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Abstract: - Many of mushrooms species from the forest area of Bucegi Mountains are consumed by the native
population without thinking about the heavy metals uptake in the human body. From all the edible species we choose
eight mushrooms, part of them considered edible and part with uncertain edibility. Heavy metals concentration in the
fruiting body of mushrooms are different from one species to another and shows mean values of 11.94 mg/kg for Ti,
1.07 mg/kg for Sr, 1163.86 mg/kg for Bi and 17.49 mg/kg for Mn. The bioconversion factor of heavy metals represent
the level of metals concentration in the mushrooms body correlated with the metallic element in the soil on which the
fungus growth, and has the highest valuddanasmius oreades species for bismuth and titanium.
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1 Introduction 2 Problem Formulation
The mushrooms can be used to evaluate the level
of environmental pollution [14] and to remediate the 2.1 Species and ecology

metal pO'lUtEd soil. A|SO, many studies carried out to Some Species of mushrooms were harvested from
evaluate the possible danger to human health from thg wooded area, near Sinaia city, from Bucegi Massif of
ingestion of mushrooms containing heavy metals [8, 13 Carpathian Mountains. All these species of macro fungi
4]. Numerous data on metals contents in fungal fruitingwere founded in deciduous forest, at 800 m altitude,
bodies were published previously [1, 5, 7, 9, 11, 15, 16]elatively close to the road Targovisite - Sinaia. They
and the reported metal concentrations vary over a widgrowth in a cold period, in November, on the soil, but
range within the mushrooms species, because of manfhe mycelium was founded also in the mixture of
factors affecting the accumulation rate. deadwood and leaves from the ground. The analyzed
The metals are distributed unevenly within the Species are edib|e|\/|(aras[nius oreadesy Hypho]orna
fruiting body, the highest concentrations have beencapnoides Cortinarius largus, Cortinarius armillatus
observed in the spore-forming part, but not in the sporeand Boletus griseus), edible with low nutritive value
a lower content in the rest of the cap and the lowest leve{Collybia butyracea, and Hygrphorus virgineus) or with
in the stipe [18]. Also, high level of metals concentration conditioned edibility Calvatia excipuliformis — can be
was observed in the vicinity of metals polluted area andysed only when is very young).
metals smelter [10, 17, 6]. The harvested mushrooms were mature, with
Density and depth of the mycelium living in the developed spore forming part, and we collecte the whole
soil for several months or even years influence thefriting bodies, cap and stipe. The species of mushrooms

metals contents in the fruiting bodies. Also, the soil were identified using some guides book [3] and the
properties, such as pH, redox potential, organic mattefnternet [19].

content, clay mineralogy, cation exchange capacity of

the soil phase, competition with other metal ions andy 2 Analytical methods

composition of the soil solution concentrations influence For each mushroom we sample 6-9 exemplars

metals absorption of the mushrooms [2]. Becauseéfrom different points of the same area, and the

macrofungi are integral part of the forest ecosystemsg,pstratum near the mycelium, down to the depth of 5

sometimes the soil-to mycelium transfer of metals ;m Both the samples of mushrooms and soil, and them

depends on relationship between mycelium andyrgcessing were done with plastic, glass and pottery

symbiotic plar_1ts species affecting element absorptionnstruments to avoid any metal contact which can

and translocation [12]. influence the final results. After harvesting, the
mushrooms were clean up by the soil particles, dried at
60 °C and then grinding to fine powder. The mycelium-
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surrounding soil samples were dried at 40 °C until thevalues of 15.13 — 111.84 mg/kg of dry soil, with a range
complete process, then grinding to a fine powder andbf 96.71 mg/kg between minimum and maximum
sieved at 250 um (conform SR I1SO 11464). concentrations; and a mean of 60.70 £ 31.15 (standard
The estimation of metallic content in the analyzed deviation). Strontium was founded in concentrations
mushroom and soil was done by the Inductively Coupledbetween 31.85 and 186.13 mg/kg of dry soil, with a
Plasma - Atomic Emission Spectrometry method (ICP-range of 154.28 mg/kg. The mean of this metal content
AES). For the analyzes with ICP-AES method, thein soil is 135.17 = 51.63 (SD). The bismuth
biological samples (mushrooms) were mineralized, inconcentrations in soil had values from 930.48 to 1
Berghof microwave digestor, by mixture with 10 ml of 891.43 mg/kg, with a range of 960.95 mg/kg and a mean
nitric acid concentrated 65% and 2 ml of hydrogenvalue of 1374.62 + 411.75 (SD). The manganese was in
peroxide, and for the soil samples were done hotthe highest amount in the analyzed soil compared with
extractions with nitric acid 1:1. In present paper, thethe other three metals, with values of concentrations
metals contents of mushrooms were established with ®etween 1375.35 and 4305.42 mg/kg. The range of
110 Liberty Spectrometer type of Varian brand. To manganese content of the soil is about 2930.07 mg/kg,
disintegrate the sample in constituents atoms or ions ignd the mean is 2374.18 + 1056.66 (SD).
used a plasma source, which will stir up them on As we can see from table 1, the wide range of
superior energetic layer. They will revert to the initial metals concentrations in the fruiting body of mushrooms
form by the emission of characteristic energy photon,is respected, as in the soil. The results from this table
emission recorded by an optical spectrometer. Theshow a value of titanium concentration in mushrooms
radiation intensity is proportional with each element from 5.76 to 19.94 mg/kg of dry weight; the lowest
concentration in the sample and is intern calculated by aalue showsCalvatia excipuliformis species and the
couple of calibration curves to obtain directly the highest value was itdypholoma capnoides, an edible
measured concentration. The concentrations represemushroom species. The values of concentration for
the mean of many exemplars and are expressed in mg atrontium in the fruiting body of analyzed mushrooms

metal related with kg of dry soil or plants. are between 0.15 mg/ kg Boletus griseus and Collybia
mutyracea and 3.70 mg/kg of dry weight iHypholoma
3 Problem Solution capnoides. The bismuth concentrations are in a wide

In the first stage of our experiments we analyzed'ange of values from 23586 mg/kg igalvatia
the metallic content of the soil and its pH. Due to the &cipuliformis to 8894.29 mg/kg iMarasmius oreades
position of these soils in a mountain wooded area theSP€cies. Manganese shows values of concentration in the
soil reaction was acid to weak acid, with a pH valuesfruiting body between under detection limit of device
quite low, varying in a wide range from 4.79 to 6.83. @hd 87.34 mg/kgHypholoma capnoides) with a mean
Also the metal concentrations in the soil were foundedvalue of 17.49 mg/kg of dry weight.
in a wide range for the analyzed metals. Titanium had

Table 1 The metallic content of the fruiting body in wild mushroom species from the Carpathian Mountain, Romania
(milligram of metal per kilogram of dry weight of mushroom)

Species Ti Sr Bi Mn
Calvatia excipuliformis 5.76 0.28 235.86 25.39
Marasmius oreades 6.89 0.36 8894.29 12.16
Boletus griseus 8.68 0.15 298.13 0.00
Collybia butyracea 15.29 0.15 445.73 0.00
Hygrophorus virgineus 15.65 0.89 571.09 15.04
Hypholoma capnoides 19.94 3.70 990.72 87.34
Cortinarius largus 8.10 2.76 1251.66 0.00
Cortinarius armillatus 15.26 0.30 623.44 0.00
Mean + SD 11.94 +5.19 1.07 £1.37 1663.86 + 2941.50 17.49 £ 29.75
Range 14.18 3.55 8658.43 87.34
Minimum 5.76 0.15 235.86 0
Maximum 19.94 3.70 8894.29 87.34
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The bioconversion factor of the analyzed has an efficient result for the remediation process. Also
mushrooms was calculated as a ratio between the metaln significant value of the bioconversion factor for
concentration in the fruiting body and the content of bismuth hasCortinarius largus, which shows a ratio
metal in the under-stipe soil. For a biosystem to bebetween the metal concentration in fruiting body and
efficient in the remediation of polluted soil, the metallic content of the soil higher than 1 (1.2208).
bioconversion factor must have values higher than 1, as In table 3 are represented the result oftest on
this indicator is higher, as the species is more efficient ithe matrix correlation between the metal concentrations
the technology of “cleaning up”. For titanium the in the soil and the bioconversion factor for the studied
bioconversion factor of analyzed mushrooms is lowermetals. For Sr, Bi and Mn the Pearson’s coefficient
than 0.5 (table 2), ranging from 0.0795 to 0.4554, theshows low degree of correlation, the bioconversion
lowest value showindCalvatia excipuliformis and the  factor of these metals in the fruiting body of mushrooms
highest valueMarasmius oreades. For strontium and is independent on the metallic content of the soil. The
manganese, the bioconversion factor of these species dighest degree of correlation is between the Ti
mushrooms shows very low values, in the most of theconcentration in the soil and its bioconversion factor in
species lower than 0.01, values which are not significanthe fruiting body, and between the Sr concentration in
for a remediation method. The bioconversion factor ofthe soil and its bioconversion factor. The studied
bismuth has values ranging from 0.1576 Boletus correlations have significance at level of 0.1% and lower
griseus to 4.9547 foMarasmius oreades, species which  (p < 0.0001).

Table 2 The bioconversion factor for Ti, Sr, Bi and Mn of some species from Carpathian Mountain, Romania

Species Ti Sr Bi Mn

Calvatia excipuliformis 0.0795 0.0015 0.2312 0.0180
Marasmius oreades 0.4554 0.0027 4.9547 0.0049
Boletus griseus 0.3357 0.0013 0.1576 0.0000
Collybia butyracea 0.3555 0.0009 0.3690 0.0000
Hygrophorus virgineus 0.2253 0.0088 0.6138 0.0064
Hypholoma capnoides 0.1786 0.1162 0.7939 0.0635
Cortinarius largus 0.112¢ 0.014¢ 1.220¢ 0.000(
Cortinarius armillatus 0.2006 0.0019 0.3319 0.0000
Mean + SD 0.2428 +0.1289 0.0185 +0.0397 1.0840 + 1.6021 0.0116 +0.0218
Range 0.3758 0.1152 4.7970 0.0635
Minimum 0.0795 0.0009 0.1576 0.0000
Maximum 0.4558 0.1161 4.9546 0.0635

Table 3The Pearson’s coefficient of the correlation between the metal concentration in the soil and the bioconversion factor

of mushrooms species
Bioconversion

Metal concentration in soil

factor Ti Sr Bi Mn
Ti -0.7955* -0.1623** 0.5828** 0.3849*
Sr 0.6973* -0.7950** -0.1897* -0.4311*
Bi -0.4878* -0.0405* 0.3008** -0.0867*
Mn 0.6904* -0.7430** -0.2413* -0.4979*
*p <0.001, ** p< 0.0001
4 Conclusion species.

«  Hypholoma capnoides, an edible species of = * Marasmius oreade:‘_, species shows the most
mushrooms, has the highest concentrations of Ti, Sr andnportant values of the bioconversion factor of Bi and
Mn, comparing with the other analyzed mushroomsTiin the fruiting body. - . .
species from Carpathian area, and the highest ® Between the Ti, Sr, Bi, and Mn concentrations
concentration of Bi was founded Marasmius oreades in the soil and theirs bioconversion factor in the fruiting
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