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WYKORZYSTANIE NEUTRONOWEJ ANALIZY AKTYWACYJINEJ
W BIOMONITORINGU DEPOZYCJI PIERWIASTKOW  SLADOWYCH
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Abstract: The neutron activation analysis procedure was tseétermine the concentration of 42 elements: Na,
Mg, Al, Cl, K, Ca, Sc, V, Cr, Mn, Fe, Ni, Co, ZnsASe, Br, Rb, Sr, Zr, Nb, Mo, |, Ag, Cd, Sh, Ba, Ca, Ce,
Nd, Sm, Eu, Th, Yb, Hf, Ta, W, Au, Hg, Th, and Wamulated in mosses sampled for testing in Septearizk
October 2011 in the Opole Province (Southern Pgledamples of different moss species were collecezd the
intersections of the grid lines marked on the mapthe province. The distance between the points was
approximately 20 km. The analysis of the resultslenia possible to identify the places of increadegosition of
element-pollutants and to indicate the potentiairees of emission. Factor analysis revealed foompzments,
two of which are of definite anthropogenic origifihe possible sources of elements are local induestiy
farming, and distant heavy industry complexes. figseilts have demonstrated the increased conte@t,dtd,

Hg, and U in moss samples collected in agricultarabs located in the southern part of the provilhides been
concluded that the industrial areas of Rybnik astt&ya and Karvina Coal Basin may be the poteatiatce of
emission of these elements.

Keywords: neutron activation analysis (NAA), mosses, biortanitig, Southern Poland

Introduction

The knowledge of elemental composition of the emvinental compartments (air,
water and soil) is one of the main issues of ttees@ment of the environmental pollution.
Particular attention is paid to heavy metals wiaicd mostly harmful to the environment and
human health. Such metals as Cd, Hg and Pb arerkfmwtheir highly toxic properties.
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Heavy metals are primarily obtained from the lithlosre intentionally in the course of their

planned mining and accidentally while extractingestresources, especially fuels. They are
also released into the atmosphere as a result wmirahaprocesses, such as volcanic
eruptions.

Modern methods of assessment of the environmewiaitiopn more and more often
involve living organisms which respond to changeghe chemical composition of their
habitat [1, 2]. Lichens and mosses are most oftentioned as the organisms indicating the
presence of pollutants in the atmospheric aero8pl4]. The biomonitoring research
involves the analysis of the chemical compositibttialhens and/or mosses collected from
their natural habitat.

Since 1990, many European countries have been ctinguegular (every five years)
atmospheric deposition studies of trace elemergedan moss analysis. Since 2001, this
research has been conducted undetritegnational Cooperative Programme on Effects of
Air Pollution on Natural Vegetation and Crofs]. The programme is coordinated I3
Vegetation Coordination Centre, Centre for Ecologiyd Hydrology, BangorUK. In
2010/2011, 25 countries, including Poland, paréitéd in the programme [6]. One of the
objectives of this research is to assess tempaavironmental pollution changes [7-9].
Similar research was conducted in 2000 in the Vag@sroup countries (Hungary, Czech
Republic, Poland and Slovakia) [10].

The presented research constitutes a repeated himniog study conducted in the
Opole Province in 2005 under th€P Vegetationproject. Its objective is to assess the
pollution of the Opole Province (Poland) with traglements, to attempt to identify their
sources and to assess temporary changes in theiti@pof pollutants in the area covered
by the research.

Materials and methods

The study area

The area of the Opole Province is 9.412°k@iven the prevalence of southern and
western winds, the level of the deposition of paliis in the province is affected by urban
and industrial emissions from Opole, Brzeg andeftez Opolskie, including the emissions
from the cement and limestone industry (Cementov@daa S.A. in Opole and Gorazdze
Cement S.A.), steelworks in Zawadzkie (in liquida)i and in Ozimek, and distant sources
of emissions, including those from the southernaadtern Czech Republic. The local low
emission from small factories and towns locatethis region is also of relevance. From the
south-eastern side, there are coke works in Zdai@se, chemical plants in Kedzierzyn-
-Kozle, then the Rybnik Coal Basin and the Ostrand Karvina Coal BasinOstravsko-
karvinska uhelna pangin the Czech Republic and, moving to the eastn@salaski Okreg
Przemyslowy (GOP) [Upper Silesian Industrial Regjidiine increased deposition of zinc in
the province is due tanter alia, the production of cement. According to data odjiiwe
Centrum Inwentaryzacji Emisji [National Emissionrre] [11], the average zinc emission
factor for cement plants per unit of cement produise0.293 kg/thousands of tonnes of
cement produced. Additionally, As, Cr, Ni and Cwe amitted (0.012, 0.105, 0.111
and 3.0 kg per thousands of Mg (tonnes) of inciteeravaste, respectively).

The average annual wet deposition of heavy metalse Opole Province in 2009 was
as follows: Mn 4.9 mg/(f- year), Ni 0.70 mg/(f- year), Cu 0.57 (mg/fn year), Zn
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45 mg/(nf - year), Cd 0.28 mg/(f year) and Pb 2.1 mg/fmyear), while at the beginning
of the decade the average wet deposition of chasfjeadmium (0.44 mg/(f year) in
2001 and 0.32 mg/(m year) in 2002) and lead (7.48 mg#myear) in 2001 and
3.1 mg/(n3 - year) in 2002) in the Opole Province was signiftahigher than the median
value determined for Poland [12].

In the period between 2001 and 2005 and in 20EL¢cemtent of Ni, As, Cd and Pb in
particulate matter was analysed in the provincéld a shows lower and upper assessment
thresholds for concentrations of metals being deitexd [13, 14].

Table 1
The upper and lower assessment thresholds fortitertt of Ni, As, Cd and Pb in particulate mateemnpled for
testing in the Opole Province

Vears Ni | As | Cd Pb
[ng/m?] [ng/m’]
2001-2005 10-14 2.4-3.6 2-3 0.025-0.035
2011 1.8-4.2 1.48-2.99 0.28-0.49 0.0074-0.0124

The results presented in the Table show that inl2@s compared to the period
between 2001 and 2005, the content of the analysethls in particulate matter
significantly decreased.

Methods of collecting and preparing samples

The moss samples were collected in September atob€c2011 according to the
UNECE ICP Vegetation guidelines, in the closesinvig of the intersections of meridians
and parallels of latitude of the grid marked onriegp of the Opole Province (Fig. 1).
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Various moss species were used for testiRpurozium schreberi{1l samples)
Brachytheciurmsp. (6),Hypnum cupressiformg), Climacium dendroide&), Polytrichum
commune Hedw. (2), Pseudoscleropodium purunil), Pagiomnium undulatum(1),
Hylocomium splendend) andPlagiomnium affing1). The large variety of moss species
collected in the sampled area is a result of alessenoon forested sites of usually accepted
moss biomonitors such aBleurozium schreberiHylocomium splendenand Hypnum
cupressiforme

Approximately 5 g of mosses were collected at esiteh The samples were cleaned of
extraneous materials. The green-brownish partsadses were used for analysis. Having
been dried at 313 K, they were homogenised in ateagortar. The homogenised moss
samples (approximately 2 g) were subjedigutron Activation AnalysidNAA).

Analysis

Neutron activation analysis was performed at tHequlifast reactor IBR-2 at the Frank
Laboratory of Neutron Physics, JINR, Dubna, Rus§iharacteristics of neutron flux
density in the two irradiation channels equippeth\lie pneumatic system and registration
of gamma spectra can be found elsewhere [15]. tBdllsamples with masses of around
0.3 g were heat-sealed in polyethylene foil bagsfmrt time irradiation and in aluminium
cups for long time irradiation. To determine lohgetl isotopes: Na, Sc, Cr, Fe, Co, Ni, Zn,
As, Se, Rb, Sr, Zr, Mo, Sbh, Cs, Ba, La, Ce, Sm, Bu, Dy, Hf, Ta, W, Th, and U,
cadmium screened channel 1 was used. Samplesmadiied for 100 hours and repacked
and measured, using high purity germanium detecterse, after 4-5 days and 20-23 days
of decay. Measurement time was 45 min and 2 hagsectively. To determine short lived
isotopes Mg, Al, Cl, K, Ca, Ti, V, Mn, Br and | &diation channel 2 was used. Samples
were irradiated for 3 min and measured twice &@términ and 20 min of decay for 3 min
and 9-10 min respectively. Element contents wererdened on the basis of certified
reference materials and flux comparators. The gaspeatra of the induced activity were
analysed using software developed in the Frank taabry of Neutron Physics [16].

Quiality control

The quality control of NAA results was ensured hgndtaneous analysis of the
examined samples and reference materials: maridenents 433 |IAEA (International
Atomic Energy Agency), coal 1632c and soil 2709 Ni@®lational Institute of Standards
and Technology, USA). The measured concentratiomse wn good agreement with the
recommended values.

Results and discussion

Table 2 shows the medians, mean values and standiewitions of element
concentrations in mosses.

Significant differences between the median and rfean value and a significant
standard deviation with reference to the mean vadhply diverse distribution of
concentrations of the tested analytes. Examplessictfi distributions include the following:
Au (min.: 0.007 mg/kg, max: 3.30 mg/kg), Hg (mi@.005 mg/kg, max: 0.183 mg/kg) and
U (min.: 0.012 mg/kg, max: 2.01 mg/kg). Figure 2owh the distribution maps of
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concentrations of heavy metals accumulated in nsossempled in the study area.
Concentrations higher than the median value detemhior the area are indicated.

Table 2
The medians, mean values and standard deviati®y of element concentrations in mosses from the ©pol
Province [mg/kg, dry mass]

Element Median Mean +SD Element Median Mean +SD
Na 333 422 284 Mo 0.28 0.40 0.36
Mg 2340 2769 1407 | 1.23 1.54 0.96
Al 1120 1755 2127 Ag 0.077 0.083 0.037
Cl 371 522 367 Cd 0.056 0.081 0.068
K 10000 10711 4415 Sb 0.26 0.27 0.14
Ca 4070 4677 2102 Ba 43 48 31
Sc 0.21 0.37 0.49 Cs 0.18 0.31 0.26
\% 2.0 29 3.4 La 0.8 1.4 1.7
Cr 2.8 4.1 3.3 Ce 2.0 3.1 3.8
Mn 285 433 429 Nd 0.54 0.58 0.24
Fe 706 995 970 Sm 0.10 0.21 0.32
Ni 2.4 2.8 1.8 Eu 0.030 0.040 0.022
Co 0.5 1.2 3.3 Tb 0.019 0.032 0.045
Zn 48 56 22 Yb 0.10 0.15 0.20
As 0.5 0.8 1.0 Hf 0.23 0.43 0.61
Se 0.195 0.201 0.073 Ta 0.024 0.040 0.049
Br 2.3 25 1.0 w 0.16 0.18 0.11
Rb 15 18 13 Au 0.02 0.36 0.81
Sr 15 18 10 Hg 0.009 0.040 0.058
Zr 7 14 19 Pb* 16.4 15.5 8.8
Nb 0.39 0.49 0.37 Th 0.18 0.33 0.40
* Pb contents were determined by AAS U 0.08 0.33] 540.

The results presented in Figure 2 show that thdysarea is affected by various
emission sources. The areas located to the nostheéaDpole are relatively less polluted
with heavy metals, which is exemplified by the disition of Cr, Ni and Co on the maps.
Zinc is an exception. The main source of zinc eimssin the area covered by the research
are cement plants located in Opole and Gorazdy#ldge situated approximately 20 km to
the south-east of Opole). The nature of the emissiof arsenic (whose main emission
sources are metallurgical industry and burningostil fuels) is dispersed. The distribution
of lead pollution shows that lead probably comesftwo main sources. The northern part
of the Province may be affected by urban emissitinis.likely that high pollution with Cr,
Cd, Pb, Hg, and U in the south of the Opole Praviiscdue to emissions from the Rybnik
Coal Basin adjacent to the Opole Province. Thescbosder transport of pollutants from
Ostrava and Karvina Coal Basin in the Czech RepuBlialso of relevance. The local
sources of deposited contaminants, also locatedral areas, can be difficult to identify
[17].
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Fig. 2. Distribution maps of concentrations of ®i, Co, Zn, As, Cd, Pb, Hg, and U accumulated in
moss samples

Table 3 summarises the results concerning the adetion of the most frequently
determined heavy metals in mosses sampled fongestithe Opole Province in previous
years. The results were compared with the meanevdktermined for the European
countries (EU) participating in 2005 in tHeéP Vegetatiorproject.
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Table 3

Concentrations of heavy metals in mosses samptaédting in the Opole Province in 2005, 2006 ad#i12

Year V Cr Ni Zn As Cd Sh Pb Hg References
2005 (EV) 1.15 181 1.74  33. 0.21L 0.18 - 419 B.05 [18]

2005 2.61 2.74 2.56 64.2 0.9 - 0.36 - :

2006 2.62 2.94| 4.95 52.( 0.66 1.25 0.56 19.6 - 209,

2010* - 1.22 1.68 58.4 - 0.97 - 9.30 0.045 [21, 22]

2011 291 4.07 2.75 55.9 0.4y 0.081 0.27 15.5  0.04%resent study

* The samples oPleurozium schrebervere collected from the afforested areas in thettson part of the Opole
Province

Table 4
Matrix of rotated factor loadings
F1 F2 F3 F4

Na 0.54 0.69 0.31 0.10
Al 0.87 0.38 0.04 0.21
Cl 0.25 0.83 0.15 0.04
K 0.16 0.84 -0.19 0.21
Ca 0.43 0.68 -0.11 0.06
\ 0.89 0.33 0.10 0.23
Cr 0.83 0.38 0.02 0.16
Fe 0.87 0.33 —0.08 0.24
Ni 0.81 0.37 0.07 0.05
Co 0.20 0.36 0.73 —0.07
Zn 0.45 0.24 0.36 0.11
As 0.15 0.63 0.19 —0.02
Se 0.05 —0.36 0.21 0.74
Br 0.49 0.02 0.37 0.45
Sr 0.54 0.70 0.00 0.07
Mo 0.11 -0.04 0.90 —0.21
[ 0.16 -0.04 0.88 0.13
Ag 0.35 -0.01 —0.39 0.21
Cd 0.14 0.21 —0.28 0.88
Sh 0.56 -0.40 0.24 0.28
Ba 0.72 0.46 0.21 0.20
Cs 0.58 0.01 —0.02 -0.14
w 0.67 0.09 0.18 0.41
Au —0.05 0.01 0.94 —0.08
Hg 0.16 0.17 —0.19 0.88
Th 0.81 0.42 0.06 0.34
U 0.28 0.21 -0.11 0.85
var 7.59 4.88 3.96 3.81

F1, F2, F3 and F4 - factor loading; var - variafé¢
Numbers in bold correspond to the correlation ¢oieffits with a value over 0.7

The results presented in the Table 3 show thdtdrperiod of six years the deposition
of arsenic, cadmium and lead clearly decreasedl(281compared with 2006). The mean
concentrations of chromium showed a variable treédd. significant differences in the
concentrations of V, Zn and Sb were observed is pieiriod. In the period between 2010
and 2011, no changes in the mean concentrationseofury accumulated in mosses were
observed. It should be noted that each year thelsanmof mosses were collected from
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different sites, which, in the case of local andeslcould affect the final result. Except for
cadmium and mercury determined in mosses sampigddting in 2011, the concentrations
of other metals were higher than the mean valuésrmaed for the area covering the
countries participating in th€€P Vegetatiorprogramme. The improved air quality as far as
the content of As, Cd and Pb is concerned, as dstnated by the analysis of the chemical
composition of mosses sampled for testing in thel®Province in the period between
2006 and 2011, is confirmed by the results of mesmsants of the content of these metals
in particulate matter (Table 1). This trend wasoalemonstrated with reference to the
European countries participating in tf@P Vegetationprogramme. In these countries in
2005, as compared to 1990, significantly decrease@dn concentrations of arsenic,
cadmium, iron, lead and vanadium (52-72%) as welt@per, nickel and zinc (20-30%)
were observed. The concentrations of mercury (1286 chromium (2%) slightly
decreased [18]. The conducted research has coxfitima¢ changes in the concentrations of
analytes accumulated in mosses are due to chamd@les deposition of these analytes in the
areas covered by the research [7].

Also Principal Component Analysis (Factor Analysisps used to identify and
characterise different pollution sources and tmpout the most polluted areas. The results
of factor analysis are given in Table 4. Factorresorepresenting the contributions of
individual sampling sites to the relevant factar given in Figure 3.
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Fig. 3. Plots of factor scores for moss samples fRmland
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Factor 1 (Al, V, Cr, Fe, Ni, Ba, Th)This factor has a typical crustal composition and
is influenced by soil particles attached to the snesmples. High pollution at sites 11 and
29, which are located in agricultural areas, canabeesult of matter deposition from
industrial sources located in the region of Ostr@a) and Rybnik (PL).

Factor 2 (K, Cl, Sr) Such elemental composition probably reflects themahcontent
of elements in the feather moss. The samples 89 &nd 21 sites were collected in small
woods surrounded by crop fields.

Factor 3 (Co, Mo, I, Au). This elements indicates anthropogenic origin (ekdep
which usually is of marine origin). Most probablyolMAu, Co emission are connected with
production of zinc, red lead and cadmium oxideaganetal processing, and manufacturing
of automotive parts in Olawa town (sample site B)e other polluted sites 1 and 3 are
locatedin small woods surrounded by crop fields, nearatiamal roads. There is no heavy
industry facilities in vicinity of the sites.

Factor 4 (Se, Cd, Hg, U).The possible sources of these elements are Ryhwak C
Basin and coal industry in Ostrava region. In thesggons mining and processing of coal,
steelworks, power plants and other heavy indubtrih in Poland and in Czech, are located.
Also the glassworks located in south and south-d@sttion from the study region can
deliver elements from this group. Very high poliutilevel in site 29, located in agricultural
region, could be a result of specific atmosphedaditions, which cause transboundary
pollutants transport.

Conclusions

The research results presented in this article titotes part of work that has been
conducted since 1990 under ti@&P Vegetationproject whose objective is to use mosses
for the assessment of pollution and dispersiorradet elements, mainly heavy metals, in
Europe. They confirmed the trends, observed inntedecades, towards limitation of the
deposition of heavy metals, which is inextricalshkéd to the reduction of emissions.

Principal component analysis (factor analysis) wsexd to identify possible sources of
the elements. The investigated elements can bsifeaisby their main sources as follows:
(1) natural sources, such as windblown topsoil dusi essential elements for moss
vegetation (Cl, K, Sr) and (2) obvious anthropogesources: machines production, scrap
metal processing or electronic devices constructian be a reason of Co, Mo, Au release
to environment. Elements from Factor i¢, Se, Cd, Hg, and U, could be a result of
transboundary transport from distant power plantsteeavy industry complexes.

The research has shown that mosses, thanks tosibmgition properties, are a good
matrix that may be used to assess environmentadltipol with heavy metals. Multi-
elements non-destructive NAA makes it possible étednine elements accumulated in
mosses in trace quantities so that it is possthiessess the pollution of the areas covered by
the research and to identify sources of pollutiod pollutant dispersion directions.
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WYKORZYSTANIE NEUTRONOWEJ ANALIZY AKTYWACYJINEJ
W BIOMONITORINGU DEPOZYCJI PIERWIASTKOW  SLADOWYCH
W WOJEWODZTWIE OPOLSKIM

! Samodzielna Katedra Biotechnologii i Biologii Molelrnej, Uniwersytet Opolski, Opole, Polska
2Zjednoczonynstytut Bada Jadrowych, Dubna, Rosja

Abstrakt: Metoda neutronowej analizy aktywacyjnej oznaczongesia 42 pierwiastkéw: Na, Mg, Al, Cl, K, Ca,
Sc, V, Cr, Mn, Fe, Ni, Co, Zn, As, Se, Br, Rb, Br, Nb, Mo, |, Ag, Cd, Sh, Ba, Cs, La, Ce, Nd, $m, Th, Yb,
Hf, Ta, W, Au, Hg, Th i U, zakumulowanych w mchagbbranych do badawe wrzé&niu i w padzierniku
2011 roku na terenie wojewodztwa opolskiego (poloa Polska). Probki ihych gatunkéw mchéw pobierano
w bliskiej odlegtdci od miejsc przeecia linii siatki kartograficznej naniesionych na maawojewddztwa.
Odlegtaici pomidzy punktami wynosity ok. 20 km. Analiza wynikdw ds umaliwita wskazanie miejsc
zwiekszonej depozycji zanieczyszézeraz ze wskazaniem potencjalnyziodet ich emisji. Wykazano m.in.
zwigkszory zawarté¢ Cr, Cd, Hg i U zakumulowanych w prébkach mchéw aolych do badana obszarach
rolniczych potgonych na potudniu wojewddztwa. Stwierdzon® potencjalnymzrodiem emisji mog by
uprzemystowione tereny Rybnickiego i Ostrawsko-Kaskiego Zagibia Weglowego. Badania prowadzono
w ramach projektuEnvironmental studies in the South of Poland usmglear and related analytical
techniques

Stowa kluczowe:neutronowa analiza aktywacyjna (NAA), mchy, biortoring, potudniowa Polska



