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A research team has analysed heavy metals accumulation by various species of wild edible macromycetes, which
grow within the boundaries of contaminated and conditionally background territories of natural forest ecosys-
tems of Brest region of the Republic of Belarus. It has been found that within the boundaries of the studied ter-
ritory, the concentration of heavy metals in fruit bodies of macromycetes is more species-specific and environ-
ment dependent than the nature of the substrate and the place of growth. Mycological products, collected within
both technogenous polluted and conditionally background territories of Brest region are contaminated with
heavy metals, which form the following ranked series in terms of the content of macromycetes in fruit bodies:
Zn > Cu > Cd > Pb > Ni > Co. Consumption of mycological products with the following levels of contamination:
Cd — 8.4—16.2 MAC; Zn — 6.5—11.0 MAC; Cu — 2.5-5.2 MAC; Pb — 8.4—16.2 MAC; Ni and Co — 1.5 MAC
throughout life can lead to the increase in carcinogenic and non-carcinogenic health risks. The level of individual
carcinogenic risk from consuming macromycetes contaminated with lead and cadmium is 0.1—3.4 % 10~2. Such
a risk according to the international criterion scale is assessed as high, not acceptable for production conditions
and for the population, and requires measures to be taken for its elimination or reduction.
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INTRODUCTION

In the Republic of Belarus, mushroom produce is
traditionally consumed by a large part of the popula-
tion mostly due to its easy accessibility and low prices.
Favourable natural conditions and a high level of af-
forestation stipulate the fact that the average annual
mushroom biological and exploration reserves amount
to 59.2 thousand tons and operational to 26.6 thousand
tons respectively (Baginskiy, 2007; Koshedub, 2017).
In addition, edible macromycetes prove to be a
balanced natural complex of biologically active sub-
stances, essential amino acids and unsaturated omega-3
fatty acids. They also contain more than 20 macro-
and microelements and A, B, E, D, PP vitamins
(Yashchenko, 2012; Myslyva, Bilyavskiy, 2016).

However, under the unfavourable ecological condi-
tions, due to the ever-growing anthropogenic impact
on the environment, the mushroom produce can be
heavily contaminated and damaging for the health of
the population, since the mycobiota has a strong ca-
pacity for accumulating pollutants, and heavy metals in
particular. Even 31 years after the Chernobyl disaster,
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the contamination of wild mushrooms with Cs'¥ in

Belarus remains at a high level. According to the State
Agency for the Protection and Monitoring of Forests
“Bellesozashchita” the average content of this radio-
nuclide in the fruit bodies of mushrooms growing in
Brest region exceeds 1600 Bq/kg.

A review of available literature revealed that in Be-
larus there are practically no studies based on a long-
term systematic research of the heavy metals accumu-
lation in mushrooms and hazard assessment for hu-
mans consuming contaminated mycological products.
However, the determination of heavy metal concentra-
tion in the fruiting bodies of mushrooms is essential in
dietary intake studies: this acute problem is widely
highlighted in scientific literature in many other coun-
tries (Wasser et al., 2012).

The purpose of the research was to study the pecu-
liarities of Zn, Cu, Mn, Pb, Cd, Ni and Co accumula-
tion in certain species of wild edible macromycetes
with a tubular and lamellar hymenophore, which grow
within the boundaries of contaminated and condition-
ally background territories of natural forest ecosystems
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Fig. 1. The scheme of research sites.

of Brest Region of the Republic of Belarus, and to de-
termine the carcinogenic and non-carcinogenic risk
for the health of the population as a result of consum-
ing contaminated mushroom products.

The investigation objectives are: 1) to determine the
level of contamination of the topsoil, forest condition-
ally with heavy metals within the boundaries of natural
forest ecosystems of contaminated and background
territories; 2) to assess the degree of contamination and
to find out the peculiarities of heavy metals accumula-
tion in fruit bodies of certain edible mushroom species
with either tubular or lamellar hymenophore; 3) to de-
termine the degree of carcinogenic and non-carcino-
genic risk for the health of the population from chemi-
cal substances which get into the bodies as a result of
consuming contaminated macromycetes.

MATERIALS AND METHODS

The studied area and the object of research. The in-
vestigations were conducted in 2014—2016 in Brest and
Kamenets districts of Brest Region of the Republic of
Belarus. The research sites included forests adjoining
Brest-Moscow M-1/E-30 highway exposed to the in-
tensive anthropogenic impact (Brest region), as well as
the forests within the boundaries of Belovezhskaya
Pushcha National Park (Kamenets district), which be-
long to non-contaminated conditionally background
territories (Figure 1).

The forests of the studied area is represented by
pine, birch and oak plantations. The sod-podzolics
(without subdivision) soils are predominant in the soil
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mantle of the contaminated and background territories
(Umbric Retisols, WRB, 2014) (WRB, 2014).

The objects of the research were edible mushrooms
of six species: Leccinum aurantiacum (Bull.) Gray,
L. scabrum (Bull.) Gray, Suillus granulatus (L.) Rous-
sel, S. variegatus (Sw.) Richon, Cantharellus cibarius
Fr., Russula xerampelina (Schaeft.) Fr.

Sampling and analysis of soil and forest duff. The soil
samples were taken from July to September in accor-
dance with the requirements of ISO 10381-4:2003,
IDT. They were selected from the sites of 50 X 200 m.
One combined soil sample consisted of 8 to 10 point
samples. Two types of soil samples were selected (tak-
en): the upper organic-mineral horizon (forest duff)
0—3 cm and mixed sample of the upper soil horizons 0—
15 cm. The acid soluble (1N HCI extractant) and ex-
change (extractant — buffered ammonium and acetate
extract from pH 4.8) forms of Zn, Cu, Mn, Pb, Cd, Ni
and Co in soil samples and forest conditionally were
determined by the method of atomic and absorption
spectrometry on SOLAAR MkII-M6 Double Beam
AAS device.

Selection and analysis of mushrooms. Both the soil
and forest conditionally samples and the mycological
produce were collected from the same sites from July to
September. Every mixed sample contained at least
3 fruit bodies. In total, 63 mixed samples of mush-
rooms were selected and analysed, including carpo-
phore, hymenophore and stipes. All collected fruit
bodies of macromycetes were mechanically cleansed
from dirt with a plastic knife, rinsed with distilled wa-
ter, cut into pieces and dried in the oven at the tem-
perature of 65°C reaching air-dry state. Then the sam-
ples were reduced to fragments in the laboratory mill
and sifted through a sieve with 1 mm diameter mashes.
The residues on the sieve were ground in the agate
mortar, then added to the sieved part and thoroughly
mixed. The mineralization of mushroom samples was
done through dry ashing in accordance with the stan-
dard 26929-94. Acidic extraction of heavy metals from
the ash was carried out with a dilute 1 : 1 HNO;. The
concentration of heavy metals was determined by the
atomic absorption spectrometer with a flame atomizer
SOLAAR MKII-M6 Double Beam AAS in accordance
with the standard 30178-96.

Features of accumulation of heavy metals. The bio-
logical absorption coefficient (BAC) was used to anal-
yse the ability of the species of macromycetes to accu-
mulate chemical elements. It was calculated as the ratio
of the content of the element in the fruit bodies of
mushrooms to its background content in the soils of
Brest region (Matveev, Bordon, 2013).

The indicator of element biotics (IEB) (Glazovskiy,
2006) was used to estimate the biogeochemical con-
nection between the chemical composition of a living
organism and the biosphere. It was calculated as the ra-
tio of the content of the element in fruit bodies of
mushrooms to its clark in the lithosphere (for Belarus)
(Matveev, Bordon, 2013).
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The accumulation coefficient (AC) was used to
characterize the peculiarities of the transition of chem-
ical elements from substrate to fungi. It was calculated
as the ratio of the content of the element in fruit bodies
of mushrooms to the concentration of exchange and
acid-soluble forms of chemical elements in the forest
conditionally (Ivanov et al., 2008).

The hazard ratio of the heavy metals content (C,,,)
was used to assess the level of contamination of macro-
mycetes. It was calculated as the ratio of the average
content of the element in the fruit body to the value of
its maximum allowed concentration.

Assessment of non-carcinogenic and carcinogenic
risk. The assessment of the degree of non-carcinogenic
and carcinogenic risk was carried out according to con-
ventional techniques (Onishchenko et al., 2002; R
2.1.10.1920-04, 2004). The value of the hazard quotient
of the heavy metals content (HQ) in fruit bodies of sep-
arate species of macromycetes was determined for each
element investigated as a quotient from dividing the
daily intake of the element into its reference dose. The
total hazard index (HI) was determined as the sum of
hazard indices of each separate heavy metal. The as-
sessment of the carcinogenic risk was made by calcu-
lating the individual and total risk. The individual car-
cinogenic risk was determined as the multiplication of
the daily intake of the element in the body to the factor
of incidence of carcinogen, whereas the total risk was
determined as the sum of individual risks identified for
each carcinogens. When determining the risk, we con-
sidered the fact that the season of wild growing mush-
rooms consumption lasts 6 months (from May to Oc-
tober). The daily consumption of mushrooms amounts
to 0.143 kg of fresh weight for adults and adolescents
over 14 years old and 0.071 kg — for children and ado-
lescents under 14 years old (EFSA Journal, 2012). The
average body weight of the representatives of various
age groups — children at the age of 10—14 years, ado-
lescents of 14—18 and adults — amounted to 43 kg,
61 kg and 70 kg respectively (Zsigmond et al., 2015).

Microsoft Excel 2013 and Statistica 12.0 applied
program package were used to process experimental
data.

RESULTS AND DISCUSSION

Heavy metals in soil and forest conditionally. The
general specific feature of the investigated territory is
that the content of both exchange and acid soluble
forms of Zn, Cu, Mn, Ni and Co is higher in the forest
duffthan in 0—15 cm soil layer, which is a common fea-
ture of all soils in the temperate zone forests (Table 1).

It is necessary to note, that the main sources of soil
pollution with heavy metals in Brest region are emis-
sions from vehicles, energy facilities and industrial en-
terprises (Kakareka, Kuharchik, 2012). Besides, spe-
cial geographical location of Belarus introduced a
transboundary component in atmospheric deposition
on its territory (Mikhalchuk, 2017). In particular, the
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amount of lead participating in a transboundary trans-
fer and falling into the territory of Belarus, only from
the closest developed western countries (Poland, Ger-
many) and Russia can be at least 355 tons per year, cad-
mium — more than 15 tons per year (Tonchevski,
2015).

The forest duff within the boundaries of the condi-
tionally background territory proved to be more con-
taminated with such elements as Zn (3.18 MPC) and
Cu (3.08 MPC), whereas the content of Mn exceeded
the maximum allowed concentration both in the soil
and in the forest duff by 1.8 and 2.0 times respectively.
The forest duff within the boundaries of the technog-
enous-contaminated areas also contained manganese
in quantities that on average exceeded the threshold
concentration by 1.5 times. The above results are con-
nected not only with the effects of the technogenic fac-
tors, but mainly with the biophilic factors, they are ac-
tive in the biological cycle and accumulate quite inten-
sively in the forest topsoil. A comparatively high
content of manganese is the result of its biological ac-
cumulation in conditions of a very long interaction of
forest vegetation with the soil, which is very typical of
the indigenous forests of Belovezhskaya Pushcha
(Mikhalchuk et al., 2016).

Besides, it is common knowledge that woody vege-
tation participates actively in the podzol paedogenesis
formation and in the redistribution of nutrients and
microelements along the soil profile. In particular, oak
leaves have considerable concentrations of manganese
(BAC = 4.71), fresh forest duff and young needle litter
accumulate significant amount of copper (BAC =
= 3.35-5.97), Betula pendula (L.) Roth has consider-
able concentrations of zinc, its accumulation coeffi-
cient in leaves and young branches amounts to 5—
7 units. It is this fact that explains why the content of
Zn, Cu and Mn in the forest conditionally within the
conditionally background territory, which is presented
by pine, oak and birch stand exceeds the content of
these elements in the forest conditionally on techno-
logically contaminated territory (Myslyva, Bilyavskiy,
2016).

The content of exchange and acid soluble forms of
lead in the soil cover of the contaminated area is higher
than in the forest duff. A high content of lead in the soil
in the investigated area proved to be of the technogenic
nature, and it is predetermined, in the first place, by
the lateral intake of contaminated aerial masses by for-
est ecosystems and flood runoff from motor transport
landscapes bordering on these ecosystems or just cross-
ing them. Similar regularities were also found in the in-
vestigations carried out by Ukrainian scientists (Mysly-
va, 2013). The source of cadmium emission in the soil
within the polluted and conditionally background ar-
eas exceeds maximum allowable concentration on av-
erage by 1.2 times and the index of background content
for Brest region by 5—6 times. It is the leaf and needle
litters, which absorb this pollutant from the contami-
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Table 1. The heavy metals content in forest duff (depth 0—3 cm) and mixed sample of the upper soil horizons (depth 0—15 cm)
in forest ecosystems on the territory of Brest Region of the Republic of Belarus

Sampling depth and Content of element, mg/kg air-dry mass
number of samples 7n Cu Mn Pb cd Ni Co
Technogenous polluted territory
Forest duff, 0—-3em,n=12| 12+0.6 1.3£0.1 89+5 1.3£0.1 | 0.11+0.01 | 0.10£0.01 | 0.11+0.05
pH =3.6-3.8 17£0.9 1.5+ 0.1 203+11 3.7+£0.2 | 0.14+0.01 | 0.35+0.2 | 0.48+0.3
Umbric Retisols, 0—15cm, | 0.42+0.1 | 0.63+0.05| 15+0.8 3.17+0.2 | 0.5£0.03 | 0.05%0.03 | 0.05+0.03
n=12 0.89+0.04| 1.12+0.1 35+2 6.33+0.3 | 0.6+0.03 | 0.14+0.08 | 0.32+0.2
pH=4.9-5.1
Conditionally background territory
Forest duff, 0-3cm,n=9| 7344 9.5+0.5 120+ 7 3.1£0.2 | 0.5+0.03 | 1.1£0.05 | 0.53%0.03
pH=3.8-4.0 104+ 5 17+0.9 273+ 15 89+0.5 | 0.7+£0.04 | 3.8+02 | 1.5+£0.08
Umbric Retisols, 0—15cm, | 57+0.3 | 0.14+0.01 | 109%6 1.5+£0.1 | 0.6+0.03 | 0.10+0.01 | 0.15%0.01
n=9 8.0+0.434| 1.3%0.1 249 £13 42403 | 0.84£0.04 |0.34£0.02 | 0.71£0.04
pH=5.1-53
MAC (GN 2.1.7.12-1-2004; 23.0 3.0 80.0 6.0 0.5 4.0 5.0
GN 1.7.2041-06) (acid soluble
forms)
400.0
(exchange
forms)
Clark (Matveev, Bordon, 36.6 16.2 369.3 14.9 3.6 11.9 7.8
2013)

Note. Numerator — exchange form, denominator — acid soluble form; MAC — maximum allowable concentration.

nated air masses coming from nearby transport land-
scapes.

Features of the accumulation of heavy metals by mac-
romycetes. The concentration of chemical substances
in the fruit bodies of macromycetes is species and envi-
ronment-specific (Sazanova et al., 2017), and also de-
pends on the content of chemical elements in parent
species, their mineral composition, soil type, its agro-
chemical, physical and chemical properties as well as
on the chemical composition of forest conditionally
(Myslyva, Bilyavskiy, 2016). The average content of
chemical elements in the studied species of mushrooms
was correlated with the data obtained by other re-
searchers, in particular, carried out in similar soil and
climatic conditions of Poland. For the contaminated
areas, the average zinc content in fruit bodies of mac-
romycetes was 172—270 mg/kg; copper — 26—95; man-
ganese — 5—835; lead — 0.5—2.0; cadmium — 0.2—2.0;
nickel — 0.2—1.6; cobalt — 0.4—1.5 mg/kg of dry
weight. For macromycetes growing within the condi-
tionally background territories, the average zinc con-
tent in the fruit bodies was 75—224 mg/kg; copper — 7—
44; manganese — 4—31; lead — 0.1—1.1; cadmium —
0.5—3.0; nickel — 0.3—1.0; cobalt — 0.3—0.5 mg/kg of
dry weight (Table 2).

Mushrooms can accumulate heavy metals even
when their concentration in the soil is relatively low
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(Falandysz et al., 2003; Kula, 2011; Sazanova et al.,
2017). Under the conditions of forest ecosystems sub-
ject to the intensive technogenic effects (highwayside
forest stock) and irrespective of macromycetes species
their fruit bodies accumulate copper (ACgan = 20.73—
76.37; AC, = 16.91—-62.3) and zinc (ACga, = 16.04—
23.02; AC, = 11.29—16.20) most intensively (Table 3).
The maximum zinc accumulating capacity has shown
Leccinum aurantiacum. High capacity of this species to
accumulate high concentrations of Zn and Cu has also
been revealed in investigations carried out in condi-
tions of Ukrainian Polesie (Bilyavskiy et al., 2016),
within the boundaries of Yaroslavl Region (Pleshchee-
vo Lake National Park) (Pelgunov, Pelgunova, 2015)
and within the boundaries of Poland (Mleczek et al.,
2013b). The highest ability to concentrate both ex-
change and acid-soluble forms of copper was demon-
strated by Cantharellus cibarius. Other researchers
(Solomko et al., 1986; Alonso et al., 2003) also regis-
tered the ability of this species to accumulate Cu.

Copper (ACgap = 2.65—4.80; AC, = 1.43—2.60)
and zinc (ACgps = 1.02—3.07; AC, = 0.72—2.16) accu-
mulated intensively in the fruit bodies of macromycetes
growing within the limits of the conditionally back-
ground territory. A characteristic feature of zinc is its
ability to bind with humic acids with conversion into
less mobile compounds — zinc humates. Thus, the
Ne 4
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consolidation of Zn with sandy-loamy soils on the
conditioned-background territory occurs, and a less
intensive accumulation of it with the fruit bodies of
macromycetes takes place. Copper is more mobile in
the upper genetic horizons of the soil than zinc, and its
maximum mobility occurs in forest conditionally with
pH in the range of 3.6—3.8 pH units. For this reason,
copper accumulates most intensively in mushrooms
that grow within the National Park “Belovezhskaya
Pushcha”. Leccinum scabrum is the absorber of zinc,
and Russula xerampelina is the absorber of copper.
A high ability to accumulate zinc was established for
species of genus Leccinum in the studies by Mleczek et
al. (2013b). The intensive accumulation of copper by
R. xerampelina is obviously connected with the place
where it grows, and with the ability of the given species
to accumulate copper, which was highlighted by some
scientists (Elekes, Busuioc, 2013; Bilyavskiy et al.,
2016).

Every species of macromycetes investigated is char-
acterized by low or extremely low ability to accumulate
lead (ACgpp =0.03—1.51; AC, =0.01-0.52). These re-
sults also correlate with the results obtained in Finland,
which, in particular, revealed a low capacity for lead
accumulation by Leccinum species (Pelkonen et. al.,
2006). A low capacity for lead concentration for Lecci-
num aurantiacum and Cantharellus cibarius was
demonstrated in the studies carried out on the territory
of the Republic of Poland (Mleczek et al., 2013b). The
reason for a rather low intensity of lead accumulation
by symbiotrophic macromycetes is that this element
accumulates in the upper genetic horizons of the soil
profile. These horizons are rich in organic matter that
binds this element. Lead can be a part of the Fe and Mn
oxides, which are abundant in the soil of the studied ar-
ea, thus becoming inaccessible.

Manganese is the least accumulated element by
mushrooms growing on both contaminated and condi-
tionally background territories. Depending on the lo-
cation and macromycetes species the coefficient of its
biological absorption varies within the limits of 0.02 to
0.42 for acid soluble and from 0.04 to 0.95 — for ex-
change forms. Manganese is the element of weak accu-
mulate and intake for 30% of the species investigated.
The above findings correlate with the data obtained
under the investigation into the peculiarities of manga-
nese accumulation by macromycetes on Irtysh land
(Sibirkina, 2009). C. cibarius accumulated manganese
most intensively. The manganese accumulation coeffi-
cient for this species reached 0.95 for exchange and
0.42 for acid-soluble forms. The ability of this species
to accumulate manganese is highlighted in other inves-
tigations (Sesli et al., 2008). Since the values of the
manganese biological accumulation coefficients do
not exceed meaning one, it can be assumed that it en-
ters into the fruit bodies of macromycetes exclusively
from the substrate. This statement is also true for the
accumulation of lead.
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Table 3. Coefficients of accumulation of heavy metals in the
fruit bodies of macromycetes

Species ‘Element‘ ACpgaa ‘ AC, ‘ BAC | IEB
Technogenous polluted territory

Leccinum Zn 14.66 | 10.31 12.97 4.71
scabrum Cu 20.73 | 16.91 11.18 1.59
Mn 0.12 0.05 0.18 0.03

Pb 0.42 0.14 0.13 0.04

Cd 18.09 | 14.21 | 19.90 0.55

Ni 6.20 1.77 0.26 0.05

Co 3.82 0.88 0.20 0.05

L. aurantiacum | Zn 23.02 | 16.20 | 20.38 7.40
Cu 48.39 | 39.47 | 26.09 3.70

Mn 0.05 0.02 0.08 0.01

Pb 1.51 0.52 0.47 0.13

Cd 6.18 4.86 6.80 0.19

Ni 5.00 1.43 0.21 0.04

Co 4.91 1.13 0.26 0.07

Cantharellus Zn 22.38 | 15.74 | 19.80 7.20
cibarius Cu 76.37 | 62.30 | 41.17 5.85
Mn 0.95 0.42 1.42 0.23

Pb 0.64 0.22 0.20 0.05

Cd 4.18 3.29 4.60 0.13

Ni 16.00 4.57 0.67 0.13

Co 13.64 3.13 0.71 0.19

Suillus Zn 16.04 | 11.29 | 14.20 5.16
granulatus Cu 23.81 | 19.42 | 12.83 1.82
Mn 0.08 0.03 0.11 0.02

Pb 0.45 0.15 0.14 0.04

Cd 2.18 1.71 2.40 0.07

Ni 1.90 1.36 0.08 0.02

Co 4.55 1.56 0.24 0.06

Conditionally background territory

Leccinum Zn 3.07 2.16 | 16.85 6.12
scabrum Cu 2.65 1.43 | 10.65 1.51
Mn 0.14 0.06 0.27 0.04

Pb 0.03 0.01 0.02 0.01

Cd 6.48 4.63 | 32.40 0.90

Ni 0.87 0.25 0.40 0.08

Co 0.58 0.21 0.15 0.04

Suillus Zn 1.02 0.72 5.62 2.04
variegatus Cu 0.76 0.41 3.04 0.43
Mn 0.04 0.02 0.07 0.01

Pb 0.65 0.22 0.49 0.13

Cd 2.32 1.66 | 11.60 0.32

Ni 0.24 0.07 0.11 0.02

Co 0.85 0.30 0.21 0.06

Russula Zn 1.30 0.92 7.16 2.60
xerampelina| Cu 4.80 2.60 | 19.30 2.74
Mn 0.26 0.11 0.52 0.08

Pb 0.37 0.13 0.28 0.08

Cd 0.94 0.67 4.70 0.13

Ni 0.29 0.08 0.13 0.03

Co 0.70 0.25 0.18 0.05

Note: ACgpas — accumulation coefficient of exchange forms; AC, —
accumulation coefficient of acid soluble forms; BAC — biological
absorption coefficient; IEB — indicator of element biotics.
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Table 4. Hazard coefficient of heavy metals (C,,,) in the fruit
bodies of macromycetes

Hazard coefficient of (C,,,)

Species
Zn | Cu | Pb | Cd | Ni | Co

Technogenous polluted territory

Cantharellus cibarius |13.17 | 9.47 | 1.62 | 4.60 | 3.20 | 3.00
Suillus granulatus 9.44|2.95|1.14 | 2.40 | 0.38 | 1.00
Leccinum scabrum | 8.63 | 2.57 | 1.06 |19.90| 1.24 | 0.84
L. aurantiacum 13.55]6.00 | 3.84 | 6.80 | 1.00 | 1.08
Average meaning |11.20 | 5.25 | 1.92 | 8.43 | 1.46 | 1.48
Conditionally background territory

Russula xerampelina | 4.76 | 4.44 | 2.28 | 4.70 | 0.64 | 0.74
Suillus variegatus 3.74 1 0.70 | 4.00 |11.60 | 0.52 | 0.90
Leccinum scabrum |11.20 | 2.45 | 0.20 |32.40| 1.90 | 0.62
Average meaning 6.57 | 2.53 | 2.16 [16.23| 1.02 | 0.75

MAC, mg/kg 20 10 0.5 101 |05 |05

Cadmium is most intensively accumulated by Lec-
cinum scabrum (ACgpp = 18.09; AC, = 14.21) and
L. aurantiacum (ACgpp = 6.18; AC, = 4.86), growing
within the technogenous polluted territory. L. scabrum
(ACpgap = 6.48; AC, = 4.63) and Suillus variegatus
(ACpap = 2.32; AC, = 1.66) also differed in their abil-
ity to accumulate this pollutant; growing within a con-
ditionally background territory. The investigations of
Ivanov et al. (2017) point out that the content of cadmi-
um in fruit bodies of mushrooms increases 4—5 times
even with insignificant soil contamination, which is
due to high mobility of the given element, and our
findings confirm it. The ability of Leccinum scabrum to
accumulate increased amounts of cadmium is also un-
derlined by other investigations which were carried out
in conditions of Ukrainian Polesie (Bilyavskiy et al.,
2016), Romania (Zsigmond et al., 2015), and Poland
(Mleczek et al., 2013b). It is necessary to note that
L. scabrum belongs to the Boletaceae family which rep-
resentatives are predisposed to cadmium bioaccumula-
tion. The ability of Boletus edulis, B. badius and
B. chrysenteron species to accumulate this pollutant
was registered in some investigations (Pelkonen et al.,
2006; Mleczek et al., 2013a, 2013b; Zsigmond et al.,
2015; Koroleva, Ohrimenko, 2015; Bilyavskiy et al.,
2016). The reason of active cadmium accumulation by
macromycetes within the limits of conditionally back-

MUKOJOI'A U ®PUTOIIATOJIOTUA

ground territory, in our opinion, is its increased mobil-
ity because of high values of the soil substrate pH,
which amount to 3.8—4.0 pH units. A considerable
geochemical affinity between Zn and Cd predeter-
mines similar transfer of these metals to the plants and
fruit bodies of macromycetes, which obviously absorb
more mobile cadmium instead of zinc. Besides, in ma-
ny biochemical processes cadmium can replace zinc,
since their chemical properties are almost similar.

The content of nickel and cobalt in the substrate did
not exceed the critical concentration, though these el-
ements were accumulated in surplus quantities mainly
in the fruit bodies of macromycetes growing within
highwayside forests (ACgas = 1.9—16.0; AC, = 1.36—
4.57 for Ni and ACgys = 3.82—13.64; AC, = 0.88—3.13
for Co). The nickel and cobalt accumulator was Can-
tharellus cibarius. The ability of species belonging to
symbiotrophs, in particular, species of the genus Suillus
to accumulate cobalt is also indicated by Zsigmond et
al. (2015). In general, a higher concentration of Zn,
Cu, Cd, Ni and Co in the fruit bodies of macromycetes
was observed in comparison with the substrate on
which they grow, whereas the content of lead and man-
ganese was higher in the substrate.

Contamination of mushrooms with heavy metals. De-
spite the fact that soil, and forest floor within the limits
of Belovezhskaya Pushcha National Park contain larg-
er quantities of zinc and copper, than soil and forest
bedding in the limits of the technogenous contaminat-
ed territory, the hazard coefficients of their content in
macromycetes, which grow in the limits of condition-
ally background territory, have the lowest values as
compared with such for the technogenous contaminat-
ed territory (Table. 4).

Although the soil in the environments of highway
contained the quantities of zinc and copper equivalent
to only 0.02 and 0.21 MAC respectively, the hazard co-
efficient of content of the above elements in the fruit
bodies of macromycetes reached the values of 8.6—13.6
for zinc and 2.6—9.5 for copper. Within the limits of
natural forest ecosystems, they were 3.7—11.2 for zinc
and 0.7—4.4 for copper. This fact confirms that a spe-
cies and ecological environment are the main factors,
which influence the accumulation of heavy metals by
macromycetes which was also noted by a number of re-
searchers (Sibirkina, 2009; Koroleva, Ohrimenko,
2015; Sazanova et al., 2017; Ivanov et al., 2017).

There is one more fact to consider. The contamina-
tion of the macromycetes fruit bodies growing within
both contaminated and conditionally background ter-
ritories with lead is relatively similar. The coefficient of
hazard (C,,,) oflead content in the fruit bodies of mac-
romycetes growing on the technogenous-disturbed ter-
ritory varied from 1.1 to 3.8, whereas its value on the
territory of natural forest ecosystems amounted to 0.2—
4.0 on the average depending on the variety of macro-
mycetes (Table 4).
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Table 5. The total hazard index (HI) of the heavy metals content in the fruit bodies of separate species of macromycetes

Age-groups of the population living in the study region

Species
10—14 years 14—18 years adults
Technogenous polluted territory
Cantharellus cibarius 1.28 1.82 1.59
Suillus granulatus 0.48 0.68 0.59
Leccinum scabrum 1.02 1.45 1.26
L. aurantiacum 1.00 1.42 1.24
Conditionally background territory
Russula xerampelina 0.69 0.98 0.85
Suillus variegatus 0.59 0.84 0.73
Leccinum scabrum 1.44 2.05 1.78

The similar tendency was observed with cadmium.
Besides, it has been revealed that the fruit bodies of
Leccinum scabrum growing on both contaminated and
conditionally background territory had the maximum
cadmium contamination equivalent — 19.9—32.4 of
critical concentration, whereas the average content of
the given pollutants in the soil did not exceed 1.0—1.2
of critical concentration. The maximum contamina-
tion with both nickel and cobalt was observed in the
fruit bodies of Cantharellus cibarius, which shows the
ability to accumulate the given pollutants, as it is high-
lighted in the research of Murati et al. (2015).

Carcinogenic and non-carcinogenic risk. The re-
search has provided the opportunity to determine the
risk of the human’s intake, including carcinogenic one,
because of consuming such species of macromycetes
contaminated with heavy metals, which were calculat-
ed for various age groups. The risks were assessed ac-
cording to the value of hazard quotient (HQ) for every
metal and the value of the total hazard index (HI)
which is determined as a sum of all hazard quotients. If
the total hazard quotient does not exceed meaning one
(1), the probability of developing hazardous effects in
humans at daily substance intake during the lifetime is
inessential, and this effect is characterized as admissi-
ble. If the total hazard quotient exceeds meaning one
(1), the probability of developing hazardous effects in
human’s increases in proportion to the increase in HI.
In macromycetes growing on both the technogenous
contaminated and on the background territory the
highest hazard quotient was revealed for cadmium
(HQ = 0.10—1.32) and copper (HQ = 0.10—1.02)
(Table 5).

In terms of the magnitude of non-carcinogenic risk
among all species of macromycetes growing on the
technogenous-contaminated territory, only Suillus
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granulatus proved to be the safest when consumed as a
food product. This species along with Russula xeram-
pelina growing within the background territory proved
to be the safest as to the level of their contamination
with heavy metals.

When assessing the total risk of damage to certain
organs and systems of the human body, it has been es-
tablished that when eating macromycetes that grow
both within the contaminated area and on a condition-
ally background area, the most likely adverse effects
can be for gastrointestinal tract and liver (HQ.,, =
= 1.84-2.62; HQp,e4r = 0.67—0.96), and hematopoi-
etic organs (HQ_ g = 1.84—2.62; HQp,eq, = 1.91-2.71)
(Figs 2, 3). Moreover, the risk of negative effects on the
hematopoietic organs when eating macromycetes
grown on a conditionally background area is higher
than for a contaminated area due to higher levels of
macromycetes contamination by cadmium. The maxi-
mum contribution to the total risk is made by Cu, Ni
and Cd. Regardless of the location of growth and the
level of contamination of macromycetes, the maxi-
mum non-carcinogenic risk is established for the age
group of adolescents aged 14—18.

The assessment of carcinogenic risk, which is un-
derstood as the probability of the increase in the inci-
dence of neoplasms in humans due to the peroral ef-
fects of chemical carcinogens, was done by calculating
the values of individual, total and population risks.
Studied. Lead and cadmium as substances with a prov-
en carcinogenic effect, were selected among the chem-
icals (Table 6).

The total carcinogenic risk due to only two identi-
fied carcinogens for man — for the contaminated area
is 0.1—2.1 x 1072, and for conditionally background it
is 0.3—3.4 x 10~2. According to the international crite-
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Table 6. The total carcinogenic risk at peroral intake of heavy metals consuming polluted macromycetes

Age-groups of the population living in the studied region

Species
10—14 years 14—18 years and adults
Technogenous polluted territory
Cantharellus cibarius 0.03 0.05
Suillus granulatus 0.01 0.03
Leccinum scabrum 0.10 0.21
L. aurantiacum 0.04 0.08
Conditionally background territory
Russula xerampelina 0.03 0.06
Suillus variegatus 0.07 0.13
Leccinum scabrum 0.17 0.34
rion scale (Onishchenko et al., 2002) the risk is as- CONCLUSION

sessed as high unacceptable for production conditions,
and requires taking remedial action or decrease.

Eating mycological products that have the following
pollution levels: Cd — 8.4—16.2 MAC; Zn — 6.5—
11.0 MPC; Cu — 2.5-5.2 MAC; Pb — 8.4—16.2 MAC;
Ni and Co — 1.5 MAC:s throughout life can lead to the
increase in carcinogenic and non-carcinogenic health
risks. However, when assessing carcinogenic risk, it
should be borne in mind that the stochastic nature of
the carcinogenic process, a long latent period, the dif-
ferences in age sensitivity to the effects of carcinogens
do not allow accurately predict the timing of develop-
ment of malignant neoplasms in the population.

Total risk
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Fig. 2. The total risk of damage to certain organs and sys-
tems of the human body when eating macromycetes that
grow within a technogenous polluted area, HQ_ ;.
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Our findings revealed that in modern ecological
conditions that have developed within the region under
investigation, it is necessary to revise the background
areas for monitoring the contamination of forest soils.
The intensity of accumulation of macromycetes by pol-
lutants and their ability to concentrate or deconcen-
trate are equally influenced by both the biological fea-
tures of a particular species of macromycetes and the
geochemical specificity of the biotope. It was found
that for fungi, growing in pine-birch with the admix-
ture of oak forest plantations, the contamination of
fruit bodies with Zn, Cu and Cd is most likely. Mush-
room raw materials harvested within both technologi-
cally contaminated and conditionally background ar-

Total risk

Fig. 3. The total risk of damage to certain organs and sys-
tems of the human body when eating macromycetes that
grow within a conditionally background territory, HQpgckgr.
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eas are not safe, and its consumption as food can lead
to the increase in carcinogenic and non-carcinogenic
risks of the incidence of the population.

The research was carried out within the framework
of the project “Support to regional and local develop-
ment of adjacent territories of Belarus and Ukraine”
using the equipment of the biochemistry laboratory of
the State Scientific Establishment “The Polesie Agrar-
ian Ecological Institute of the National Academy of
Sciences of Belarus”.
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AKKYMVJIALI A TAXKEJ/IBIX METAJIZIOB MAKPOMUIIETAMUA
B BPECTCKOM OBJIACTU PECIIYBJIMKU BEJIAPYCh

T. H. MbicabiBa®*, H. B. Muxaapuyk®, 10. A. Beassckuii¢, I1. I1. Haaroumiic
4 Beaopycckas 2ocydapcmeeHHas ceabckoxossiicmeennas akademus, Topku, Pecnybauxa beaapyce
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HccnenoBaHbl 0COOEHHOCTU HAKOTUICHUST TSIKEJTbIX METAJUIOB Pa3IMYHBIMM BUIAMU TUKOPACTYIIUX Chen00-
HBIX MAaKPOMUIIETOB, MPOU3PACTAIOIIMMU B Mpeaenax 3arpsi3HEHHBIX U YCJIOBHO (hOHOBBIX TEPPUTOPUI TTPU-
POIHBIX JIECHBIX 9KocucTeM bpectckoii 06,1. Pecrrybnuku benapych. YcTtaHOBIE€HO, 4TO B Mpeneiax ucciieno-
BaHHO TEPPUTOPUU HA HAKOILICHUE TSKEIbIX METAJUIOB B IIJIOMOBBIX TeJIaX MAKPOMMUIIETOB 00Jiee MHTEHCUB-
HO BJIMSIIOT MX BUIOBAs IPUHAJIEXKHOCTh M DKOJIOTUYECKME OCOOCHHOCTM, HEXeJM XapaKTep cyocTpara u
YCIIOBUSI MecTa MpouspactaHus. [ pubHoe chipbe, MojlydaeMoe B Ipeesiax Kak TeXHOTeHHO-3arpsi3HEHHBIX,
TaK 1 YCIOBHO (POHOBBIX TEppUTOPHUiT bpecTckoii 00J1., 3arpsi3HEHO TSKEJTbIMU MeTaJUIaMU, KOTOPbIE 10 YPOB-
HIO COAepKaHUS B IUIOOOBLIX TeJIaX MAaKPOMMIIETOB 00pa3yioT CIEAYIOIINK paHXUpOBaHHbIM psan: Zn > Cu >
> Cd > Pb > Ni > Co. YnoTrpeb6iieHue B IUIIY TPMOOB, UMEIOIINX Ceaytole ypoBHU 3arpsisHeHus : Cd — 8.4—
16.2TIOK; Zn — 6.5—11.0 ITAK; Cu —2.5-5.2 ITK; Pb — 8.4—16.2 ITJIK; Niu Co — 1.5 IIIK Ha npOTsSoKEHU U
BCEM >KM3HU MOXET MPUBECTU K YBEJIMYEHUIO KAHIIEPOT€HHOIO M HEKAHIIEPOTeHHOTO PUCKA ISl 3I0POBbSI.
YpoBeHb MHIMBUAYATBHOTO KaHIIEPOTEHHOTO PUCKa OT YMOTPeOIeHUsT B TUIILY 3arpsi3HEHHBIX CBUHIIOM U
KaIMUeM MaKpOMHILIETOB cocTapisteT 0.1—3.4 X 102, 4To 1o MexKIyHApOIHON KPUTEPHAIIBLHOM IIIKaJIe OLICHH -
BaeTcsl KaK BBICOKMIA, He TTPUEMJIEMbIi1 ISl POU3BOJCTBEHHBIX YCIIOBUI U HACETIEHMS, U TPEOYIOIIMNIA TPUHSI-

THUA MEP IO YCTPAHCHUIO OO0 CHUKEHUIO.

Knrouesuie crosa: 3arpsisHeHUe, KAHIIEPOTCHHBIM M HEKAHIIEPOTEHHBI PUCK, JIeCHAs MOACTUIIKA, MAKPOMMIIE-

ThbI, IIOYBa, TAXKEJIbIC METAJIJIBI

MUKOJIOTHUA U GUTOIATOJIOTIUA
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