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Abstract: The paper presents the preliminary resafliusing the herbarium specimens of selected esoss
(Brachythecium rutabulunfHedw.) Schimp. B. salebrosun{F.Weber & D.Mohr) Schimp. anHypnum
cupressiformeHedw, for assessment of changes in the heavy snptdlution in Katowice town. For the
initial studies lead and cadmium have been choséinch are among the most toxic heavy metals.
Specimens originate from two periods: the ninetie8d" century and from 2012. To verify the correctness
of assumption the control samples were selectenh ftike collection of mosses from the Biatosde
Primeval Forest considered as a “clean” part o] in the nineties of 20century, stored in the same
conditions. The results obtained in these investiga confirm the possibility of application of lharium
specimens of mosses in the biological assessmefamiges in lead and cadmium contamination.
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Introduction

Several moss species have been used as a bionudrkewvironmental pollution with
chemicals such as heavy metals and some organipatords. In Europe environmental
monitoring of heavy metals with mosses as indicatarted in the second half of thé"20
century and has been conducted till this time flermes et al. 2008, 2010; Kleppin et al.
2008; Sakalys et al. 2009). In Poland, this kindirofestigation has been conducted for
several dozen of years (i.e. Gratkka 1978, 1980; Ciepat 1992, 1999; Szarek-Lukadzaews
et al. 2002; Grodaska et al. 2003; Dmuchowski et al. 2009; Kosioale2010; Ochota et al.
2012).

The observation of changes of air pollution over 500 or even more years is very
interesting. This type of research can be carriedusing previously collected and stored
moss materials in herbaria. In some papers infoomatf this possibility were published
(Herpin et al. 1997; Weiss et al. 1999; Pefiueldslld&2002; Shotbolt et al. 2007; Saxena et
al. 2008; T. Cao et al. 2008; Waitet al. 2012).

This paper provides information on using herbargpacimens of mosses housed in the
Herbarium of the Department of Pharmaceutical BptainMedical University of Silesia in
Katowice (SOSN) for biological assessment of changethe heavy metals pollution in the
Katowice city.

Study area

Silesian Upland is a large region, covering oved®B8quare kilometres in southern Poland. It isrtioest
urbanized and industrialized area, with stronghargied natural environment. Heavy industry, mairdwal<
mining and metallurgy, has developed in this aireesthe end of the Y8century. In the second of half of 20
century intense urbanization and industrializatiave began. Considering lower ecological norms tilha, it
caused water, air and soil pollution on unprecestbrsicale. Since the end of"2@entury air quality has
improved as a result of economic changes that fedigced the share of industry in the Polish economy

Katowice is the largest city within the Upper SidesIndustrial District, covering an area of ab®6b knf
with approximately 300 000 inhabitants. The retiefsists of small hills, rarely exceeding above &0@.s.l.,
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and depression filled with Pleistocene depositg)glybetween them. The human impact is the mainofact
shaping the landscape of Katowice

causing the disappearance of natural featureshendréation of anthropogenic ones (pits, embanksnemining
and metallurgic waste tips). The forest areas itoWae, quite large especially in southern parnpresent in
overwhelming majority managed forests (Fig 1), ryamonocultures of few tree species, first of alb& pine
Pinus sylvestrig.

Fig 1: Forest near Katowice-Piotrowice (photo by A. SteBelune 2010).
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Fig 2: Collecting sites of mosses.

Aim of the study and research methods

The purpose of the investigation was the verifmawf usability of herbarium specimens of selectess
species in assessment of changes of heavy metHigiqpo in Katowice. Area of Katowice is very well
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bryologically known and a lot of moss specimendlected since early seventies of'2€entury are stored in the
Herbarium of the Department of Pharmaceutical Bp@inMedical University of Silesia in Katowice (SQ%
For studies three species have been chosen, n@rehthecium rutabuluniHedw.) Schimp.Brachythecium
salebrosum(F.Weber & D.Mohr) Schimp. antlypnum cupressiforméledw. They are common species in
Katowice, growing in various habitats. Herbariumea@mens as well as currently collected ones orfgpm
epiphytic, rarely epixylic and epilithic habitasclded within forest communities. Mosses used irs thi
investigation origin from two periods: the ninetie 20" century and from 2012. Specimens from the first
period were collected as a documentation of bryoldgvorks of Fojcik and Stebel (2001). They ai@red in
paper envelopes, which are arranged in cardbo#ddri) closed in wooden lockers. To verify the eotness of
assumption, that these specimens were not contsediraf heavy metals during their storage, the obntr
samples were necessary. They are selected fronotleetion of mosses made byZarnowiec from Biatowiga
Primeval ForestZarnowiec 1995), considered as a “clean” part ofRu) in the nineties of 3century, stored
in the same conditions (Fig 2). For the initialdsés lead and cadmium have been chosen, whichnamagthe
most toxic heavy metals and their mining and prsicgsindustry occurred in the vicinity of Katowice the
future it is planned to mark other elements.

Dry samples of moss were cleaned of foreign compisnancluding the soil, and dried in air ambient
temperature. After drying the samples were mineedli using 69.0-70.0% nitric acid 'BAKER INSTRA-
ANALYZED for Trace Metals Analysis’. Content of Pand Cd were determined by atomic absorption
spectrometry with electro-thermal atomization (ET®Ausing ZL 4100 Perkin Elmer with the Zeeman’shuodt
of background correction.

Prior to determination of Pb and Cd content in mesthe method was validated using Certified Refare
Material of mixed Polish herbs ‘INCT-MPH-2’ (Tab.1)

Tab 1: Contents measured and certificated Pb and Cd.

Pb [ug/g] Cd [ug/g]
Measured content 2.20 0.191
Certificated content 2.16+0.23 0.199+0.015

Results

In total, 19 samples were tested, 16 from Katovend 3 from Biatowiea. Due to the
small amount of material, metal content in the hethn samples was measured once,
whereas in samples collected in 2012 twice.

Results of measurements of selected moss sampmles dtations from Katowice and
Biatowieski National Park are set in figures 3 dnd

Contents of lead and cadmium in the samples cellert Biatowieski National Park are
several times lower than in samples gathered asdhee time in Katowice. It indicates, that
conditions of specimens preservation in herbariumdt influence the degree of lead and
cadmium contamination. It is worth mentioning timatsamples from Biatowieski National
Park contents of lead iMypnum cupressiformés clearly higher than in specimens of
Brachytheciumwhich supports observations that this speciesiraatates lead better than
other mosses (Otwos et al. 2003). Inversely, imsethatHypnum cupressiformeas worse
cadmium accumulator than investigated mosses frioen genusBrachythecium but this
observations must be tested on the greater pagroples.

Generally speaking, degree of contamination of laad cadmium in Katowice slightly
decreases, but varies in particular quarters obWige. The main reasons are changes in
management on this area. At the beginning 8f&ntury a lot of heavy industry works (coal
mines, steelworks) were closed, but road network feat and house building have strongly
increased. Preliminary results obtained in theseegtigations confirm the possibility of
application of herbarium specimens of mosses irbtblegical assessment of changes in lead
and cadmium contamination. Of course, some lodé&trénces between particular localities
and species are recorded. These problems willdsuhbject of the further studies.
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Pb [ng/g]
Hypnum cupressiforme / _Kgﬂy_ghnlg 2012 } 143.61
Hypnum cupressiforme ] atowice -[Witosa 2007 ] 155.03
Hypnum cupressiforme -i(atowue Ligota 20Ul ] 92.94
Hypnum cupressiforme ] Katowice : Podlesie 1935 ] 82.66
Hypnum cupressiforme 7 atowice -[Brynow 1994 ] 90.31
Hypnum cupressiforme 7 - 131,73
Brachythecium salebrosum i t Ocholec JO12 ] 87.58
Brachythecium salebrosum - - Brynow 2012 149,12
Brachythecium salebrasum -Katc\m:e- Ligota J012 ] 66.68
Brachythecium salebrosum ] atowice - Uchojec 1535 ] 79.11
Brachythecium salebrosum ] jce - Kokocinjeg 1995 ] 67.16
Brachythecium salebrosum 1 : Ligota 1999 ] 126.28
Brachythecium salebrosum l:]\‘iﬁ(-‘I: 18.77
Brachythecium rutabulum ] atowice -Vitrchi 2012 32,25
Brachythecium rutabulum -| atowlice -[Witosa JULlZ | 87.22
Brachythecium rutabulum - 2012 29.08
Brachythecium rutabulum -Mice Murcki 2000 ] 67.8
Brachythecium rutabulum | Viuchowiac 1999 ] 74.71
Brachythecium rutabulum ] - 20.84
1] ZID 40 60 30 100 120 140 160
Fig 3: Comparison of lead content in moss samples.
Cd [ng/g]
Hypnum cupressiforme - - idhna 2012 1.09
Hypnum cupressiforme | - 1.55
Hypnum cupressiforme -KatOWICE-LIgQ‘tﬂlz 1.27
Hypnum cupressiforme ] atowice - Podlesie 1995 12.34
Hypnum cupressiforme | Katowice - Brynow 1954 ]3.75
Hypnum cupressiforme -MIQBQ 0.38
Brachythecium salebrosum | - c2012 ] 4.08
Brachythecium salebrosum - atowice - Brynow Z01J ]4.85
Brachythecium salebrosum -KatGWIce -Ligota 2012 ] 1.88
Brachythecium salebrosum VKa‘tGWIce - Uchagjec 1995 3.01
Brachythecium salebrosum | atowice - Kokotiniec 1995 ] 5.44
Brachythecium salebrosum - Katowice - Ligota 1992 ] 3.92
Brachythecium salebrosum -EBQ o.54
Brachythecium rutabulum -mm 1.49
Brachythecium rutabulum -l(a‘tBWIce - Witosa ZULZ ] 3.70
Brachythecium rutabulum -Ea‘tnwue -Ligota 2012 ] 3.87
Brachythecium rutabulum -Mj 2.27
Brachythecium rutabulum -Eaiowue - ﬂucﬂl owiec1535 | 1261
Brachythecium rutabulum T;@EﬂlQBQ 0.33
iIJ 1 2 3 4 5

Fig 4: Comparison of cadmium content in moss samples.
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