
XA9952954

BIOMONITORING OF HEAVY METALS AND TRACE ELEMENTS IN THE
EUROREGION NEISSE

B. MARKERT AND O. WAPPELHORST
International Graduate School (IHI) Zittau, Markt 23, 02763 Zittau, Germany

Abstract

The Euroregion Neisse (Fig. 1), located in Central Europe at the border of
Poland, the Czech Republic and Germany, and the area around Katowice,
Poland are part of the so-called "black triangle". Due to industrial, traffic
and household emissions, this region is one of the most highly-polluted
areas in central Europe. The extent of the damage caused by the pollution is
very visible and makes international improvement and sanitation concepts of
vital importance.

The long-range objective of this investigation is to determine the degree of
pollution using a bioindication system. Mosses (Pleurozium schreberi and
Polytrichum formosum) and spruce fPicea abies) and pine (Pinus sylvestris)
needles are used as indicators. They are sampled throughout the region and
analyzed for select chemical elements by ICP-MS, ICP-OES and AAS in
order to determine the distribution of these in the investigation area. By
taking samples throughout the area at regular time intervals the
development of element concentrations are observed and followed. The
data thus gathered is then presented visually using the Geographical
Information System (GIS) to make the results more clear and accessible
[1, 21.

These results can then form a basis for comparison between the frequency
of various diseases in the region and the level and concentration of
pollutants and will make correlation between the two evident. The
Euroregion Neisse and the Katowice area, with their high environmental
pollution, are especially well-suited for such an investigation. They may
even be called highly polluted reference areas where the effects of pollution
on ecology and health are remarkably visible.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Several studies have shown that mosses are an efficient accumulator of metals
[2 -9 ] . Due to the fact that they have no cuticle layer, heavy metals and other elements
are taken up through the surface of the mosses. This makes it safe to assume that the
element concentrations closely correlate with the deposition of these elements, provided
that disruptive factors such as soil particles or leaching processes can be excluded
[9, 10].

Spruce [Picea abies) and pine {Pinus sylvestris) needles are also interesting for
the analysis of emission patterns in the terrestrial environment. The relatively inert wax
layer may accumulate a variety of organic compounds and heavy metals [11 - 13].

The Euroregion Neisse (ERN) was, until the end of the 1980's, one of the most
contaminated areas of Europe due to emissions from brown coal-powered heating,
power stations and industry. In this study the current situation of atmospheric
deposition in the ERN is analyzed.
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2. MATERIAL AND METHOD

Samples of Pleurozium schreberi and Polytrichum formosum were collected from
54 locations in the ERN and 6 locations around Katowice (Poland) in August 1995 and
1996. The sampling sites were located at least 300 m from main roads or populated
areas and at least 100 m from any road or single house. Sampling and sample handling
were carried out using plastic gloves and bags [14, 15].

The mosses were dried at 45°C without previous washing. A microwave-assisted
digestion in closed PTFE vessels was done with 300 mg sample, 4 ml nitric acid and 2
ml hydrogen peroxide. The levels of 35 elements were measured by ICP-MS and ICP-
AES.

In order to make the results of the analysis certain, various certified reference
materials were analyzed and taken into consideration [16 - 18]. The test results from
reference material SRM 1547 (peach leaves) are presented in Table I.

TAB. I:COMPARISON OF THE CERTIFIED CONTENT OF PEACH LEAVES WITH THEIR
CONTENT AS MEASURED AT IHI WITH THE ICP-MS IN //G/G. ONLY NON-
CERTIFIED CONTENT IS GIVEN FOR ELEMENTS MARKED WITH *.

element
Al
Ba
Cd

Ce*
Cr*
Cu
Fe

La*
Mn
Mo
Pb
Rb
Sr
V
U*
Zn

Peach Leaves NIST SRM
measured value + a

23.7 ± 12
130 ± 8

0,029 ± 0,003
11,1 ± 1,0

0,93 ± 0,11
3,3 ± 0,3
213 ± 21
8,4 ± 0,7

95 ± 6
0,056 ± 0,007

0,88 ± 0,05
21,4 ± 2,0
57,1 ± 2,6

0,34 ± 0,03
0,013 ± 0,001

17,9 ± 1,3

1547
certified value

249 ± 8
124 ± 4

0,026 ± 0,003
10
1

3,7 ± 0,4
218 ± 14

9
98 ± 3

0,060 ± 0,008
0,87 ± 0,03
19,7 ± 1,2

53 ± 4
0,37 ± 0,03

0,015
17,9 ± 0,4

The results of the element content were interpolated (inverse distance weighted
interpolation) using the Geographic Information System ARC-INFO and presented in the
form of color contour maps.

3. RESULTS

The elements Ce, Cr, Fe, La, Li, Nb, Nd, Ni, Pr, Th, U, V and Zr in the mosses
have common distribution patterns, which could indicate a common source of emission.
This is supported by the result of correlation analysis (Fig. 2-4).

We find that Polytrichum formosum shows a greater location-related difference in
element content than Pleurozium schreberi does.

Very little significant intraspecific correlation can be seen between the element
content in the bioindicators tested. Significant correlation is found for Ag, Mn, Nb, Pb,
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Rb, Sr, Tl and Zr. This can be attributed not only to the differing morphology of the
mosses but also to the relatively low level of contamination in the ERN. [1]

The results are compared with other parts of Germany and with Katowice, a
highly-industrialized area in Poland. The current level of contamination in the ERN can be
characterized as low to medium in comparison. Only the content of Al and Ti are
significantly higher in the ERN than in the western part of Germany. The source of these
elements are brown coal mining and fly ash.

4. PLANS FOR FUTURE WORK

Through human activities large amounts of pollutants are emitted into the
environment. Humans are then exposed to these substances, which can have a negative
effect on the health. Little research has gone into the question of whether or not general
environmental pollution causes illnesses, and if so which ones in particular.

In order to discover possible correlation between the frequency of a particular
physical condition and environmental pollution, the element content in biomonitors will
be compared with illness figures.

Hospital records - of released patients and deaths - will serve as a starting point
providing data for the frequency of an illness. The illnesses will be categorized according
to the ICD 9 (International Statistical Classification of Diseases and Related Health
Problems, ninth revision of the WHO). The registered cases will then be categorized
according to sex and age group (0 - < 5, 5 - < 10, 10 - < 15, 15 - < 20, 20 - < 25, 25 -
<30, 30 - <35, 35 - <40 , 40 - <45, 45 - <50 , 50 - <55 , 55 - <60, 60 - < 6 5 , 65 -
<70, 70 - <75 , 75 - <80 , 80 - <85, 85 and older). The numbers of cases will be
calculated to the number of cases per 100,000 persons and these values accordingly
correlated with the element content figures.

It is hoped that possible connections can thus be recognized and researched more
closely in further tests.
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