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S u m m a r y

PEINTNER U. & MOSER M. 1996. Survey of heavy metal deposition at the Schulterberg
(Achenkirch Altitude Profiles) by using basidiomycetes as bioindicators.- Phyton (Horn, Austria)
36(4): 155- 162.

In the course of an interdisciplinary study on the Schulterberg in Achenkirch (Tyrol,
Austria), fleshy fruitbodies of 33 basidiomycetes species were collected, and their heavy metal
concentrations (Cd, Cu, Pb, Zn) measured. The measured lead concentrations (range: 0.1-232 ug/g
dry weight, median: 10 ug/g dw) were much higher than those reported from other investigations.
The basidiomatal stipes showed the highest absorption of lead, i.e. a 2 to 8-fold increase of lead
compared to the extractable soil content. The cadmium values varied between 0.1 and 85 u.g/g dw
(median 4.8 u.g/g dw) and were remarkably high for alpine areas. Moreover this element was
accumulated by the basidiomatal caps by the factor 10-35. Zinc levels (2-385 u.g/g dw) seemed to
be normal, this element was also enriched in the caps by factors between 15 and 20. Compared to
soil copper is accumulated in the caps to a very high degree (700 fold). It is, however - compared to
other results - still a relatively very low amount (1-121 |ag/g dw).

Furthermore, different taxa were examined for their use as bioindicators. The results
suggest that some species of the genus Cortinarius could be suitable for the bioindication of
cadmium, zinc and copper. The specific accumulation patterns of the different taxa are still unclear.
More detailed information about the constancy of their accumulation behaviour is required.

I n t r o d u c t i o n

Basidiomycetes.are known to accumulate heavy metals in their mycelia
and basidiomata (= fruit bodies) (TYLER 1982, DIETL 1987, SCHMITT 1987, GAST &

Institute of Microbiology, Leopold Franzens Universitât Innsbruck, Technikerstr. 2-5, A-
6020 Innsbruck, Austria.
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al. 1988, ZABOVSKI & al. 1990). This property can be used for bioindication. The
aim of this study was to survey the heavy metal situation in an Alpine valley and to
find fungal taxa suitable for bioindication of heavy metal depositions especially in
limestone areas.

M a t e r i a l s a n d M e t h o d s

S a m p l i n g o f B a s i d i o m y c e t e s
Fungi were collected from September 1991 to October 1993 on the Schulterberg north

slope from 840 m to 1685 m a.s.l. At the same locations soil samples were taken by MUTSCH 1995.
For further descriptions of the sample sites see ENGLISCH 1992, MUTSCH 1994, ENGLISCH &
STARLINGER 1995, MARGL 1995, PEINTNER & MOSER 1995a.

Fungal species functioning as bioindicators must be frequent, and form fleshy
basidiomata, as at least 0,5 g dry weight (=dw) material is required for heavy metal analysis. Basing
on the results of the mycological study performed in this area (PEINTNER & MOSER 1996) the heavy
metal content of 33 species which fulfilled these requirements for potential bioindicators were
determined by measuring 245 collections. Collections (at least 2 basidiomata) were made of fungi
of the same species fruiting on an area of 1 m2 maximum. Visible soil particels were cleaned off in
the field. The samples were dried at 40°C.

P r e p a r a t i o n o f t h e s a m p l e s
The collections were pulverized by crushing them between two sheets of clean paper.

Then they were dried at 105°C again. Samples of 1 g dry weight were added to 5 ml of perchloric
acid. The decomposition was effected by using a heating block at 185°C. The solutions were diluted
to a volume of 50 ml.

C h e m i c a l a n a l y s i s
The concentrations of Cd, Cu, Pb and Zn were determined by an atomic absorption

spectrometer with a graphite furnance (Perkin Elmer HGA-400 2380) and/or a polarografic
analysator (Metrohm 646 VA Processor). A comparision of the two methods showed corresponding
results.

R e s u l t s a n d D i s c u s s i o n

The accumulation or exclusion of heavy metals in basidiomata depends on
two factors: the fungal species and the chemical element (Table 1).

C a d m i u m
The cadmium values of the 33 basidiomycetes varied between 0.1 and

85 (j.g/g dw with a median of 4.8 u.g/g dw. Compared with the (for plants available)
Cd concentrations of the soil (MUTSCH 1995) all 33 fungal taxa accumulated
cadmium. This element was accumulated in the basidiomatal caps with a factor 10-
35, that is twice as much as in the stipes. Species with the highest concentrations
were Tricholoma saponaceum, Cortinarius anomalus and C. infractus.
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C o p p e r
The copper content varied from 1-121 jig/g dw with a median of

29 fj.g/g dw. This element was accumulated to a very high degree (700-fold) noting
that the concentrations in the fruit body caps had twice the concentration of the
stipes. The highest concentrations of copper were measured in Lycoperdon
foetidum, Lactarius lignyotus and Cortinarius anomalus.

L e a d
Lead was the only element that showed higher values in the basidiomatal

stipes than in the caps, where it was enriched by the factor two to 8. The measured
lead content ranged from 0.1-232 u,g/g dw (median: 10 u,g/g dw), the highest values
were found in Cortinarius venetus, C. odorifer and Thcholoma vaccinum.

Z i n c
The zinc concentrations of the 33 fungal species varied between 2-

385 u,g/g dw (median 141 u,g/g dw) in the caps; in this part of the fruitbodies the
values were twice as high as in the stipes. The accumulation factor was 15-20-fold
in the caps. Lactarius lignyotus, Cortinarius anomalus und Tricholoma
saponaceum had the highest zinc values.

Table 1. Heavy metal content (mean value and median) of 33 basidiomycetes collected on

the Schulterberg (Achenkirch, Austria). The Cd, Cu, Pb, Zn values are given for the basidiomatal

cap and stipe, or for the whole fruit body (= fb). n = number of measured collections.
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stipe

cap

stipe

ii

1

1

3

4

2

2

1

1

1

1

3

2

17

14

19

19

8

8

5

5

Cd

mcdiiin
10.0

23.5

7.8

10.2

2.0
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2.0

25.1

7.6

36.2

10.9
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15.0

7.0
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5.9

10.5
26.0

4.0

8.0
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7.9

7.1
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51.0

216.3

97.3
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96.1
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75.5
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tab. cont. D
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L.pyriforme

cap

stipe

cap

stipe

fb
cap

stipe

cap

stipe

fb

fb

cap

cap

stipe

cap

stipe

stipe

cap

stipe

cap

stipe

cap

stipe

cap

stipe

fb

cap
stipe

cap
stipe

cap

stipe

cap

stipe

cap

stipe

fb

fb

n

1

1

8

9

3

1
1

2

2

1
1

1

1

1

12

12
1

4

4
1

1

3

3

8

7
1

1

1
1

1

4

4

9

10

1

1

2

2

Cd
median

7.3

3.6
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16.0

14.5
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62.0

2.0

12.0
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7.0
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12.0
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34.0
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0.6
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2.4

5.0
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15.8
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1.8

1.3

1.5
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7.6
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3.9
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1.7

13.0

11.8

Zn
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69.0

141.8
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53.0
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95.0
272.5
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36.0

90.0

45.0
150.9

96.4

56.5

49.8

47.0

225.0

92.0

101.0

93.0

55.0

53.5

63.5

77.0

2.0

145.0

87.0
171.4

221.9

127.9

64.7

225.0

175.0

112.6

Zn
mean

95.5

69.0

146.8
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55.3

133.0

95.0
272.5

204.0

150.0

165.0

36.0

90.0

45.0

163.5

93.7

56.5

59.3

55.3

225.0

92.0

100.7

86.3

76.6

50.1

63.5

77.0

2.0

145.0

87.0

185.0

234.6

129.6

69.1

225.0

175.0

112.6

F u n g i as f o o d
Most people appreciate fungi as part of their food. Neither in Austria, nor

in Germany legal limits concerning maximal heavy metal concentrations of "wild
mushrooms" exist. According to the Austrian legal papers "Erlâsse des
Bundesministeriums fur Gesundheit. Sport und Konsumentenschutz" the
recommended values for commercially produced mushrooms are 1 ug/g dw lead
and 0.5 |ag/g dw cadmium. These recommended values can be exceeded to 100 %.
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Only 5 of the 3-3 investigated: fungal species showed concentrations below this
tolerated values. However most of the basidiomycetes contained much higher
amounts of lead or cadmium. Therefore we would like to draw attention to the fact
that excessive consumption of "wild mushrooms" can be hazardous to health.

Comparing the results with heavy metal measurements in other
European areas

Measuring the heavy metal content of basidiomata can be a suitable
method of surveying the impact of pollution, on condition that at least 8-10
different fungal species are investigated with enough samples (GAST & al. 1988).
Comparison of the Achenkirch data with data available about other European areas
showed: the lead concentrations measured in the Schulterberg area were very high
compared to values from Italy (BORELLA & al. 1991. BERTANI & al. 1990). Sweden
(TYLER 1980. 1982). Switzerland (IRLET & RIEDER 1985). Poland (GRZYBEK 1991-
92). Belgium (GAST & al. 1988) Tschechoslovakia (TURNAU 1991). and to
international standard values (SCHMITT 1987). The cadmium values were high too.
especially for alpine environments: only the cadmium content of fungi from
Belgium and The Netherlands were slightly higher. The zinc values in the
Achenkirch area can be regarded as normal, while the copper values are the lowest
values known so far in Europe.

Heavy metals in fungi compared with other measurements of heavy
metals in the Achenkirch area

As part of the "Studies of Ecosystems in the Limestone Alps" other
investigations on heavy metal pollution in the Achenkirch area have been carried
out (SMIDT & al. 1994).

The measurements in fungi indicate an evident pollution with lead and a
comparably high amount of cadmium. Other investigations carried out in the
Achenkirch area showed corresponding results:

MUTSCH 1995 studied the same sample sites where our mushrooms were
collected measuring the heavy metal content of the soil. The high amount of mobile
lead in the soil indicated inputs from atmospheric far-distance transport. No
significant altitudinal gradient could be found.

HERMAN 1995 examinated the concentrations of Pb and Cd in spruce
needles. Their values of lead did not indicate a pollution. Also the cadmium
concentrations were predominantly low. only in the needles of the uppermost
sample areas in Achenkirch a beginning impact could be assumed.

The concentrations of lead and cadmium in the bark of spruce (HERMAN
1992) varied greatly and showed signs of pollution, particularly in the uppermost
sample plots of the Christlum Altitude Profile.

The concentrations of heavy metals in mosses, measured by ZECHMEISTER
1995 in the area showed a marked increase in the deposited amounts of heavy
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metals with increasing altitude. The mean concentrations were clearly higher than
those of other Austrian sample sites.

Fungi - today widely accepted as separate regnum - usually accumulate
heavy metals to a much higher degree than plants do: Basidiomycetes showed
twice the zinc concentrations. 4-7 times the copper concentrations and up to 10
times the cadmium concentration found in mosses collected at the same site. On the
other hand lead is accumulated in mosses 2-4 times more than in fungi. Spruce
needles and bark seem not to accumulate lead and cadmium to a degree comparable
to mosses or fungi.

Thus, fungi can be regarded as very sensitive accumulating bioindicators
for cadmium, zinc and copper; lead is - compared to the extractable soil content -
accumulated 2-8 times only. Mushrooms are suitable organisms for a survey of
heavy metal deposition.

B a s i d i o m y c e t e s a s b i o i n d i c a t o r s fo r h e a v y m e t a l s
Bioindicators for cadmium and lead should be those fungal species which

accumulate both elements at a high degree. A surprising result of the present
investigation was. that of the 33 studied taxa particularly mycorrhiza forming fungi
of the genus Cortinarius showed this abilities. Cortinarius anomalus. C. venetus.
C. infractus. C. variecolor and C. odorifer could be suitable bioindicators.

But more detailed information about the mechanisms and constancy of
their accumulation behaviour is required. The present state of kowledge is. that the
accumulation patterns of different heavy metals vary within different fungal
species. For the following reasons little is known yet about the accumulation
behaviour of basidiomycetes: heavy metals are. like nutrients, absorbed by the
mycelia growing in the soil. The mechanisms by which some species accumulate
certain elements but exclude others are still unclear. As the mycelium in its natural
habitat usually cannot be observed, we only can measure the heavy metal
concentrations of the basidiomata produced by this mycelium. Therefore it is
impossible to establish the period, in which heavy metals have been accumulated
by the mycelium, as we usually do not know anything about its age and extension.
Maybe just exactly for this reason - namely that mycelia accumulate heavy metals
over a wide area and a relatively long time - fungi have the adventage to be very
sensitive accumulation indicators.
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