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INVESTIGATION OF COMMITTED RADIATION DOSE RATE
AND RELATIONSHIPS BETWEEN
ALKALINE METALS CONCENTRATIONS IN MUSHROOM
Xerocomus badius

BADANIE WQHLONI ETEJ, SKUTECZNEJ DAWKI PROMIENIOWANIA
| ZALE ZNOSCI POMI EDZY STEZENIAMI METALI ALKALICZNYCH
W OWOCNIKACH Xerocomus badius

Abstract: The fruiting bodies of fungi sprout from mycelivare capable of accumulating significant amounts of
trace elements, both metals and metalloids. Comérthese elements in fruiting bodies may exceealr th
concentration in the substrate where fungi devetdapong the elements the radioactive nuclides @e pitesent.

In this work health risk caused by increased ratioity dose absorbed witlXerocomus badius bay bolete
consumption was estimated. In analysis concentsitiaf radioactive isotopeS'Cs and“K were taken into
consideration. It was found that moderate ingestibbay bolete does not create health risk duen¢oebsed
radioactive substances intake. The amount of coadunushrooms that could deliver the dose excedtimgafe
one, is rather improbable in real life. Possiblatienships between radioactive isotopes conceéatrstand
concentrations of common alkali metals were ingeséd using methods designed for compositional data
analysis. No clear relationships betwégfCs, Ca, K and Mg concentrations in samples of lmgté were found
and significant influence of outlying data pointssiatistical inference was noticed.

Keywords: fungi, isotopes, alkali metals

Introduction

Fungi are organisms which form a separate kingdbiming organisms, different from
plants and animals [1]. Their fruiting bodies sgrérnom mycelium, which colonizes and
penetrates various types of substrates and abswb®erous elements and organic
substances contained in these grounds [2, 3]. @heyxapable of accumulating significant
amounts of trace elements, both metals and metallgicluding the elements necessary for
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the organism: iron, copper, manganese, cobaltniseie molybdenum, chromium, as well

as toxic heavy metals: cadmium, lead and mercuryifdmany cases, the content of these
elements in fungi exceeds their concentration @ $hbstrate where fungi develop [5].

Fungi have the ability to accumulate trace eleméhésks to the specific structure of

mycelium,ie the exposed surface of vegetative cells, as vgetha large surface of hyphae
[4]. Fungi can absorb trace amounts of element® fsoil and store them. The species of
fungus, type of soil, fruiting body growth rate aitd level of ripeness are of crucial

importance for accumulation of heavy metals [6].

The heavy metal ion content levels in fruiting kesdare essentially different in stem
and cap. The concentrations of metals are highéindncap, which is probably the result
of a higher density of hyphae [7-8]. While higheetal concentration is observed in
younger fruiting bodies, it decreases with the dngwveight of the fruiting body [9].

The content of heavy metals in fruiting bodies defse on their level in the
environment. The fruiting bodies collected in tmeas contaminated with copper, lead and
mercury (former coal mining sites and metal steekapare characterized by a significantly
higher metal content in comparison with the frigtimodies from the uncontaminated areas
[10-12].

The metal content in fungi has been a subject etaech for scientists such as
Grzybek, Witusik, Lasota, Szefer and Falandy$218]. The results of research carried out
by both Polish and foreign authors indicate thatatseare cumulated in fungi by bonding
with proteins (metallothioneins) [8, 18, 19].

Numerous tests have shown that fungi are also duodhonitors of radioactive
contaminations. Radionuclides present in the enwient are absorbed both from soil
through mycelium, and directly through the wholaiithg body surface [20]. The
examination of*’Cs content in fungi demonstrated significant séféygtin absorbing this
radionuclide from soil. The following species dersivated the highest level of caesium
absorption: poisonous (though sometimes consurredjrbroll-rim (Paxillus involutus), as
well as the tasty and popular bay bolexerocomus badius) [21-25]. The mechanism of
absorbing caesium by bay bolete was explained éythsence in its fruiting body cap of
phenyl dye (the so-called bad ion A), which compkeyotassium ions and alternatively
caesium ions [26].

The relations between®’Cs in fungi and alkali metal concentrations wersoal
investigated.

The research performed in laboratory conditionggests that there are two pathways
of passive transport of caesium in mycelium [27]:

- through the potassium channel, and then by meadigfagion within hyphae,
- extracellular transport between mycelium hyphathéointerior of fruiting bodies.

The papers [28, 29] demonstrated a lack of coiredtetween'Cs activity and K
concentration in fungi, which is suggested by défe**'Cs and K absorption mechanisms.
In opposite to this result the statistical analysisthe influence of alkali metals on the
content of Cs-137 in fungi demonstrated a significpositive correlation between the
activity of this radionuclide with Cs (r = 0.940a&Rb (r = 0.901) concentrations [29].

Apart from™*'Cs there are other non-radioactive isotopes ofdf@iment in the forest
ecosystem, and in fact th&Cs isotope transported from soil constitutes orsynall part of
caesium migrating in this way. The absorptionmB€s to the fruiting body together with
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dust is also possible and may cause an increaskeobsmotic potential of potassium
penetrating mycelium [27].

The purpose of our research is to determine tfaioekhip between th€'Cs activity
and the concentration of alkali metals (K, Ca and),Mas well as to evaluate potential
effective doses being a result of absortitigs and*°K together with the consumed fungus.
The assessment of the relationship between thewrbot metal radioactive isotopes and the
content of other, non-radioactive isotopes will\pde information allowing for a better
assessment of radioactive risk related to the copsan of fungi. The results of this
research may also be helpful in modelling the d¢ation of metals in the forest
environment.

Materials and methods

The samples of bay bolete were collected in threasa
A - forests in the Hradce Kralove area,

B - forests near Trebechovice pod Orebem,

C - forests of Kotlina Klodzka, the border zonevwistn Poland and Czech Republic.
Mushrooms samples were collected in four conseeytbars, starting from 2002.
Samples of mushrooms were collected from the plémested at least 100 m from

forest edges and 200 m from roads and buildingstabce from the tree trunk was always
at least 2 m. Where it was possible, samples vedwntfrom six sites situated close to each
other, so that the total weight of the samples alasut 200 g. They were cut using plastic
knife to obtain slices which were dried at 298 Kctimstant weight. Then the material was
homogenized in an agate mortar and kept in a clpkesiic containers (PP, PE).

The dried and homogenized sample was mineralizedixture of HNQ and HO..
For mineralization the microwave digestion systeiidv1200 MEGA was used, controlled
by appropriate program for the decomposition ofdg@al material. All operations in the
processing of the samples were carried out in sauclay that they prevent sample
contamination from the surrounding.

The Ca, K and Mg concentrations in mushroom sanyége determined usingtomic
Absorption Spectrometers AAAnalyst 400 from PerkinElmer and Solaar M5, AVANT
SUM, from UNICAM. Both instruments used two method$§ atomization, Flame
Atomization AAS (FA AAS) and Graphite Furnace AAS (GF AAS). The level of
determined concentrations of elements is mg/@mFA AAS andug/dnT for GF AAS.

In potassium determination the standard calibragotution (ASTASOL M 001)
1.000 + 0.002 g/df(analyst) was used. To suppress ionization of &srand standards,
CsCl (MERCK) was added to the analyzed solution. ceicium and magnesium
determination the standard calibration solution TASOL M 002) 1.000 + 0.002 g/din
(analyst) was used. To suppress ionization of sasnphd standards, LaGMERCK) was
added to the analyzed solution.

The measurement of'Cs activity in mushrooms were carried out by meahs
a gamma-spectrometer with a germanium detector Haaberra) of high resolution:
1.29 keV (FWHM) at 662 keV and 1.70 keV (FWHM) &3P keV. Relative efficiency:
21.7%. Energy and efficiency calibration of the gaanspectrometer was performed with
the standard solutions type MBSS 2 (Czech Metrokdginstitute, Prague, CZ) which
covers an energy range from 59.54 to 1836.06 kedbn@try of calibration source was
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Marinelli (447.7 +4.48 cri) with density 0.985 +0.01 g/circontaining®*Am, 1°°Cd, ***Ce,
*'Co,%°Co, 1¥'Cs, 3sn, %sr, By and?* Hg. Geometry of samples container was Marinelli,
450 cni. Measuring process and analysis of spectra wareter controlled with use of
the software GENIE 2000. The radiation spectrum wesorded day and night.
Concentration of°K activity was calculated from K concentration iangple. Potassium
determined with AAS contains constant amount*®, equal to 0.012%. From this
concentration and half-life time (1.25°1gears) of**K isotope, its activity concentration
was calculated.

The measurement uncertainties of Ca, K and Mg auretions were 10%. The
measurement uncertainty BfCs activity concentration was 10%, too.

Estimation of radioactivity dose rate absorbed with ingested
mushrooms and related health risk

The obtained measurement results, as well as foemation published in relevant
legal acts binding in Poland, were used for thesssent of risk related to the consumption
of bay bolete. Pursuant to the Regulation of thar€d of Ministers of 18 January 2005 on
lonizing Radiation Dose Limits (Journal of Laws Naf), item 168) [30], the dose limit of
ionizing radiation from artificial sources, expredsas the effective dose, amounts to 1 mSv
in a calendar year for the total population, extlgdtaff professionally exposed to ionizing
radiation. Such dose may be exceeded in a calgedaon the condition that its total value
within the following five-year period will not exed 5 mSv above the natural background
level.

The method of calculating internal exposure dosesgnted in the regulation is based
on the following international regulations:

- basic international standards of protection fromizimg radiation and security of
radiation sources (developed under the auspicedND, IAEA and International
Labour Organization),

- basic security standards of health protection fronizing radiation for employees and
total population (EU Council Directive 96/29/EURAM) [31].

The indicators included in the Regulation [30] wemplied in order to calculate the
annual dose of internal exposure, caused by thsuooption of bay bolete collected in the
examined area. The loading effective dBséeing a result of a nuclide penetrating through
the digestive system, was calculated from the féamu

E=¢g)A (1)

wheree(g) is convertion factor for persons in the age grggxpressed in Sv/Bq, adis
the activity of a radionuclide, which penetratetbithe organism through the digestive and
respiratory systems, expressed in Bq.

Together with the consumed fungus, our organispeigetrated not only by the natural
radioactive isotopes (especialffK), but also by the radioactivé®’Cs, which is
accumulated in all soft tissues, and consequeathored from the organism.

The committed effective doses 6fCs and*K, included in Table 4 of the Regulation
for the total population, related to the penetratiof a nuclide with the activity
concentration of 1 Bq, are shown in Table 1.
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It can be noticed that with the same level of meclactivity penetrating the organisms
of a child and adult, the child will receive a bigglose. Due to the smaller total weight, the
absorbed energy for one body weight unit will bghleir for a child than for an adult.

Table 1
Values of the committed effective dosesBEs and* in different age groupg,
related to penetration of a nuclide with the atfigoncentration of 1 Bq [30]

e(g) [Sv/Bq] g<1lyear g>1lyear | g=2-7years| g@g=7-12 g=12-17 | g> 17 years
years years
Bics 2.110° 1.210° 9.6107° 1.010°° 1.310°8 1.310°8
40 6.210° 4.210° 2.110° 1.310° 7.6107° 6.2107°

Considering the fact that fungi are not an obligatmomponent of children's diet and
are introduced only for older children, there wixme age groups - 12-17 and above 17 -
taken into account.

In order to calculate the committed effective déseresulting from the penetration
of a nuclide through the digestive systamky the consumption of the examined fungi), it
was assumed on the basis of EFSA data [32, 33]tlieatmaximum fungus consumption
in a longer period may reach the level of 100 gweek. This amount corresponds to the
consumption of approximately 5 kg of fresh fungir peear and a higher level of
consumption should only take place sporadicallykifigainto consideration the fact that
fresh fungi contain 90% of water, while dry fungintain 15% of water, the adopted annual
consumption level of dry fungi for further calcutats of loading effective dose was
determined at the level of 0.5 kg.

Table 2 presents data characterizing the distobutf committed effective dose
as a result of the absorption’8fCs and*’K together with the consumed fungus, for persons
in a relevant age group. Minimurivi{n) and maximumNlax) values, lower quartiles),
medians Q,), upper quartiles@s), arithmetic mean valuesnéan) and standard deviation
(SD) were presented.

Table 2
Distribution of committed effective dose as a resti*’Cs and**K absorption together
with the consumed fungus, for persons in a releagetgroup
E [mSvl/year] Mn [ Max | & | @ | @ | mean | D
g=12-17 years
137cs 0.003 0.016 0.005 0.006 0.009 0.008 0.005
40 0.002 0.004 0.002 0.003 0.004 0.003 0.001
g>17 years
187Cs 0.003 0.016 0.005 0.006 0.009 0.008 0.005
40K 0.001 0.004 0.002 0.002 0.003 0.002 0.001

The data included in the table indicate that tliecti’e dose received together with the
consumed fungus frofi’Cs is significantly higher than the dose fr&i. Therefore, it can
be ascertained that a diet rich in fungi may caaseincrease of the received annual
effective dose.

The analysis of data presented in the table alltavaiotice that the calculated
maximum value of effective dose originating frd#fCs amounts to 0.016 mSv/year, which
is only 1.6% of the limit dose referred to in Regjidns [30].
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Figure 1 presents the relationship between the uropSon rate of bay boletes
contaminated with**Cs and the level of this contamination, assumingt tihe dose
of 1 mSv will not be exceeded (for conversion fadt®1079).

a [kBag/kgl

600 —

400 —

200

0 1 2 3 4 5

consumption [kg]

Fig. 1. The relationship between the consumptide of bay boletes contaminated witfiCs and the
level of this contamination, assuming that the dofsé mSv will not be exceeded (conversion
factor 1.310°%)

Assuming that a human being does not consume gy obntaminated fungi or stay
in a contaminated environment, the dose of 1 m3ivonly be exceeded after consuming
the amount of 0.25 kg of dried bay bolete with #mivity of 300 kBg/kg. Also the
consumption of 5 kg of dried fungi with the actwif approximately 15 kBg/kg will cause
the dose of 1 mSv to be exceeded. Due to a snedkepce of fungi in the annual diet, as
well as the maximumt®Cs activity in dried bay bolete, amounting to apqrately
1.2 kBg/kg, it can be acknowledged that the hedtk related to the consumption of bay
bolete collected in the examined area is insigaiftc

Relationships between Ca'*'Cs, K and Mg concentrations
in mushrooms

The measurement results show composition of mustsoexpressed as ratio of
element weight in the sample to total weight of #znple. If mass of an element is
expressed in mg and total sample mass is exprésdefthen the element's concentration
changes are limited in the range from 0 t6r@/kg.

Concentrations of each element can be regardedrs omponents) of the vector
representing compositional variable. Compositiaf a system composed bfcomponents
can be calculated by the closure opera@atefined as follows:
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kn"ll kmz kmD — [X1,X2, . XD ] =X (2)

D ' D T p
>m>m  >m
i=1 i=1 i=1

wherem is the vector of component amounksdepends on the units of measurement
and x is vector of compositions. Usu& values are 1 for proportions, 100 for %,
10° for mg/kg and 1dfor pg/kg. Subcomposition can be obtained by applyirgdiosure
operation to a vector & parts taken frond (S< D) [34-37].

Within composition, concentrations are not indef@t on each other. If content of
one of components increases the others have teakrlt is the reason for which results of
standard statistical analysis of the relationsHygéween raw components or parts are
spoiled by spurious effects [35, 38].

The main principles of compositional data analysi®e scale invariance and
subcompositional coherence. Scale invariance aigmfrom the idea that a composition
provides information only about relative values amat about the absolute ones. The
principle of subcompositional coherence requiressime results of statistical inherence of
common parts regardless of whether full compositiwnsubcomposition was used in
computations. These principles are obeyed wherabias ratios (or logratios) are used in
statistical computations. It is so because ratighinva subcomposition are equal to the
corresponding ratios within the full compositior®]3

The constrained and intrinsically related composdl data need application of special
statistical approach. First of all, to avoid falsgerpretation of results and misleading
conclusions, appropriate sample space has to betsélfor data analysis.

Compositional data occupy a restricted space wharables can vary only from O to
a given constant. The unit simpl&R was proposed for the geometrical representation of
sample space. The simplex can be defined in thawfislg way [34]:

C(m):

SP= [Xl,XZ,“"XD]:Xi >0(=1,...D)x+X+..+x =1 (3)

In this space two operations can be defined. Tisé dine is the perturbation operation
denoted by1 which takes two vectons andp then calculates vectgrof pairwise products
and applies the closure operation:

y=xDp=C[x1pl,...,xDpD] (4)

Perturbation operation is analogous to additioreal space.

The second operation defined in simplex is powesraion. For any real number
and any composition vectarthe resully of power transformatiofl is defined as follows:

y=an=C[xf,...,x§] (5)

This operation is analogous to multiplication bscalar in real space.
The perturbation and power transformation are dsethe compositional straight line
description. The following equation describe tmeli

x(t): X, O (t O v) (6)

wherex, is a starting point andis direction of the line antis a real parameter [38].
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To describe difference between two compositionssitedar measure of distance was
introduced. Aitchison distanced, between two compositions¢[Xi,%s,....Xp] and
X[ X1, Xz, ..., Xp] is described by the formula [35]:

TR T A

whereg(x) denotes the geometric mearnxof

This measure reflects relative changes in poins#tipos in restricted sample space.

Aitchison [34] introduced methods which should lsediin computations of statistical
parameters characterizing data from the constragaeple space. Certain approaches to
constrained data were developed also by other esif86]. These methods include, among
others, transformations of the constrained datantwnstrained values [40, 41].

One of transformations is centered logratidr)( For a vectorx of non-zero
compositions thelr transformation is defined by the relationship:

ar(x)= {ﬁx) ﬁ(ﬂ 8)

This transformation enables computation of distanbetween compositions (Aitchison
distances) in the same way like distances in Eealidspace of clr coordinates. The
limitation of this transformation is constant, efjtm 0, sum of all transformed parts of
compositional vector. The points representing fiansed compositions are located on
a plane irD dimensional space.

Covariability of two compositional vector variablgsand X can be estimated using
variance of lograti&/R [34]:

VR= var[lnﬁJ ©)
Xg

If a linear relationship betweeA and B compositions exists ther, / Xz ratio is
constant and its variance is 0. If there is a waako relationship betweet, andxg then
the VR value increases.

In investigations of possible structures in dathkerarchical clustering methods were
used. These methods allow to assign objects terdiit groups, so that the data in each
subset share some common trait.

All of pairwise dissimilarities betweedr transformed compositions in the data set
were computed. The agglomerative nesting procedndedivisive hierarchical clustering
were used in cluster structure determination. TWerdews of cluster existence in data can
be shown on dendrogram - a tree diagram illusiyatie arrangement of the clusters.

For statistical computations the R language [42% wélized. R is a free software
environment for statistical computing and graphBssides standard R libraries, functions
from package “compositions” were used [43-45]. Foestigations of data clustering the
functions provided by the “cluster” library of R meused [46]. Functions available in this
library were described by Kaufman et al [47].

Concentratiorces of *'Cs was calculated from its specific activity corteationa from
the formula:
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= LM (10)
IniziNA

wherety, is the half lifetime of*'Cs equal to 30.08 years] is its molar mass equal to
137 g/mol and\, is Avogadro constant. Because the radioisotopeigch was related to
1 kg of sample mass, the calculatadvalue corresponds to mass concentration®@s
expressed in g/kg units.
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Fig. 2. Distributions of K, Mg, Ca and’Cs concentrations in the places, where the mushszonples
were collected

Distributions of the investigated metals concefdrat in mushrooms are shown in
boxplots. In these plots the lower base of thearegle is a lower quartile, the upper base is
an upper quartile and a horizontal line dividing tlectangle represents a median. Whiskers
are formed by connecting the formed box with shamtizontal lines drawn for quantile
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g = 0.95 (upper whisker) and quantile 0.05 (lowerskr). If the points marked by a circle
appear in the plot, they are located more thantilnBs of interquartile range from the
median and can be regarded as outliers.

Boxplots in Figure 2 show distributions of K, Mga@nd'*'Cs concentrations in the
places, where the mushroom samples were collectetlis graph and the subsequent ones
the description of*'Cs is simplified to “Cs”. Among the elements andlides investigated
in mushrooms, the biggest concentrations of patassiere determined. The changes in K
concentrations are limited in the range from appréxo 40 g/kg. There are some
differences in medians but comparison of interdigamanges as well as maximal and
minimal values do not indicate significant diffeces between distributions of potassium
concentration in mushrooms collected in variouzgda None of measurement results was
supposed to be outlier.
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Fig. 3. Distributions of K, Mg, Ca antf’Cs concentrations in mushrooms samples, collectetthe
years 2002-2005
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Concentrations of magnesium in mushrooms were &t lene order of magnitude
lower than potassium concentrations. Similarly lfke K, taking into account medians,
interquartile ranges and ranges of data changesnfluence of collection place on Mg
distribution could be supposed. The same conclustrid be drawn for calcium, which
concentrations are approx. 2.5 times lower thasettier Mg.

Concentrations of*’Cs in mushroom samples did not exceed 1 ng/kg. Atedalues,
interquartile ranges and ranges of data changeseanty uniform for all places. It could be
supposed that the regions investigated were contded by *’Cs very uniformly.
Comparing to the formerly discussed elements, aunegéons of *’Cs seem to depend on
other factors than the ones affecting K, Mg ancc@acentrations.

In Figure 3 the boxplots of elements distributianssamples collected in the years
2002-2005 are shown.

For K and Ca no relationship between element cdratton and time of samples
collection could be supposed. A trend of conceitnadecrease in time could be noticed for
Mg. Such direction of concentration changes isrifeshown in the boxplots showing'Cs
concentration in relation to the year of sampldextion.

Possible data clustering in sample space was ige¢sti using appropriate methods.
Distanced, between pairs of compositions were calculatednmpkex. The distances were
used in dendrogram construction. Results of hiéieat clustering were similar, both for
agglomerative nesting procedure and divisive haragl clustering. In Figure 4 the plot of
dendrogram with structure determined by agglomesgirocedure is shown.
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Fig. 4. Dendrogram representing hierarchical growpspoints with structure determined by the
agglomerative procedure

In the dendrogram a separate branch composed ofnfscan be recognized. These
points represent samples collected in 2005 frorations B and C. Currently it is rather not
possible to state, why this effect occurs.
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To estimate covariability of elements concentratitimeVR coefficients of all pairs of
variables were calculated. In calculations the detepdata set was used and the one with
2 records excluded, which are represented by sepdmanch in dendrogram. The
calculation results are shown in Table 3. Becadsdifferent number of records in both
groups of data, th¥R values can not be compared between groups. Bhirvat group of
variables comparison leads to valid conclusions.

Table 3

TheVR values calculated for pair of variables represgntioncentration of elements. The results belowatal,

composed of 0.0, were calculated for all recorddata set. Above diagonal parameters were calcliéateluding
2 records, represented by clearly separate brandaridrogram

VR K Ca Mg Blcs
K 0.0 0.33 0.54 0.33
Ca 2.1 0.0 1.0 0.49
Mg 1.7 2.1 0.0 0.51

187Cs 0.34 1.6 1.4 0.0

The leastVR value in the complete data was found f8€s and K. It supposes linear
covariability between their concentrations. Buingfigance of this conclusion is diminished
by observation, that in the reduced data set tleespondingVR value is less different
from the others.

In Figure 5 summary of information about relatidpshbetween concentrations are
shown. In the diagonal, density plots of distribag ofclr transformed concentrations are
shown.

I | I

Cs

1 [ |

Fig. 5. Distributions ofclr transformed concentrations of metals (in diagon&lationships between
concentrations of metal pairs in simplex spaceoetliagonal) and relationships between
clr transformed concentrations of metal pairs in Elezih space
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Below diagonal the relationships between metalceotmation in simplex space are
shown. The third component, marked by asterisk,resgmts geometric mean of
concentrations of all remaining components. Soiig Ishows the linear estimation of
relationship between components, defined by exmes$. In calculations of line
parameters all data points were utilized. The patars of dashed line were calculated from
the reduced data set, 2 points represented byagegdananch in Figure 4 were omitted. The
data points in the plot were marked with circlessides the two ones from separate branch
in dendrogram which were marked by triangles. THetsp above diagonal show
relationships between pairs off transformed concentrations. Similar like paransetr
lines in simplex space the ones in Euclidean spece calculated from full (solid line) and
reduced data set (dashed line). To facilitate lnatibn of possibly outlying points marked
by triangles their positions in graphs were cone@aetith dotted line.

Distributions ofclr transformed data are unimodal. Only distributidrelo(cyg) seem
to be symmetric. Distributions o€lr(cs) and clr(ccy are positively skewed while
distribution ofclr(cc,) is negatively skewed. The distributions are défe but rather in
moderate manner. Results of investigation of retetiips between these variables should
not be seriously burdened by the bias caused Bsrélift distributions.

In data analysis both the plots of relationshipswben variables in simplex and
Euclidean space were considered. Some outlineslationships between variables can be
noticed. But analysis of graphs shown in Figureweals an influence of outlying points on
relationship between concentrations. This influeisdeetter visible in simplex space than in
the Euclidean one. However some plots show thatgntwo outlying points only one of
them might be influential. It is clearly shown ihet plot ofcyg and cc, relationship in
simplex space.

The main source of committed effective dose in musim samples i$'Cs. A constant
ratio ccdck was supposed by lIoWR value in Table 3, and appropriate graphs in Fidguyre
when all data points were used in plots constractEmd in computations. But this
relationship is much weaker when the reduced dettavas used and its character changes.
After two points removal the proportionality betwethese metals disappears. Instead of
that the constant ratio betweéCs and geometrical mean of the remaining metals
concentrations could be supposed. The conclusitimaisconcentrations of potassium and
cesium in mushroom are not essentially related edtth other.

No reliable relationships between concentrations*@s and the remaining metals
could be observed. The same conclusion could bendfar K. Besides Ca and Mg which
sum of concentrations is constant, no clear relatipp between concentrations of the
investigated metals could be found.

Conclusions

Moderate ingestion of bay bolete collected in theestigated area does not create
health risk due to increased radioactive substamotke. The amount of consumed
mushrooms that could deliver the dose exceedingdfe one, is rather improbable in real
life. The risk is also lowered because of obvioesrdase of'Cs content in bay bolete.

In studies of relationships between metals conaéotr the methods designed for
compositional data analysis were used. Besidestamnsum of magnesium and calcium
concentrations, no clear relationships betwé&8s, Ca, K and Mg concentrations in
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samples of bay bolete were found. Significant ifice of outlying data points on statistical
inference was noticed.
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BADANIE WQHLONI ETEJ, SKUTECZNEJ DAWKI PROMIENIOWANIA
| ZALE ZNOSCI POMI EDZY STEZENIAMI METALI ALKALICZNYCH
W OWOCNIKACH Xerocomus badius

Samodzielna Katedra Biotechnologii | Biologii Moid&rnej, Uniwersytet Opolski

Abstrakt: Owocniki grzybéw wyrastage z grzybni  zdolne do gromadzenia znacznychédiopierwiastkow
sladowych zaréwno metali, jak i niemetali. Zawdétaych pierwiastkbw w owocnikach me wielokrotnie
przekroczy ich stzenia w podtau. W&réd pochtongtych pierwiastkéw s réwniez nuklidy promieniotwoércze.
Dokonano oceny potencjalnych dawek skutecznych jemiowania gamma w wyniku wchiagiia 2*'Cs i 4K
wraz ze spgywanym grzybem. Na podstawie wynikéw pomiaréw stdizeno, ze umiarkowane spgcie
podgrzybka brunatnego nie stwarza zagnia dla zdrowia ze wzglu na zwgkszone spaycie substanciji
radioaktywnych. Badano réwrigelacje m¢dzy aktywndcig izotopéw promieniotwérczych aggeniem metali
alkalicznych, wykorzystug metody przeznaczone do analizy sktadu danych.

Stowa kluczowe:grzyby, radionuklidy, metale alkaliczne



