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AB STRACT

Introduction. Intake of wild growing edible mushroom in selected regions of Europe (especially East and 
Central Europe) is signifi cant. Additionally, mushrooms are able to accumulation many times higher amounts 
of nutritional and toxic elements than plants, therefore knowledge on their concentration levels and changes 
in their content is important for human health.
Material and methods. Eleven biologically important (Ca, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, Zn) and fi ve 
toxic elements (Al, Ba, Cd, Hg, Pb) were determined in twenty three fruiting bodies of edible wild growing 
mushroom species. The tested mushroom species: were collected from selected places located practically 
throughout Poland. Effi ciency of element accumulation in mushrooms and soils were analysed by fl ame 
atomic absorption spectrometry (FAAS) and atomic emission spectrometry (AES).
Results. The highest concentrations for K, Mg, Na, Zn and Fe and signifi cantly lower concentrations of Ba, 
Cd, Co, Hg, Ni, Pb and Sr were observed. Additionally, signifi cant lower accumulations of elements by the 
lamellar were found in comparison to the tubular fungi.
Conclusion. Based on presented results in our opinion an occasional intake of the analysed mushrooms is not 
dangerous to humans. Of course, some toxic elements (Hg or Pb) are accumulated in human organs, but these 
elements are provided also with other foodstuffs (vegetables, fruits, meat) or drinks.
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Fungi represent a large group of eukaryotic organ-
isms that includes microorganisms (yeasts and moulds) 
and fl eshy familiar mushrooms (macrofungi, macromy-
cetes, higher fungi). These organisms, classifi ed as the 

kingdom of Fungi, are separate from plants, animals, 
and bacteria. They are found in every environment and 
play important roles in most ecosystems. Along with 
bacteria, fungi are the major decomposers in soil, and 
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therefore they hold a key role in biogeochemical cy-
cles [Gadd 2007], such as nutrient cycling (especially 
as saprotrophs and symbionts) and degradation of or-
ganic matter to inorganic molecules, which may be 
introduced again into metabolic pathways in plants or 
other organisms. In addition, from tens of thousands of 
fungal species worldwide, around 4000 are edible and 
they are very popular and readily used by people. Ed-
ible wild mushrooms are characterised by low calorie 
content, high contents of vegetable proteins, vitamins, 
and minerals, they are valuable health-promoting foods 
[Racz et al. 1996, Kula et al. 2011]. The consumption of 
wild edible mushrooms is high, even in the developed 
world, due to their unique taste, which is used exten-
sively in cooking, in many traditional cuisines (notably 
Chinese, Korean, European and Japanese) [Chudzyński 
et al. 2011]. Wild mushroom species can be regarded as 
healthy foods in well-balanced diets due to their con-
tents of functional minerals and nutrients. Mushrooms 
are good sources of protein and carbohydrates and their 
nutritional contents are comparable to most legumes 
and meat [Kalač 2009]. Moreover, they can also be 
used in low-calorie diets for their low contents of fat. It 
was reported that trace element concentrations in mush-
rooms are signifi cantly higher than those in agricultural 
crop plants, vegetables or fruits [Kalyoncu et al. 2010]. 
Elements can be divided into two groups, i.e. major ele-
ments and trace elements. Major elements include Na, 
K, Ca, Mg, Cl, P and S and their recommended daily 
intake is more than 50 mg/day. Trace elements Fe, I, Fe, 
Zn, Se, Cu, Mn, Cr, Mo, Co, Ni are needed at less than 
50 mg/day [Ismail et al. 2011].

Despite the fact that mushrooms contain a wide 
spectrum of elements and organic substances, they also 
contain  problematic heavy metals presented in envi-
ronment. What is more, wild edible mushrooms are 
mainly collected from city lawns and parks, roadside 
forests and industrial sites [Falandysz et al. 2001], due 
to the fact that mushroom picking is an attractive form 
of recreation [Chudzyński et al. 2011]. Particularly 
the above mentioned areas are exposed to pollution 
with various elements, thus the mushrooms are unsuit-
able for human consumption [Falandysz et al. 2001, 
Chudzyński et al. 2011]. Furthermore, recently pre-
sented data showed that some mushrooms were found 
to be effi cient accumulators and even hyperaccumu-
lators of noble metals such as Au and Ag, as it was 

observed in Amanitas mushrooms (Amanita submem-
branacea and Amanita strobiliformis) or the Agaricus 
mushrooms [Borovička et al. 2005, 2009, Borovička 
and Ránda 2007]. Also certain species of mushrooms 
contain high concentrations of Pb, Cd, Cr, Ni, Mn, 
Fe, As and Hg, which is potentially harmful to human 
health. This fact is all-important, since previously pre-
sented data [Falandysz et al. 2003, Kula et al. 2011] 
indicated that although the degree of heavy metal pol-
lution of soil is low, metal concentrations in mush-
rooms may be relatively high. However, the uptake 
and presence of heavy metals in fruiting bodies depend 
on genetic factors in individual species [Gadd 2003, 
2004, Campos et al. 2009, 2011], environmental condi-
tions and the region of growth [Chudzyński et al. 2011, 
Falandysz et al. 2012, Mleczek et al. 2013]. It should 
also be remembered that soil is a factor that highly de-
termines the concentration of elements in sporocarps 
of fungi, especially metals. The concentrations of ele-
ments in fruiting bodies collected from polluted sites 
are considerably higher compared to other plants, due 
to their effective uptake and bioaccumulation of the 
toxic elements.

This study presents a comprehensive survey inves-
tigating selected elements in soil (the background on 
which they were growing) and 23 edible mushroom 
species. Presented data showed the concentrations of 
essential, non-essential and toxic elements presented 
in forest soil and in fruiting bodies, as well as biocon-
centration factors. Such information may provide in-
sight into the potential risk to human health.

MATERIAL AND METHODS

Mushroom sample collection
Fruiting bodies of 23 edible mushroom species were 

collected in 2011 from selected woods located practi-
cally throughout Poland. The analysed mushroom spe-
cies were: Boletus badius (19), Boletus calopus (9), 
Boletus chrysenteron (9), Boletus edulis (25), Boletus 
luridus (8), Boletus subtomentosus L. (9), Calocera 
viscosa (6), Cantharellus cibarius (11), Chlorophyl-
lum rhacodes (8), Cortinarius violaceus L. (16), Gy-
roporus cyanescens (14), Hygrophoropsis aurantiaca 
(19), Lactarius salmonicolor (8), Leccinum versipelle 
(12), Lycoperdon perlatum (6), Macrolepiota procera 
(13), Rozites caperatus (6), Suillus bovinus L. (15), 



205

Mleczek M., Magdziak Z., Goliński P., Siwulski M., Stuper-Szablewska K., 2013. Concentrations of minerals in selected edible 
mushroom species growing in Poland and their eff ect on human health. Acta Sci. Pol., Technol. Aliment. 12(2), 203-214.

www.food.actapol.net/

Suillus granulatus (10), Suillus grevillei (17), Suil-
lus luteus L. (9), Tylopilus felleus (8) and Xerocomus 
rubellus (21). The digits in round brackets denote the 
number of samples for particular species. We analysed 
selected elements in the whole fruiting bodies (with-
out separation into caps and stems) as regards theto-
tal intake of studied mushroom species as a whole. 
Mushrooms were collected to paper bags (100 cm3) 
and transported to the laboratory within 24 hours.

Mushroom preparation
The mushrooms after collection were carefully 

washed with distilled water from the Milli-Q Advantage 
A10 Water Purifi cation Systems (Merck Millipore), 
then dried in an electric drier at 105 ±2ºC for 48 h. Dry 
samples were ground to a powder for 2 min in a labo-
ratory Cutting Ball Mill 200 by RETSCH company. 
The material as three representative samples (1 g each) 
was mineralized in a CEM Mars 5 Xpress microwave 
mineralization system (CEM Corp., Matthews, NC, 
USA) in a closed system (55 mL vessels) using 6 mL 
of 65% HNO3 and 1 mL of 30% H2O2. Digestion of the 
mushroom materials was performed according to a mi-
crowave program composed of three stages: fi rst stage 
– power 600 W, time 3 min, temperature 100°C; second 
stage – power 600 W, time 3 min, temperature 120°C; 
third stage – power 1200 W, time 8 min, temperature 
200°C. Materials after digestion were fi ltered through 
45-mm fi lters (Sartorius Stedim Biotech. Grade 1288), 
and then whole contents were made up to a fi nal vol-
ume of 100 mL with distilled water.

Soil sample collection and preparation
Soil samples were collected from each location 

where mushrooms were growing, each time from the 
depth of 5 cm below the ground surface and at a dis-
tance of 5-20 cm from the collected mushroom fruiting 
bodies. Soil samples were collected using a soil auger 
(5 cm outside diameter × 1.5 m tube length), by trans-
ferring about 0.5 kg soil samples to air-tight polypro-
pylene containers (Lacontainer) so that the soil fi lled 
them to the brim (to prevent changes in the chemical 
composition). After that soils were transported to the 
laboratory. The cobble (cb: 75 < d ≤ 200 mm) and gravel 
(g: 2 < d ≤ 75 mm) fractions present in the soil material 
were removed. The soil samples for analyses of studied 
elements were prepared in the same way as mushroom 
samples (drying, grinding and mineralization).

Analytical method and calculation
Concentrations of studied elements in mushrooms 

and soils were analysed by fl ame atomic absorption 
spectrometry (Al, Ba, Cd, Co, Cu, Fe, Mn, Ni, Pb, 
Sr, Zn) and atomic emission spectrometry (Ca, K, 
Mg, Na), using an Agilent Technologies AA Duo – 
AA280FS/AA280Z spectrometer (Agilent Technolo-
gies, Mulgrave, Victoria, Australia) equipped only 
with one-elemental Varian hollow-cathode lamps 
(HCLs). Total Hg concentration was analysed by cold 
vapour atomic absorption spectrometry (CVAAS) us-
ing the same spectrometer AA Duo with the VGA-77 
(wave length – 253.7 nm; slit width – 0.5R nm; lamp 
current – 4 mA) and the 1 g/L mercury standard (Spec-
traPure, Arlington, Texas). Calibration curves were 
prepared every time before the analysis with four rep-
licates per each element concentration (Table 1).

Effi ciency of element accumulation was character-
ized using the bioconcentration factor (BCF) calcu-
lated according to Gast et al. [1988] as the ratio of ele-
ment concentration in a mushroom fruiting body to the 
concentration of the same element in the soil, where 
the mushroom was growing.

Statistical methods
Results recorded in the course of the conducted 

chemical analyses were subjected to statistical analy-
ses with the use of STATISTICA v 8.0 software (Stat-
Soft Polska). In order to compare contents of elements 
in samples Tukey’s multiple comparison procedure 
was used, with identical letters in rows or columns de-
noting a lack of differences at the signifi cance level 
α = 0.05. Cluster analysis of elements was conducted 
using the Ward method. Cases were grouped based on 
Euclidean distances. Moreover, values of Pearson’s 
correlation coeffi cients were calculated for correla-
tions between concentrations of the metal in mush-
rooms and in soil.

RESULTS

The concentration of minerals in mushrooms was 
generally dependent on the mushroom species and 
soil. A graphical presentation of results by the Ward 
method indicated two groups of elements accumulated 
in a similar way (similar values of Euclidean distanc-
es). The fi rst group comprises Ba, Cd, Co, Ni, Hg, Pb, 
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Sr, Cu, Mn, Zn and Ca, whereas the other group of ele-
ments is composed of those with signifi cantly higher 
concentrations, i.e. K, Mg, Na, Zn and Fe (Fig. 1).

The average concentrations and standard devia-
tion (SD) for each of tested elements within a indi-
vidual species was calculated. The low value of the 
standard deviation in most cases shows a limited vari-
ation in the concentrations of the analysed elements 
determined for particular mushroom species. Among 
the analysed elements the greatest variability was ob-
served for Hg concentration in all tested mushroom 
species. A signifi cantly higher value than the standard 
deviation was also shown for Cd in mushroom sam-
ples of B. radius, B. chrysenteron, B. edulis, B. sub-
tomentosus L., M. procera and for Cu in mushroom 
samples of B. radius, B. edulis, B. subtomentosus L., 
M. procera and T. felleus.

For all tested elements, the lowest and the highest 
concentration values (mg/kg d.m.) were determined 
for: Al: 12.50 (C. violaceus L.) – 42.84 (L. perlatum), 
Ba: 0.25 (S. luteus (L.) – 2.81 (T. felleus), Ca: 3.98 
(T. felleus) – 185.09 (L. perlatum), Cd: 0.91 (B. ba-
dius) – 22.72 (B. chrysenteron), Co: 1.82 (B. badius) 
– 8.47 (L. salmonicolor), Cu: 8.89 (B. calopus) – 80.45 
(B. badius), Fe: 46.78 (B. badius) – 589.39 (B. ba-
dius), Hg: 0.87 (H. aurantiaca) – 6.83 (B. badius), 
K: 10 287.77 (B. badius) – 91 904.56 (B. badius), Mg: 
421.70 (S. granulatus) – 1119.74 (B. chrysenteron), 
Mn: 8.74 (B. badius) – 66.85 (B. badius), Na: 31.51 
(B. chrysenteron) – 1252.09 (B. badius), Ni: 0.82 

(B. badius) – 7.88 (B. badius), Pb: 0.04 (B. chrysen-
teron) – 1.73 (B. badius), Sr: 0.14 (B. badius) – 3.87 
(M. procera) and Zn: 40.55 (B. badius) – 166.03 
(B. chrysenteron).

The applied Garbiel procedure of objects divi-
sion made it possible for particular metals to identify 
the groups, which was the edible mushroom species 
with similar element concentrations in fruiting bodies. 
For the following elements the numbers of species in 
groups were as follows: 3 for: Ba, 4 for: Al, Co, Cu, 
Fe, Hg, Pb and Sr, 5 for: Ca, Cd, K, Mn, Na, Ni and 
Zn, 6 for Mg. Table 2 and 3 present the highest aver-
age concentration values for studied elements in tested 
mushroom species.

All presented concentrations were included in the 
fi rst objects group – mushroom species with the high-
est concentration of a particular element. Additionally, 
for a comparison of accumulation effi ciencies for the 
analysed elements between particular mushroom spe-
cies, the Tukey test was used and values presented in 
Tables 2 and 3 show the highest accumulation of a ma-
jority of the elements by C. rhacodes, L. perlatum, 
G. cyanescens and Lactarius salmonicolor mushroom 
species. On the other hand, the lowest concentration 
was observed in M. procera and C. cibarius. The ac-
cumulation effi ciency for the tested elements was also 
examined in 2 groups, i.e. lamellar and tubular mush-
rooms. Signifi cantly lower accumulation rates for 
the elements were found in the lamellar mushrooms 
in contrast to the tubular fungi.

The Pearson’s coeffi cient of correlation (Table 4) 
between metal concentrations in mushrooms and in 
soil showed that the metal concentrations were infl u-
enced by the species and by the soil characteristics. 
The correlation was signifi cant for all tested mush-
room species. Additionally, the accumulation effi -
ciency of selected elements by tested mushroom spe-
cies was estimated using the bioconcentration factor 
(BCF). BCF > 1 was recorded for a majority of mush-
room species in case of: Cd (4.62-0.17), Co (2.56-
-0.86), Cu (9.89-0.73), Hg (140.28-2.09), K (1.59-
-0.09), Na (2.29-0.14), Ni (1.48-0.10), Pb (1.67-0.19), 
Sr (1.18-0.02) and Zn (7.30-1.52). Generally, for the 
other elements: Al (0.05-0.01), Ba (0.15-0.01), Ca 
(0.61-0.03), Fe (0.58-0.02), Mg (0.89-0.11), BCF val-
ues were below 1, which indicates no accumulation of 
these elements.

Fig. 1. Horizontal hierarchical tree plot for all elements and 
for all mushrooms species
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DISCUSSION

Accumulation of elements in mushrooms 
growing in Poland

Effi ciency of elements accumulation in wild grow-
ing edible mushrooms collected from Poland has been 
repeatedly described in the available literature. Our 
results point at a signifi cant accumulation of selected 
elements (especially Cd, Hg, K and Zn) by majority 
of tested mushroom species, but to provide the ac-
tual estimation of mushroom potential to elements 

accumulation, some of the most interesting literature 
source should be compared. Gucia et al. [2012] ana-
lysed the accumulation effi ciency of 20 elements in 
Parasol Mushroom (M. procera) fruiting bodies col-
lected from Northern Poland. The presented results 
were generally higher than those in our study for all 
analysed elements except Ni. What is more, results 
presented by Gucia et al. [2012] were focused on ac-
cumulation effi ciency in mushrooms collected from 
only one place (located in Northern Poland), while in 
our study the selected locations were scattered prac-
tically throughout Poland, where signifi cantly wider 
concentration ranges were recorded. Additionally, we 
analysed the amount of elements in fruiting bodies 
with no division into the cap and stipe, which in part 
can explain the differences in both results.

Obtained results were compared with data de-
scribed by Falandysz et al. [2004], where Hg cob-
centration in 15 wild growing mushroom species col-
lected near the city of Koszalin (North Poland) were 
analysed. When comparing both sets of data, for the 
same 3 mushroom species (S. bovinus (L.), S. grevillei 
and S. luteus (L.)), the higher Hg accumulation was 
observed in our study. These differences are a result of 
signifi cant differences in mushroom sample collection 
times (1997-1998 and 2011). Also, similar differences 
were observed in our study and in the results described 
by Chudzyński et al. [2011], where the authors ana-
lysed the concentration of Hg in S. luteus mushrooms 
(caps and stipes), collected from eight spatially scat-
tered sites in Northern Poland in 2002-2007.

The Hg content in S. luteus caps and stipes were 
0.16 ±0.04 and 0.09 ±0.02 mg/kg DW, respectively, 
while in our study the average concentration of Hg 
in the whole fruiting bodies was 2.79 ±1.27 mg/kg 
DW. The ranges of Hg concentrations in mushrooms 
collected from similar locations and BCF values 
were also different and generally higher in our stud-
ies (CHg from 1.28 to 4.74 mg/kg DW and BCF from 
27.88 to 115-67) than those presented by Chudzyński 
et al. [2011] (Hgcap from 0.1 to 0.23 mg/kg DW, Hgstipe 
from 0.062 to 0.13 mg/kg DW and BCFcap from 7.6 to 
23 and BCFstipe from 3.6 to 10).

Signifi cant differences in Hg accumulation effi -
ciency were also confi rmed by our results and by Fa-
landysz and Gucia [2008], who tested M. procera caps 
and stalks, collected from 15 sites in Poland between 

Table 4. Correlation between tested elements concentration 
in particular mushroom fruiting bodies species and soil

Mushroom species r

B. badius 0.90771**

B. calopus 0.95139***

B. chrysenteron Bull. 0.93253***

B. edulis Bull. 0.86897**

B. luridus 0.95090***

B. subtomentosus L. 0.91719**

C. viscosa 0.90699**

C. cibarius 0.91057**

C. rhacodes 0.71198*

C. violaceus (L.) 0.93512***

G. cyanescens 0.90837**

H. aurantiaca 0.95762***

L. salmonicolor R. 0.74487*

L. versipelle 0.95566***

L. perlatum 0.75594*

M. procera 0.92874**

R. caperata 0.96711***

S. bovinus (L.) 0.95792***

S. granulatus 0.92424**

S. gravillei 0.88699**

S. luteus (L.) 0.91968**

T. felleus 0.89837**

X. rebellus 0.92087**

*Correlation signifi cant at the 0.1 level.
**Correlation signifi cant at the 0.01 level.

***Correlation signifi cant at the 0.001 level.
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1995 and 2003. Concentration of Hg in our M. procera 
fruiting bodies was signifi cantly higher at 1.64 ±0.31 
(1.3-2.0) mg/kg DW than that presented by Falandysz 
and Gucia [2008], but simultaneously BCF values were 
similar in our study (CHg: 29.83 ±3.86 and range: 26.37-
-35.86) and presented by Falandysz and Gucia [2008]: 
(Hgcap 19 ±12 and Hgstipe 15 ±11; BCFcap from 7.9 to 
42 and BCFstipe from 5.6 to 37), which indicates a sig-
nifi cant relationship between Hg concentrations in soil 
and its accumulation in mushrooms. The greatest dif-
ferences were observed between our results and those 
described by Falandysz et al. [2012] who analysed Hg 
concentration in C. cibarius fruiting bodies collected 
in Poland between 1998 and 2008. Generally for all the 
described areas of sample collection, Hg concentration 
(0.029 ±0.007 mg/kg DW) and calculated BCF values 
(1.3-0.5) were signifi cantly higher in our study (CHg: 
1.77 ±0.27 mg/kg DW and BCF: 28.34-52.67).

On the basis of results presented in literature, it is 
diffi cult to state the same relationship between mush-
room species and particular elements or elements accu-
mulation effi ciency for all elements jointly. Falandysz 
and Bielawski [2001] analysed Hg concentration in ed-
ible mushroom species collected near the town of Au-
gustów. The same analysed mushroom species were: 
B. edulis, C. cibarius, L. versipelle, R. caperatus and 
S. luteus (L.). The concentration of Hg in our study 
was generally higher (especially for C. cibarius and 
S. luteus (L.)) and similar in particular mushroom spe-
cies, whereas Falandysz and Bielawski [2001] pointed 
at signifi cant differences between tested mushroom 
species. On the other hand, our observations indicate 
changes in the accumulation effi ciency of elements by 
selected mushroom species. For example, Rudawska 
and Leski [2005] analysed 8 mushroom species col-
lected from the Notecka forest (west-central Poland) 
in 1999/2000. Signifi cantly lower concentrations of 
Al, Cd, Fe, Mn and Zn and higher Pb concentrations 
in S. luteus fruiting bodies were reported by those au-
thors in relation to our study. Some places described by 
Rudawska and Leski [2005] were the same, where we 
collected our experimental materials, with our obser-
vation indicating higher accumulation levels of tested 
elements by S. luteus fruiting bodies 11 years later.

It is of interest to compare our results and those 
reported by Falandysz et al. [2001], who analysed the 
concentration of 38 elements in 18 mushrooms species 

collected from Northern Poland in 1994. The same 
tested mushroom species were: B. edulis, C. cibarius, 
M. procera, S. bovinus and S. luteus. What is more, 
lower concentrations of Ca, K and Mg and higher Fe 
concentrations were observed in our mushrooms fruit-
ing bodies in comparison to results presented by Fa-
landysz et al. [2001]. For the other analysed elements 
their accumulation effi ciency – especially Pb and Sr 
– was similar. It should also be noted that their ac-
cumulation strictly depends to the investigated mush-
room species. It should also be noted that the lamellar 
mushrooms accumulate fewer metal ions as compared 
to the tubular mushrooms. It is related to the fact that 
there is less mycelium in the substrate, and it is char-
acterised by a more rapid growth and shorter life span 
[Cocchi et al. 2006] as a results of the specifi c myce-
lium structure, the exposed surface of vegetative cells 
and the large surface hyphae. At the same time, the 
ability to metals accumulation by fungi is associated 
with specifi c proteins – metallothionein [Malinowska 
et al. 2004].

Accumulation of elements in mushrooms 
collected worldwide

To discuss the problem of the presence of elements 
in mushroom not only in Poland, we would like to 
compare our results with data presented by authors 
who tested mushrooms collected from other countries. 
Kalač [2010] showed an interesting review of trace 
element concentrations in selected mushroom species 
(B. edulis, M. procera and S. grevillei) between 2000 
and 2009, reporting similar results to ours with the ex-
ception of Fe and Mn contents (generally lower and 
higher than in our study, respectively). When com-
paring results of both works (concerning mushroom 
species), it is not possible to indicate species with 
the highest accumulation of all elements jointly. The 
particular mushroom species were selective in terms 
of their accumulation of elements (both macro- and 
micro-elements), which was presented by Cocchi et al. 
[2006], who analysed 60 species of common mush-
room species collected in Italy. The same mushroom 
species were: B. edulis, C. cibarius, L. perlatum, 
M. procera, R. caperatus, S. luteus (L.) and X. ru-
bellus. In our study, concentrations of Cd, Hg and Pb 
were similar to those presented by Cocchi et al. [2006] 
except for R. caperatus and X. rebellus.
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Moreover, for some elements such as Cd, Co, Hg, 
Ni, Pb and Sr, the differences between tested mush-
room species were not signifi cant, what is similar to 
date presented by Campos et al. [2009] or Campos and 
Tejera [2011], who compared respectively 4 and 19 el-
ements accumulation in 12 and 15 edible and non-ed-
ible mushroom species collected from central Spain. 
Additionally in many cases, the differences between 
varieties of the same mushroom specie are greater than 
differences between different species. It can suggest 
that edible mushrooms can be used as the indicators of 
environment pollution level but only as the whole, not 
concrete mushroom specie.

Mushroom intakes and consequence 
of their presence in human diet

Elements examined in our study may be divided 
into two groups: biologically important elements (Ca, 
Co, Cu, Fe, K, Mg, Mn, Na, Ni, Sr and Zn) and tox-
ic elements (Al, Ba, Cd, Hg and Pb). In case of the 
fi rst group, at concentration levels (range), the human 
organism immediately starts to develop a specifi c re-
sponse (defense mechanisms), therefore amounts of 
these elements analysed in this work suggest that the 
consumption of one meal containing above 30 g dry 
mass of mushrooms per day, of whichever edible 
mushroom species, is safe for human health.

Commission Regulation (EC) No 1881/2006 of 
19 December 2006, establishing maximum levels for 
certain contaminants in foodstuffs, points to legal re-
strictions relating to the maximum permissible con-
centrations of heavy metals (toxic) in plant foods. The 
regulations apply to Pb (vegetables and cereal products 
at 0.1-0.2 mg/kg), Cd (vegetables at 0.1-0.2 mg/kg), 
and Hg in fi sh and seafood products (1.0-0.1 mg/kg). 
In the case of fungi the regulations concern mainly 
pollution in cultivated mushrooms only if 1.0 mg/kg 
is allowed in fungi other than cultivated mushrooms.

Humans are likely to require at least 25 mineral ele-
ments for their well-being [Stein 2010]. Plants are the 
dietary sources for most of these elements. Regretta-
bly, mineral malnutrition is prevalent in both developed 
and developing countries and it is estimated that up to 
two-thirds of the world’s population might be at risk 
of defi ciency of one or more essential mineral element 
[White and Broadley 2009]. The mineral elements most 
commonly lacking in human diets are Fe, Zn, I, Se, Ca, 
Mg and Cu [White and Broadley 2009, Stein 2010].

Despite the fact that wild edible mushrooms may 
be important sources of macro- and microelements, 
we should pay attention to the elements provided to 
the human diet, namely heavy metals. In case of this 
group, the actual problem with the presence of these 
elements in vegetables, fruit and described in fungi 
on a large scale, is connected with their toxicity for 
human health. Average amounts of Al, Ba, Cd, Hg 
and Pb in one 30 g DW portion of mushrooms sup-
ply to the human body about 0.79, 0.03, 0.15, 0.07 
and 0.03 mg, respectively. Compared to green plants, 
mushrooms can build up large concentrations of some 
heavy metals, particularly cadmium, mercury, copper 
and lead [Isiloglu et al. 2001, Turkekul et al. 2004). 
Mushrooms are valuable health foods, low in calories, 
high in vegetable proteins, iron, zinc, chitin, fi bre, vi-
tamins and minerals, but we have to bear in mind the 
fact that due to their ability of heavy metal accumula-
tion they may also pose a potential human health risk.

However, knowledge on the nutritional value of 
wild growing mushrooms is limited when compared 
with other vegetables. It seems that mushrooms have 
still much more to offer, but it is necessary to focus 
all studies on establishing a real metabolic profi le for 
one species with the view to promote it as a hyperac-
cumulator or bioindicator for one metal element. Dif-
ferent heavy metals such as As, Cd, Ni and Hg, when 
accumulated at high concentrations in mushrooms, are 
toxic to humans; on the other hand, many elements are 
essential for the human metabolism, such as Fe, Zn, 
Mn, Cu, Cr and Se, but at low concentrations, because 
they are enzyme activators. These essential elements 
become toxic in case of their excessive concentrations. 
It is well known that the content of heavy metals is 
related to the species of mushrooms, the sample col-
lection area, the age of fruiting bodies and the distance 
from any source of pollution. For this reason all mush-
room species tested in this study may be consumed, 
but only sporadically.

CONCLUSION

Human diet is enriched by an addition of mush-
rooms especially in Central European countries, where 
it is common to consume high amounts of mushrooms. 
For this reason, knowledge on the composition of el-
ements in mushroom fruiting bodies is important. 
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In our study the highest concentrations of K, Mg, Na, 
Zn and Fe were confi rmed. These elements (especially 
K, Mg and Na as macroelements) generally are not 
toxic for humans, therefore even if the mushrooms 
were consumed continuously, they cannot cause 
health problems. Additionally, we observed signifi -
cantly lower concentrations of Ba, Cd, Co, Hg, Ni, Pb 
and Sr. These elements are microelements and some of 
them are toxic for humans, especially at higher doses, 
therefore in our opinion an occasional intake of the 
analysed mushrooms is not dangerous for humans. 
Of course, some toxic elements (Hg or Pb) are accu-
mulated in human organs (liver, bones, kidneys), but 
these elements are provided also with other foodstuffs 
(vegetables, fruits, meat) or drinks.
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ZAWARTOŚCI PIERWIASTKÓW W WYBRANYCH GATUNKACH GRZYBÓW JADALNYCH ROSNĄCYCH 
W POLSCE I ICH WPŁYW NA ZDROWIE CZŁOWIEKA

STRESZCZENIE

Wprowadzenie. Spożycie dziko rosnących grzybów w wybranych regionach Europy (szczególnie wschod-
niej i centralnej) jest znaczące. Ponadto grzyby są zdolne do pobierania znacząco większych ilości pierwiast-
ków zarówno odżywczych, jak i toksycznych, dlatego wiedza dotycząca poziomu ich stężeń oraz zmian w ich 
zawartości jest ważna dla ludzkiego zdrowia.
Materiał i metody. W owocnikach 23 dziko rosnących gatunków grzybów jadalnych oznaczano 11 pier-
wiastków biologicznie istotnych (Ca, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, Zn) oraz 5 toksycznych (Al, Ba, 
Cd, Hg, Pb). Badane grzyby pobierano z wybranych miejsc zlokalizowanych na terenie niemalże całej Pol-
ski. Efektywność akumulacji pierwiastków w grzybach oraz w glebach analizowano metodami atomowej 
spektrometrii absorpcyjnej z atomizacją w płomieniu (FAAS) oraz atomowej spektrometrii emisyjnej (AES).
Wyniki. Największymi stężeniami wyróżniały się: K, Mg, Na, Zn i Fe, natomiast istotnie mniejszymi: Ba, 
Cd, Co, Hg, Ni, Pb oraz Sr. Ponadto stwierdzono istotnie mniejszą akumulację pierwiastków przez grzyby 
blaszkowate względem owocników grzybów rurkowych.
Wnioski. Biorąc pod uwagę prezentowane wyniki, można stwierdzić, że sporadyczne spożywanie badanych 
gatunków grzybów nie jest niebezpieczne dla człowieka. Oczywiście metale ciężkie, jak choćby Pb czy Hg 
są gromadzone w ludzkich organach, ale wymienione pierwiastki są także dostarczane z innym pożywieniem 
(warzywa, owoce, mięso) czy napojami.
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