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INTRODUCTION

Europe is one of the world's largest acid rain regions, especially the region
called Black Triangle (the region of SE Germany, NW Czech Republic and SW
Poland) is the most heavily contaminated region in Europe (Jedrysek 2000).
Despite decreasing trends in pollution, the sulphur deposition are still the most
important acidifying factor for the hydrosphere, pedosphere and biosphere in the
Black Triangle.

It is clear from numerous observations (Gebaeteal 1994, Bruckneet al
1993) that trees cannot prevent a passive uptake of considerable amounts of
gaseous and aerosol compounds including, $€cause these substances diffuse
through the stomata. In polluted regions, nearly all sulphate in spruce needles
originates from atmospheric $@e.g.Horn et al 1989, Gebauest al 1994). The
subject of this study was to investigate isotope ratios of organic and inorganic
sulphur in spruce needles to assess the anthropogenic impact reflected form
atmospheric S©

MATERIALS AND METHODS

Spruce needlesP{cea abiey was carried out at the northern slope of
Karkonosze Mts., along a transect from Piechowice (400 m a.s.l.) to near Wielki
Szyszak Mt. (1300 m a.s.l.). Samples was collected from April 1998 to November
2001. Moreover, spruce needles were collected from region of lower anthropogenic
impact (Tatra Mts., Biatowieski National Park and Bory Tucholskie National Park)
for comparative analysis (Strapo¢ 2002).

Needles were according to their different age classes and the S-isotope data
of the individual age classes show similar trends as the total classes (Jedrysek et al.
2002). Needles were washed to remove dust, through intensive shaking in
redistilled water, dried in vacuum and weighed. Sulphate was removed from

Y2 nstitute of Geological Sciences, University of Wroclaw, Cybulskiego 30, 50-205

Wroctaw, Poland, e-mail: *morion@ing.uni.wroc.pPplum@ing.uni.wroc.pl

]Indiana  University, Department of Geological Sciences, Bloomington,
dstrapoc@indina.edu

98



needles during a 24 hours washing in 0.01N,GIHusing magnetic stirring
(Mynardet al 1987). Afterwards the needles were washed again in double distilled
water and no trace of sulphate was visible on Agh@dition. To obtain the
organic sulphur fraction the sulphate-free sample was dried in vacuum, and
weighed for Parr Bomb combustion (Siegfriestt al. 1951). The solution was
fitered and BaS® was precipitated. The precipitated BaS®as rinsed with
distilled water, dried, weighed, powdered in an agate mortar, preheated at 550°C (2
minutes) and weighed again in order to calculate the concentration of sulphur
compounds.

For sulphur isotope analysis, 10 mg of Ba®@re mixed with 100 mg of
V.05 and 100 mg of pure quartz (Yanagishawa and Sakai 1983). The mixture was
placed at the bottom of quartz glass tubes together with preheated pure copper wire
situated 2 cm above the reaction mixture, and attached to the vacuum preparation
line. The tube was heated at 450°C for about 10 minutes to remove any volatile

contaminants. Afterwards, the temperature was raised to 950°C. The ol$4&hed

was frozen in a liquid nitrogen trap and then cryogenically cleaned using dry ice-
ethanol mixture.

Sulphur isotope analyses were carried out using a Varian MAT CH7 mass
spectrometer with a modified detection system in Wroctaw and, a Finnigan MAT
251 in Gottingen. The precision was generally better than 0.1 %. for sulphur
isotope analysis. Th&*'S value is given in the conventional way, in reference to
CDT international standards.

RESULTS AND DISCUSSION

Concentration of sulphate from needles varied from 0.0001 (detection limit) to
0.0646 wt %, with average about 0.014 wt %. This values are typical (Tetrakr
1977, Manninenet al 1997). Concentration of organic sulphur for respective
samples are about eight times higher then concentration of inorganic sulphur.
It was also observed at not polluted reference regions (Tatra Mts., Biatlowieski
National Park and Bory Tucholskie National Park).

3%'5(SQ?) value varied form 4.19 do 11.9 %o (average about 8 %o) with higher
value at higher altitude. For organic sulphur %S varied form 0.03 to 9.16 %o.. The
difference in sulphur isotope ratios between sulphate and organics varied from —
1.12 to 7.57 %o with average 3.70 %o.

Generally, the highest SO concentrations are at the altitudes 500-700 and
1000 m a.s.l. The main source of pollution in the lower part of the transect is
probably the international road Jelenia Géra—Jakuszyce. At the 1000 m a.s.l. there
are no local anthropogenic factor. The high,S€oncentration corresponding to
the zone of thermal inversion and higher condensation of moisture. Probably gasses
(SO,) were transported by wind for a long distance. More detailed information on
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the source will be probably to find by means of mineralogical and isotopic studies

of the dust deposited on the needles.

Spruce needles
National Parks, Poland
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Fig. 1. Isotopic ratios of organic and inorganic sulphur in spruce needles (SW Poland,
Karkonosze Mts.).

Isotopic compaosition of sulphur in plant are controlled by redox reactions in
the atmosphere-biosphere system. In general, of isotope equilibrium condition,
compounds on lower oxidation state dt8-depleted as compared t&° ®r S*-
bearing compounds. A positive correlation between isotopic data and the altitude,
could be explained by more efficient assimilation, %m the atmosphere. Plants
use a pool of sulphate in needles, consequently residual sulphate become enriched
in *'S, consequent new formed organic sulphur are enrichétitoo (Fig. 1).
Moreover, observed'S enrichment in needles could be explain b$ ldmission
(Jedrysek et.al. 2002) Efficiency of HS emission from plants are determined
mainly by sulphur supply and light intensity (Wilset al. 1978). Under humid
conditions,?'S-depleted KB are oxidized td"S-depleted S¢¥. Thus, high S@
stress at strong radiation and at humid environment result may in higher
concentration o'S deplete SE in forests highly populated by spruce.

Additional studies on concentration and isotope ratio of organic and inorganic
sulphur in plant and concentration and isotope ratio of atmospheric sulphur dioxide
may enable to calculate isotopic mass balance of S system in forested areas. This
calculations could explain how much of atmospheric pollution (generally 88y
be accumulate and redistributed in the,Sfrm by coniferous forests.

CONCLUSIONS

1. Average differences iA'SP?S ratios in the S - S, System are rather
constant (about 3,70 %o).
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2. Higher value 8*'S (SQ?) and 8*'S (S-org) at higher altitudes arise from
more intensive assimilation $Cby tree and probability increase of
emission of HS through stomata.

3. Coniferous forest plays an important role in elimination ot 8@m the
atmosphere.
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