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THE USE OF MOSSPIleurozium schreberi (Brid.) Mitt.
AS BIOINDICATOR OF RADIONUCLIDE CONTAMINATION
IN INDUSTRIAL AREAS OF UPPER SILESIA

WYKORZYSTANIE MCHOW Pleurozium schreberi (Brid.) Mitt.
W BIOINDYKACJI SKA ZENIA RADIONUKLIDAMI OBSZAROW
PRZEMYSLOWYCH GORNEGO SLASKA

Abstract: Mosses are good bioaccumulators of radionuclidésfiom the 60 of the last century, they are used a
bioindicators of radioactive contamination in thevieonment. Concentration of impurities in mossresent the
accumulation in mosses during the past 2-3 yearsa result, the moss composition analysis provifesmation

on an average contamination within a few vegetats®asons. During our survey the measurements of
radionuclide activity concentrations iR. schreberi transplanted from places relatively clean to Hgavi
contaminated areas of Upper Silesia were carriedAuincrease in the radionuclides activity cortcations in

P. schreberi transplants may indicate not only deposition @& tadionuclides itself, but also an influx of other
pollutants. The results showed no relationship betw the Pb-210 activity concentration and activity
concentrations of Pb-214, Bi-214, also belongintht&ouranium-radium decay series. The increasedecration

of Pb-210 inP. schreberi may be the result of the radionuclide atmospheeposition, which appears in the
environment as a result of fossil fuels burningc&ss, allogeneic Pb-210 can be used as markevibemental
pollution. In the areas with its higher activitynmentration increased pollution can be expecteitveted, for
example, by local industry. The Project receivathfiicial assistance from the funds of the Natioraér®e
Centre, granted by force of the decision no. UMQ3209/B/NZ8/03340 (NCN).
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Introduction

Large amount of isotopes were released into th&@mment in the second half of the
twentieth century. That was mainly due to testswaflear weapons carried out at the time
as well as failures of nuclear installations. Thiemsive development of various branches
of industry and power industry also causes enriclimef the environment with
radioisotopes which are released to surroundingdustrial processes. For these reasons, it
is necessary to conduct research of the possildertis resulting from accumulation of
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natural and synthetic radionuclides in the envirentmas well as research pertaining to
their retention, migration and circulation in foddains and impact on the biosphere.

Due to their long half-life and high bioavailabjiit some isotopes constitute
a problem of special importance for the naturalirmmment. However, the potential
radioactive hazard was not the only motivation donducting research. Since the routes
and mechanisms of migration of radioisotopes andynmher chemical compounds may
be common, the radioactive isotopes may be conreniedicators of pollutants
translocation coming from various sources.

Radioisotopes in the natural environment migratepiecific way, characteristic only to
them. Released into the atmosphere, depending @ncltmatic conditions, they may
migrate over considerable distances.

There are different pathways of radioisotopes ntiginain environment. For example,
under some conditions, the deposited Cs-137 ang1Bhbare accumulated in plants. They
may also re-enrich the atmospheric aerosol throdigét lifted from the soil, and can
migrate over long distances, reaching even Ar@gians [1-4]. The only gaseous element
in decay series, Rn-222, shows other mechanisntsan$location. Due to the ease of
migration, this isotope may cause a disturbancéheflocal radioactive balance. Part of
Rn-222 is released from geological structures ardergoes further processes of decay in
the atmosphere, causing the creation of otherpgstancluding Pb-210 [5].

The Upper Silesia is the most urbanized regionaé®d and one of the largest urban
and industrial areas in Central Europe. Long-texpiatation of the natural resources of
this area together with industrialization and uibation has caused its physical and
chemical degradation, which has in turn resulteldiige geochemical anomalies.

Tight air quality regulations for industrial emitsehave resulted in a clearly improved
air quality in national and even continental scaldswever, during the same time span,
urbanization and both road and traffic density han@eased significantly in the Upper
Silesia region.

The main sources of increased natural radioactivitthe atmosphere are coal-fired
power plants and coal mines. Coal contains aboubfi#face elements and radioisotopes.
Fly ashes contains radioisotopes that are condedtrseveral times in comparison with
their content in coal or surface soil. These raditipes, embedded in solid or liquid
particles, return to the ground as dry fallout @shed out in rain [6-8].

The problem of contamination with radioisotopesnafural origin is still unsolved,
and in some cases growing. Therefore, there isimong need to improve the methods of
deposition analysis of these pollutants in the emment. Assessment of the environment
pollution with use of living organisms is still wehelpful in detecting both the risks and the
changes taking place in areas under the influehteiman impact. One way to determine
the extent and degree of contamination is estimgaifrthe xenobiotics level in plants.

Analysis of plants have many advantages in compari® traditional non-living
environment components analyzes such as water@hdtsvas proven to be a precious
mean to evaluate environmental quality and its adstration [9-12].

The common application of mosses is mainly causethéir relative high efficiency
in heavy metals and radioisotopes accumulation.se®glo not have the epidermis and
cuticle, which greatly facilitates the entry of taminants into the cells. They have no
roots, so they collect nutrients only from pre@gin and dry deposition. It is assumed that
concentration of chemical compounds in the mos®mdss corresponds to deposition
from the air [13, 14].



The use of mosBleurozium schreberi (Brid.) Mitt. as bioindicator of radionuclide camhination ... 21

Air pollution biomonitoring with use of these plants supported also by IAEA
(International Atomic Energy Agency) in many cougsr within a coordinated research
projects [15-17]. Terrestrial mosses are a promismedium for investigation and
monitoring of airborne radioisotope depositions tuéheir widespread occurrence, ease of
sampling, and the possibility of high-resolutionngaa spectrometry measurements,
without chemical treatment of samples [18-20].

The results of surveys show possibility of heavytaheations translocation from soil
to epigenetic moss and epiphytic lichens througtt tifted from the soil and, in the case of
moss, through water that provides it with moist@¥.

Due to this accumulation, element concentratiorisrdgéned in moss are much higher
than in other sample materials such as precipitatiast, or other plants and are thus easier
to measure. Moreover, mosses can accumulate amemvate toxic substances that may
be present even in low concentrations in the lecalironment. Bryophytes are resistant
against many substances which are highly toxiofber plants. The technique of analyzing
the contents of contaminants in mosses is knownpassive biomonitoring. Moss
transplants have also been used as an active bitmreof22-24]. Transplants are often used
while native mosses are absent.

The aim of this study is to determine radionuclidegivity level in Pleurozium
schreberi transplanted from an unpolluted control site taratustrial study area.

Material and methods

Research sites were selected in the Upper SilEgjaX).
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Fig. 1. Location of the sampling sites
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The sites were divided into categories: industii@as, residential areas, areas close to
major road junctions, the rural areas (4 each).fbesrof native mosB. schreberi and soil
were collected from all sites. Moss transplantsluding the basis, were collected from the
site considered as a control within a single padpdaof mid-forest clearing in the pine
forest, and placed in the same contaminated sitddpiper Silesia as in case of native
mosses.

The measurement of radionuclide activity in plaantsl soils samples was carried out
by means of a gamma-spectrometer with a germanietectbr HPGe (Canberra) of high
resolution: 1.29 keV (FWHM) at 662 keV and 1.70 kéRXVHM) at 1332 keV. Relative
efficiency: 21.7%. Energy and efficiency calibratiof the gamma spectrometer was
performed with the standard solutions type MBS®2eth Metrological Institute, Praha),
which covers an energy range from 59.54 to 183ked& The geometry of the calibration
source was a Marinelli container (447.7+4.5;with density 0.99+0.01 g/cincontaining
Am-241,Cd-109, Ce-139, Co-57, Co-60, Cs-137, Sn-113, $Sr¥888 and Hg-203. The
geometry of sample container was a similar Marir&ll450 cni. Time of measurement
was 24 h for all of moss samples. Measuring proaedsanalysis of spectra were computer
controlled with the use of GENIE 2000 software.

Results and discussions

In laboratory analyses activity concentrations loé following gamma radioactive
radioisotopes were determined: Ac-228, Pb-212, Bi-ghorium series), Pb-214, Bi-214,
Pb-210 (uranium-radium series), U-235, Th-321, Pb-@uranium-actinium series), K-40
and an artificial radioisotope Cs-137.

Table 1
Half-lifes ty/, of the determined radioisotopes [25]
. Cs-| Pb- Bi- . Pb- Ac- | Th-
Nuclides | K-40 137| 210 Pb-211 212 Pb-212| Bi-214 214 208 | 231 U-235
T 1.25-18 [30.1] 22.2 | 36.1 25 10.64 | 19.9 | 26.8 | 6.15 [25.52| 703.8-16
112 a a a min min h min min h h a

Among the radioisotopes determined, the most siali{e40, and the least stable, with
half-lifes in range of several dozen of minuteg, Bb-211, Bi-212, Pb-214, Bi-214.

In Figure 2 an illustration of measurements resudtspresented in box plots.
Distribution of activity concentrations in the broywarts of moss are labeled with “br”, the
same parameter for green parts is labeled “gr”, fangoil the “so” label is used. It was
observed that distribution of logarithm of activitpncentration is more symmetric than
distribution of the crude results. This observatiostifies application of logarithmic
transformation of results in the variance analgsi:putations.

In comparison of mean activity concentration inugre of the materials types the one-
way ANOVA method was applied.

If null hypothesis was rejected on 0.8%vel then the Tukepost hoc test was applied
to identify groups significantly different from ttoghers.

The significance levels of the tests are encodedfadlsws: o - 0.05 <g;
*-0.05>a>0.01; **- 0.01> a > 0.001; *** - 0.001> .

In Table 2 the statistical significance of diffeces between activity concentrations of
radioisotopes in different materials are shown.
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Table 2
The statistical significance of differences betwaetivity concentrations of radioisotopes in diffier materials

K-40 Cs-137 | Pb-210| Pb-217 Bi-214 Pb-214  Ac-228 PB4 U-235
AN OVA *kk *kk *k%k *% 0 0 * *kk O
gr-br Fkk 0 0 0 0 0
SO‘br 0 *kk *kk 0 0 *%
So_gr *kk *% *kk *% * *kk

The biggest radioactivity level in the samples waserved for K-40 and Pb-210. It
was even several times bigger than activity comaénn of the other radioisotopes.
Activity concentrations of Pb-212 in moss were lowbkan the minimum detectable
activity, MDA.

The data shown in Table 2 indicate similar charasteadioisotopes accumulation in
brown and green parts of moss. Only K-40 concentravas higher in the brown parts
than in the green ones. In soil and green partsna$s activity concentrations of all
radioisotopes determined were different.

Activity concentrations of some radioisotopes il and in the brown parts of moss
are similar. Significant differences were obseriedCs-137, Pb-210 and Th-231 activity
concentrations.

Despite the different material types and considerdistance between sampling sites,
the sample’s compositions were similar. Particylarlo significant differences in short
living Pb-214 and Bi-214 activity concentrationsseimples indicate uniform distribution of
parent Ra-226, both spatial and in different materiSimilar homogeneous distribution
was observed for U-235.

Boxplots in Figure 3 illustrate the data distriloutiin domestic D, transplanted T and
control C moss groups, and in soil. For calculatitime data regarding green and brown
parts of moss were joined together.

In Table 3 the statistical significance of diffeces between activity concentrations of
radioisotopes in different moss parts and in soé shown.

Table 3
The statistical significance of differences betwaetivity concentrations of radioisotopes
in different moss parts and in soil

K-40 Cs-137 | Pb-210/ Pb-212 Bi-214 Pb-214  Ac-228 PB4 U-235

AN OVA *% *kk *kk *kk *kk Pekk ek 3 *

D_C 0 0 O *kk *kk *kk *

SO_C 0 0 *kk *k%k *kk *k%k *%

T_C 0 0 O *kk *kk *kk 0

SO_D *% *kk *k%k O 0 O O *% 0

T-D 0 0 0 0 0 0 0 0 0

T-s0 0 *x il 0 0 0 0 *x 0

Statistically significant differences in compositgof the domestic (D) and the control
(C) moss groups were found for Pb-212, Bi-214, B#-and Ac-228. This result supposes
similar concentrations of more stable parent radimpes, preceding the mentioned ones in
decay series. For Pb-212 and Ac-228 it is Ra-228=(5.8 a) or Th-232t{,= 1.4 - 16° a).
More stable parent radioisotope preceding Bi-21d Bb-214 is Ra-226t;(, = 1599 a).
Activity concentrations of Th-213 and U-235 in masamples belonging to the C and D
groups were lower than MDA.
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Fig. 3. Distribution of the radioisotopes logaritienactivity concentration in different moss samples

(C - control, D - domestic, T - transplants, soi)s

Compositions of the transplanted moss (T) and local (D) were similar to the ones in the
C and D pair. While relatively constant content of K-40 is bound to physiological role of
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potassium in moss and a mechanism of self-regulation of its concentration occurs, the
Cs-137 activity concentration is associated with the global relocation of this radioisotope.
Similar Pb-210 content also suppose influence of global sources of this radioisotope on the
deposit's composition.

No significant differences in radioisotopes concentration in transplanted and local
moss samples indicate unification of their composition during exposure period.

In the collected samples the state of radioactiyeilibrium was assessed. Usually
activity concentrations of radioisotopes belongitmy the same decay series were
proportional, what illustrates relation betweenZl4- and Bi-214 activity concentrations,
shown in Figure 4.
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Fig. 4. Relationship between Bi-214 and Pb-214vgtconcentrations in the materials studied

An exception was Pb-210, which activity concentration was not related to the one for
Bi-214. The relationship between activity concentration of these radioisotopes is illustrated
in Figure 5. Individual points on the graph are identified by the shape of the symbol (type
of material) and a letter description (location of sampling site). The dotted line shows the
same activity concentration of both radioisotopes.

No significant difference in character of the Pb-210 and Bi-214 activity concentrations
relation in brown and green parts of moss was observed. Points representing these materials
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form approximately uniform groups, also in respect to sampling point location. The control
group points create the separate cluster.
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Fig. 5. The relationship between Bi-214 and Pb-&dtfvity concentrations in the studied materials

The points representing Pb-210 and Bi-214 activity concentrations in soil form
separate group. With an exception of a single point, the remaining ones represent samples
in which Pb-210 activity concentration was bigger than the one for Bi-214. But this
difference was clearly lower than that in moss.

No correspondence of Pb-210 activity concentration with the activities of daughter
radioisotopes belonging to uranium-radium series, i.e. Bi-214, suggests the existence of an
excess Pb-210. An atmospheric precipitation could be a source of additional Pb-210. The
particulate material is deposited on the surface of the green parts of mosses and in surface
soils. Penetrating slightly into the substrate, the material also enters the relatively shallow
located brown parts of mosses. But Pb-210 remains at the surface of the soil. This
conclusion is supported by lower activity concentration of this radioisotope in 10-cm layer
of soil.

During the sample’s collection the deeper layers (containing less Pb-210) and shallow
(enriched with Pb-210) are mixed, resulting in a reduction of the radioisotope activity
concentration in the material processed.
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Conclusions

The following conclusions can be drawn from theadatalysis:

The expected relationship between activity conegiatns of Pb-210 and Pb-214 or
Bi-214 was not observed. Increased activity of BB-& P. schreberi may be the result
of the atmospheric deposition of the radioisotophich appears in atmosphere as
a result of fossil fuels burning.

The excess, allogeneic Pb-210 can be regardednasker of environmental pollution.
In the areas with higher Pb-210 activity conceitdrat existence of atmospheric
pollution sources can be expected.

It has been found that increasing activity conaitn of radioisotopes P. schreberi
transplanted from uncontaminated sites to induséieas may indicate not only the
deposition of radioisotopes, but also an inflovotifer pollutants.
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