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Abstract: In the current study, we determined
concentrations and transfer rates of Ag, Al, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, P, Rb, Sr and
Zn to Brown Birch Scaber Stalks (Leccinum scabrum)
mushrooms emerged in the area of Sudety Mountains
(Sudetes) in Poland. Fruiting bodies and topsoil
samples beneath L. scabrum were collected form the
Klodzka Dale. The trace elements were determined
using validated method and inductively coupled
plasma - atomic emission spectroscopy (ICP-AES) for
final measurement. Mushrooms contained Ag, Cr, Hg,
Co, Ni and Sr at < 1.0 pg/g dry weight; Ba and Pb at
~1.0 pug/g dw; Cd at < 5 pg/g dw; Cu and Mn at > 10
pg/g dw; Al and Ca at ~100 pg/g dw; Fe, Na, Rb and
Zn at 100 to 500 pg/g dw, Mg at ~1,000 pg/g dw; P
at ~5,000 ug/g dw and K at ~30,000 pg/g dw. Ca,
Mn and Ni were nearly equally distributed between
stipes and caps; stipes compared to caps were
enriched in Ba, Na and Sr, while caps were enriched
in Ag, Al, Cd, Co, Cr, Cu, Fe, K, P, Pb, Rb and Zn. The
values of bioconcentration factor (BCF) varied highly
depending on chemical element and were >1 for Ag,
Cd, Cu, K, Mg, Na, P, Rb and Zn, while <1 for Al, Ba,
Ca, Co, Cr, Fe, Mn, Ni, Pb and Sr. Topsoil showed
elevated content of lead and mean concentration was
99 + 32 pg/g dw, while cadmium was at 0.41 + 0.15
and those two highly toxic to human elements
occurred in edible caps of L. scabrum at 4.5 + 2.2 and
2.9 + 2.0 pg/g dw, respectively.
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Introduction

Fungi and including mushrooms take
important role in metallic elements and metalloids
turnover in the ecosystems (Lepp et al. 1987;
Falandysz and Borovicka 2013). Numerous wild
grown mushrooms are important as food resources
to many local populations worldwide and they are
also attractive and collected by fanciers and for
commercial purchase in many countries (Aloupi et
al. 2011; Liu et al. 2012; Nnorom et al. 2012, 2103;
Yagiz et al. 2008; Zhang et al. 2008, 2010). Edible
wild grown mushrooms are relatively rich in
essential trace elements such as K, Mg, Mn, Se, Cu,
Zn (Chudzynski and Falandysz 2008; Kojta et al.
2011, 2012; Li et al. 2011; Szubstarska et al. 2012).
The metals such as Hg, Cd and Pb are metallic
elements, which are hazardous in diet. They,
depending on species and/or site of collection can
be found in mushrooms at elevated to high
concentrations too (Chojnacka et al. 2012;
Drewnowska et al. 2012a, b; Falandysz et al.
2002a-b, 2003a-d, 2007; Garcia et al. 2009; Gucia
et al. 2012; Jarzyniska and Falandysz 2011; Melgar
et al. 1998, 2009; Nasr and Arp 2011). These
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metallic elements are noted as problematic in the
flesh of edible wild mushrooms — especially, when
fruiting bodies had grown-up at the contaminated
soils (Carvalho et al. 2005).

1 Materials and Methods

1.1 Mushrooms and soils

Fifteen mature specimens of Brown Birch
Scaber Stalk called also Birch Bolete or Birch
Scaber Stalk (Leccinum scabrum) (Bull.: Fr.) S. F.
Gray synonyms Boletus scaber and Krombholzia
scabra and surface soil layer (0-10 cm; 100 g)
beneath the carpophores (fruiting bodies) were
collected from forested areas of Klodzka Dale in
Sudety Mountains (southwestern Poland) in 2000
(Figure 1). The Sudety Mountains (Sudetes) form
the mountain range in Central Europe and the
highest peak is Sniezka (1,602 m altitude; 50°
44'10"N and 15°44'24"E) in the Karkonosze
mountains in Poland. Klodzka Dale has an area of
500 km?2 and is situated between Middle and
Eastern Sudetes. The dale is 400-1,000 m above
sea level (mushrooms were collected from lower
part of dale, e.g. from 400 to around 700 m) and
its parent soil bedrock is highly diverse in rock
types and comes from different geological ages
(Bednarek and Prusinkiewicz 1980).

The samples were divided into caps and stipes,
carefully hand- cleaned using a plastic knife to
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remove the attached soil particles and other debris
(e.g. leaves), dried to constant weight at 65°C,
crushed and pulverized in an agate mortar and kept
in dry condition in brand new sealed polyethylene
bags until chemical analysis.

The soil substrate samples were air dried at
room temperature in clean condition for a few
weeks and next sieved through a pore size 2 mm,
and further dried in an electronic oven in 40°C for
48 hours.

1.2 Chemical analysis

The pulverized sub-samples (~0.5 g) of caps
and stipes were weighted into
polytetrafluoroethylene (PTFE) vessels, pre-
digested for 24 hours with 7 mL concentrated nitric
acid (65%, Suprapure, Merck) at room temperature,
and further digested under pressure in an
automatic microwave digestion system type MARS
5 of CEM corp., Matthews, NC, USA. The digest
diluted to 25 mL using deionized water and stored
until instrumental analysis.

Metals from the soil samples of up 1.5 g were
leached using 10 mL of 20% solution of nitric acid
(Suprapur®, Merck) in open PTFE vessel, that were
gently heated up 105°C by 2 h. After cooling, the
leachates obtained were filtered through the
Whatman No. 42 filter paper - directly into a
volumetric flask, and volume was brought to 25 mL
with deionized water (Brzostowski et al. 2009,
2011a-b).
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Figure 1 Location of the sampling sites of Leccinum scabrum in Klodzka Dale region (Sudety Mountains;
outskrits of the Kamienica in the Bardo Slaskie Forest Inspectorate, Paczkéw and Zloty Stok; the left panel in

rectangle) in Poland (the right panel).
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Contents of 20 elements in mushrooms and
soil were determined by inductively coupled
plasma optical emission spectroscopy (ICP-AES;
Optima 2000 DV, Perkin-Elmer, USA) and
yttrium was used as an internal standard.
Mercury was determined by cold-vapour atomic
absorption spectroscopy (CV-AAS) using fully
automated mercury monitor (Mercury monitor
3200, Thermo Separation Products, USA). Each
spectroscopic measurement for each individual
sample was repeated in triplicate. Detection
limits were as follows: K, Mg, Na - 5 ug/g; Rb - 1
ug/g; Al, Ag, Ca, Cd, Co, Cr, Fe, Zn - 0.1 ug/g;
Ba, Cu, Mn, Sr - 0.05 pug/g and Hg - 0.005 ug/g
dry weight (dw).

1.3 Quality control/quality assurances

Both methods were well validated on a several
occasions by participation in intercalibration trials
and by periodic analysis of certified reference
materials and detailed results were given to public
in earlier articles (Falandysz 1990; Falandysz and
Chwir 1997). Duplicates and blanks followed with

every set of 10 mushroom or soil samples examined.

1.4 Soils pH and carbon

Soil pH has been determined according to
method by Musgrove (1987). Briefly, to a 10 g
aliquot of pooled air-dried soil sample (each made
of 3-5 individual samples), 50 ml distilled water

was added, and the mixture was left for 1 h at 25 °C.

Thereafter, pH was determined using a pH meter
(EC20 pH/ISE Meter, MODEL 50050, Hach
Company, Ames, Iowa, USA). Soil organic carbon
(matter) content was determined gravimetrically
after combustion of soil organic matter (10 g air-
dried sample; Loss-on-Ignition (LOI) method) at
800 °C in a furnace oven (type CNOL 8,2/1100,
Lithuania). That method is one of basic methods
used for determination of soil organic matter
content and its accuracy and precision are to some
degree limited (Qian et al. 2011).

2 Results and Discussion

The values of bioconcentration factor (BCF)

J. Mt. Sci. (2013) 10(4): 621—-627

50000

[ Cap
B [ Stipe
sooot U i M soil

500

.—Z%

-
ezz—

===

50

-_v%

i)

| —
E=p3 =
-
-
| |
L

-
e

| —
=72

Element content [ug/g dw|

7

7
_——
—
Z Z

05 U@g [g |

0.05

0.005

K P Mg Rb Na Zn Al Fe Ca Mn Cu Cd Pb Ba Ag Ni Cr Sr Hg Co

Mineral elements

Figure 2 BCF value ranges of mineral elements of L.
scabrum

varied highly depending on chemical element and
were >1 for Ag, Cd, Cu, K, Mg, Na, P, Rb and Zn,
while <1 for Al, Ba, Ca, Co, Cr, Fe, Mn, Ni, Pb and
Sr (Figure 2). Topsoil showed elevated content of
lead and mean concentration was 99 + 32 ug/g dw,
while cadmium was at 0.41 + 0.15 and these two
elements that are highly toxic to human occurred
in edible caps of L. scabrum at 4.5 £ 2.2 and 2.9 +
2.0 pg/g dw, respectively

2.1 Fruiting bodies

Table 1 (Supporting materials) summarizes
data on 19 metallic elements and phosphorous in
carpophores of L. scabrum and topsoils and related
data such as elements distribution between caps
and stipes (Qcss) values of elements
bioconcentration factor (BCF) and basic statistics.
Caps of L. scabrum are on average two-to-three
fold richer in Ag, Al, Cd, Cu, Co, Cr, Cu, Fe, Hg, K,
Mg, Pb,P, Rb and Zn compared to stipes and vice
versa is for Na, while Ba, Ca, Mn, Ni and Sr are
nearly equally distributed between those
mushroom parts.

Among the mineral compounds determined,
macroelement K had the greatest concentration
(29,000-45,000 pg/g dw in caps, and followed by
phosphorous  (4,600-8,900 ug/g dw) and
magnesium (650-1,300 pg/g dw) (Figure 3). The
elements such as Rb, Na, Zn and Fe, occurred in
caps at concentrations varying respectively
between 130-920, 160-510, 140-260 and 24-200
ug/g dw. Next in their abundance were Ca (35-190
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Table 1 Metallic elements content of Brown Birch Scaber Stalk (Leccinum scabrum) (ug/g dry weight; mean + SD,
range and median values) and their cap to stipe concentration quotient (Qc/s) and bioconcentration (BCF) values

Element

Ag

Al

Ba

Ca

Cd

Co

Cr

Cu

Fe

Hg"

Mg

Pb

Rb

Sr

Zn

Cap

0.69 + 0.20
(0.28-1.0)
0.71

120 £ 77
(16-240)
140

0.90 + 0.48
(0.15-1.6)
0.89

120 + 47
(35-190)
140

4.5+ 2.2
(1.2-8.8)
4.9

0.13 £ 0.14
(0.011-0.48)
0.092

0.50 + 0.27
(0.20-0.89)
0.39

22 +7
(14-39)

20

130+56
(24-200)
150

0.38 £ 0.23
(0.072-0.76)
0.36
36,000 + 4,300
(29,000-45,000)
35,000
1,000 + 100
(650-1,300)
1,000

20 + 11
(6.4-43)

16

310 + 110
(160-510)
290

0.84 £ 0.05
(0.76-0.91)
0.85

2.0 £ 2.0
(0.38-7.5)
3.0

6,100 + 1,100
(4,600-8,900)
5,700

410 £ 260
(130-920)
320

0.47 + 0.24
(0.087-0.76)
0.50

210 + 34
(140-260)
220

Stipe

0.25 + 0.05
(0.18-0.34)
0.25

46 £ 48
(10-180)

29

1.1+ 0.6
(0.14-2.1)
1.3

130 £ 47
(29-210)
130

1.8 £ 0.8
(0.57-3.3)
1.6

0.089 + 0.097
(0.010-0.34)
0.059

0.34 + 0.20
(0.12-0.66)
0.27

10+ 2
(6.0-15)

8.7

65 + 26
(12-87)

76

0.21 + 0.08
(0.060-0.33)
0.23

18,000 + 5,100
(7,700-29,000)
21,000

510 + 120
(370-750)
500

20 + 12
(4.6-37)

18

580 + 230
(260-1,200)
560

0.98 £ 0.19
(0.64-1.3)
1.0

1.3 + 0.6
(0.20-2.2)
1.2

2,200 + 500
(1,300-3,100}
2200

110 £ 260
(45-200)

97

0.63 + 0.35
(0.090-0.94)
0.83

98 + 34
(38-170)

110

Qcys

2.7+ 0.8
(1.3-4-3)
2.6

3.4 +2.4
(0.65-8.8)
2.9

0.84 £ 0.32
(0.40-1.4)
0.77

0.98 £ 0.35
(0.34-1.7)
0.88
2.5+ 0.6
(1.6-3.5)
2.4

1.8 £1.6
(0.31-5.3)
1.2

1.5+ 0.3
(1.0-2.1)
1.6
2.4+0.8
(1.3-4.9)
2.2

2.0+ 0.5
(1.1-2.8)
1.9

1.8 £ 0.8
(1.1-3.5)
1.3

2.1+ 0.6
(1.2-3.8)
2.1

2.0 + 0.4
(1.2-2.7)
1.9

1.1+ 0.3
(0.46-1.4)
1.2

0.59 £+ 0.23
(0.21-0.95)
0.61

0.90 + 0.22
(0.67-1.4)
0.81

2.3+ 0.9
(1.3-4-3)
2.1

3.0 + 1.3
(1.7-6.9)
2.5
3.8+1.2
(2.1-5.7)
3.8

0.82 + 0.22
(0.51-1.3)
0.80

2.4 +1.0
(1.2-4.9)
2.0

Note: “Data after Falandysz and Bielawski (2007)
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Soil

0.34 £ 0.10
(0.23-0.52)
0.30

11,000 + 2,000
8,600-13,000
12,000

130 £+ 36
(87-160)

130

2,500 + 800
(1,400-3,200)
2,600

0.41 + 0.15
(0.25-0.67)
0.34

3.5+ 0.9
(2.7-4.8)

3.2

4.0 £ 0.5
(3-4-4.5)

39

7.9+ 2.1
(5.8-10)

7.8

6,700 + 1,400
4,800-8,000)
6,900

0.026 + 0.010
(0.011-0.040)
0.026

260 + 40
220-300)
260

290 + 130
180-430

290

400 £ 73
(310-480)
410

230 + 47
(180-280)
220

16 £ 2

(14-19)

16

99 + 32
(71-140)

95

930 £ 390
(440-1,300)
1,000

2.8+ 0.6
(2.2-3.9)

2.5

16+ 6
(6.3-19)

19

20+5
(14-25)

21

BCFc

2.0+ 0.3
(1.2-2.5)

2.1

0.011 + 0.007
(0.0015-0.022)
0.013

0.0059 + 0.0037
(0.00011-0.0012)
0.0069

0.050 + 0.019
(0.014-0.077)
0.057

11+ 4

(4.0-21)

11

0.038 + 0.039
(0.0031-0.14)
0.028

0.063 + 0.034
(0.025-0.11)
0.058

2.8 £ 0.9
(1.7-5.0)

2.7

0.019 + 0.008
(0.0036-0.029)
0.023

13+ 4
(6.0-21)

12

140 * 16
(110-170)

130

3.4+ 0.4
(2.8-4.4)

34

0.049 £ 0.028
(0.016-0.11)
0.047

1.4+ 0.5
(0.71-2.3)

1.3

0.052 + 0.003
(0.047-0.056)
0.052

0.029 + 0.020
(0.0038-0.076)
0.032

6.6 £1.2
(5.0-9.6)

6.3

150495
(47-330)

130
0.030+0.015
(0.0055-0.048)
0.034

10+2

(6.9-13)

11

BCFs

0.79 + 0.21
(0.46-1.1)

0.82

0.0041 + 0.0043
(0.0009-0.0016)
0.0028

0.088 + 0.045
(0.011-0.016)
0.011

0.054 + 0.019
(0.012-0.087)
0.050

4.3+ 1.0
(2.0-6.3)

4.2

0.026 + 0.028
(0.0029-0.098)
0.015

0.043 + 0.025
(0.015-0.084)
0.039

1.2+ 0.3
(0.76-1.9)

1.1

0.0092 + 0.0038
(0.0019-0.013)
0.011

8.0+17
(5.0-9.5)

8.3

68 £ 19
(29-110)

73

1.8+ 0.4
(1.3-2.6)

1.7

0.049 + 0.030
(0.011-0.092)
0.056

2.6 +1.0
(1.1-5.2)

2.4

0.060 + 0.012
(0.039-0.078)
0.064

0.013 + 0.006
(0.0028-0.022)
0.013

2.4+ 0.6
(1.4-3.3)

2.4

38 £18
(16-72)

52

0.040 + 0.022
(0.0058-0.062)
0.052

4.8+1.7
(1.9-8.5)

54
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ug/g dw), Al (16-240 pg/g dw) and 500

followed with an order of magnitude ] BCF,

less concentration by Cu (14-38 [ BeF,
ug/g dw) and Mn (6.4-43 ug/g dw)
(Figure 3). Element Cd was
relatively high in caps but below the
tolerance limit of 1.0 pg/g fresh
product (10 ug/g dw; assuming 90%
water content) set in the European
Union (EU 2008) for -cultivated
mushrooms, and its content varied
between 1.2-8.8 ng/g dw. Also toxic

Pb, whose content in certain ]
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fresh product (2 pg/g dw; assuming Figure 3 Mineral elements’ concentration ranges of L. scabrum

90% water content) (EU 2008).

Next in abundance was Ba with content in caps
varying between 0.15 and 1.6 ug/g dw, while Ag, Cr,
Hg, Co, Ni and Sr occurred at lesser concentration
varying between 0.28-1.0, 0.20-0.89, 0.072-0.76,
0.011-0.48, 0.76-0.91 and 0.087-0.74 ug/g dw,
respectively. Element Ag in caps of L. scabrum
from background areas of northern part of Poland
in earlier study was at 0.50 + 0.32 (0.12-1.9; n = 40)
pg/g dw and in stipes was 0.28 + 0.16 (0.04-0.94;
n = 32) pg/g dw (Falandysz et al. 1994), In
available literature no data were found on
occurrence of trace elements in morphological
parts of L. scabrum. Stalk (stipe) of L. scabrum is
also edible but fibrous especially when the
specimen is getting older but the dried older ones
are of culinary value also.

Compared to the other mushrooms of genus
Leccinum 1i.e. the Hazel (Hard) Bolete L.
pseudoscabrum (L. griseum) mushrooms that
were collected from the forests in the northern part
of Poland (Jarzynska and Falandysz 2012), the L.
scabrum was significantly richer (caps; median
values; Mann-Whitney U-test) in Al, Ba, Cd, Co, Cr,
Fe, Ni, Pb and Sr but less in Na, and quite close in
Ca, Cu, Hg, K, Mg, Mn, Rb and Zn.

2.2 Soil

The forest topsoil sampled in Klodzka Dale
was definitely acidic and its pH varied between

3.54 and 4.38, while organic carbon content was
between 5.6 and 15.8 %. The Sudety Mountains is a
region known as rich in mineral ores. In this study
topsoil samples extracted with 20% solution of
nitric acid were relatively rich in Pb (71-140 pg/g
dw) and sodium (180-280 pg/g dw) and other
elements were below a typical geochemical
background for soils (Figure 3; Table 1, supporting
materials). Available data on some metallic
elements content of soils of Sudety Mountains
relate to soils extracted by aqua regia (Kabata-
Pendias and Pendias 2001).

2.3 Bioconcentration

The potential of fungi, plants or other
vegetation or animals to accumulate chemical
substances in body is estimated by calculating BCF
values. Brown Birch Scaber Stalk was found to be a
species that can efficiently bioconcentrate, in caps
and stipes of fruiting bodies, the elements such as
K (BCFc: 110-170), Rb (47-330), Hg (6.0-21), Zn
(6.9-13), Cd (4.2-21), P (5.0-9.6), Mg (2.8-4.4) and
Cu (1.7-5.0). Also bioconcentrated in caps was Ag
(BCF¢: 1.2-63), in stipes was Na (BCFs: 1.1-5.2),
while Al, Ca, Fe and Mn, which are relatively
abundant in the fruiting bodies (Figure 2; Table 1,
supporting materials) were excluded by the species
(BCF much < 1), and excluded also were the minor
trace elements such as Ba, Co, Cr, Ni, Pb and Sr
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(BCF < 1).

The elements in this study that showed values
of BCF > 1 in L. scabrum are also well
bioaccumulated by other species of the genus
Leccinum, e.g. by L. pseudoscabrum (L. griseum)
and L. duriusculum (Jarzynska and Falandysz
2012a,b). Also element Hg is well bioconcentraded
by L. rufum and L. scabrum (Falandysz and
Bielawski 2007). Mushrooms reveal variable and
sometimes highly specific potential to take up
various metallic and some other elements from
soils and bioconcentrate them in their fruit-bodies
to great concentration and some can
hyperacumulate them (Borovicka et al. 2007). No
one of the mineral compounds determined could
be considered as hyperacumulated by L. scabrum,
while high values of BCF for K and Rb are rather
typical for mushrooms and example can be Boletus
edulis and Xerocomus badius (Falandysz et al.
2011; Kojta et al. 2012).

References

Aloupi M, Koutrotsios G, Koulousaris M, et al. (2011) Trace
metal contents in wild edible mushrooms growing on
serpentine and volcanic soils on the island of Lesvos, Greece.
Ecotoxicology and Environmental Safety 78: 184-194. DOI:
10.1016/j.ecoenv.2011.11.018

Bednarek R, Prusinkiewicz Z (1980) The theory of soils.
Warszawa: Panstwowe Wydawnictwo Naukowe (In Polish). p
243.

Borovicka J, Randa Z, Jelinek E, et al. (2007)
Hyperaccumulation of silver by Amanita strobiliformis and
related species of the section Lepidella. Mycological Research
111: 1339-1344. DOI:10.1016/j.mycres.2007.08.015.

Brzostowski A, Bielawski L, Orlikowska A, et al. (2009)
Instrumental analysis of metals profile in Poison Pax
(Paxillus involutus) collected at two sites in Bory Tucholskie.
Chemia Analityczna (Warsaw) 54: 907-919.

Brzostowski A, Falandysz J, Jarzynska G, et al. (2011a)
Bioconcentration potential of metallic elements by Poison Pax
(Paxillus involutus) mushroom. Journal of Environmental
Science and Health A 46: 378-393. DOI: 10.1080/10934529.
2011.542387.

Brzostowski A, Jarzynska G, Kojta AK, et al. (2011b) Variations
in metal levels accumulated in Poison Pax (Paxillus involutus)
mushroom collected at one site over four years. Journal of
Environmental Science and Health A 46: 581-588. DOI:
10.1080/10934529.2011.562827.

Carvalho MI, Pimentel AC, Fernandes B (2005) Study of heavy
metals in wild edible mushrooms under different pollution
conditions by X-ray fluorescence spectrometry. Analytical
Science 21:747-750.

Chudzynski K, Falandysz J (2008) Multivariate analysis of
elements content of Larch Bolete (Suillus grevillei)
mushroom. Chemosphere 73: 1230-1239. DOI: 10.1016/
j.chemosphere.2008.07.055.

Chojnacka A, Jarzynska G, Drewnowska M, et al. (2012)
Mercury in  Yellow-cracking  Boletes  Xerocomus
subtomentosus mushrooms and soils from spatially diverse

626

3 Conclusions

Certainly L. scabrum like many other
mushrooms is able to sequester in carpophores
various metallic elements and phosphorous and
some mushrooms can absorb these elements from
the soils very efficiently. Hence L. scabrum is a
species playing important role in a biogeochemical
turnover of many metals. A content of Pb in L.
scabrum in this study was relatively high. This
highlights the significance of certain species of
edible mushrooms as source of essential but also
hazardous metals such as Pb, Hg and Cd.

Acknowledgements

Technical support by student Ewa Morawska
is acknowledged. This study has been supported in
part by the National Science Centre (NCN) of
Poland under Grant PRELUDIUM project No
UMO-2011/03/N/NZ9/04136 and by the Chinese
Academy of Science (Project No 2010T1Z26).

sites: Assessment of bioconcentration potential by species and
human intake. Journal of Environmental Sciences and Health
A 47: 2094-2011. DOI: 10.1080/10934529.2012.695990.

Drewnowska M, Jarzynska G, Kojta AK, et al. (2012a) Mercury
in European Blusher, Amanita rubescens, mushroom and soil.
Bioconcentration potential and intake assessment. Journal of
Environmental Science and Health A 47: 466-474. DOI:
10.1080/03601234.2012.663609.

Drewnowska M, Jarzynska G, Sapor A, et al. (2012b)
Bioconcentration by Yellow-ocher Brittle Gills Russula
ochroleuca. Journal of Environmental Science and Health A
47: 1577-1591. DOI: 10.1080/10934529.2012.680420.

EU (2008) Commission Regulation (EC) No. 629/2008 of 2
July 2008 amending Regulation (EC) No. 1881/2006 setting
maximum levels for certain contaminants in foodstuffs.
Official Journal of the European Union, L 173/6-L 173/7.

Falandysz J (1990) Mercury content of squid Loligo opalescens.
Food Chemistry 38: 171-177.

Falandysz J, Bielawski L (2007) Mercury and its
bioconcentration factors in Brown Birch Scaber Stalk
(Leccinum scabrum) from various sites in Poland. Food
Chemistry 105: 635-640. DOI: 10.1016/j.foodchem.2007.04.
024.

Falandysz J, Borovicka J (2013) Macro and trace mineral
constituents and radionuclides in mushrooms - health
benefits and risks. Applied Microbiology and Biotechnology
97(2): 477-501. DOI: 10.1007/s00253-012-4552-8.

Falandysz J, Chwir A (1997) The concentrations and
bioconcentration factors of mercury in mushrooms from
Mierzeja Wislana sand-bar, Northern Poland. The Science of
the Total Environment 203(8): 221-228.

Falandysz J, Bona H, Danisiewicz D (1994) Silver content of
wild-grown mushrooms from northern Poland. Zeitschrift fiir
Lebensmittel Untersuchung und Forschung 199: 222-224.
DOI: 10.1007/bf01193449.

Falandysz J, Bielawski L, Kawano M, et al. (2002a) Mercury in
mushrooms and soil from the Wieluiska Upland in south-



central Poland. Journal of Environmental Science and Health
Part A 37: 1409-1420. DOI: 10.1081/ESE-1200013266.

Falandysz J, Lipka K, Gucia M, et al. (2002b) Accumulation
factors of mercury in mushrooms from Zaborski Lndscape
Park, Poland. Environment International 28: 421-427.

Falandysz J, Brzostowski A, Kawano M, et al. (2003a)
Concentrations of mercury in wild growing higher fungi and
underlying substrate near Lake Wdzydze, Poland. Water Air
Soil Pollution 148: 127-137.

Falandysz J, Gucia M, Brzostowski A, et al. (2003b) Content and
bioconcentration of mercury in mushrooms from northern
Poland. Food Additives & Contaminants, 20: 247-253. DOI:
10.1080/0265203021000057485.

Falandysz J, Lipka K, Kawano M, et al. (2003¢) Mercury content
and its bioconcentration factors at Eukta and Morag,
Northeastern Poland. Journal of Agriculture and Food
Chemistry 51: 2835-2836.

Falandysz J, Kawano M, Swieczkowski A, et al. (2003d) Total
mercury in wild-grown higher mushrooms and underlying
soil from Wdzydze Landscape Park, Northern Poland. Food
Chemistry 81: 21-26. DOI: 10.1016/s0308-8146(02)00344-8.

Falandysz J, Kunito T, Kubota R, et al. (2007) Selected elements
in Brown Birch Scaber Stalk Leccinum scabrum. Journal of
Environmental Science and Health Part A 42: 2081-2088.
Doi: 10.1080/10934520701626993.

Garcia MA, Alonso J, Melgar MJ (2009) Lead in edible
mushrooms. Levels and bioconcentration factors. Journal of
Hazardous Materials 167:777-783. DOI: 10.1016/j.jhazmat.
2009.01.058.

Gucia M, Jarzynska G, Rafal E, et al. (2012) Multivariate
analysis of mineral constituents of edible Parasol Mushroom
(Macrolepiota procera) and soils beneath fruiting bodies
collected from Northern Poland. Environmental Science and
Pollution Research 19: 416-431. DOI: 10.1007/s11356-011-
0574-5.

Jarzynska G, Falandysz J (2011) The determination of mercury
in mushrooms by CV-AAS and ICP-AES techniques. Journal
of Environmental Science and Health A 46: 569-573. DOI:
10.1080/10934529.2011.562816.

Jarzyniska G, Falandysz J (2012a) Metallic elements profile of
Hazel (Hard) Bolete (Leccinum griseum) mushroom and
associated upper soil horizon. African Journal of
Biotechnology 11: 4588-4594.

Jarzynska G, Falandysz J (2012b) Metallic elements profile of
Slate Bolete (Leccinum duriusculum) mushroom and
associated soil horizon. Journal of Geochemical Exploration
121: 69-75. D0i:10.1016/j.gexplo.2012.07.001.

Kabata-Pendias H, Pendias H (2001) Trace elements in soils
and plants. Boca Raton: CRC Press. Third edition. p 413.

Kojta AK, Gucia M, Jarzynska G, et al. (2011) Phosphorous and
metallic elements in Parasol Mushroom (Macrolepiota
procera) and soil from the Augustowska Forest and Elk
regions in north-eastern Poland. Fresenius Environmental
Bulletin 20: 3044-3052.

Kojta AK, Jarzynska G, Falandysz J (2012) Mineral composition
and heavy metals accumulation capacity of Bay Bolete’s
(Xerocomus badius) fruiting bodies collected near a former
gold and copper mining area. Journal of Geochemical
Exploration 121: 76-82. DOI: 10.1016/j.gexplo.2012.08.004.

J. Mt. Sci. (2013) 10(4): 621—-627

Lepp NW, Harrison SCS, Morrell BG (1987) A role for Amanita
muscaria L. in the circulation of cadmium and vanadium in
non-polluted woodland. Environmental Geochemistry and
Health 9: 61-64.

Li T, Wang Y, Zhang J, et al. (2011) Trace element content of
Boletus tomentipes mushroom collected from Yunnan, China.
Food Chemistry 127: 1828-1830. DOI: 10.1016/j.foodchem.
2011.02.012.

Liu H,-Zhang J, Li T, et al. (2012) Mineral element levels in wild
edible mushrooms from Yunnan, China. Biological Trace
Elements Research: 147: 341-345. DOIL: 10.1007/s12011-012-
9321-0.

Melgar MJ, Alonso J, Pérez-Lopez M, et al. (1998) Influence of
some factors in toxicity and accumulation of cadmium from
edible wild macrofungi in NW Spain. Journal of
Environmental Science and Health B 33: 439-455.

Melgar MJ, Alonso J, Garcia MA (2009). Mercury in edible
mushrooms and soil. Bioconcentration factors and
toxicological risk. Science of the Total Environment, 407:
5328-5334. DOI:10.1016/j.scitotenv.2009.07.001.

Musgrove SD (1987) The distribution of heavy metals in soil and
metal uptake into vegetation, at Beaumont Leys sewage farm,
Leicester. Part I. Analytical methodology and metal
distribution in soil. Journal of the Association of Public
Analysts 25: 113-128.

Nasr M, Arp PA (2011) Hg concentrations and accumulations in
fungal fruiting bodies, as influenced by forest soil substrates
and moss carpets. Applied Geochemistry 26: 1905-1917. DOI:
10.1016/j.apgeochem.2011.06.014.

Nnorom IC, Jarzyniska G, Falandysz J, et al. (2012) Occurrence
and accumulation of mercury in two species of wild grown
Pleurotus  mushrooms from  Southeastern Nigeria.
Ecotoxicology and Environmental Safety 84: 78-83. DOLI:
10.1016/j.ecoenv.2012.06.024.

Nnorom IC, Jarzyniska G, Drewnowska M, et al. (2013) Major
and trace elements in sclerotium of Pleurotus tuber-regium
(Osu) mushroom - dietary intake and risk in Southeastern
Nigeria. Journal of Food Composition and Analysis 29: 73-81.
DOI: 10.1016/j.jfca.2012.10.001.

Qian B, Liu L, Xiao X (2011) Comparative tests on different
methods for content of soil organic matter. Journal of Hohai
University (Natural Sciences) 39(1):34-38.

Szubstarska J, Jarzyniska G, Falandysz J (2012) Trace elements
of Variegated Boletes (Suillus wvariegatus) mushrooms.
Chemical Papers 66: 1026-1032. DOI: 10.2478/s11696-012-
0216-5.

Yagiz D, Konuk M, Afyon A, et al. (2008) Minor element and
heavy metal content of edible wild mushrooms; native to Bolu,
North-West Turkey. Fresenius Environmental Bulletin 17:
249-252.

Zhang D, Gao T, Ma P, et al. (2008) Bioaccumulation of heavy
metal in wild growing mushrooms from Liangshan Yi
nationality autonomous prefecture, China. Wuhan University
Journal of Natural Science 13: 267-272. DOI: 10.1007/s11859-
008-0302-2.

Zhang D, Frankowska A, Jarzynska G, et al. (2010) Metals of
King Bolete (Boletus edulis) Bull.: Fr. collected at the same
site over two years. African Journal of Agricultural Research 5:

3050-3055.

627




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


