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Annoranus: IIpoBeneHa mpeaBapuTenbHas OLEHKa KadecTBa cheqoOHBIX TpubOoB (Leccinum sp. u
Lepiota sp.) mo coaepxkanuto Tsokenbix metamwioB (Pb, Cu, Zn, Fe, Ni m Mn) B mnpenemax
NPOMBIIIJICHHOM 30HBI TOpOJa, MPHPABHEHHOTO K paiioHaMm kpaiiHero Cesepa. OO0cienoBaH
KCWJIOTPO(HBI MaKpPOMHMIIET, SIBJISIOIIMICS IEHHBIM (apmakogorudeckum coiphéM (Fomitopsis
betulina) Ha conepxanue TsxKeIbIX deMeHToB. OOHapyx)eHo Bbicokoe conepxkanue Cu, Zn, Fe u Mn B
rpubax, MpoU3pacTaroIluX Ha TEPPUTOPUN IIPOMBILIEHHON 30HBI.

Annotation: The preliminary assessment of the quality of edible mushrooms (Leccinum sp. and Lepiota
sp.) on heavy metals content (Pb, Cu, Zn, Fe, Ni and Mn) within the industrial zone of the Surgut city
(equivalent to areas of the Far North) was carried out. The xylotrophic macromycetes which are a
valuable pharmacological raw material (Fomitopsis betulina) were examined for the content of heavy
elements. The high content of Cu, Zn, Fe and Mn in the mushrooms growing on the territory of the
industrial zone was found.

KitoueBsie cnoBa: TpuObl; MAKPOMHUIICTHI; TSKEIbIE METAJUIbl; CBHUHEIL, )KeJIe30; Me/lb; IIUHK; MapraHell;
HUKEIIb.

Key words: mushrooms; macromycetes; heavy metals; lead; iron; copper; zinc; manganese; nickel.

3HayeHue rpudOB TPYAHO NepeonieHnTh. CheoOHbIe TPUOBI SABISIOTCS OTIIMYHBIM MPOAYKTOM ITHTAHHS
[9, c. 112], copeprkamuM O€NKH, BATAMUHBI, MUKPO U MaKpPO3JIEMEHTHI, a Takxke, (apMaKoJIOTH4eCKUM
ChIpbEM [3, 270-274], [14, c. 2748]. Benuka posb rpuOOB U B JIECHBIX COOOIIECTBAX, TJI€ OHU SIBIISIOTCS
HEOThEMJIEMbIMU YYaCTHUKaMU €CTECTBEHHBIX MpoueccoB [2, ¢. 158], [8, c. 101].

CornacHO JaHHBIM MHOTHX HCCJIEIOBAaHUN, TPUOBI MOTYT SIBIATHCS AKKYMYJISATOPAMH TSKEIBIX
MetaimioB [5, c. 106], [11, c. 353], [16, c. 257], [13, c. 11472], [15, c. 427], uTO MOXET OKa3bIBaTh
HETaTMBHOE BO3JEeHCTBHE Ha Oo0yieeé BBHICOKME YPOBHM THIIEBBIX IIETNEH, a TaKXe O5TO CBOWCTBO
HEKOTOPBIC aBTOPHI MPEAJAral0T HCIONb30BaTh B OHOWHAMKAIIMOHHOM MOHUTOPHHIE 3arps3HEHUN
Ha3eMHBIX 3Kocuctem [4, c. 98], [8, c. 101].

HeratuBHoe BiusiHHE TEXHOTCHHBIX (akTopoB Ha Teppuropurn XMAO-KOrpwr [6, c. 243], [10, c. 19]
CKa3bIBAaCTCsl HA MPUPOIHBIX PECYpcax OKPYra, TaKMX Kak SIrofbl, JIEKAPCTBEHHbIE PACTEHHsI, T'PUOBI.
Curyanust ycyryomisieTcsi HeJOCTaTOYHONM H3yYEHHOCTHIO PErHOHAJIbHBIX OCOOCHHOCTEH HAKOIUICHUS
TSDKEJIBIX METAJUIOB PECYpCHBIMH BUIAMU PACTEHHH U CHEJOOHBIMH TpHOamMH, a Takxke cOOpoM
HacCeJICHHEM ITHX 00bEKTOB 0€3 yuéTa Hay4uHbIX PEKOMEHIalUH.

C nenpr0 M3ydeHHUs KadecTBa IMOTEHIHAJIBHOIO IHIIEBOIO M (PapMaleBTUUECKOIO ChIpbsi IPUOOB, a
TaKXe NMPOBEPKH MPUTOJHOCTH JaHHBIX BUIOB I'PUOOB B KauecTBE 00bEKTOB MOHUTOPUHTA 3arps3HEHUS
TSDKEJIBIMM METaJlJIAMU Ha JITaHHOM TEPPUTOPUH, HaMU ObUIM IPOM3BEJCHBI MUJIOTHBIE MCCIEJOBAHUS
TpPeX BHUJOB MAKpPOMHIIETOB, MPEICTABISAIONIMX MUILEBYI0 HIM (HapMaKOIOIMYECKyl0 LEHHOCTh, Ha

84



International Scientific and Practical Conference
«FUNDAMENTAL AND APPLIED SCIENTIFIC RESEARCH» February (2019)

copepkanue Pb, Cu, Zn, Fe, Ni u Mn: Leccinum sp. — 0CHHOBUK (MHUKOpHU3000pa3oBareiib), Lepiota sp.
— 30HTHUK (TymycoBsIii canpotpod), Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han et Y.C. Dai —
OepesoBas ryoka (kcwnoTpod). COOpbl TUIOAOBBIX Tell ObUIM CIETaHbl B MPOMBIIUICHHON 30HE T.
Cypryra, B CMEIIaHHOM HapyIIEHHOM COCHOBO-JHCTBEHHHYHOM JIECY, YYacCTKH KOTOPOTO
MIEPErOPOKEHbl  KENE300€TOHHBIMM ~ KOHCTPYKIMSAMH, BOMU3M HaumbOoliee OXUBIEHHOW Tpacchl
«Hedreroranckoe mocce» Mexay yi. TexHnonornyeckas u yi. [IpousBoncrsennas (puc. 1).

& iterenia
|

Puc. 1. Tepputopus mect oT60pa mpoo.

[1nonoBsie Tena rpubOB ObUIM OYMIIEHBI OT HOCTOPOHHUX INPUMECEH IIACTUKOBBIM HOXOM, IUIOJIOBbIE
tena Leccinum sp. u Lepiota sp. Obuld pa3fesieHbl Ha «UUIAIKA» U «HOXKW» M IMPOCYLIEHbI 10
nmocTossHHOro Beca. [IpoObl ObUTM TOABEPTHYTHI CyXOMYy O30JIeHHIO Tpu Temmeparype 550°C B
MydenbHOl neun. Onpenenenue BaloBoro coaepxanus TsokEnbix metamuioB (Pb, Cu, Zn, Fe, Ni u Mn)
MIPOBOJIMIIM HA aTOMHO-a0copOImoHHoM criekTpoMerpe MI'A-915 M/] B KMCIIOTHBIX BHITSDKKAX [1, ¢. 1-
10] B Hayuno-o0pa3oBarensHoM LeHTpe U LlenTpe komtektuBHOro nojib3oBanus bY BO XMAO-IOrpst
«CypryTckuii rocy1lapCTBEHHbIA YHUBEPCUTETY.

ConepxaHue BCEX TSDKENBIX METAUIOB B HCCIIEIOBAaHHBIX 00pasnax CbeAOOHBIX TIPHOOB IPOM3OHBI
(Leccinum sp. u Lepiota sp.), B 11eloM, MOXKHO OLIEHHTh, KaK BBICOKOE, KpOME MOKa3aTeeil conep:kaHus
CBHHIIA U HUKeIA (puc. 2).

CpaBHEeHHE ¢ JaHHBIMU 10 CaHUTApHBIM HopMmaM [7, c. 119] mokasano npeBbllLIEHUE COIEp)KaHUs, B
ocHoBHOM, Zn — B 10,3 pa3a B nuisankax Lepiota sp., B 13,3 paza B Hoxxkkax Lepiota sp., B 10 pa3 B
HoXxKax Leccinum sp., B 9,8 pa3za B nusinkax Leccinum sp. (puc. 2).
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[IpeBbiienue conepxkanus Cu M0 CPaBHEHUIO C CAHUTAPHBIMH HOPMaMH OOHApYKEHO B IIUIAMKAX
Lepiota sp. B 9,2 pa3za, B HOxxKkax Lepiota sp. B 4,2 paza. He3HauntenbHOE MPEBHIINICHUE CAaHUTAPHBIX
HOpM 10 cozepxkanuto Cu HaOmomanoch B muisinkax Leccinum sp., comepkanune Cu B HOXKKaX ITHX
rprOOB HE MPEBBIIIAIO CAHUTAPHBIX HOPM (pucC. 2).

Conepxanue Pb B nuisankax Lepiota sp. HE3HAUMTENBHO MPEBBIIATIO CAaHUTApHBIE HOPMBI (Ha 24%)

(puc. 2).

[IpoBeneHHbBIE WCCIEIOBaHUS BaJIOBOTO COMCPKAHUS TSDKEIIBIX METaUIOB B ChETOOHBIX MAKPOMHUIIETAX
BHYTPUTOPOACKOTO JiecHoro maccupa (I. CypryT), MoKa3anu paziudus B KOHIEHTPALUW METAIOB B
NUISITIKaX W HOXKKaxX TUIOJOBBIX Tenm y Leccinum sp. m Lepiota sp. B OCHOBHOM, TshKeNble METaUIbI
HAKaIUIMBAlIUCh B NUIANKaX TpuOOB. CylleCTBEHHBIC Pa3IUYUs MEXAY COJACPKAHUEM DJIEMEHTOB B
IUISIIKaX ¥ HOXKax HaOmomatorcst y Lepiota sp., Tak, comepxanue Pb B IUISNKax IIIOAOBBIX TEJ ATHX
rpubOB OBLIO BBIIIE, YeM B HOXKKax B 2,24 pasa, conepkanue Cu — B 2,19 paza, Fe — B 1,9 paza, Ni — B
1,65 pa3a m He3HAUUTEIHLHO TOBBINIEH ypoBeHb Mn. Ilokasarens coxepskanust Zn, HA00OpPOT, OBLI
NOBBIIIEH B nuIAnkax Lepiota sp.

B nwuiankax miuomoBeIx Ten rpubOoB Leccinum sp. Takke HaOMIONAIOCh MOBBIIMIEHHOE COJIEpIKAHUE
anemeHToB — Pb — B 2,1 pasa, Fe — B 1,9 paza B Mn — 2,7 paza, Ni — B 1,4 paza, conepxanue Cu Obu10
MOBBIIIEHO HE3HAYUTENIbHO, IPH 3TOM, COAEp)KaHHEe Zn HE HUMENIO JOCTOBEPHBIX pa3IUuuil U
HaXOJIMJIOCh Ha OJJHOM yYPOBHE, KaK B IIUISAIKAX, TAK U B HOXKKAX IJIOIOBBIX TEJ ITHX IPHOOB.

Fomitopsis betulina HakarumBan nauOosnbmiee koaudecTBO Zn (544,398+4,110 Mkr/r). 3HaunTENIbHOE
KOJIMYECTBO IIMHKA COZICPIKaIM HUISIKU rpuboB poaa Lepiota sp. (133,637+7,227 Mkr/r) (puc. 2).
Bricokum coneprkanuem Fe xapakrepuszoBasiack Fomitopsis betulina (347,0354+4,598 MKr/r) u nuisinku
MakpomuiietoB Leccinum sp. u Lepiota sp. (47,591£1,376 wmxr/r u 43,686+1,363 MKI/T,
COOTBETCTBEHHO) (puc. 2).

Fomitopsis betulina HakarumBay cample 3HaUUTENIbHBIC KomndecTBa Cu (97,628+2,215 MKI/T), a Takke
nuinku  Lepiota sp. XapakTepu3OBaIMCh BBICOKMMH 3HAUEHUSMHU TOKaszarenst coaepkanus Cu
(45,784+1,801 Mkr/t) (puc. 2).

Conepxanue Pb y Bcex mccnenoBaHHBIX MaKpOMHIIETOB Haxoauiaoch Ha ypoBHe (0,104 — 0,659 mxkr/r)

(puc. 2).

Huxenp (Ni), B OCHOBHOM, HaKarIMBaJICA B IIISTIKaX MAaKpOMHUIIETOB poja Lepiota sp. (puc. 2).
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n MKt

Fe mkrir

Mn mkrir

Cu MKrfr

Pb merr

Mi mkrfr

Leccinum Leccinum Lepiota wnAanka Lepiota HoKKa Fomitopsis
WnAnKa HOXKKa betulina

Puc. 2. BanoBoe coneprkaHue TSKEIbIX METAIIOB B IIIOJOBBIX TeIax MakpoMuileToB XMAO (MKT/T).

Takum oOpaszom, Fomitopsis betulina xapakrepuszoBajicsi 0O4eHb BBICOKMMH IOKa3aTeNsIMHU COEPKaHHS
Zn, Fe, Cu m Mn, koTopele KakK pa3 SBJISIOTCS HEOOXOIAUMBIMH KOMIIOHEHTaMH (EPMEHTOB
KCHJIOTPO(HBIX IpuOOB, YYacTBYIOIIMX B paspyluieHuH apeecunsl [12, c. 73]. Kpome Toro, BeIcOKOE
COIep)KaHUE OSTUX DIIEMEHTOB MOXKET OBITh OOBSCHEHO WX MOOWIM3alMed W3 cyOcTpara B Xofe
paznoxenus Tkanedt [12, c. 73]. Ilpomecc umeer OojbIIoe 3HAUYEHHE B BBICBOOOXKIICHUHU TSXKENBIX
METaJUIOB, YBEIMUEHUH X OMOJOCTYITHOCTH YISl JPYTUX OPTaHW3MOB M TIOCTYIUICHHUS B MTUIIEBbIC IIETTH
9KOCHCTEMBI.

Psyp1 yObIBaHUS conepiKaHUsI UCCIIEAOBAHHBIX 3JIEMEHTOB B IUIANKAX M HOXKKAX IJIOAOBBIX TEJ TPHOOB
Lepiota sp. oka3ainuch NpaKTUYECKU OIMHAKOBBI:
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Zn>Cu=Fe>Mn>Pb>Ni;

Psipl yObIBaHUST COEpIKaHUS UCCIICIOBAHHBIX 3JIEMEHTOB B IUISIMIKAX M HOXKKaX IJIOAOBBIX TEJI TPUOOB
Leccinum sp. Takxe He UMM OTIUYUNA, HO OTIMYAIUCH OT PsIOB YObIBaHUS, XapaKTepHbIX /it Lepiota

sp.

Zn>Fe> Mn>Cu>Pb>Ni;

Psin yObiBaHUS conepkaHus TSDKENBIX MeTaioB Juit Fomitopsis betulina umeer crnenyromuii BUI:
Zn> Fe> Cu>Mn>Pb>Ni.

[IpencraBneHHble pe3ynbTaThl BRISIBUIN NEPCIEKTUBHOCTD JAJIbHEUIIETO UCCIIEJOBAHNUS MAaKPOMULIETOB
B POJIM OMOMHIUKATOPOB 3arps3HEHUs OKPY)KAIOIIEH Cpeibl, a TAaKKe KaK MCTOYHUKOB ACCEHIIMATBHBIX
anemeHnToB  (Cu, Zn). IlenecooOpa3HO pacIIMpeHHE HCCIEAOBAaHHMS  JJIEMEHTHOTO  COCTaBa
MaKpOMHUIIETOB, KaK CbEJOOHBIX, TaK M SKOJOTMYECKH 3HAYMMBIX BHJIOB B YCIIOBUSX TEXHOTE€HHOTO
BO3/ICHCTBHS, @ TAKXKE B C1a003arpsA3HEHHBIX paifoHaX M HA YCIOBHO-YUCTBIX TEPPUTOPHSIX.

PaboTh! BHINIONHEHB! B PAMKax BBIMOIHEHHUS TOCYAapCTBEHHOTO 3a1aHus JlenapramMenta oOpa3oBaHus U
MOJIOJIC’KHOW MOJTUTUKN XaHTbl-MaHcuiickoro okpyra - KOrpsl.
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The text of the article in English

The value of mushrooms is difficult to overestimate. Edible mushrooms are an excellent food [9, p.
112], containing proteins, vitamins, micro and macroelements, as well as pharmacological raw materials
[3,270-274], [14, p. 2748]. The role of fungi is also great in forest communities, where they are integral
participants in natural processes [2, p. 158], [8, p. 101].

According to many studies, mushrooms can be accumulators of heavy metals [5, p. 106], [11, p. 353],
[16, p. 257], [13, p. 11472], [15, p. 427], which may have a negative effect on higher levels of food
chains, as well as this property, some authors suggest using in bioindicative monitoring of pollution of
terrestrial ecosystems [4, p. 98], [8, p. 101].

The negative impact of man-made factors on the territory of the Khanty-Mansi Autonomous Okrug-
Ugra [6, p. 243], [10, p. 19] affects the natural resources of the district, such as berries, medicinal plants,
mushrooms. The situation is aggravated by the insufficient knowledge of the regional characteristics of
the accumulation of heavy metals in resource plant species and edible mushrooms, as well as the
collection of these objects by the population without taking scientific recommendations into account.

In order to study the quality of potential food and pharmaceutical raw materials of mushrooms, as well
as to test the suitability of these types of mushrooms as objects of monitoring contamination with heavy
metals in this area, we carried out pilot studies of three types of macromycetes of food or
pharmacological value for Pb, Cu, Zn, Fe, Ni and Mn: Leccinum sp. - Aspen (mycorrhiza), Lepiota sp. -
umbrella (humus saprotroph), Fomitopsis betulina (Bull.) BK Cui, ML Han et YC Dai - birch sponge
(xylotroph). Collection of fruit bodies was made in the industrial zone of Surgut, in a mixed disturbed
pine-larch forest, areas of which are partitioned off by reinforced concrete structures, near the busiest
route “Nefteyuganskoye Highway” between st. Technologicheskaja and st. Proizvodstvennaja (Fig. 1).

Fig. 1. The territory of the sampling sites.
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Fruit bodies of mushrooms were cleaned from impurities with a plastic knife, fruit bodies of Leccinum
sp. and Lepiota sp. were divided into "caps" and "legs" and dried to constant weight. The samples were
dry ashed at 550 ° C in a muffle furnace. The determination of the gross content of heavy metals (Pb,
Cu, Zn, Fe, Ni, and Mn) was carried out on an MGA-915 MD atomic absorption spectrometer in acid
extracts [1, p. 1-10] in the Research and Education Center and the Center for Collective Use of the
Surgut State University, Khanty-Mansy Autonomous Area "Surgut State University".

The content of all heavy metals in the studied samples of edible fungi of the industrial zone (Leccinum
sp. and Lepiota sp.), in general, can be assessed as high, except for indicators of the content of lead and
nickel (Fig. 2).

Comparison with data on sanitary standards [7, p. 119] showed an excess of content, mainly Zn - 10.3
times in caps Lepiota sp., 13.3 times in legs Lepiota sp., 10 times in the legs of Leccinum sp., 9.8 times
in Leccinum sp. (Fig. 2).

Excess Cu content compared to sanitary norms found in Lepiota sp. caps 9.2 times, in legs Lepiota sp.
4.2 times. A slight excess of sanitary standards for the content of Cu was observed in the caps of
Leccinum sp. Cu content in the legs of these mushrooms did not exceed the sanitary norms (Fig. 2).

Pb content in caps Lepiota sp. slightly exceeded sanitary norms (by 24%) (Fig. 2).

Studies of the gross content of heavy metals in the edible macromycetes of the intra-urban forest
(Surgut) showed differences in the concentrations of metals in the caps and legs of fruit bodies in
Leccinum sp. and Lepiota sp. In general, heavy metals accumulated in the caps of mushrooms.
Significant differences between the content of elements in caps and legs are observed in Lepiota sp.
Thus, the content Pb in the caps of the fruit bodies of these mushrooms was 2.24 times higher than in
the legs, the Cu content was 2.19 times higher, Fe was 1.9 times higher, Ni was 1.65 times higher and
level Mn was not significantly higher. The indicator of Zn content, on the contrary, was raised in the
caps of Lepiota sp.

In the caps of the fruit bodies of the mushrooms Leccinum sp. an increased content of elements — Pb
— was also observed by 2.1 times, Fe — by 1.9 times in Mn — 2.7 times, Ni — by 1.4 times, the
content of Cu was slightly increased, while the content of Zn did not have significant differences were
on the same level, both in caps and legs of the fruit bodies of these fungi.

Fomitopsis betulina accumulated the highest amount of Zn (544,398 + 4,110 mcg / g). A significant
amount of zinc contained caps of mushrooms of the genus Lepiota sp. (133.637 = 7.227 mcg / g) (Fig.
2).

High content of Fe was characterized by Fomitopsis betulina (347.035 + 4.598 mcg / g) and the cap
macromycetes Leccinum sp. and Lepiota sp. (47.591 £ 1.376 mcg / g and 43.686 = 1.363 mcg / g,
respectively) (Fig. 2).

91



International Scientific and Practical Conference
«FUNDAMENTAL AND APPLIED SCIENTIFIC RESEARCH» February (2019)

Fomitopsis betulina accumulated the most significant amounts of Cu (97.628 + 2.215 mcg / g), as well
as caps Lepiota sp. characterized by high values of Cu content (45.784 = 1.801 mcg / g) (Fig. 2).
The content of Pb in all studied macromycetes was at the level (0.104 - 0.659 mcg / g) (Fig. 2).

Nickel (Ni) mainly accumulated in the caps of macromycetes of the genus Lepiota sp. (Fig. 2).

Zn mkrlr

Fe mxrir

Mn mkriv

Cu mgrir

Pb mkr/r

Ni mxrir

Leccinum Leccinum Lepiota wnaAnka Lepiota Hoxka Fomitopsis
WnAnKa HOKKa betulina

Fig.2. Gross content of heavy metals in the fruiting bodies of macromycetes of the Khanty-Mansi
Autonomous Okrug (mcg/ g).

Thus, Fomitopsis betulina was characterized by very high levels of Zn, Fe, Cu and Mn, which are just
necessary components of the enzymes of xylotrophic fungi involved in the destruction of wood [12, ¢ .
73]. In addition, the high content of these elements can be explained by their mobilization from the
substrate during the decomposition of tissues [12, p. 73]. The process is of great importance in the
release of heavy metals, increasing their bioavailability for other organisms and entering the ecosystem
food chains.

Rows of decreasing content of the investigated elements in the caps and legs of the fruit bodies of the
mushrooms Lepiota sp. turned out to be almost the same:

Zn> Cu = Fe> Mn> Pb> Ni;

Rows of decreasing content of the investigated elements in the caps and legs of the fruit bodies of the
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fungi Leccinum sp. also did not have differences, but differed from the descending series characteristic
of Lepiota sp.

Zn> Fe> Mn> Cu> Pb> Ni;
Several decreasing the heavy metal content to Fomitopsis betulina is follows as:
Zn> Fe> Cu>Mn>Pb>Ni.

The presented results revealed the prospects of further study of macromycetes in the role of
bioindicators of environmental pollution, as well as sources of essential elements (Cu, Zn). It is
advisable to expand the study of the elemental composition of macromycetes, both edible and
ecologically important species in the conditions of anthropogenic impact, as well as in slightly polluted
areas and conditionally clean areas.

The works were performed within the framework of the state assignment of the Department of
Education and Youth Policy of the Khanty-Mansiysk Okrug-Ugra
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