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ABSTRACT 

 

Accumulation of total mercury by mushrooms, was studied in midle spiš area. This 

area is laden high contents of mercury in the soil. To determine of the contamination of edible 

mushrooms in the middle Spiš, we used samples of different types of edible mushrooms 

(Macrolepiota procera, Lecinum piceinum, Lycoperdon pyriforme, Russula sp. Suillus And 

Grevillea). These fungi were collected in Spišsko Gemerské-rudohorie. Here at the sampling 

point GPS coordinates are. We also carried out the determination of the exchange soil 

reaction: pH (CaCl2), soil humus content and the content of total mercury in the soil horizon 

A (0-15 cm). The concentration of mercury in edible mushrooms was more extreme. The 

highest amount of mercury 176.409821 mg.kg-1. dry matter was determined in Macrolepiota 

procera. Contrast, the lowest measured concentration was 0.091684 mg.kg-1. dry matter for 

species Lecinum piceinum. To determine the concentration of mercury in the samples, we 

used the device AMA 254 (Advanced Mercury Analyser).  
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INTRODUCTION 

 

Mercury (Hg) is released in the atmosphere by natural (e.g.volcanic eruptions, 

forestfires, evaporation from soils and water) and anthropogenic processes (e.g. fossil fuel 

combustion, gold mining, ore roasting and processing) (Swain et al., 2007; Zhang et al., 

2002). In this area especially the activities of the former iron mine Rudňany. (Vilček et al., 

2012). In soils Hg is highly immobile and mainly accumulates in the top layers due to its 

strong affinity to organic matter and soil minerals thereby reducing the concentrations in the 

soil solution (Rieder et al., 2011; Farhana et al., 2005). Therefore the bioavailability of Hg 

in soils is usually low. Accumulation of Hg in soil organisms is important in particular with 

respect to the estimation of the risk of secondary poisoning. Mushrooms are well known to 

accumulate Hg. (Rieder et al., 2011). The results of the soil studies showed a large-surface 

dimension of soil contamination by mercury. This is evident especially in middle Spiš and 

northern areas of Gemer – in the emission areas of Rudňany, where are present also natural 

endogenic geochemical anomalies of siderite and piryt lode systems (the surourdings of 

Rudňany, Gelnica, Krompachy, Slovinky and Markušovce). One of the sources of Hg is also 

evaporation from mining in the Rudňany-Poráč area, from stacks, setling pits, etc. (Vilček et 

al., 2012). The soils of these areas are within Slovakia, but also in europe, among the most 

contaminated with Hg, As, Cu, Zn and Pb (Vilček et al., 2012; Brehuv, 2003).  

Mushrooms are consumed as a delicacy, particularly for their unique aroma and texture. 

Mushrooms do not constitute a significant portion of the human diet, but the consumption of 

wild and cultivated mushrooms has become increasingly popular in recent years. (Melgar et 

al., 2009). The term mushroom will be used for the fruiting body (carpophore, mycocarp), 

mostly above ground, of higher fungi (macrofungi). A fruiting body is formed from spacious 

underground mycelia (hyphae) by the process of fructification. The lifetime of the bulk of 

fruiting bodies is only 10–14 days. (Kalač, 2009; García et al., 2009). The mycelia of 

higherfungi spread over large areas (several square meters) and their relationships with soil 

and dead organic matter and their symbiotic relationship with plant roots allow for intensive 

exchange with substrates. Heavy metal content in many terrestrial fungi correlates with the 

high metal concentration in the soil where they grow, although some authors report higher 

metal concentrations in younger fruiting bodies than in adult ones. This is explained by the 

transport of metal ions from the mycelium to the fruiting body occurring predominantly 

during the start of fructification. During the stages of growth of the fruiting body mass, the 

metal concentration decreases (Kalač and Svoboda, 2000; Melgar et al., 2009 ). 
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Environmental pollution by mercury is an ongoing problem, mercury is found with high 

abundance in the fruiting bodies of some edible mushroom species of both saprophytic and 

mycorrhizal natures (Falandysz et al., 2007). Due to its toxicity, the World Health 

Organization (WHO) established intake guidelines for humans, and set the maximum weekly 

intake by humans of total mercury to 300 µg,. Some species of higher mushrooms, however, 

accumulate in their fruiting bodies levels of mercury that are higher than these limits. 

(Falandysz et al., 2007; Dogan et al., 2006).   

Our objective was to determine the level of mercury contamination in edible 

mushrooms of the middle spiš area, of the safety the food chain. 

 
Figure 1 Points of supply samples of edible fungi and soil found in the districts of Spišská 

nová Ves and Gelnica located in the mountains Volovské vrchy - Spišsko-gemerské rudohorie 
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MATERIAL AND METHODS 

 

Processing of samples 

 

Mushrooms 

 

 Edible mushrooms we collected overall per nine different locations. The sampling site 

coordinates were subtracted using GPS device Garmin GPSmap 60 Cx. The collected samples 

aerial parts of edible mushrooms were cleaned from soil and vegetation. Samples were 

collected during two periods I: 30 July - 1st August 2012  

    II: 1 October - 3rd October 2012. 

Cleaned mushrooms we had to air-dry on filter paper for two weeks. After drying, we 

homogenized mushrooms and set mercury content. 

Soil  

 Fot the removal of soil, we used soil probe Eijkelkamp 2402.0120 Fisher Scientific. 

Before removing the soil we removed vegetation cover. Soil we collected from the outer 

horizon A (0 -15 cm). Sampling was performed in 3 repeatings. Then we let the soil dry bulk. 

After two weeks, we homogenized and sieved soil into fine earth II (particle diameter of 0.125 

mm). 

 

Analytical methods 

 

Determination of exchange reactions in soil CaCl2 (pH/CaCl2) 

 

 Twenty grams of soil samples were taken. Subsequently 40 ml of CaCl2 (c = 0.01 M) 

was added. The suspension was allowed 10 minutes to shake by shaker Heidolphpromax 1020 

at a frequency of 180 oscilation per minute. After shaking and settled solution we filtered 

suspension through filter paper FILTRAK 390. After filtering the suspension, we measured the 

pH of the filtrate to a pH meter Metrohm 691, we calibration aparat to two buffers at pH 4 and 

7. The resulting values were subtracted from pH meter display with two decimal places. 
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Determination of organic carbon and humus in the soil according to Turin and the 

modifications by Nikitin 

 

 Soil organic carbon is oxidized with oxygen in chromo-sulfuric mixture. The amount 

of oxygen consumed in the oxidation is determined by the difference consumed and 

unconsumed chromo-sulfuric mixture. Humus content was found by calculation according to 

the following of relations: 

       [%] 

(a - b) = difference between sample and blank test 

fmohr = accurate substance concentration of Mohr salt 

n = sample weight in g 

      humus content = c ox x 1. 724     [%] 

c ox = percentage of oxidizable carbon 

1. 724 = conversion factor to humus content in the soil sample. 

 

Determination of total mercury content 

 
 To determine the content of total mercury in samples of edible mushrooms and soil, we used 

the same device. AMA 254 (Advanced Mercury Analyser) is special purpose atomic absorption 

spectrophotometer for the determination of mercury. It is designed for direct determination of mercury 

in solid and liquid samples without the need for chemical pretreatment of the sample (mineralization 

etc.). Using the technique of generating a vapor of metallic mercury with subsequent interception and 

enrichment on a gold amalgamator achieves a high sensitivity setting and independence the result of 

determining the sample matrix. All mercury concentrations were expressed in mg kg-1 dry 

matter. 
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RESULTS AND DISCUSSION 

 

Table 1 Content of monitored parameters in samples 
Sampli

ng 
point 

Positions VGS 84 pH 
CaC

l2 

Hum
us 

conte
nt 

Hg in 
soil 

(mg.kg-

1) 

Hg in 
mushroo

ms 
(mg.kg-1) 

Name of 
mushroom 

Ecophysiologi
cal group LAT LON 

1 48°52.4659
2 

 

20°39.4252
98 

 

4.44 2.48 19.9744
83 

35.499367 Russula sp. 
 

Mycorrhizal 

2 48°52.2482
64 

 

20°42.2869
86 

 

3.87 5.33 12.5470
46 

176.40982
1 

Macrolepi
ota 

procera 
 

Saprophyt 

3 48°52.0581
66 

 

20°36.5816
88 

 

4.63 6.6 10.6649
2 

69.602943 Lycoperdo
n 

pyriforme 
 

Saprophyt 

4 48°51.8814
12 

 

20°42.8870
88 

 

3.73 7.32 8.93030
1 

101.34729
8 

Macrolepi
ota 

procera 
 

Saprophyt 

5 48°51.6554
76 

 

20°36.0450
54 

 

5.35 4.05 0.59534 5.44258 Lycoperdo
n 

pyriforme 
 

Saprophyt 

6 48°50.4135
48 

 

20°45.2886
36 

 

5.1 1.75 0.50463
8 

12.424401 Macrolepi
ota 

procera 
 

Saprophyt 

7 48°46.5410
76 

 

20°39.9130
86 

 

7.29 6.29 6.07141
6 

21.303539 Russula sp. 
 

Mycorrhizal 

8 48°48.4159
2 

 

20°31.7250
48 

 

4.37 7.87 1.67752
7 

0.091684 Lecinum 
piceinum 

 

Mycorrhizal 

9 48°53.6007
18 

 

20°26.2176
48 

 

4.61 5.87 0.24264
1 

0.669339 Suillus 
grevillei 

 

Mycorrhizal 

 

The table1 indicates the set values of monitored parameters. In terms of risk to human 

health is the most important naturally contained toxic mercury in edible mushrooms. Our 

Dietary Code does not limit value for mercury content in mushrooms The FAO/WHO set a 

provisional maximum weekly intake of Hg of 4.3μg per kg of body weight, or 0.26 mg Hg 

week− 1 for a person with a body weight of 60 kg. According to the EU (EEC Directive 

2001/22/EC) is the value 5.0 mg. kg-1 dry mater in wild growing mushrooms. In our 

samplesmthe highest observed value was determined for a sample of 2 Macrolepiota procera. 

(176.409821 mg. kg-1). It is a favorite and popular type of mushroom, because this kind of 

consumption can pose significant health risks. Extremely hygienic crossing the limit (0.5 

mg.kg-1) was recorded in a sample of soil on the site of sampling, 12.540 746 mg.kg-1, is a 25 
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times the limit value. Elevated mercury concentrations in fungi indicate (Kalač, 2009), 

(Svoboda et al., 2006), (Falandysz et al., 2002). Low and tolerable concentrations of 

mercury were found only in two samples of number 8 (0.091684 mg.kg-1) species Lecinum 

piceinum and number 9 (0.669339 mg.kg-1) at species Suillus grevillea. In saprofyt types were 

determined higher concentrations of mercury than in the mycorrhyzals species. Same results 

were also recorded by (Melgar et al., 2009; Borovička, 2007). Mushrooms were collected in 

extremely contamined area which is documented by the fact that only one sample of soil 

meets the hygienic limit. It is a sample number 9. 

 

 
Figure 2 Dependence of mercury in mushrooms from its content in the soil 

 

 

Figure 3 Dependence of mercury in mushrooms from humus content 
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Figures 2 and 3 document the positive linear dependence of mercury in mushrooms 

from the mercury content in the soil, which is mainly bound to organic matter of the soil. 

Mushrooms receive necessary nutrients and energy just breaking down organic matter. 

Similar conclusions are made by (Ravichandran, 2004) and (Rieder et al., 2011). 

 

CONCLUSION 

 

It should be noted that mushrooms, especially saprophytes species are important 

hyperaccumulator of mercury. Therefore, in areas such as Spiš – gemerské rudohorie, which 

are heavily contaminated with mercury and other heavy metals. We do not recommend 

frequent or increased consumption of wild mushrooms, especially high-risk groups of the 

population. We found that in our study, samples from this area may appear to extreme levels 

of mercury in edible mushrooms. These values reached mushroom samples 1-7. 176.409821 

mg. kg-1 in species Macrolepiota procera to 5.44258 mg. kg – 1 in species Lycoperdon 

pyriforme. We found that the Hg content in mushrooms is dependent on the content of Hg in 

the soil and the humus content in the soil. Other factors that influence the content of Hg in 

edible mushrooms are also Ecophysiological group, we observed a higher accumulation in 

saprophyt species. The young fruiting bodies of mushrooms contain more mercury than the 

old. Weather conditions have influence on it, too. 
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