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CARCINOGENIC AND NON-CARCINOGENIC RISK FROM CONSUMING
OF EDIBLE MACROMYCETES GROWING IN AN ECOLOGICAL

CONDITIONS OF OLEVSK DISTRICT

© T. Myslyva, Yu. Bilyavskyj, P. Nadtochij

It was ascertained that the mycological products growing within the natural ecosystem zones in Zhytomyr Re-
gion, in particular the Olevsk district thereof, are considered to be ecologically hazardous, and its consumption
by people might result in escalation of both carcinogenic and not carcinogenic health hazards
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1. Introduction

Such foodstuffs as fungi are considered to be the
traditional food for inhabitants of the forest areas of the
state, in particular the Olevsk district of Zhytomyr Re-
gion. Prevalence of various species of the edible fungi in
the forests of Zhytomyr Polissia, high yield and tradi-
tional consumption thereof by local inhabitants provide
for delivery of microelements, inclusive of pollutants, to
the organism of a man [1]. Because of unfavourable eco-
logical conditions, the wild fungal cultures may be sig-
nificantly contaminated and therefore not safe for people
as the mycobiota is known for its high pollutant accumu-
lation ability [2-7]. Therefore, environmental researches
of the specific accumulation of various chemicals, in par-
ticular heavy metals, by the edible macromycetes as well
as the estimation of risk from its consuming have become
very actual and reasonable to the date.

2. Review of recent researches and publications
and a problem statement

Regular long-term researches in the field of ac-
cumulation of heavy metals by fungi and potential hazard
induced by consumption of the mycological products by
people have not been effectively described in modern
domestic science-oriented literature, except for certain
researches performed under local conditions of Rivne [8]
and Transcarpathian [9] Regions. The closer attention is
paid by modern researchers to the specific accumulation
and behaviour of the radioactive elements containing in
the mycological products. Results of such researches are
published in works of O. Orlov and others [10-12]. Se-
lection of the declared research is conditioned by the fact
that neither research involving assessment of carcinogen-
ic and not carcinogenic hazard of fungi consumption by
people living within the residential areas, in particular the
Olevsk District of Zhytomyr Region has been previously
performed.

3. Purpose and tasks of research

The purpose of research assumes assessment of
specific accumulation of Cu, Pb, Cd, Zn and Mn by vari-
ous species of the wild edible macromycetes with either

tubular or lamellar hymenophore growing within the for-
est ecosystem zones in Zhytomyr Region, in particular
the Olevsk District thereof. Also it involves determina-
tion of both carcinogenic and not carcinogenic health
hazards for rural residents consuming polluted fungi. The
objectives of research are as follows:

1) determination of contamination level for the
topsoil, forest floor and leaf litter located within the area
of natural woodland ecosystems;

2) estimation of contamination level and identifi-
cation of the specific accumulation of heavy metals in
mycothalluses of the edible fungi with either tubular or
lamellar hymenophore growing within the areas of natu-
ral woodland ecosystems;

3) determination of scale of carcinogenic and not
carcinogenic health hazard for people affected by chemi-
cals penetrating into organism through consumption of
polluted macromycetes.

4. Materials and methods of research of car-
cinogenic and non-carcinogenic risk from the con-
suming of edible mushrooms

4. 1. Research materials

The said researches were performed in 2012-2014
within the woodland areas near-by villages Budky,
Sosnivka, Bilokorovychi and Dibrova Olevsk districts of
Zhytomyr Region. The samples of soil, forest floor and
fungal mycothalluses were taken in July and August. The
aforesaid samples were taken according to requirements
of DSTU (Ukrainian State Standard) 1SO 10381-4:2005.
(1SO 10381-4:2003, IDT). Sampling depth for soil was
0...20 cm, while for forest floor — 0...5 cm.

4. 2. Research methods

Carcinogenic and non-carcinogenic health hazard
rate was assessed on the basis of the ordinary methodol-
ogy [13]. Availability of Cd, Cu, Pb, Mn and Zn mobile
forms in ammonium acetate extraction buffer (pH 4.8)
was determined with help of atomic absorption spec-
trometry. The mycological cultures were taken from the
same places as samples of the soil and forest floor. Each
sample included at least three mycothalluses. Cd, Cu, Pb,
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Mn and Zn content in fungal mycothalluses was deter-
mined by atomic absorption spectrophotometry applied
upon dry mineralization. The total of three species of the
edible fungi with tubular and three species of lamellar
hymenophore accordingly has been examined. In order to
assess a rate of hazard connected with the pollutant in
valid manner, the toxic properties of soil were deter-
mined as the zinc equivalent. The test data were statisti-
cally processed with help of application software pack-
age, inclusive of Microsoft Excel and Statistica 10.0.

5. Results of research of carcinogenic and non-
carcinogenic risk from the consuming of edible mush-
rooms

It is ascertained in the course of research that con-
tent of either whole or mobile forms of copper, zinc, lead
and cadmium in soils within natural woodland ecosys-
tems does not generally exceed maximum permissible
limits as per applicable regulations, except for the con-

tent of Cd mobile forms, the concentration of which in
the topsoil within the area of certain woodlands has been
1.2-1.7 times more than MAC. Upon calculation of the
zinc equivalent of toxic properties it has been ascertained
that the topsoil contamination (in terms of the zinc
equivalent) is of less- to medium-polluted character,
while the forest floor contamination has predominantly
medium-polluted level (Table 1). Content of heavy met-
als in the leaf and coniferous litter, which is a base for
substrate, wherein the edible macromycetes grow, gener-
ally has average values specified in professional biblio-
graphic sources [2] and is differentiated depending on
woody plant species — edificators of the plant groups in
the woodland ecosystems.

Upon the results of performed researches there
have been determined intensity-based sequences of cop-
per, zinc, lead, manganese and cadmium accumulation in
mycothalluses of the edible fungi with either lamellar or

tubular hymenophore (Table 2).

Table 1

Level of pollutants (heavy metals) content in soil (layer depth 0...20 cm) and forest floor (layer depth 0...5 cm) within
woodland ecosystems of Olevsk district in terms of the zinc equivalent of toxic properties

. Description of the Character of the contamination
Place of researches Soil type -
place of researches soil forest floor
Budky, Soddy medium podzolic sandy coniferous forest Lp MP
Olevsk district loam soil on fluvioglacial sands (pine)
mixed forest
(oak+pine) LP LP
Bilokorovychi, Soddy medium podzolic sandy mixed forest Lp Lp
Olevsk district soil on fluvioglacial sands (birch+pine)
mixed forest
(oak+pine) MP MP
Note: LP — less pollution; MP — medium pollution.
Table 2

Intensity-based sequences of heavy metals accumulation in edible mushroom mycothalluses

Name of the mushroom

| Sequence of accumulation

Tubular hymenophore

Xerocomus badius (Fr.) Keuhn. ex Gilb Zn>Mn>Cu>Pb>Cd
Suillus granulatus (Fr.) Kuntze Zn>Cu>Mn>Pb>Cd
Xerocomus subtomentosus (Fr.) Quel. Zn>Mn>Cu>Pb>Cd

Lamellar hymenophore

Lactarius pubescens Fr.

Zn>Mn>Pb=Cu>Cd

Lactarius deterrimus Groger

Mn>Zn>Cu>Pb>Cd

Tricholoma terreum (Fr.) Kumm

Zn>Mn>Cu>Pb>Cd

It is ascertained that copper is predominantly con-
centrated by such macromycetes with tubular hymeno-
phore as Suillus granulatus (Fr.) Kuntze. Zinc, as much
as possible, is accumulated by Xerocomus badius (Fr.)
Keuhn. ex Gilb; lead — by Suillus granulatus (Fr.)
Kuntze, while cadmium — by all species under research,
except for Xerocomus badius (Fr.) Keuhn. ex Gilb. Cad-
mium concentrators are considered to be all species of
macromycetes with lamellar hymenophore under re-
search, while lead concentrators — all species, except for
Lactarius pubescens Fr.

It is found that the maximum specific quantity of
samples with exceeded copper content (as compared with
applicable MAC) taken from mycothalluses of macro-
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mycetes with tubular hymenophore falls within Xero-
comus subtomentosus (Fr.) Quel. (44+1,6 %) and Suillus
granulatus (Fr.) Kuntze (38+0,9 %), while as concerns
mycothalluses of Xerocomus badius (Fr.) Keuhn. ex
Gilb, the exceeded MAC of copper has been revealed on-
ly in each tenth sample. The number of samples with ex-
ceeded MAC of zinc taken from mycothalluses of mac-
romycetes with tubular hymenophore differs within the
range 28+1.2 %...74+3.1 %. Macromycetes with tubular
hymenophore are found to be contaminated with lead and
cadmium. Mycothalluses are found to have higher con-
centration of lead and cadmium (67+2.8 % ... 98+5.2 %
and 26+0.6 % ... 97+4.8 % of the total quantity under
test accordingly) (Fig. 1).
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Average content of element in the
particles of MAC
N
o

W Xerocomus badius (Fr.) Keuhn. ex Gilb & Suillus granulatus (Fr.) Kuntze @ Xerocomus subtomentosus (Fr.) Quel. ‘

Fig. 1. Ecological safety of the macromycetes with tubular
hymenophore, averaged values for 2012-2014

The maximum specific quantity of
samples with exceeded copper content (as
compared with applicable MAC) taken from
mycothalluses of macromycetes with lamellar
hymenophore falls within Lactarius deterri-
mus Groger, the each fourth sample of which
has been found to be contaminated with the
said element. The mycothalluses of Lactarius
pubescens Fr. and Tricholoma terreum (Fr.)
Kumm have been found to be almost uncon-
taminated. It is found that mycothalluses of all
tested species of macromycetes with lamellar
hymenophore have zinc content that is 1.4-1.7
times more than the applicable MAC. The ex-
cessive content of cadmium and lead (5.1-6.4
MAC and 1.6-13.3 MAC accordingly) has
been revealed in mycothalluses of 100 % of
tested species of macromycetes (Fig. 2).

We have calculated the rate of
not carcinogenic hazard connected
with consumption of macromycetes
(Table 3).

When reviewing the structure of
not carcinogenic hazard origination, it
should be stressed that despite of ob-
servation point, the maximum specific
quantity falls within hazard con-
nected with blood diseases (HQ=
=0.063) and hormonal disorders (HQ=
=0.043).

The chemicals under test have
included lead and cadmium selected as
substances with proven carcinogenic
effect (Table 4).

Average content of element in the
particles of MAC
=

ll Lactarius pubescens Fr. 7 Lactarius deterrimus Groger & Tricholoma terreum (Fr.) Kumm ‘

Fig. 2. Ecological safety of the macromycetes with lamellar
hymenophore, averaged values for 2012-2014

Table 3

Rate of non-carcinogenic risk connected with penetration of chemicals to the organism of an inhabitants of
Olevsk of district as a result of macromycetes consumption

Average dail Reference dose for . .
stlggaen(c):fe dose (gADD)?/ chronic oral ingestion Hazari'%uotlent Organs wﬁigzs;reénssirziﬁrgamsm
mg/(kg - day) RfD, mg/kg
Copper 4,6-10™ 0,019 0,024 Gastrointestinal tract, liver
Central nervous system, blood,
Lead 1,4-10™ 0,0035 0,039 developmental defects, reproduc-
tive system, hormonal disorders
Cadmium 2,8:10° 0,0005 0,057 Kidneys, hormonal disorders
Zinc 1,7:10° 0,3 0,006 Blood
HQ general 0,126
HQ developmental defects 0,006
HQ gastrointestinal tract 0,024
) HQ liver 0,024
C“Tius'lf“"e HQ blood 0,063
HQ hormonal disorders 0,045
HQ central nervous system 0,006
HQ reproductive system 0,006
HQ kidneys 0,039
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Table 4

Rates of individual and population risks connected with oral ingestion of chemicals to the organism of an inhabitants of
Olevsk of district as a result of macromycetes consumption

- Population carcinogenic | Amount of popula- Level of Annual pay-
Individual . - L L :
. - . risk PCR and amount of | tion, which lives in individual ment in gen-
Carcinogen carcinogenic h ted f £ - - - |
risk ICR the expected cases 0 an area of supervi- carcinogenic eral cancer
cancer sions, persons risk rate, persons
Lead 5,210 58 low 0,08
- B _4 -
CCI:Ja:gLrJT;;LtJir\T)e 2,1-10 1,2 41894 medium 0,02
risk 2,6:10" 6,9 medium 0,10

It has been found that the rate of individual car-
cinogenic risk connected with long life consumption of
contaminated macromycetes for lead is 5.2-107°. Pursuant
to the international criterion scale it is assessed as low
(admissible) risk (the risk that as a rule requires setting
specific safety hygienic regulations for population).
Rate of individual carcinogenic risk for cadmium is
2.1-10™. Pursuant to the international criterion scale it is
assessed as medium risk admissible for production condi-
tions, however in case of residential exposure, it shall be
subject to dynamic control and comprehensive examina-
tion of the sources and potential consequences of the
hazardous effects required for making appropriate mana-
gerial decisions in the field of hazard management.

6. Discussion of the results of research of car-
cinogenic and non-carcinogenic risk from the con-
suming of edible mushrooms

Concentration of chemicals in fungal mycothal-
luses depends upon content of chemical elements in the
parent rocks and mineral composition thereof; soil type,
its agrochemical, physical & chemical properties, and as
well chemical composition of the forest floor. The soils
located within the area under research are generally
known for concentration of copper and zinc found in the
top genetic horizon. The closer to parent rock, the higher
concentration of cadmium, while lead is being concen-
trated within the top part of illuvial horizon. It shall be
noted that chemical and physical properties of the soils
within the area under research are considered to be rather
favourable for intensified soil-to-plant or soil-to-water
migration of the heavy metals. Therefore, contaminated
mycological products can be found even on less-polluted
soils (Table 1).

Contained in macromycetes heavy metals are dis-
tributed in uneven manner, in which connection the posi-
tion and concentration of certain element are dependable
either upon fungus growing locality or it species and hy-
menophore structure as the most fungi pollutants are ac-
cumulated in specific tissues of mycothalluses, i. e. la-
mellas and tubes. In general, the macromycetes with tub-
ular hymenophore are specifically known for more inten-
sive accumulation of copper and zinc, while the macro-
mycetes with lamellar hymenophore — zinc and manga-
nese (Table 2).

Ecological safety of the macromycetes under re-
search significantly differs depending upon chemical el-
ement and fungus itself (Figures 1 and 2). It is found up-
on research of three species of macromycetes with tubu-
lar hymenophore that mycothalluses of Xerocomus badi-
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us (Fr.) Keuhn. ex Gilb have the minimum content of
heavy metals, while the same of Suillus granulatus (Fr.)
Kuntze are contaminated to the maximum. It is found
upon research of three species of macromycetes with la-
mellar hymenophore that mycothalluses of Lactarius pu-
bescens Fr. have the minimum content of heavy metals,
while the same of Tricholoma terreum (Fr.) Kumm are
contaminated to the maximum.

In the course of research there have been deter-
mined certain hazards connected with penetration of
chemicals, inclusive of carcinogenic agents, to the organ-
ism of a man as a result of consumption of the mostly
polluted macromycetes by residents of the rural set-
tlements located within the limits of Olevsk district
(Table 5). The hazard has been assessed according to the
Hazard Quotient (HQ), with help of which it shall be
possible to define the admissible level of penetration of
chemicals to the organism of a man. Such a factor in no
case has exceeded value of 1.0. All above shall be inter-
preted as evidence of low probability of adverse effect
progress through daily penetration of the said substances
to the organism of a man because of long life consump-
tion of macromycetes. However, considering the fact that
pollutants might penetrate to the organism of rural resi-
dents not only upon consumption of fungi, but also pota-
toes and vegetables grown by them at home grounds, the
probability of not carcinogenic impacts shall be accord-
ingly increased.

The carcinogenic risk (for the purpose of this
work shall be understood as probability of increase in
frequency of neoplasm development in people because of
oral ingestion of hazardous chemical carcinogens) has
been assessed through calculation of individual, cumula-
tive and population risk rates (Table 6).

Total carcinogenic risk by only two identified car-
cinogens is 2,6-10—4, which is 2.6 cases of cancer rate of
various localization per 10 thousand people. According to
the classification levels of risk to human health, proposed
by the US Agency for Environmental Protection (US
EPA), carcinogenic risk from consuming contaminated
with heavy metals macromycetes assessed as alarming.
Note however, that due to the stochastic character of the
carcinogenic process, protracted latent period, differences
in age sensitivity and complicated character of temporary
and age dependence the probability of death of the person
is not possible to accurately predict the terms of develop-
ment of malignant tumours in the population on the basis
on available scientific information.

The further researches shall involve review of
specific accumulation by macromycetes of Co, Ni, Cr
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and As and estimation the rate of carcinogenic and non-
carcinogenic risk from the consuming of contaminated
edible mushrooms.

7. Conclusion

It is found on the basis of the research results that:

1) zinc and cadmium (while in some cases — copper)
are considered to be the principal pollutants of the mycolog-
ical products grown in areas of natural woodland ecosys-
tems within the Olevsk district of Zhytomyr Region;

2) copper and zinc are more intensively accumu-
lated by macromycetes with tubular hymenophore, zinc
and manganese — by macromycetes with lamellar one;

3) the rate of cumulative non-carcinogenic health
risk connected with long life consumption of polluted
macromycetes is 0.126 (being assessed as low), while the
rate of cumulative carcinogenic risk is 2.6:10 (being as-
sessed as medium).
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HEKOTOPBIE TEOPETUYECKHUE U METOJANYECKHUE ACIHHEKTBI
MNPOI'HO3UPOBAHUSA COCTOAHUA JIECHBIX ®PUTOIEHO30B

©B.T. Cxasip

Ipeonosicen n00X00 K NPOSHOZUPOBAHUIO COCMOSIHUSL TECHBIX (PUMOYEHO308, OAZUPYIOWULICS HA OYeHKe KOuYe-
cmea Ha naowaosx 60300Ho6IeHUs 0coDell MeNK020 nodpocma Kiacca «ay» eumanumema. Iloxaszano, umo na ce-
6epe cesepo-60CcmMouHOl YKkpaunvl 6 0y0ywem 0xcudaemcs pacuupenue niowadei cocHogo-0y006bix u 0ybo-
8bIX 1€CO8, 68 YEHMPALLHOU — 803PACMAHUE YOETbHOZ0 8eCa SCEHEBLIX U KICHOBO-SCEHEBbIX COOOUWECS, 8 10JiC-
HOUL — ygenuuenue 8 cocmasge opesocmoes Acer platanoides

Kniouegvie cnosa: ecmecmeennoe 60300H061eHUE, TECHbIE (PUMOYEHO3bI, MEIKUL NOOPOCH, NONYASAYUS, SUMA-
Jumem, WupOmHbll MAKPOSPAOUEHM

An approach to forecasting the state of the forest phytocoenosis, based on an assessment of the number of indi-
viduals in the areas of natural regrowth of small undergrowth vitality class «a». It is shown that in the north of
the north-east of Ukraine in the future is expected to expand the areas of oak and pine-oak forests, in the cent-
ral — the increase in the proportion of ash tree and maple-ash tree phytocoenosis, in the south — increase of Aser
platanoides in the structure of forests

Keywords: natural regrowth, forest phytocoenosis, small undergrowth, population, vitality, latitudinal macro-

gradient

1. Beenenue

JlecoBo300HOBIICHNE SIBIISIETCS MEXaHU3MOM, Jie-
KallMM B OCHOBE obecniedeHnst (YHKIMOHUPOBAHUS
necHBIX (uroneHo3oB [1]. Kpome toro, mo ero mpoteka-
HUIO MOXHO CYIUTb O MPOLUIOM, HACTOSILEM H, YTO OCO-
OEHHO Ba)XHO C TEOPETHYECKOW M NPAaKTUYECKON TOYEK
3peHus, — OyAylleM JIECHBIX (PUTOIIEHO30B TOTO WIIH
HMHOTO PETHOHA.

2. AHAJIU3 JUTEPATYPHBIX JaHHBIX M MOCTa-
HOBKAa NMpPo0JieMbl

TpagunuoHHO B JIECOBOTYECKOH HayKe IpH CO-
CTaBJIEHUM IPOTHO30B IEPBOCTEIIEHHOE BHHMAaHHE Yje-
JSFOT 00IIeMy KOJMYECTBY MOJPOCTA, MPOHU3pacTarolle-
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My Ha IUIOIIAASX Bo300HOBiIeHus. Cumraercs, 4yro Oy-
Jlyliee JIECHBIX OKOCHCTEeM B HauOOJIbIIEH CTeneHu
ompenenseTcss BeIMYMHON 3Toro mokasarens [2—7]. Ka-
4eCTBO MOJPOCTA MpaKTUUeCKu HrHopupyerca. OTHece-
HHE I0JIpocTa K KaTeropuy OJIarOHaJeXHBIH, COMHH-
TENBHBIA, HEeOJaroHa/Ie)KHBIN MM 3/10pOBBIH, HE)XU3HE-
CIOCOOHBIN, MOBPEXIECHHBIH HEIOCTaTOYHO HH(pOpMa-
TuBHO [8]. [la ¥ OpUEHTHPOBAHO OHO MPEHMYLIECTBEHHO
Ha KPYIHBIA TOAPOCT, BBICOTOH 1—1,5 M.

Ha ocHoBanmm aHanm3a coOpaHHBIX MOJIEBBIX Ma-
TEpUaJIOB 1 MHOTOYHCIICHHBIX JINTEPATyPHBIX HCTOYHUKOB
HaMH OBUI CIeNlaH BBIBOJX O TOM, YTO TaKOW ITOJXOM He
MO3BOJISIET y4ECTh BCEX TOHKOCTEH Ipolecca caMoB0300-
HOBJIEHUS JIECOB U COCTaBUTh JOCTATOYHO TOYHBIN IMpPO-



