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Abstract 

Four elements were determined in wild growing mushrooms collected in the vicinity of two metal smelters up to a 
distance of 6 km between 1990 and 1993. The smelters in eastern Slovakia are 15 km apart. Elements were 
determined by atomic absorption spectrometry in 113 samples of 34 species. The values observed in mushrooms from 
different parts of Bohemia were used as the background levels. Concentrations of mercury were extremely high in 
mushrooms grown in the mercury smelter area, especially those in Lepiotuproceru with mean and maximal values of 
119 and 200 mg kg-’ dry matter, respectively. Considerably elevated mercury concentrations were also found in the 
copper smelter area, especially in Lepistu nudu with a mean value 84.7 mg kg-’ dry matter. In both species there 
were also increased copper concentrations exceeding 200 mg kg -’ dry matter and in the copper smelter area there 
were high lead values in Lepiotuproceru and Lepista nuda at 26.4 and 15.3 mg kg-’ dry matter, respectively. Mean 
cadmium concentrations were also increased in the copper smelter area, but with values < 7 mg kg-’ dry matter. 
Thus, the mushrooms from both areas should not be consumed at all. 
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smelter vicinity 

1. Introduction 

Our previous studies [1,2] support the results of 
numerous other studies that fruiting bodies of 
many mushroom species accumulate considerable 
amounts of mercury, cadmium lead, and copper. 
The element concentrations are primarily 
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species-dependent. It has been rather difficult to 
determine the effects of environmental factors on 
the concentrations of elements. There is a con- 
sensus that mushroom fruiting bodies are not the 
appropriate bioindicator for the rate of environ- 
mental contamination by heavy metals [31. In the 
close vicinity of a lead smelter considerably ele- 
vated concentrations of lead, cadmium and mer- 
cury were found in most of the tested mushroom 
species [4]. The latter results gave rise to the 
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present study of several elements in the fruiting 
bodies of edible mushrooms grown in the emis- 
sion area of a mercury smelter and a copper 
smelter. Wild mushrooms have been a favourite 
delicacy in many countries of Central and Eastern 
Europe, and annual consumption exceeding 10 kg 
may be achieved by some individuals. 

2. Materials and methods 

The study was carried out in eastern Slovakia 
in the vicinity of two smelters-15 km apart (Fig. 
1). The mercury smelter at Rudnany near SpiSskd 
No& Ves is situated 45 km northwest of KoGce, 
and the copper smelter at Krompachy is 35 km 
northwest of KoSice. Both smelters are located in 
the Slovak ore-yielding mountain area, where po- 
@metallic ores have been exploited and smelted 
since the Bronze Age; iron, copper, and silver 
were produced with great development during the 
Middle Ages. 

About 0.7-l million tons of iron ore have been 
mined annually in the Rudiiany area since the 
1960s. Mercury has been produced with iron and 
copper from a sulphide concentrate. A composite 
plant has operated since 1963 and the smelter 
since 1969. Emissions were very high and reached 
about 4 tons of mercury annually until 1990 - 
then decreased to 1.1 t in 1992; both plants were 

closed in 1993. Mercury was released in vapour 
form and as a component of dust in its mineral 
forms. The factory complex and smelter plants 
have stacks 80 m and 60 m high, respectively. 
However, these emissions account for only a 
limited proportion of an estimated 30000 t of 
mercury released into the environment during 
seven centuries of polymetallic ore mining in the 
region. 

Small-scale copper smelters were operated in 
the Krompachy area for several centuries. The 
present smelter, with a stack height of 200 m, 
operated between 1937 and 1945 and again since 
1951. It has processed ore concentrates and recy- 
cled copper materials. Annual copper emissions 
have been between 40 and 55 t, and lead emis- 
sions decreased from some 50 t to 20 t since 1990. 

Both smelters are situated in valleys of sub- 
montane areas covered with forests. The prevail- 
ing winds are northwesterly and westerly. Tem- 
perature inversions are frequent as well as fog 
(150 nights and 50 days annually). Exposure of 
the area to mercury pollution for centuries is 
reflected in high contamination of soils. Mercury 
concentrations in the greater part of the area 
shown in Fig. 1 surpass 3 mg kg- ‘, and in the 
other parts they are between 1.5 and 3 mg kg-‘. 

The fruiting bodies of mushrooms (Busidiomy- 
cetes) were collected between 1990 and 1993 up to 
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Fig. 1. Map of study area. Sites where mushrooms were collected are designated (X). 
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Table 1 
Metal concentrations (mg kg-’ dry matter) in fruiting bodies of mushrooms from the copper smelter area at Krompachy 

253 

Species n Hg CU Cd Pb 

x SX X max x SX xmax X SX XlT%X X SX XlWd, 

Boletus edulis 5 32.4 19.2 62.5 66.4 24.1 107 6.58 3.53 11.5 3.03 3.25 8.73 
Boletus (Xerocomus) badius 9 5.20 3.50 10.9 42.5 10.2 56.8 3.78 3.58 12.4 4.34 2.79 9.59 
Boletus (Suillus) luteus 5 2.49 2.11 6.13 44.4 14.9 59.6 0.90 0.69 1.68 3.00 1.36 5.43 
Boletus chrysentereon 3 1.86 0.37 2.13 93.5 88.2 195 9.13 7.62 15.9 2.72 2.00 5.01 
Boletus scaber 6 2.90 2.96 6.82 26.3 14.5 53.5 1.44 1.26 3.76 1.10 0.34 1.43 
Boletus carpini 5 2.67 1.17 4.12 44.6 23.7 91.7 3.58 2.41 7.75 4.37 1.79 5.96 
Lepiota (Macrolepiota)procera 10 29.3 25.2 93.6 236 71.3 363 5.92 4.00 14.0 26.4 27.3 95.7 
Lepista nudu 4 84.7 36.2 109 231 85.2 343 3.25 1.17 4.72 15.3 5.55 19.2 
Russula cyanoxantha 7 9.23 8.36 25.2 59.8 17.6 77.9 3.07 5.70 15.9 5.23 3.11 8.56 
Lactariuspinicola 3 7.32 5.48 13.5 23.4 3.23 27.0 5.27 4.27 10.2 1.71 0.30 2.02 
Lactatius piperatus 3 36.5 5.77 42.7 76.4 8.35 82.0 3.80 1.94 2.81 2.55 0.38 2.91 

a distance of 6 km from the smelters in conifer- 
ous and mixed forests with prevailing spruce 
(Picea abies) at an elevation of between 400 and 
800 m above sea level. 

Samples were cleaned in the same manner as 
used for culinary purposes, cut and dried at tem- 
peratures not exceeding 50°C. After homogeniza- 
tion approximately 10 g of the samples for cop- 
per, cadmium and lead analyses were ashed in an 
oven at 430-450°C for 15-20 h. Losses during 
ashing were l-4% for Cd and Cu and up to 2% 
for Pb. Ashed material was dissolved in 5 ml 
concentrated HNO,, evaporated to dryness, 
heated again to 45O”C, dissolved in HNO, and 
diluted with redistilled water to a total volume of 
50 cm3 and a final HNO, concentration of 0.9%. 
The analyses were conducted in duplicate with 
differences between measurements of - 3% for 
lead and copper and - 5% for cadmium. 

A SpectrAA 1OBQ (Varian Techtron, Aus- 
tralia) was used for atomic absorption spectrome- 
try measurements at wavelengths of 217.0 nm for 
Pb, 228.8 nm for Cd and 324.8 nm for Cu with 
sensitivities ( pg cmW3) of 0.15 for Pb, 0.008 for 
Cd and 0.02 for Cu using flame atomization 
(air/acetylene). Electrothermic atomization was 
used for several samples with only very low lead 
concentrations. 

Mercury was determined in the homogenized 
dried samples (0.1-0.2 g) using a cold-vapour 
AAS analyzer (TMA-254, VSCHT, Prague) with a 
detection limit of 10 ng Hg g-i. Mean differences 

between duplicates were 2%. Blank background 
levels were below the detection limits for all 
determined elements. 

The green alga Chlorella Kessleri P-ACHK (In- 
stitute of Radioecology and Applied Nuclear 
Techniques, KoSice, Slovakia) was used as the 
reference. material. Differences between experi- 
mentally determined and certified concentrations 
were up to 3% for Cu and up to 7% for Hg, Cd 
and Pb. 

Correlation between concentrations of the met- 
als were tested by regression analysis. 

3. Results and discussion 

Element concentrations in the mushroom 
species, when at least three samples were anal- 
ysed, are given in Tables 1 and 2. Data for species 
with only one or two samples available, whose 
concentrations of mercury, copper, cadmium, and 
lead exceeded levels of 5, 100, 3 and 10 mg kg-’ 
dry matter, respectively, are given in Tables 3 and 
4. The concentration of copper in CalLvltiu ensi- 
fonnis (Table 4) was 247 mg kg-’ dry matter. 
Data for 103 samples of 28 species are given in 
Tables l-4. In addition, 10 samples of Boletus 
subtomentosus, B. grevdlei, B. granulatus, B. MY- 
sipellis, Cantharellus cibarius, Russula kescens, and 
Armillaria mellea from the copper smelter area 
were analysed. Their Hg, Cu, Cd and Pb concen- 
trations were below the levels of 5, 100, 3 and 10 
mg kg-’ dry matter, respectively. 
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Table 2 
Metal concentrations (mg kg-’ dry matter) in fruiting bodies of mushrooms from the mercury smelter area at Rudnany 

Species 

Boletus scaber 6 14 .9 4.42 20.0 24.9 5.31 29.9 0.50 0.43 1.27 ND 
Lepiota pmcera 3 119 71.0 200 281 4.0 318 2.14 1.14 3.45 2.84 - 4.57 
Lactarius deliciosw 3 23.0 13.5 31.3 22.9 3.44 25.8 1.27 1.46 2.96 ND 

ND, concentrations below the detection limit. 

Great variations in the concentrations of all 
metals may be seen in nearly all species given in 
Tables 1 and 2. In particular, mushroom species, 
distance and direction from the point sources of 
emissions, and age of mycelium should be con- 
sidered. The latter factor seems to be of great 
importance [31. Unfortunately, it was not possible 
to determine its effect in this work nor the effect 
of different distances and directions from the 
emission sources because of the small number of 
samples collected within the individual species. 

Correlation coefficients were calculated for all 
pairs of the metals in four species with at least 
nine samples. The only significant linear correla- 
tion was found for Cd-Pb in Lepiota procera 
(P < 0.001). 

Extremely high mercury concentrations were 
found in most of the species in the mercury 
smelter area at Rudiiany (Tables 2,4). Remark- 
able values were those found in frequently con- 
sumed Lepiota procera with maximum 200 mg 
kg- ’ dry matter which is similar to the maximal 

mercury value in mushrooms (217 mg kg-’ dry 
matter) found in Agaricus bitorquis in the Swiss 
town of Nyon [S]. Nevertheless, high mercury 
concentrations were also observed in mushrooms 
in the copper smelter area at Krompachy (Tables 
1,3). These levels are considerably higher than 
those in mushrooms collected from different ar- 
eas of Bohemia [1,2] with no geochemical or point 
sources of pollution, hence are taken as back- 
ground levels (Fig. 2). Similar values to those 
from Bohemia were found in some European 
countries [6-81. Comparably high concentrations 
were however observed in mushrooms in the 
vicinity of a Japanese plant producing acetalde- 
hyde, using mercury salts as a catalyst [9,10]. A 
very high bioconcentration factor of 30-500 
between fruiting body and substrate was reported, 
but with no significant linear correlation. 

According to FAO/WHO [ill, the acceptable 
weekly intake of mercury for an adult is 0.3 mg, 
of which a maximum of 0.2 mg can be in the form 
of the toxic methylmercury. However, its occur- 

Table 3 
Metal concentrations (mg kg-’ dry matter) exceeding given levels in mushroom species with only one or two samples from copper 
smelter area at Krompachy 

Species 

Boletus aurantiacus 
Boletus rubellus 
Agaricus arwnsis 
Agaricus campestris 
Armillatia obscure 
Armillatia tabescens 
Pleutvtus ostwatus 
Cmterellus comucopioides 
Hystemngium grawolens 
Lycopenion perlatum 

n 
- 
2 
1 
2 
1 
1 
1 
2 
1 
2 
2 

Hg > 5 cu > 100 Cd>3 Pb > 10 

5.03,9.09 
9.69 
116,17.5 
6.40 
- 
- 
47.9,15.4 
- 
107,23.2 
20.7,18.5 

- - - 
101 4.73 - 
494,120 4.86,3.11 13.5, - 
- 12.6 - 
- 4.47 - 
- 4.55 - 
- 5.36, - - 
- - 14.5 
524,265 10.4,4.17 92.6, - 
188,177 3.86,7.59 40.6,32.6 
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Table 4 
Mercury concentrations (mg kg-’ dry matter) in mushroom 
species with only one or two samples from mercury smelter 
area at Rudnany 

Species n Hg 

Boletus badius 2 34.1,lO.S 
Boletus luteus 2 17.6,13.1 
Boletus aurantiacus 1 12.4 
Russula cyanoxantha 2 71.416.9 
Russ&a oliuacea 1 112 
Russula nigticans 1 31.8 
Russula aeruginea 1 26.1 
Lactarius deterritnus 1 19.2 
Lactarius piperatus 1 71.0 
Cantharellus cibarius 1 30.5 
Hydnum rufescens 2 55.2,33.4 
Calwtia utrifonnis 1 120 

Considerably elevated copper concentrations as 
compared to samples from Bohemia were found 
in Lepiota procera and Lepista nuda (Fig. 3). The 
differences seem to be insignificant in other 
species. The Czech and Slovak safe minimum 
limit of 250 mg kg- ’ dry matter was exceeded in 
several samples of Lepiota procera, Lepista nuda 
and also in Hysterangium grawolens and Agaricus 
aruensis. Elevated copper concentrations, con- 
siderably higher than those in vegetables, should 
be considered as a nutritional source of the ele- 
ment. Nevertheless for man, bioavailability from 
mushrooms was reported to be low due to limited 
absorption from the small intestine [13]. An acid 
peptide increasing copper absorption from the 
small intestine was however isolated from GrifoZu 
frondosa [14]. 

rence in mushrooms has been reported to be low, Elevated concentrations of cadmium were 
usually only a few percent of the total mercury found in the copper smelter area at Krompachy 
content [7,121. Seeger [3] reviewed the mercury (Tables 1,3 and Fig. 4). This is very high in widely 
occurrence in mushrooms and proposed that up consumed Boletus edulis and Lepiota procera, and 
to 2 mg kg-’ dry matter was safe. That limit is probably also in Boletus chlysentereon and B. 
exceeded in nearly all samples from both areas. badius. A large number of mushroom species 
The Czech and Slovak safe minimum limit is only have an ability to accumulate cadmium from sub- 
0.5 mg kg-’ dry matter. strates [15-171. Cadmium levels in soils have ex- 

120 

100 

80 

60 
40 

20 

0 

Fig. 2. Comparison of mean concentrations of mercury (mg kg-’ d ry matter) in six species of mushroom from Rudhany (A - 
mercury smelter area), Krompachy (B - copper smelter area) and Bohemia (C - background); 1, Boletus edulis; 2, Bolerus badius; 
3, Boletus scaber; 4, Lepiota procera; 5, Lepista nuda; 6, Russula cyanoxantha. 
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Fig. 3. Comparison of mean concentrations of copper (mg kg -’ dry matter) in mushrooms from Rudtiany (A), Krompachy (B) and 
Bohemia (C); 1, Bole&s edulis; 2, Bole&s bad&; 3, Boletus scaber; 4, Lepiota procem; 5, Lepista nuda; 6, Russula qanoxantha. 

ceeded 50 mg kg-’ at some sites in the study 
area. 

The Czech and Slovak safe minimum limit for 
cadmium in mushrooms is 0.5 mg kg-’ dry mat- 

ter. According to FAO/WHO [ll], the accept- 
able weekly intake for an adult is 0.5 mg. The 
observed concentrations are higher than those 
given by Seeger [3,18]. While Schellmann et al. 

Fig. 4. Comparison of mean concentrations of cadmium (mg kg -’ dry matter) in mushrooms from Rudiiany (A), Krompachy (B) 
and Bohemia (C); 1, Boletus edulis; 2, Bole&s bad&; 3, Boletus scaber; 4, Lepiota procera; 5, Lepista nuda; 6, Russula cyanaratiha. 
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Fig. 5. Comparison of mean concentrations of lead (mg kg-’ dry matter) in mushrooms from Krompachy (B) and Bohemia (0; 1, 
Boletus edulis; 2, Boletus badius; 3, Boletus scaber; 4, Lepiota procem; 5, Lepista nuda; 6, Russula cyanoxantha. 

[13] reported low cadmium bioavailability from 
mushrooms, later studies [19,20] observed high 
absorption of cadmium, hence mushrooms may 
pose a health risk. 

In the same area, we found high concentrations 
of lead again in Lepiotaprocera and Lepista nuda, 
the species known to be lead accumulators, and 
also in several less-consumed species (Table 3 
and Fig. 5). The Czech and Slovak safe minimum 
limit is 5 mg Pb kg-’ dry matter The acceptable 
weekly intake for an adult is 3 mg Pb [ill. 

4. Conclusions 

In both study areas, the fruiting bodies of most 
edible mushrooms have high mercury concentra- 
tions and should not be consumed at all. More- 
over, in the copper smelter area mushrooms are 
also contaminated with cadmium and in some 
species also with lead and copper. Elevated con- 
centrations of arsenic are also suspected. It may 
be expected that contamination also exceeds the 
acceptable concentration limits in mushrooms 
grown at sites > 6 km distance from the smelters. 
This is a different situation from that around a 
lead smelter where the risk area only extended up 

to a distance of 6 km [4]. The effects of geochemi- 
cal composition of substrates and of emissions 
from the smelters during the last decades and 
during the mining history cannot be differenti- 
ated from our results. 
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