station — surface water 275 =7 273 =7 22.45 = 0.56 0.99 = 0.05
Pumping station — bottom water 527 =28 524 =28 4299 + 231 0.99 = 0.08
Retention reservoir 14.430 + 69 13.240 + 66 1177 £ 6 0.92 + 0.01
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Fig. 2. U radioactivity in

water samples collected in
October and December 2008
from the Martwa Wisla river
to the phosphogypsum waste
heap at Wislinka.
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tary phosphate rock during the industrial production
of phosphoric acid is still studied and discussed [2, 3].
The relatively lower uranium and polonium concen-
tration was observed in water samples taken in October
and December 2008 along the Martwa Wisla river. The
comparable 28U radioactivity was found at Przegalina
and Gorki Wschodnie from 25.34+0.99 mBq-dm™ to
60.23+2.61 mBq-dm™ and from 30.34+0.94 mBq-dm
to 70.52+3.01 mBq-dm=, respectively. A slightly higher
38U concentration was reported between 33.63+1.61
mBq-dm~ and 82.39x4.32 mBq-dm™ in Sobieszewko
(Tables 1, 2 and Fig. 2). The *'°Po concentration in the
water samples varied from 7.08+0.52 mBq-dm= (Prze-
galina) to 7.89+0.50 mBq-dm~ (Go6rki Wschodnie),
and similarly like uranium, a bit higher in Sobieszewko
(12.26%2.20 mBq-dm) (Table 3). Sobieszewko is located
opposite the phosphogypsum waste dump and rainfall

Table 3. Average polonium 2'’Po concentration in water
samples from the phosphogypsum waste heap and Martwa
Wista river in October 2008

. . 20po

Sampling location (mBg-dm-)
Przegalina 7.08 = 0.52
Sobieszewko 12.26 = 2.20
Gorki Wschodnie 7.89 = 0.50
Pumping station — surface water 114.8 £5.8
Pumping station — bottom water 155.1 £ 3.2
Retention reservoir — surface water 1314 = 0.9
Retention reservoir — bottom water 165.7 = 1.4

waters can be stored and washed from here. The values
of the activity ratio in water samples ranged from 1.00 to
1.06 and are characteristic of river waters. Similar values
were observed in the Wista river. The ?°Po concentra-
tion in Wisla river water samples collected at Kiezmark
(20 km from WiSlinka) ranges from 1.88+0.04 mBq-dm™
(in autumn) to 3.49+0.03 mBq-dm™ (in spring). How-
ever, uranium total concentrations were estimated at
0.77+0.27 pg-:dm= in winter and 0.52+0.22 ug-dm= in
summer [16]. The results obtained so far show that the
migration and distribution of uranium and polonium
radionuclides from the phosphogypsum waste heap to
the Martwa Wista river is rather slow.

The content of polonium in water sample from the
phosphogypsum waste heap is very diversified. The
20Po concentration ranged from 114.8+5.8 mBq-dm™
to 131.4=0.9 mBq-dm™ and from 155.1+3.2 mBq-dm~®
to 165.7x1.4 mBq-dm™ in the surface water of pump-
ing station and the bottom water of retention reservoir
(Table 3). The different values of polonium concentra-
tion in surface and bottom waters from the pumping
station and the retention reservoir showed that the
source of radionuclides is the sedimentation and sinking
to the bottom layers.

The phosphogypsum samples from the Wislinka
area are very much enriched with natural polonium,
20Po, while the uranium radionuclides (**U and **U)
tend to be in waters around the waste dump. The 2°Po
concentration in dry samples equals 121.1=4.5 Bq-kg™,
whereas the value in wet phoshpogypsum was calculated
as 95.9+5.8 Bqkg™! (Table 4). The phosphogypsum

Table 4. Average polonium *'’Po and uranium concentration and values of the 2*U/**U activity ratio in phosphogypsum

samples
Samples 20po Bl V) ) Total uranium  Activity ratio
P (Bq'kg™) (Bq'kg™) (Bq'kg™) (mgkg™) UPU
Dry phosphogypsum 121.1 £ 45 5252+ 1.72 52.08 = 1.71 429 +0.14 0.99 = 0.04
‘Wet phosphogypsum 95.9 £5.8 33.35 = 1.39 32.37 = 1.37 2.72 £ 0.11 0.97 £ 0.06
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Table 5. Average polonium *'°Po and uranium concentration and values of the Z*U/>*U activity ratio in yellow oatgrass (7rise-

tum flavescens Pers.) samples in December 2008

Trisetum flavescens Pers 210po U U Total uranium Activity ratio
' (Bqkg™) (Bqkg™) (Bqkg™) (mgkg™) HUAU
Area around retention reservoir
Near-ground part 52.18 = 1.56 22520 £ 6.78 226.41 = 7.08 18.48 = 0.58 0.99 = 0.04
Above ground parts 13.52 = 0.95 7.46 = 0.40 7.52 £ 0.40 0.61 = 0.03 0.99 = 0.08
Area around pumping station
Near-ground part 31.68 = 2.15 136.39 = 5.99 140.05 = 6.07 11.43 = 0.49 0.98 = 0.06
Above ground parts 7.87 = 0.64 6.37 = 0.38 6.59 = 0.38 0.54 = 0.03 0.97 + 0.08

samples were collected at the foot of the escarpment.
The higher ?"°Po polonium concentration was evalu-
ated in phosphogypsum samples from the escarpment
collected in 1997 and 2007, immediately after the acid
production (between 613+13 and 695+9 Bq-kg™) [7].
The chemical behaviour of polonium, 2'°Po, in phos-
phogypsum is not understood to be fully explained and
requires advanced investigations [14, 25, 37]. Moreover,
teams of scientists claimed that #°Po is more mobile in
the presence of sulphide ions which could be formed by
a bacterial process of phosphogypsum [11, 37]. These
high levels of '’Po are explained by a strong building
of ?'’Po in phosphogypsum particles [14].

Uranium isotopes form highly soluble compounds
with phosphate ions [28]. The activities of #*U and U
in phosphogypsum ranged from 32.37+1.37 Bq-kg™ to
52.08+1.71 Bq'kg™ and from 33.35+1.39 Bqkg™ to
52.52+1.72 Bq-kg™, respectively (Table 4). The lowest
uranium concentrations in phosphogypsum should be a
sign that these radionuclides migrate predominantly to
phosphoric acid. On the other hand, the concentration
of uranium radionuclides in phosphorites and phos-
phogypsum lay in a very wide range. The radioactivity
concentration of 28U in phosphate rock was 638+153
Bq-'kg™!, while in phosphogypsum from a factory
of Brazilian fertilizers was only 18=3 Bq-kg™. In other
Brazilian factories the highest U radioactivity was
found in phosphate rocks: 344+94 Bq-kg™” and 14%6
Bg-kg™, the lowest in phosphogypsum: 61+7 Bq-kg™
and 2+8.97 Bq-kg™!, respectively [28]. The nuclides of
uranium **U and #*U were in the radioactive state of
equilibrium in analyzed samples, because the values
of the #*U/**U oscillate around one (0.97+0.06 and
0.99+0.04). The research confirmed that the majority
of uranium is incorporated into the phosphoric acid,
whereas the polonium into the phosphogypsum [13].
For instance, the *’Po concentration in Syrian phos-
phogypsum varies between 373 and 589 Bq-kg™! [2], in
Brazilian phosphogypsum *°Po concentration ranged
from 281+27 Bq-kg™' to 673+24 Bq-kg™!, but the whole
total uranium ranged from 66+24 Bq-kg™! to 14022
Bqgkg™ [29].

The flow of radionuclides from the dump surface
into the water and soils in immediate surroundings
has an impact on contamination level of the natural
environment. A higher assimilation power of polonium
and uranium was observed in the near-ground part of
grasses collected around the area of pumping station
and retention reservoir in December 2008 and February
2009 (Table 5). The highest phytovailability of polonium
was characterized for yellow oatgrass (Trisetum flave-

scens Pers.). The uranium and polonium concentration
in the near-ground parts was higher than in the above
ground plant parts. We can afford to formulate thesis
that the principal sources of polonium and uranium
are dry and wet atmospheric fallouts. The polonium
content of atmospheric origin depends on the age of
leaves and their surface area. The lower polonium and
uranium concentration (between 7.87+0.64 Bq-kg™ and
13.52+0.95 Bq'kg™" for #°Po, between 6.37=0.38 Bq-kg™
and 7.46+0.40 Bq-kg™! for U, 6.59+0.38 Bq'kg™! and
7.52%0.40 Bq-kg™ for #8U, as well as between 0.54 +0.03
Bqgkg! and 0.61+0.03 mg-kg™ for total uranium) was
measured in young, narrow leaves (Table 5). A higher
radionuclide concentration was noticed in old leaves
and those longer exposed to atmospheric fall (be-
tween 31.68+2.15 Bq-kg™ and 52.18%+1.56 Bq-kg™ for
20Po, between 136.39+5.99 Bq-kg™ and 225.20+6.78
Bq-kg! for #*U, 140.05=6.07 Bq-kg™" and 226.41+7.08
Bg-kg™! for U, and between 11.43+0.49 mg-kg™! and
18.48+0.58 mg-kg™ for total uranium) (Table 5). For
comparison, the same plant species were collected
from Zutawy Wislane (25 kilometers from the phosho-
gypsum waste heap, near the city of Nowy Staw). The
radionuclides concentrations in this grass amount to
0.29+0.02 Bq'kg™! for 2'Po, 0.59+0.03 Bq-kg™ for #*U,
0.49+0.02 Bq-kg™! for #8U in the near-ground part and
0.31=0.03 Bq'kg! for 2°Po, 0.61+0.04 Bq-kg™ for **U,
0.50%0.03 Bq'kg™ for #*U in the above ground plant
part. The value of the #*U/*8U activity ratio in Zulawy
WiSlane grass is 1.20+0.09 and 1.22+0.09 for the near-
-ground part and the above ground part, respectively.
This is very typical of plants, where the variations are
between 1.02 and 1.30 [5, 30]. Values of the »4U/28U
activity ratio in yellow oatgrass (Tiisetum flavescens
Pers.) around the phosphogypsum waste heap are near
one (0.97+0.08-0.99+0.04), which proves explicitly
their phosphogypsum character.

The highest polonium concentration was found in
the root of meadow foxtail (Alopecurus pratensis) and
moneywort (Lysimachia nummularia) (Table 6). The
root system has a significant role in bioaccumulation
of radionuclides. Data obtained for polonium content
were compared for the pumping station and the reten-
tion reservoir areas. The values are about 37.99+2.52
Bgkg! and 37.44+1.09 Bq-kg' dry mass. The maxi-
mum polonium concentrations were characterized for
samples of grasses located at the retention reservoir
(150.50%=4.97 and 108.55%3.95 Bq-kg™ dry mass)
(Table 6). This can be related to the fact that solum
and soil-water substratum of this place is enriched
with phosphogypsum. The plants take up polonium
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Table 6. Average polonium ?'°Po concentration in foxtail (4/o-
pecurus pratensis) and moneywort (Lysimachia nummularia)
samples collected from the area phosphogypsum waste heap
in February 2009

ZIOPO (qugfl)

Samples Above ground
Root &

part of plant

Area around retention reservoir
Alopecurus pratensis 150.50 = 4.97 2321 = 1.25
Lysimachia nummularia 108.55 * 3.95 15.85 = 0.58
Area around pumping station

Alopecurus pratensis 37.99 =252 20.09 = 0.72
Lysimachia nummularia  37.44 + 1.09 12.10 = 0.79

from soil. The amounts of polonium are dependent
on the polonium content in soils and dissoluble form
of polonium in groundwater. The coincident research
of transfer of natural radionuclides from soils to plant
were conducted in south-western Spain [17, 19]. The
polonium concentration in analyzed plant (Spartina
densiflora) collected at the Odiel Marsh in February and
November 1993 ranged widely from 2.16+0.23 mBq-g™!
to 42.6+2.7 mBq-g! for #*U, 3.11+0.36 mBq-g™'
and 46.4+2.4 mBq-g™! for 28U, 5.74+0.48 mBq g and
45.2+4.5 mBq-g™ for #°Po [19]. In general, the highest
concentrations in plants were found in areas, where
the concentrations of radionuclides in soil were the
highest, too. The levels of ?'°Po and uranium **U were
similar, but higher amounts of uranium **U were in
samples of Spartina densiflora and Spartina maritima col-
lected in 1996: 5.58 +0.41-50.1+2.4 mBq-g™! for *'’Po,
2.37%+0.20-42.6+2.7 mBq-g! for #*U and 30.7+7.3-
87719 mBq-g™' for **U, 5.05+0.41-40.6 1.1 mBq-g™
for #°Po, 3.01+0.42-49.6=3.1 mBq-g! for *U,
46.8+7.4-877x19 mBq-g™ for #U. The maximum
radionuclides concentrations was obtained in samples
covered by water for a longer period [17]. Also the
enhanced radioactivity of polonium lead, radium was
observed in the marsh from area located in the vicinity
of a phosphoric acid production complex in south-
-western Spain [18].

Conclusion

In this work we present results of a study concerning
the distribution of natural radionuclides *'°Po, U and
28U in water, phosphogypsum and plants (yellow oat-
grass, meadow foxtail, moneywort) samples collected
around the phosphogypsum waste heap at Wislinka.
Polonium ?°Po concentrations were found to vary be-
tween 7.08+0.52 mBq-dm= and 165.7+1.4 mBq-dm=in
water samples from the Martwa Wista and area around
the phosphogypsum dump, respectively. The unex-
pectedly wide variations of uranium concentration were
observed in the waters of reservoir what indicates that
this radionuclide is lixiviated from the phosphogypsum
waste dump to the retention reservoir water. During the
production of phosphoric acid, uranium distributes into
the produced acid, but most of polonium gets into phos-
phogypsum. The lower concentration of uranium and
polonium radionuclides in water from the Martwa Wista

river indicated that the process of their release to the
Wista river water is not significant. The results explain
the environmental origin of uranium and polonium in
water and plant. The radionuclides of polonium and
uranium were found in deciduous, exposed to weather
conditions leaves. The major sources of polonium and
uranium in plants are wet and dry atmospheric falls
gathering soil and air dust from the phosphogypsum
waste dump. The highest polonium concentration was
found in the near-ground plant parts. However, the
most important source of radionuclides in plants is
the root system. Polonium concentration in the root
of two selected plants was six times higher than in the
other plant parts. Significant meaning has the sort of
solum substratum. The areas of reservoir retention have
a much higher concentration of radionuclides than the
pumping station area. The amount of polonium depends
on its concentration in soil and the content of dissoluble
forms of polonium in groundwater. The results indicate
that the Phosphoric Fertilizers Industry of Gdansk
has enormous impact on the differentiated content of
radionuclides in plants in the vicinity.
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