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MUSHROOMS AS BIOMONITORS OF HEAVY METALS
CONTAMINATION IN FOREST AREAS

GRZYBY JAKO BIOMONITORY ZANIECZYSZCZENIA
TERENOW LE SNYCH METALAMI CI EZKIMI

Abstract: The aim of the research was to assess the leva@ramination with heavy metals (manganese, iron,
nickel, copper, zinc, cadmium and lead) in two $or@reas selected in different places in Polarelfitht one in
the Swietokrzyskie Province (forests of the Staparkorest Division) and the second one in the (qmls
Province (forests of the Kup Forest Division). Thegree of contamination of these forest areas avitllytes was
found using edible large-fruited mushrooms natyradicurring there - the research was carried oumgysassive
biomonitoring method. Heavy metals in mushroompdsately in stems and hats) as well as in soil $esngere
determined by atomic absorption spectrometry withitation in flame (F-AAS). The obtained resultsreve
interpreted by assessing the degree of contamimafiforest areas on the basis of concentratiofeal’y metals

in mushrooms. The obtained results indicate areaszd accumulation of heavy metals in hats thamshrooms
stems. On the basis of the obtained data, significantamination of forest areas with selected eastals was
also found. This is confirmed by the possibilityusing mushrooms as biomonitors in passive biorodng of
forest areas, which are heavy metal accumulatorthe interpretation of the test results, the ptwytouling factor
(PF) was also used. The degree of accumulation of yheastals, from given forest areas - from soil to
mushrooms - was assessed on the basis of deterfAhedefficients. In addition, good bioavailability tie
analysed analytes by mushrooms was found. Additigran the basis of the conducted studies, thesipdiy of
mushroom consumption was assessed - they are itaiblsufor consumption due to the fact that thepssible
concentration standards of heavy metals contametlishrooms were exceeded.

Keywords: bioindication, passive biomonitoring, environmee@ntamination, atomic absorption spectrometry

Introduction

Emission of pollution is a consequence of humagdandustrial activity since the
19th century, which has resulted in considerabléupon of environment with heavy
metals. Heavy metals are present in fauna and, fimaetrating various ecosystems; water
and land biotopes are contaminated and, in tinaegetelements get through to food chains
[1]. The threat posed by heavy metals results tyréiom their migration in trophic chain:
soil - plant - animal - humans, and the possibitifytheir accumulation in the last link of
the chain, i.e. human body [2]. Heavy metals ehligman and animal organisms most
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frequently with food, air or through the skin. Thessibility to limit spreading of heavy
metals exists in woods, thanks to their emissiatucang characteristics they decrease
guantities of heavy metals and suspended dustkimith which humans breathe. The most
toxic heavy metals, which are indispensable forwgnoand development of living
organisms are cadmium, mercury and lead [2].

Bioindication is a method of environment conditiagsessment, mainly changes of
pollution levels, on the basis of studies of livingganisms reaction to changes in their
environment. The method is mainly used in moniwraf industrial and communication
type pollution [3]. The quantitative assessmerhedvy metals charge in woodland areas is
possible thanks to the application of biologicaltmoels, with the use of selected living
organisms - bioindicators, which demonstrate bioaudation characteristics.
The organisms which accumulate pollution in thenfoof trace elements, form one
of the numerous groups of bioindicators used iresssent of various parameters of
woodlands [4].

The aim of biomonitoring is the assessment of pioltu distribution in the studied
area. Active biomonitoring allows to detect, aftertain time, pollution accumulated in an
organism, which was taken before from an unpolliaesh and exposed in a potentially
pollutes location [5]. Passive biomonitoring is d&@son the analysis of chemical
composition of the samples, collected for the studtheir habitat [6].The main advantage
of biomonitoring is low cost of environment sampladlection and the fact that they
accumulate bioaccessible forms of pollution [7].

Mosses, lichens, groundcover or various tree types the most frequently used
biomonitors in land, particularly woodland areasaiems [8-15].

Mushrooms Fungi) include approximately 14,000 of macrofungi spscj@6], of
which at least 2000 species are edible [17]. Itegtimated that there are currently
150,000 higher species of fungi, of which less tH#n % have been described [18].
Approximately 14,000 species of mushrooms, inclgd#b00 of macrofungi have been
described in Poland. Among the macrofungi, i.e.ifgwalue for consumers, there are
approximately 1100-1400 edible species, 200-258gumius and 2850-3200 inedible and
harmful species [19].

In comparison to other living organisms, mushroarss little known and rarely used
indicators of environmental changes in Poland alubaily. Very few studies initiated
attempts at environment monitoring with the usenokhrooms. However, these organisms
are a common as well as important structural antttfonal element of many land
ecosystems, as the most important link which pagtes in generation and mineralisation
of soils (up to 90 % share in humus generation).[2@king the above into consideration,
one may distinguish the species with good biointhoacharacteristics, which specifically
react to changes in environment [21]. Mushrooms leanused in monitoring of land
ecosystems, woodlands in particular, as indicatdrair and soil pollution and, among
others, as bioindicators of environment pollutiothviheavy metals [22, 23].

The aim of the carried out research was to assesdewel of pollution with the
selected heavy metals: manganese, iron, nickelperpinc, cadmium and lead of two
wood areas located in the selected places in Polaitd the use of edible macrofungi,
among othersBoletus edulis, Macrolepiota procera, Suillus luteus. An analysis of the
possibility to consume the mushrooms was carrigg lmased on the calculated values of
phytocumuling factors for the determined analytssuanulated in fruiting bodies.
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Materials and research methodology

The studies have been carried out in two provingeshe woods of the Staporkow
Forest Division (Swietokrzyskie Province) - areaafd in the woods of Kup Forest
Division (Opole Province) - area K. The Staporkoardst Division manages 12 thousand
hectares of woodlands. The region includes a Hhllgteau, which is a fragment of
north-eastern mesozoic edge of the Swietokrzysloemains. The main part of the Forest
Division is located in the area of the Nieklanskinskie Hills [24]. In the woods of the
Staporkow Forest Division, near the village of $tdanow, 12 measurement points were
marked, where samples of mushrooms and the soWlioh they grew, were collected
(Fig. 1a).

Fig. 1. Location of measurement points in the ftsres) of the Staporkow Forest Division, b) of tg
Forest Division

The area of the Kup Forest Division is located imitthe Opole Province, in the
following communes: Dobrzen Wielki, Lubniany, MurpwPokoj, Popielow and
Swierczow. The total area of the unit is approxahat20,670 hectares (including
19,960 hectares of woodlands). From the naturalgaadjyraphical point of view, the Kup
Forest Division woods are located mainly in the Btinest-Nature Silesian Area, in the 5th
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Area of the Opolska Plain and Bory Stobrawskie megion [25]. Samples from
9 measurement points, localised near a hamletervittinity of the Brynica village, were
taken in the area (Fig. 1b). Three edible mushroam® picked from each measurement
point. Biomonitoring studies were carried out dgrithe period from September to
November 2016, in the fall season.

In order to determine the level of heavy metalsiyion in the woods of the
Staporkow and Kup Forest Division, biomonitoringidies were carried out with the
passive method, which determines heavy metal coratems in the collected samples of
the biota, which naturally exists in the study afBae study material consisted of soil and
mushrooms (stems and hats) collected in the sttely. #ushroom samples were cleaned
from mechanical impurities, e.g. leaves and needlegded into morphological parts and
dried at room temperature to obtain dry mass.

Table 1
The instrumental detection limitdJL) and instrumental quantification limiteQdL)
for the spectrometer iCE 3500 [mg/gri26]
Metal IDL QL

Mn 0.0016 0.020

Fe 0.0043 0.050

Ni 0.0043 0.050

Cu 0.0045 0.033

Zn 0.0033 0.010

Cd 0.0028 0.013

Pb 0.0130 0.070

Table 2
Comparison of measured and certified concentratioBCR-482lichen
BCR-482lichen AAS Dev™
Metal Concentration | Uncertainty Average |  #SD ev.
[mg/kg d.m.] [%]

Mn 33.0 0.50 31.70 0.68 -3.90
Fe 804 160 n.d. n.d. n.d.
Ni 247 0.07 2.16 0.32 -13
Cu 7.03 0.19 6.63 0.17 -5.70
Zn 101 2.20 95.1 2.30 -5.50
Cd 0.56 0.02 0.53 0.03 -5.30
Pb 40.9 1.40 38.2 1.00 —6.60

" - standard deviation] - relative difference between the measureg and certified ¢) concentration
100%(c,— ce)/ce, n.d. - not determined

Following collection, cleaning and drying, each géanwas digested in the microwave
digestion vessel Speedwave 4 made by Berghoff (DE§. averaged mushroom samples
with the mass of 0.400 +0.001 g d.m. (d.m. - dryssghaand soil with the mass of
0.500 +0.001 g d.m. were dissolved in a mixturenitfic acid (V) 65 % and hydrogen
peroxide (30 %) in the 5:3 proportion. Followingetikompleted digestion process, the
solutions were filtered into volumetric flasks d§ 2n? volume. The process temperature
was 190 °C. MERCK company reagents were used fmapeesolutions. Next, heavy metals
concentrations (Mn, Fe, Ni, Cu, Zn, Cd and Pb)endstermined in the digested samples,
with the use of flame atomic absorption spectrogd&pAAS), using the atomic absorption
spectrometer iCE 3500 made by Thermo Electron Gatjpm (USA). Table 1 presents the
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limits of detection and the limits of quantificatiofor flame atomic absorption
spectrometer. The equipment was calibrated withueof calibration standards from the
company ANALYTIKA Ltd.

Table 2 shows heavy metals concentrations, detednin the certified reference
materials as BCR-482ichen, prepared by the Institute for Reference Materiamgl
Measurements, Belgium.

Research results

Table 3 presents heavy metals concentrations digtednin the soil and mushroom
samples collected in the woods of Staporkow and Raigst Divisions. The values in bold,
e.g.2.19are the concentrations, which exceed limit vafoegdible mushrooms [27].

Table 3
The values of heavy metals concentrations detedriméhe samples [mg/kg d.m.]
Number of the | ) Fe | Ni cu Zn cd Pb
measuring point
Forests of the Staporkow Forest Division

3 SOIL 36.9 4743| <3.18 7.07 35.4 <0.813 70.1
3 STEM 5.09 28.7| <3.183 314 64.3 <0.813 <4.38

3 HAT 18.9 26.3| <3.1 77.0 125 2.19 < 4.38
5 SOIL 27.0 3586| <3.18 5.22 24.4 <0.813 74.1
5 STEM 8.44 39.0| <3.1 24.4 58.3 <0.813 <4.38

5 HAT 17.4 39.8| <3.1 68.1 134 <0.813 <4.38
9 SOIL 29.0 4498| <3.18 4.82 30.7 <0.813 159
9 STEM 9.12 75.0| <3.1 23.4 46.9 2.31 < 4.38

9 HAT 7.29 63.3| <3.183 226 48.2 3.14 <4.38
10 SOIL 174 11349| 9.01 13.3 55.9 <0.813 17.6
10 STEM 3.39 425| <3.13 5.56 37.6 <0.813 7.11
10 HAT 3.63 546 | <3.183 15.6 78.6 <0.813 <4.38
11 SOIL 22.8 3351| <3.18 8.21 24.0 <0.813 73.2
11 STEM 4.96 259 | <3.183 304 59.8 <0.813 5.06
11 HAT 15.2 335| <3.1 69.8 111 3.00 < 4.38
15 SOIL 37.4 9383| <3.13 122 39.6 <0.813 116
15 STEM 3.46 25.30] <3.18 25.0 53.4 <0.813 <4.38
15 HAT 3.90 35.7| <3.1 38.0 81.7 <0.813 <4.38
17 SOIL 23.5 8733| <3.18 4.76 21.9 <0.813 39.7
17 STEM 6.13 342| <31 10.8 53.1 <0.813 <4.38
17 HAT 10.3 36.5| <3.13 255 54.7 <0.813 <4.38
18 SOIL 46.8 7039| <3.18 9.17 72.8 <0.813 95.4
18 STEM 5.61 505| <3.1 18.8 27.0 <0.813 <4.38
18 HAT 5.42 87.5| <3.13 2538 43.0 <0.813 <4.38
19 SOIL 46.8 4104| <3.183 8.01 38.9 <0.813 40.2
19 STEM 9.68 181 | <3.1 19.9 27.4 <0.813 <4.38
19 HAT 5.03 749 | <3.1 36.7 42.3 <0.813 <4.38
20 SOIL 121 15988 3.93 8.53 47.7 < 0.813 47.0
20 STEM 8.34 34.1| <3.13 8.8 95.9 3.17 23.0
20 HAT 9.33 904 | <3.1 28.2 207 14.6 < 4.38
25 SOIL 40.4 6818| <3.13 7.60 47.4 <0.813 119
25 STEM 3.63 369 <3.1 15.8 26.6 <0.813 <4.38
25 HAT 8.10 223 | <3.1 20.6 33.3 < 0.813 22.2
27 SOIL 17.9 3248| <3.18 8.83 24.1 <0.813 101
27 STEM 2.89 445| <31 13.8 69.8 4.70 19.4
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Number of the | ) Fe | Ni cu Zn cd Pb
measuring point
27 HAT 6.86 65.3| <3.1 27.3 118 8.20 13.6
Forests of the Kup Forest Division

34 SOIL 86.9 5585| 6.22 134 71.7 <0.813 136
34 STEM 8.71 36.1| <3.1 25.8 113 <0.813 11.4
34 HAT 11.3 83.0| <3.13 77.7 179 1.70 6.23
37 SOIL 164 2544 | 4.43 13.0 119 0.885 84.0
37 STEM 53.0 56.0 | <3.183 22.8 58.3 <0.813 14.3

37 HAT 23.0 47.2| <3.13 37.0 102 1.58 11.3
38 SOIL 77.1 3677| 3.93 14.8 95.1 0.84( 85.1
38 STEM 14.1 375| <3.13 316 84.7 <0.813 20.3

38 HAT 38.5 43.8| <3.1 64.2 146 <0.813 24.7

39 SOIL 23.0 2397| <3.13 5.10 57.1 <0.813 50.9
39 STEM 20.0 132 | 3.29 7.26 26.0 2.18 53.9
39 HAT 22.8 149 | 4.28 22.7 84.5 14.7 14.8
40 SOIL 165 2641| 4.48 5.69 80.3 <0.813 41.3
40 HAT 19.2 99.9| <3.1 123 202 3.54 5.88
42 SOIL 121 3642| 4.52 6.91 83.5 <0.813 46.1
42 STEM 20.7 167 | <3.1 9.40 82.4 <0.813 49.1
42 HAT 38.2 118 | <3.1 27.1 204 8.15 5.30
43 SOIL 57.3 2213| <3.13 4.03 58.0 <0.813 37.0
43 STEM 5.58 35.9| <3.1 3.29 36.5 <0.813 5.16
43 HAT 8.30 31.9| <313 124 98.2 2.01 <4.38
44 SOIL 133 3717| 4.96 7.48 90.1 <0.813 44.4
44 STEM 16.9 201 | <3.1 3.00 63.4 2.74 45.9
44 HAT 17.0 184 | <3.1 11.1 127 13.1 36.5
49 SOIL 1333 11605 15.6 18.7 344 5.15 226
49 STEM 26.6 56.3| <3.183 90.6 51.5 1.23 24.4
49 HAT 14.9 58.5| <3.1 181 79.4 4.89 12.3

The graphs in Figures 2 and 3 present distribugbrtoncentrations of the heavy

metals determined in soil and morphological paftsdible mushrooms.

Table 4 presents the basic statistical paramefererentrations of the heavy metals

determined in the soil samples.

Table 4
The values statistical parameters of concentratibtise heavy metals determined
in the analysed soil [mg/kg d.m.]
Forests of the Staporkow Forest Division
Parameter Mn Fe Ni Cu Zn Cd Pb
Average 52.0 5609 <4.64 8.13 38.6 <0.813 79.4
Minimum 17.9 134 <3.13 4.76 21.9 <0.813 17.6
Maximum 174 15988 9.01 13.3 72.8 <0.818 159
Standard deviation|  45.0 4956 - 2.53 14.7 - 38.8
Median 37.1 5461 <3.43 8.11 37.2 <0.818 73.7
Forests of the Kup Forest Division
Average 240 4225 <5.84 9.89 111 < 1.890 83.5
Minimum 23.0 2213 <3.13 4.03 57.1 <0.818 37.9
Maximum 1333 11605 15.6 18.7 344 5.15 226
Standard deviation 389 2788 - 4.87 84.3 - 58.5
Median 121 3642 < 4.50 7.48 83.5 < 0.86 50.9
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Fig. 2. Distribution of concentrations of selecteghvy metals in the soil in: a) area S, in b) &emd
c) distribution of concentration of iron for botteas
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Fig. 3. Distribution of concentrations of selectedavy metals in the morphological parts of edible
mushrooms in: a) area S and b) area K

The analysis of the results of carried out resedahonstrated that the soil collected
from both study areas shows much higher conceotrstdf Mn, Fe and Pb, in comparison
to anatomical parts of mushrooms collected in tlsas. For other determined elements,
the content of analytes in soil was lower than dbacentrations recorded in mushrooms.
Total content of Ni, Cu, Zn, Cd and Pb determinethie analysed soils did not exceed the
permissible quantities for those types of soildiria with the regulatory arrangements [28].
On the basis of the analysis of heavy metals cdramtions in soil, it should be stated that
the area located in Opole Province is more pollutét the selected analytes. This can be
justified by the very location of measurement pginthich are close to the provincial road
No. 461.

Heavy metals accumulation in fruiting bodies of hme®ms is a result of dry and wet
deposition, however, atmospheric aerosol may alslide pollution from soils in the form
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of dust. In the case of mushrooms, translocatiomfsoil, through mycelium to fruiting
body is an important transport channel. The inmut the above mentioned sources of
metals depends of climate and meteorological camditand is difficult to assess.

The analysis of heavy metals concentration accuedlem mushrooms allows to state
that the material collected in the woods of the Krgrest Division was more polluted.
The concentrations of all elements were highecamparison to the mushrooms collected
in the Swietokrzyskie Province. Nickel was detemironly in the mushrooms collected in
the areas of the Kup Forest Division. Higher comiegions of heavy metals in the
mushrooms collected from the Kup Forest Divisionfeon translocation of heavy metals
from the soil, which was also more polluted in theaa.

The next stage of the studies included an anabyfsiseavy metals concentration in
morphological parts of mushrooms. Higher conceiutnat of zinc, cadmium and copper
were determined in hats than in stems of the mushsocollected from both study areas.
The results of the carried out analyses confirmrésellts of other authors [29]. In the case
of other elements, concentrations determined imstand hats are comparable or the
concentration in stem is higher than the one in hat

In order to define the capacity of the analysedhmsms to accumulate bioaccessible
forms of heavy metals from the soil, phytocumulfagtor PF [30] was set:

Cm
PF = C. (1)

where: C,, - average concentration of metal in mushroom [iggdkm.]; Cs - average
concentration of metal in soil [mg/kg d.m.].

PF coefficient values were interpreted [31]:
PF < 0.01 - no accumulation,
PF < 0.10 - low degree of accumulation,
PF < 1.00 - medium degree of accumulation,
PF > 1.00 - high degree of accumulation.

Table 5 presents the values of phytocumuling faBterset for edible mushrooms
collected from two study areas.

Table 5
Values of thePF coefficient for the mushrooms from the Staporkewd &Eup Division areas
Staporkow area
PF [-] Mn Fe Ni Cu Zn Cd Pb
stem/soil 0.11 0.01 - 2.33 1.34 4.27 0.17
hat/soil 0.18 0.01 - 4.66 2.33 7.84 0.23
mushroom/soil 0.29 0.02 - 7.00 3.67 12.1 0.40
Kup area
PF [-] Mn Fe Ni Cu Zn Cd Pb
stem/soil 0.09 0.02 0.56 2.45 0.58 1.09 0.34
hat/soil 0.09 0.02 0.73 6.24 1.22 3.29 0.18
mushroom/soil 0.18 0.04 1.29 8.69 1.80 4.38 0.52

- not determined

The analysis of the values of tR& coefficient for the mushrooms collected from the
area of the Staporkow Forest Division, it was aonéid that nickel was not accumulated.
Mushrooms also accumulated little Fe (also thoskeated from the Kup Forest Division).
The mushrooms collected from two study areas actatadi manganese and lead in
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medium degree and Cu, Zn and Cd in high degreeth®rbasis of the data presented in
Table 3, it should be stated that hats of the mamhs collected from both study areas were
more polluted with heavy metals than their stems.

Taking into consideration the affinity to biochemdlistructures of the selected edible
mushrooms, heavy metals can be ordered in therfmitpway:

Cd>Cu>Zn>Pb>Mn>Fe

The analysis oPF coefficient values demonstrated that mushroomst mffsctively
accumulated such metals as cadmium, copper and @ither authors obtained similar
results [32-34].

Conclusions

Biomonitoring studies have an important role in thgsessment of environment
condition, among others, the level of heavy magtaltution. Biomonitoring with the use of
mushrooms is a forward looking type of environmemtnitoring, used in assessment of
pollution level of woodlands with, among others,alne metals. The analysis of
concentrations of the analytes bound in mushroaiitirfg bodies provides information not
only about the environment pollution level but aldtows to assess, whether mushrooms
are suitable for human consumption, taking intosteration the content of substances
harmful to humans.

The following conclusions were drawn on the bagishe carried out research, with
the use of edible mushrooms fruiting bodies:

1. In line with the Polish standards of soil quality,the soils from both study areas, the
allowable concentrations of Ni, Cu, Zn, Cd and Rfsernot exceeded [28].

2. Higher concentrations of the determined analytedats than in stems, of edible
mushrooms collected from two study areas, were ctedefor copper, zinc and
cadmium.

3. Mushrooms fruiting bodies are characterised witlodydioaccumulation of heavy
metals from soils, which was confirmed by the deiaed values oPF coefficient
(Table 5). Intense accumulation of Cd, Cu and Zs eanfirmed.

4. On the basis of the analysis of heavy metals cdrations accumulated in soil and
mushrooms it should be stated, that the area ofKige Forest Division is more
polluted with trace elements and edible mushrooms both areas are not suitable for
human consumption, due to exceeded standardsq2j/Jthe maximum level of edible
mushrooms pollution with Pb is 0.1 mg/kg f.m. (fremass), according to the standard,
whereas the value of 53.9 mg/kg d.m. was determiméde mushrooms collected in
the Kup Forest Division.

5. Edible mushrooms are a sensitive biomonitor of keanetal pollution level in
woodlands.

References

[1] Huang X, Hu J, Qin F, Quan W, Cao R, Fan M, WuHeavy metal pollution and ecological assessment
around the Jinsha Coal-Fired Power Plant (China).JI Env Res Pub He. 2017;14:1589-1600. DOI:
10.3390/ijerph14121589.

[2] Zhang Q, Ye J, Chen J, Xu H, Wang C, Zhao MskRassessment of polychlorinated biphenyls andyheav
metals in soils of an abandoned e-waste site inn&hEnviron Pollut. 2014;185:258-265. DOI:
10.1016/j.envpol.2013.11.003.



Mushrooms as biomonitors of heavy metals contanainan forest areas 567

(3]

(4]

(5]
(6]

(71

(8]

(9]
[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Grodziaiski W, Yorks TP. Species and ecosystem level bioatdrs of airborn pollution
an analysis of two major studies. Water Air Soil lliRo 1981;16(1):33-53.
https://link.springer.com/article/10.1007/BF0104304

DothaaczukSrédka A, Ziembik Z, Waclawek M, Hy3plerova L. Tréers of cesium-137 from forest
soil to moss Pleurozium schreberi. Ecol Chem Eng(81;18(4):509-516. https://drive.google.com/dlle/
1-yytkc9anjcjUIKQvfujbca9BZJz_fG5/view.

Szczerbhska N, Gatczigiska M. Biological methods used to assess surfaterwgaality. Arch Pol Fish.
2015;23:185-196. DOI: 10.1515/a0pf-2015-0021.

Klos A, Ziembik Z, Rajfur M, Dothaczuk-Srédka A, Bochenek Z, Bjerke WJ, et al. The origfirheavy
metals and radionuclides accumulated in the soil #ota samples collected in Svalbard, near
Longyearbyen. Ecol Chem Eng S. 2017;24(2):223-P&3: 10.1515/eces-2017-0015.

Rajfur M, Krems P, Klos A, Koztowski R, ddiak MA, KtiZz J, et al. Application of algae in active
biomonitoring of the selected holding reservoirs Swietokrzyskie Province. Ecol Chem Eng S.
2016;23(2):237-247. DOI: 10.1515/eces-2016-0016.

Laureysens |, Blust R, Temmerman L, LemmensCeulemans R. Clonal variation in heavy metal
accumulation and biomass production in a poplapioepculture. . Seasonal variation in leaf, woodi a
bark concentrations. Environ Pollut. 2004;131(3%:4®4. DOI: 10.1016/j.envpol.2004.02.009.

Yilmaz S, Zengin M. Monitoring environmental lpdion in Erzurum by chemical analysis of Scotaei
(Pinus sylvestris L.) needles. Environ InternaD4£@9:1041-1047. DOI: 10.1016/S0160-4120(03)00097-7
Rusu AM, Jones GC, Chimonides PDJ, Purvis @igmonitoring using the lichen Hypogymnia physodes
and bark samples near Zlatna, Romania immediatdigvfing closure of a copper ore-processing plant.
Environ Pollut. 2006;143(1):81-88. DOI: 10.10164y\pol.2005.11.002.

Kosior G, Samecka-Cymerman A, Kolon K, Kempads Bioindication capacity of metal pollution cdtive
and transplanted Pleurozium schreberi under vatexgls of pollution. Chemosphere. 2010;81(3):326-3
DOI: 10.1016/j.chemosphere.2010.07.029.

Korzeniowska J, Panek E. The content of tnaaals (Cd, Cr, Cu, Ni, Pb, Zn) in selected plgrecies
(moss Pleurozium schreberi, dandelion Taraxacumiaffale, spruce Picea abies) along the road Cracow
Zakopane. Geomatics Environ Eng. 2012;6(1):43-80L: 20.7494/geom.2012.6.1.43.

Olszowski T, Tomaszewska B, Goralna-WtodarckykAir quality in non-industrialised area in thgpical
Polish countryside based on measurements of seélpotkitants in immission and deposition phase. dg¢m
Environ. 2012;50:139-147. DOI: 10.1016/j.atmose@%212.049.

Arasimowicz M, Niemiec M, Whiowska-Kielian B. Zinc, copper and chromium comnten
in soils and needles of the scots pine (Pinus sifee L.) from the Krakow agglomeration terrain.
Ecol Chem Eng A. 2010;17(12):1543-1552. httpsv&lgoogle.com/drive/folders/IFWQVyuwK4uCVNd_
ejuKD9tjh7j0dOzMh.

Sager M. The honey as a bioindicator of theiremment. Ecol Chem Eng S. 2017;24(4):583-594. :DOI
10.1515/eces-2017-0038.

Kirk PM, Cannon PF, David JC, Stalpers JA. $viorth & Brisby’'s Dictionary of the Fungi. 10th edn
Wallingford: CAB International; 2008. ISBN: 97808%8268.

Chang ST. Global impact of edible and medicimaushrooms on human welfare in the 21 century,
non-green revolution. Int J Med Mushrooms. 199971:DOI: 10.1615/IntIMedMushrooms.v1.i1.10.
Siwulski M, Sobieralski K, Sas-Golak |. Waséo odzywcza i prozdrowotna grzybow (Nutrition
and Health Values of Mushrooms)Zywn Nauk Technol Jaké. 2014;92(1):16-28. DOI:
10.15193/zntj/2014/92/016-028.

Grzywacz A. Problemyaytkowania jadalnych grzybéw w polskich lasach (Reois with the use of edible
mushrooms from Polish woods). Zadlz Ochr Przyr Las. 2010;4:56-79.
http://yadda.icm.edu.pl/lyadda/element/bwmetal.ettragro-5b1dae90-40ce-4793-92d9-
b3b6493bade0/c/Problemy_u_ytkowania_jadalnych_gnaylwv_polskich_lasach.pdf.

Marzuki A, Ying SY. Environmental monitoringnd controlling system for mushroom farm with online
interface. Inter J Computer Sci Infor Technol. 2014):17-28. DOI: 10.5121/ijcsit.2017.9402.

Koroleva Y, Vakhranyova O, Okhrimenko M. Acculation of trace elements by wild mushrooms
in  West part of Russia (South-Eastern Baltic). WRoll Atmos. 2015;226:1-10. DOI:
10.4267/pollution-atmospherique.4989.

Altintig E, Emre Hgir M, Altundag H. Determination of Cr, Cu, Fe, Ni, Pb and Zn ISP{OES in
mushroom samples from Sakarya, Turkey. Sakarya dgsity J Sci. 2017;21(3):496-504. DOI:
10.16984/saufenbilder.283292.

Niemiec M, Chowaniak M, Paluch t. Accumulatiohchromium, aluminum, barium and arsenic in deléc
elements of a forest ecosystem in the PrzedbalskigdMountain Range in the Western Carpathians.
J Elem. 2017;22(3):1107-1116. DOI: 10.5601/jelerh7202.1.1341.



56¢

PawelSwistowski and Matgorzata Rajfur

[24]

[25]
[26]

[27]

[28]

[29]

[30]

(31]

(32]

(33]

(34]

Lasy Nadlénictwa Stporkow (Woods of the Staporkow Forest Division).
http://lwww.staporkow.radom.lasy.gov.pl/widget/lasyelesnictwa/-/101_INSTANCE_1M8a#.
WhjcndFpxPY.

Lasy Nadlénictwa Kup (Woods of the Kup Forest Division). httwww.kup.katowice.lasy.gov.pl/
lasy-nadlesnictwa/-/asset_publisher/IM8a/contesti@dasy#.WbjdddFpxPY.

iCE 3000 Series AA Spectrometers Operators M Cambridge: Thermo Fisher Scientific; 2011.
http://photos.labwrench.com/equipmentManuals/923066df.

Commission Regulation (EC) No 1881/2006 of D8cember 2006 setting maximum levels for certain
contaminants in foodstuffs. https://eur-lex.eurepé.exUriServ/LexUriServ.do?uri=0J:L:2006:
364:0005:0024:EN:PDF.

Rozporadzenie MinistraSrodowiska z dnia 1 wriaia 2016 roku w sprawie sposobu prowadzenia oceny
zanieczyszczenia powierzchni ziemi. Dz.U. 2016, A4@95. (Regulation of the Minister of Environmerfit

1 September 2016 on the methods of assessmenil stidace pollution level, Official J 2016, iten395).
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDE0001395/0/D20161395.pdf.

Siri¢ 1, Humar M, Kasap A, Kos I, Mo B, Pohleven F. Heavy metal bioaccumulation by vettible
saprophyticand ectomycorrhizal mushrooms. Enviroci Bollut Res. 2016;23:18239-18252. DOI:
10.1007/s11356-016-7027-0.

Amadi N, Tanee FBG, Osuiji JO. Correlating zpiftytoaccumulation of Cyperus iria Linn with sdilesnical
parameters in a metal contaminated soil amendeld @riange peels. J Advances in Biol Biotechnol.
2017;16(1):1-17. DOI: 10.9734/JABB/2017/37205.

Juang KW, Lee YI, Lai HY, Wang CH, Chen BC.pgper accumulation, translocation and toxic effécts
grapevine cuttings. Environ Sci Pollut R. 2012;)9(@15-1322. DOI: 10.1007/s11356-011-0657-3.
Mleczek M, Siwulski M, Stuper-Szablewska K,sRinann |, Sobieralski K, GaBki P. Accumulation of
elements by edible mushroom species: Part |. Pmoblgrace element toxicity in mushrooms. J Envigmn
Heal B. 2013;48(1):69-81. DOI: 10.1080/036012342016733.

Ndimele CC, Ndimele PE, Chukwuka KS. Accumigiatof heavy metals by wild mushrooms in Ibadan,
Nigeria. J Health Pollut. 2017;7(16):26-30. DOI:36P6/2156-9614-7.16.26.

Rashid MH, Rahman MM, Correll R, Naidu R. Ange and other elemental concentrations in mushrooms
from Bangladesh: Health Risks. Int J Env Res PubaltHe 2018;15(919):1-18. DOI:
10.3390/ijerph15050919.



