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HEAVY METALSACCUMULATION IN SILVER FIR NEEDLES
IN SWIETOKRZYSKI NATIONAL PARK

Abstract: The article demonstrates the results of the rebestudies related to the air polluted with heawetats

in the area of Swietokrzyski National Park. The tyear-old needles of\bies alba (Mill) were used as the
bioindicator with the intention of carrying out thesearch. The studies were conducted in the auafr@012.
The results showed the spatial variability of corications in the range of the analysed metal dépaospatterns
in the needles oAbies alba (Mill). The average content of the analysed elemenisezké be the highest in the
case of zinc (26.6 mg-Kgd.m.), strontium (6.5 mg-kyd.m.) and nickel (1.6 mg-Kgd.m.). The research studies
revealed that the significant role in determinihg ttontent of heavy metals in the two-year-old fe=eavas
played by the communication. The highest valuesewecorded at the research sites situated in theediate
neighbourhood of the voivodeship roads. It was atsafirmed that the content of metals was influenbg the
so-called low emission from the household and welfzctor together with the remote imission.
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I ntroduction

The research studies conducted in different regafrthe world, associated with the
circulation of heavy metaléTM) in the environment, focus on to their potentialettr
related to their toxicity and harmfulness to livingganisms as well as their surroundings
[1]. Consequently, in an attempt to estimate thgreke of the environmental pollution, the
living organisms, such as lichen thalli, needlesrmsses, are employed more and more
frequently as bioindicators [2-8]. The silver fieedles, i.e. oAbies alba (Mill) appear to
be used most commonly as bioidicators. Undeniaklych organisms, due to their
accumulation and bioindicator abilities, are oftesed to conduct the monitoring research
studies. The needles of the silver fir trees, kagihe dusts on their surface (in epicuticular
waxes) can play the role of tipassive sampler, and in this sense, it can bectiezd the
accumulating bioindicator [9].

The research studies with the use of silver fir die were conducted in the
Swietokrzyskie Mountains. The Swietokrzyskie Moumsa elevated compared to the
surrounding area, are influenced by both local rmdote industrial and vehicle emissions,
in particular from the prevailing western and sewttstern wind directions [10]. It allows
the possibility of the regular and long-term dir@oipact of the atmospheric air masses
saturated with industrial and communication emissi@on the inhabitants and living
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organisms of this particular region [10, 11]. Tlesearch conducted by Kozlowski [11] by
the use of an ED-XRF instrument for the microanalymdicated the existence of small
vitreous balls known as spherule on the surfacesibfr fir needles. Spherules are
considered to have the composition characteridtialuminosilicates with the significant
amount of iron in them. It is the product typicélcoal combustion processes [12]. The size
of the spherules rangdéiom a one to fiftyum [13]. In the combustion process, the iron
contained in the coal (mainly in the form of sulgs) is converted into the magnetic iron
oxides (mainly magnetite and maghemite). The phtia&sn to show the surface of the
silver fir needles confirm the obvious influence tbe energy industry on the natural
environment in this particular area of Swietokrzyslational Park. The dominant wind
directions and the size of the particles founddhedicate that the Upper Silesian Industrial
Region (Polish abbreviation: GOP) can be the p@ksbturce. As proven by Steinnes and
Friedland [14] as well as Sarris et al. [15] heawtals, including Cu, Pb and Zn, can be
transferred over long distances in the atmospHeuethermore, forest stands under the
influence of the pollution can increase the depmsitof heavy metals [16], which,
consequently, can lead to the increase of theiteciin the forest soils [17].

Analysing the chemical composition of the silverrfeedles from the specific location,
it is possible to gain information on the pollusiurrently existing in the ecosystems as
well as the attempt to evaluate the impact of ambgenic emissions can be made.
It allows to prepare the evaluation of such emissiconsidering the multi-year scale
together with estimating the potential impact ofthaopogenic emissions on plant
organisms [18].

The aim of the research studies was to recognisesttvironmental pollution of the
forest ecosystems in Swietokrzyski National Parkthe range of heavy metals using
two-year-old needles dfbies alba (Mill).

Research area

The part of Swietokrzyski National Park, which cmvehe area of 7,626.45 ha,
constituted the area of the studies. Specificalig, research area involved the part of the
park, which is located at the border of the buffene (the exact area of 20,786.07 ha).
According to the regional division, this area isdted in the Swietokrzyskie Mountains
(342.34-35), in the 20th Western Malopolska climatgion. The area is distinguished by
the numerous days with freezing cold weather aedptfecipitation as well as by a very
small number of chilly days without the precipitati[19].

Due to its location in the system similar to thigtl@inal range together with its strong
fragmentation, the park is extensively exposech&lbcal and regional anthropopressure,
mainly low emissions of the atmospheric air potiatiduring the heating period.

Material and methods

The so-called bioindication studies were conduate8wietokrzyski National Park in
September 2020 (Fig. 1). The two-year-old needfesbges alba (Mill), i.e. the European
sliver fir were chosen for the laboratory resear¢he samples were collected from
30 research sites, and next, they were broughha@olLaboratory of the Environmental
Studies, where they were thoroughly examined. Aftgimg them at the room temperature,
the samples were then dried at 65 °C to get thetanhweight. The dried samples were
subsequently ground by the use of the IKA grindinij and then mineralised employing
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the method of Wet Air Oxidatiowith the use of microwave energy by means of Anton
Paar Multiwave 3000 - Microwave Digestion SysterheTevaluation of the air pollution
was performed based on the concentration of heastalsn(i.e. Pb, Cd, Cu, Ni, Zn, Sr),
which in the mineralised samples were assayed ubmgnass spectrometer, i.e. OptiMass
9500 ICP-MS-TOF from GBC Scientific EQuipment.

The received results were statistically performsihai the “Statistica 13.1 software”.
To separate the spatial groups of the examined lsantifferentiated according tthe
concentration of heavy metals, Ward’s method cangid the agglomerative hierarchical
clustering procedure was used. Furthermore, Wargthod was generalised to use with
Manhattandistances as the similarity measure of unit clgster

SWIETOKRZYSKI
NATIONAL PARK
-

® The location of the bic-indicator
[ Borders of Swietokrzyski National Park

I'hie areas of forest ecosystems

0 2 4 (k]|

Fig. 1. Study area. In the text, the research sitesdescribed as, e.g. the research site 2 - SRNO2
research site 3 - SPNO3, the research site 4 - $RNO

Results and discussion

The performed analysis of the chemical compositidnthe two-year-old needles
shown the varied content of heavy metals (Tabld-i§j, 2). The highest value of the
concentration was recorded in the case of zinc thihaverage value of 26.6 mg-kd.m.
and in the range from 14.1 to 47.4 mg*i@ym. as well as the coefficient of variation equal
to 35.8. The next element was strontium with therage value of 6.5 mg-Kgd.m., than
copper - 3.0 mg-kgd.m., nickel - 1.6 mg-kgd.m. and finally lead with 0.8 mg-Kgd.m.
The lowest concentration was revealed in the caAsmamium with the average value of
0.1 mgkg™d.m.

The conducted analysis of the agglomeration witk thse of Ward’'s method
considering Manhattan distances revealed threeiabpgtioups, which were similar in
respect of heavy metal contents (Fig. 3). The &irst was related to the sites characterised
by the highest concentrations of Zn (average - 48kg™" d.m.) and Pb (1.2 kg™ d.m.)
among all analysed groups. They include six resesites (Polish abbreviations: SPNO3,
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SPN13, SPN14, SPN19, SPN26 and SPN43), which wegrddd in the neighbourhood of
three voivodeship roads, i.e., DW752 (SPN13, SPaid SPN43), DW753 (SPN19 and
SPN26) or DW756 (SPNO03). The research studies atadun the area of the Black Sea,
which used a different bioindicator showed thag, kchen samples contained the increased
concentrations of titanium, chromium, manganes®, icobalt, nickel, copper, zinc, tin,
barium and lead. The strong positive correlatiotwben the concentration of lead in
analysed bioindicator and the traffic intensity wasorded [20]. The Zn concentrations
also indicated the highest concentrations in tlpiatial group. It happened due to the
reduction of Pb content in petrol owing to the maoeendations in the sphere of Zn being
a good exhaust emission indicator [21].

Table 1
Accumulation of heavy metals in needle - resultg-gd.m.]
Heavy metals Average Minimum Maximum SD CcVv
Pb 0.8 0.3 2.0 0.4 52.3
Cd 0.1 0.0 04 0.1 139.7
Cr 0.8 0.4 1.5 0.2 29.5
Cu 3.0 0.6 6.2 1.6 52.4
Ni 1.6 0.3 4.2 0.9 54.2
Zn 26.6 14.1 47.4 9.5 35.8
S 6.5 2.3 17.4 4.2 64.4

D - standard deviatioiGV - coefficient of variation
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Fig. 2. Average values together with the standaror @f the analysed heavy metal content in samples
located in Swietokrzyski National Park
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Fig. 3. Ward’'s agglomeration results, Manhattantasise for the silver fir needle exposed in
Swietokrzyski National Park

The second group was determined mainly by the viafig research sites SPN17,
SPN22, SPN55, SPN56, SPN61, SPN63. They are lositeded in the neighbourhood of
local places of residence and local roads, moredkiely were characterised by relatively
heavy traffic. At these sites, higher than avenegjees of the concentrations of Pb, Cu, Sr
were noticed, which could be caused by the emissmurces characteristic of both the
household and welfare sector as well as the conuation-related pollution (remote
emission sources).

The third group was primarily located along theitbern borders of Swietokrzyski
National Park as well as the places away fromdballsources of emission (research sites:
SPNO02, SPNO6, SPN10, SPN11, SPN12, SPN16, SPNNR2ISBPN23, SPN32, SPN33,
SPN34, SPN36, SPN44, SPN 45, SPN47 and SPN51)oWest concentrations of heavy
metals were recorded at these sites, i.e., Zn0 &ig-kg* d.m., Sr - 4.5 mg-k§ d.m.,

Cu - 2.3 mg-kg d.m., Ni - 1.4 mg-kg d.m. and Pb - 0.6 mg-Kgd.m. This particular area
created the natural barrier to the transfer ofytatits from the western and south-western
sectors. Together with the prevailing wind direcsip the transfer of the pollutants,
primarily connected with the so-called low emissidinom the household and welfare
sector and neighbouring towns, reached the ardsegdark. In this group, the essential role
was also played by research sites located alongarhthern boarders of the park, where
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there was a lack of emission sources with the aiaemf the household and welfare
sector.

Apart from the recognised factors influencing ttentent of heavy metals in the
chosen bioindicators, the elevation could also haveignificant impact on such content.
The research studies carried out by Ciezka et 28] flemonstrated that the highest
concentrations of Zn, Pb and Cu were recorded tier samples located at the highest
measuring sites, which signified the remote emisssmurces. Corresponding to the
principal component analysis (PCA), these authdse &ndicated that the variability of
metal concentrations in lichen thalli was influethd®y the transport of pollutants from long
distances as well as the local sources connectddtivé fuel combustion. The research
outcomes conducted with the use of the thalli argiomed by the research studies carried
out with the help of the silver fir needles. In ttesearch conducted by Gandois et al. [16]
as well as Gandois and Probst [23], the dependehtiee increase in the range of heavy
metals accumulation (Cu, Cd and Ni) on elevatiwas confirmed The conducted research
by Gandois and Probst [23] with the use of the le=eofAbies alba (Mill) dealing with the
content of heavy metals in the Pyrenees also edrifhat some metals, such as Cd, Cu,
together with lead, to the great extent, are ddrivem the atmospheric deposition. In the
case of lead, the content of this element in efuilatr waxes appeared to be ten times
greater than in the interior part of the needldsictv specified the anthropogenic origin of
this element.

The comparison of the results of zinc concentratiorswietokrzyski National Park
with other mountain areas, e.g. from the Choc Maimst (94 mekg™ d.m. - research by
Gresikova and Janiga [24]), the Trzebnickie HiB®.9-35.0 megg™ d.m. - research by
Szymura [25]) or the Pyrenees (43.8-kag' d.m. - research by Gandoist and Probst [23])
indicates that the content of this metal is atveeloor similar level. The average value was
within the lower value limits identified in the rg@ of the realised research known as
ICP-Forests, in which the zinc content ranged f&#(percentile - 5 %) to 45 (percentile -
95 %) mg-kg" d.m. [26]. The contents of the remaining metats, Pb (0.8 mg-kgd.m.)
was lower than in the Choc Mountains [24] and digantly higher than in the Pyrenees
(0.23 mg-kg' d.m.) and Wogez (0.33 mg-Rgl.m. - research by Gandois and Probst [23]).

Conclusion

The conducted research showed the various occerr@inbeavy metals content in fir
needles in Swietokrzyski National Park. The higlessttents (inter alia, Zn and Pb) were
recorded in the samples located in the immediaighbeurhood of roads, which indicated
the communication sources of the emission of suetals1 The spatial variability of the
heavy metal contents demonstrated that in the exainarea, the major role considering
the emission of heavy metals to the environment atas played by the local emission
sources (the combustion of fuels in the househattiveelfare sector), as well as the remote
ones connected with the transport of pollutantanfrthe prevailing wind directions,
specifically the south-western and western sectors.

The increased heavy metal concentrations was nbiicthe samples located along the
southern border of the park, in particular at tbapof the connection of voivodeship roads
and the vicinity of places of residence, which #igd the need for the systematic research
to monitor the changes in the scope of the levehrdhropopressure associated with its
impact on the forest ecosystems of Swietokrzyskidsal Park.
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