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Kopuunessie mouBsl KpbiMckoro moiayoctpoBa yHUKanbHBI U1 Poccun. OnHaKo pa3BUTHE TPAHCIIOPTHOH U
KypOpPTHOM HMH(PAacTPpyKTyphl MOXKET BbI3BaTh YCHJICHHE 3arpsi3HCHHS IMOYB. B pesynbraTe MOIENbHBIX
HCCIICIOBAHUI YCTAHOBJIEHO, 4TO 3arpsisHeHHe TM U HedThIO KOPHUYHEBOW KapOOHATHOW MOYBBI XPOMOM,
MeJIbI0, HAKEJIEM, CBUHIIOM U HEe()ThIO MPHBOAUT K CHIDKCHUIO e¢ OMojormyeckoil aktuBHOCTH. [1o cTeneHn
HETaTHBHOTO BIMSIHUS Ha OHOJIOTMYECKHE CBOWCTBA KOPHYHEBOW KapOOHATHOH IMMOYBBI TSDKENIBIC METaJUTBI
obpasyrot cnenyromuii psaa: Cr > Cu > Pb > Ni. KopuuneBsie kapOOHATHBIC TIOYBEI IPOSIBIIIA ce0s1 KaK OJHU
13 HaMMEHee YCTOMYMBBIX M04B KpBIMCKOTo MOIyoCTpoBa K 3arps3HEHUIO TSKEIBIMA METaJIaMH.

Knroueguie cnosa: xopudHEBbIC TI0YBBI, 3arPsI3HEHUE, TSDKENbIE METAILIbI, He(Th, OHOIMArHOCTHKA.

BBEJIEHHE

Ha teppuropuu cyxux AyOOBBIX M (DHCTAIIKOBBIX JIECOB WU MOMOKEBEIOBOTO
penkonechbs: ropHoro KpbiMa pacnpocTpaHeHbl YHUKaNbHBIE JUisi Poccun KOpUYHEBBIE
TTOYBBI.

B 2018 romy 3aBepimaeTcsi CTPOUTENBCTBO aBTOMOOHMIBLHOTO M JKEIE3HOIOPOIKHOTO
MocTOB uepe3 KepueHckuil mponuB. YBeIWUYEHHE TPAaHCIOPTHOro mnotoka B Kpemm u
pa3BHUTHE COMYTCTBYIOUICH JOPOXKHOW M KYpPOPTHOH MH(PPACTPYKTYyphl MOXET BBI3BATH
ycuieHne 3arps3HeHrs mouB. OIHOW M3 MPHOPHUTETHBIX HKOJOTHYECKHX IpodiieM
COBPEMEHHOCTH SIBJISICTCS. XUMHUYECKOE 3arpsisHeHue TmouB. Ilpu 3TOM mpenensl
YCTOHYHMBOCTH KOPWYHEBBIX KAapOOHATHBIX MOYB K XHMHYECKOMY 3arps3HCHUIO HE
YCTaHOBJICHBI.

Lens maHHON pabOTHI — ONEHUTHh YCTOWYMBOCTH KOPHUYHEBBIX KapOOHATHBIX TOYB
Kprima k xumuueckomy 3arpssaenuto (Pb, Cu, Cr, Ni, HedTp) mo OuoIOrndeckum
MOKA3aTEISAM.

MATEPHAJIBI 1 METO/bI

3arpssHenue TsokedbMH  MeTalulaMd (TM) u  HedThIO MOAETHpOBaIH B
71a00paTOPHBIX YCIOBHUSX.

OOBeKTOM WcclieoBaHUs ObUTa BBIOpaHa KOpPWYHEBas KapOoOHATHAas II0YBa,
otobOpanHas B Pecmybnmuke KpeiMm, B okpectHOCTSIX ¢. Kumapucuoro (44°36'19.74" N,
34°21'15.06" S). Ans uccnenoBaHuii OTOMPAM BEPXHIOO YyacTh MouBbl 0—10 cMm.
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JlanHas moYBa OTIMYAETCS THKEIOCYTIMHUCTHIM TPaHyJTOMETPHUECKHM COCTaBOM,
OTHOCHUTEIHLHO HEOOIBITUM COZIep)KaHNEeM r'yMyca B BepxHeM Topu3oHTe — 1,7 %, cpenueit
OCTPYKTYPEHHOCTBIO, HeHTpanbHON peakuuedl cpemst — pH = 7.8, cpenneit
OMOJIOTMYECKON aKTUBHOCTHIO (00INas YMCICHHOCTH Oaktepuii — 3,2 MIPI/T TOYBHI,
aKTHBHOCTh KaTtanasel — 6,3 M O,/T mouBHl 32 1 MHH, aKTUBHOCTBH IETHAPOTEHA3BI —
10,1 mr TO®/10 T mouBsl 3a 24 yaca, oOwnme OakTepuii poma Azotobacter — 45 %
KOMOYKOB 00pacTaHusl).

B kauecTBe 3arps3HSIOIIMX BEHICCTB ObLIM BbIOpaHbl HedTh ¥ TM: OKCHA CBUHIA
(PbO), oxcun xpoma (CrO;), oxcun mmkens (NiO) um okcun memu (CuO). Hamasie TM
CUMTAIOTCA MPUOPUTETHBIMU 3arpsasHuTernsiMu Ha lOre Poccum [1, 2]. Kpome Toro, atu
TM wuHTEepecHBl JUIsi CpaBHEHHUs: MX TMpelesbHO gomycTumble KoHieHTpauuu (ITIK)
coctapisitor 100 mr/kr moussl. Wcmomp3oBanmm 3HaueHus IIJIK, paspaboranHbie B
I'epmanun [3]. Bo-nepBoix, noromy, uto I1JIK B mouBe o0mero (BajoBoro) copep kaHus
Meaun W Hukens B Poccum orTcyTcTByroT. Bo-BTOphIX, «poccuiickas» IIJK cBuHIa
3a4acTyl0 HE MOXeET OBITh HCIIONb30BaHA, TAK KaK MEHBIIE COAEPIKAHUS ITOTO dJIEMEHTa
BO MHOTHUX MOYBax.

I[NJK B mouBe HedTH Takke He pa3paboTaHa, MMO3TOMY €€ COJCpXKAHHE B TOYBE
BBIpa)KaJld B TIPOIICHTAX.

TM BrOcuiM B mouBy B konmmdectse 1, 10, 100 ITJIK (100, 1000 u 10000 mr/kr
COOTBETCTBEHHO), He(Th — 1, 5, 10 % ot maccer mouBkl. Conepxkanue TM B mouse g0 100
u gaxe 6onee I1JIK Hepenko BcTpeuaeTcss B paiioHaX MPEANPUATHA METaJUTYypPTHIECKOH,
XUMUYECKOHN ¥ TOIUIMBHOM MPOMBIIIICHHOCTH.

UcnonszoBanu okcuasl TM: CrO;, CuO, NiO, PbO. Bo-nepBbix, 3HaUUTENbHAS OIS
TM mnoctynaer B mouBy MMEHHO B ¢opme OKcuaoB [4]. Bo-BTOpBIX, HMCHONb30BaHHE
okcu10B TM MO3BOJISIET UCKIIIOUYHUTH BO3ZICHCTBUE HAa CBOWCTBA IOYBHI COIYTCTBYIOIIHUX
AHUOHOB, KaK 3TO MPOUCXOAUT MIPU BHECEHUU COJICH METAILJIOB.

[TouBy MHKYOHMpOBaIH B BET€TAIIMOHHBIX COCY/AaxX IIPH KOMHATHOH Temneparype (20—
22 °C) u onTUMaIbHOM yBIaXHEHUU (60 % OT MOJNIEBOM BIaroeMKOCTH) B TPEXKPATHOMN
MTOBTOPHOCTH.

Buonormueckue cBoiicTBa MOYBHI omnpenessuin dyepe3 30 CyTOK MOCie 3arps3HeHus.
[Ipu oreHKE XUMHYECKOTO BO3JCHCTBHS HA OMOIIOTUYECKOE COCTOSHUE MOYBBI 3TOT CPOK
siBIIsieTcsl Hanbosee HHQOPMAaTUBHBIM [5].

JlaboparopHo-aHANUTHYECKHE HICCIENOBAaHU OBUIH BBIITONHEHBI C HCIIOJIb30BAHUEM
OOIIETIPUHATEIX METOMOB [6, 7]. Omnpenensian OOIIyI0 YHCICHHOCTh OaKTepwid, obmime
Oaktepuii  poma  Azotobacter,  aKTUBHOCTh  Karaja3bl W JICTHIPOTCHA3bI,
IIEJUTIOJIO30TUTHYCCKYI0 aKTHBHOCTh, (DUTOTOKCHYECKHE CBOWCTBAa IMMOUYBHL. OOIIyro
YUCIIEHHOCTh OaKTepHii B MOYBE yYWUTHIBAJIN METOJIOM JIFOMHHECIEHTHOW MHKpPOCKOITHU
no 3BsarunueBy, KoxkeBuny, Azotobacter — METOIOM KOMOYKOB OOpacTaHWsl Ha cpene
Omon,  UEIUTIONIO30JIUTUYECCKYI0  CIOCOOHOCTP — 10 CTENEHU  PaslioKEHUS
XJIOM4aToOOyMa)KHOTO TIOJIOTHA, AaKTHBHOCTh KaTajlla3bl — IO MeToAauke [ ajcrsHa,
JIETUIPOTCHA3BI — IO MeToIMKe ['ancTsHa B Momudukanuu Xa3nepa, 0 QUTOTOKCHYHOCTH
MOYB CYAMIH [0 U3MEHEHHUIO IJTMHBI KOPHEH penuca.

Ha ocHOBe BBIIIENIEPEUNCIICHHBIX OHMOJOTHYECKUX TMOKa3aTellel  OIpeleNsiiin
WHTErpajbHbIN MoKa3aTellb OHOJIOrMYECKOTO COCTOSTHUS (UIIBC) ITOYBEL.
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IIpencrasieHHBIT HAOOP TMOKa3zaresnel maeT MHPOPMATUBHYIO KapTHHY HPOTEKAIOIINX B
MOYBE OMOJIOTMYECKUX MPOIIECCOB U €€ HKOJIOTUIECKOTO COCTOSHHMSL.

Hdns pacuera UIIBC 3HayeHWe KaxXAOro M3 YKa3aHHBIX BBIIIE MOKa3zaTeieil Ha
KOHTpoJIe (B He3arps3HeHHOM mnouse) mpuHUMaiu 3a 100 % u Mo OTHOLIEHWIO K HEMY
BBIp@XXaJld B TPOLIEHTaX 3HAYEHHWS B OCTAJBbHBIX BapHAHTaxX OIBITa (B 3arpsS3HEHHOMN
mouBe). 3areM ONpeieiisu CpelHee 3HAYCHUE NSATH BHIOPAHHBIX TOKa3aTelne st
Kakaoro BapuaHTta omnslta. [lomyuenHoe 3Hauenue (MIIBC) BbIpa’keHO B MpOLEHTaxX IO
oTHomeHWt0o K KoHTpoimo (k100 %). HMcmomb30BaHHAasE METOAWKA TIO3BOJISET
WHTETPUPOBATh OTHOCUTENIbHBIE 3HAYEHHUS Pa3HBIX MOKa3aTelnel, abCOMOTHRIE 3HAUCHUS
KOTOPBIX HE MOTYT OBITh HHTETPUPOBAHBI, TAK KaK UMEIOT Pa3HbIC SAMHUIIBI H3MEPCHUS.

Jns mpoBepkn TONYy4YEHHBIX JNAaHHBIX Ha JIOCTOBEPHOCTh OBIT  TIPOBEAEH
JIUCTIEPCUOHHBIM aHAJU3 C MOCIEAYIOUAM OMNpe/leIEeHHeM HaUMEHBIIENH CYIIeCTBEHHOMN
pazsoctu (HCP).

PE3YJIBTATBI 1 OBCYXKJIEHUE

B pesynbraTte uCClIeOBaHUSA YCTAaHOBJICHO, uTO 3arps3HeHne TM u He(THIO
KOPUYHEBOW KapOOHATHOW TOYBBI XPOMOM, MEIbIO, HHUKEIEM, CBHUHIIOM W HE(PTHIO
MPHUBOJUT K YXYIIICHHIO OMOIOTUYECKUX TTOKa3aTeNel: 00IIel YMCIeHHOCTH OaKTepHid,
aKTUBHOCTH KaTajla3bl W JETUIAPOTEHA3bI, IEJIII0I030JIMTHUYECKON aKTHBHOCTH, OOWMIIHS
bakTtepuii poga Azotobacter, nmuHbl KopHe# pemauca, UTIBC (puc. 1-7).
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Puc. 1. BnusHre XMMHUYECKOTO 3arps3HECHUS Ha aKTUBHOCTH KaTalla3bl KOPUYHEBOUH
KapOOHATHOM TOYBHI, % OT KOHTPOJIS

13



BepHuzopoea H. A., KysuHa A. A., MocnaHeHko A. @., Kaszeee K. Lll., AkumeHko 1O. B.,
KonecHukoe C. U.

120

it Il I

Cu Ni Pb Hedtb

OKowtpore  G1MOK(1%) @10MAK (5%)  E100 MK (10 %) OHCPO5

Puc. 2. BnusHue XHMMUUYECKOTO 3arpsi3HEHUS HA AaKTUBHOCTh JICTHIIPOTCHA3BI
KOPUYHEBOM KapOOHATHON TTOYBHI, % OT KOHTPOJIS
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Puc. 3. BausiHue XMMHUYECKOT0 3arpsi3HEHUS Ha 1IEJUTI0I030JUTHIECKYI0 aKTUBHOCTh
KOPUYHEBOW KapOOHATHOM MOYBEI, % OT KOHTPOJIS
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Puc. 4. BrnusHne XWMHYECKOTO 3arpsA3HCHHMS Ha YHCICHHOCTh OaKTepui poxaa
Azotobacter B KOpUIHEBOH KapOOHATHOU TIOYBE, % OT KOHTPOJIA
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Puc. 5. Bimsare XUMHUYECKOTO 3arps3HCHUS Ha (PUTOTOKCHYHOCTh KOPHIHECBOM
KapOOHATHOI MOYBBI, % OT KOHTPOJIA
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Puc. 6. BiusHue XHUMHYCCKOTO 3arps3HCHHMsS Ha YHCICHHOCTh OakTepuil B
KOPUYHEBOW KapOOHATHOU Mo4Be, % OT KOHTPOJIS
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Puc. 7. BuusHue XUMHUYECKOrO 3arpsi3HEHUSI Ha WHTErpaJibHBIM TOKa3aTelb
ouonornueckoro coctosiHug (MIIBC) kopuuneBoii kKapOOHATHOM MOYBBI, % OT KOHTPOJIS
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VYcraHoBeHa MpsiMas 3aBUCHMOCTb CTETIEHM CHIDKEHHS MCCIIENYyeMbIX IoKa3aTenen
OT KOHLIEHTPALIUHU 3arpsI3HSIOIUX BEIECTB U UX IPUPOIBI.

Tak Kak KOHUCHTPALMHU TSDKEJIBIX METAUIOB OBbIIM  BBIOpAaHBI OJUHAKOBBIC
(1 ITAK=100 Mr/kr moYBBI), TO BO3MOXXHO HX CONOCTaBIeHHE. bbul mMonydeH psn
TOKCHYHOCTH TM u1si OMOJNIOTHYECKUX ITOKa3aTelied KOPUIHEBOW KapOOHATHON ITOYBHI:
Cr > Cu > Pb > Ni. Okcua xpoma 1o cpaBHEHHUIO ¢ ApyruMu TM okazan Haubosbliee
Tokcudyeckoe neiictBue. [lomoOHast 3akOHOMEpHOCTh Oblia BBISIBJIGHA paHee B
HCCIIEIOBAHMUSX C ApyruMHu rmousBamu [IpumaeprHomopss u [IprazoBes Poccun [8, 9].

KopruneBble kapOoOHaTHbIE IIOYBBI IPOSBUIM ce0sl Kak OJHM M3 HauMEHee
ycroiunBbIX 04B Kpbima k 3arps3Hennio TM u HedThi0. bonee ys3BUMBIME OKa3aiuch
TOJILKO Oyphle JIECHBIE IIOYBBI. JTO CBS3aHO, NPEXKAE BCErO, C HU3KUM COAEP)KaHHUEM
rymyca. B pesynaprate TM cimabo 3aKkpeIunsIroTcsl B MOYBE, OCTAIOTCS IMOJIBIDKHBIMU U B
3HAYUTEILHONW CTENCHH MPOSBISIOT CBOM TOKCHYECKHME W MHTHOUPYIOIIUE CBOWCTBA MO
OTHOLICHUIO K MUKPOOPTaHU3MaM, PaCTCHHUSIM U )epMEHTaM.

3AK/IIOYEHUE

3arps3HeHne KOpUYHEBOH KapOOHATHOHM mouBbl KpbIMCKOro mosyocTpoBa HE(ThHIO,
OKCHJaMH XpOMa, HUKENIs, MEAW W CBHHIA YXyALIaeT ee OHOJIOTMYECKUE CBOMCTBA.
HabmromaeTcsi cHIKeHNEe aKTHBHOCTH KaTalla3bl M JAETHAPOTEHA3bl, O0IIEH YHNCIeHHOCTH
OakTepuii, oOmmms OakTepuii poma Azotobacter, TEITIONO30IMTHYECKON CIIOCOOHOCTH,
YXyIIIAI0TCS TOKa3aTeIn NpopacTaHus U Ha4yallbHOTO POCTa peauca.

OrMeueHa mpsMas 3aBUCHMOCTb MEXIY COACP)KaHHEM B TOYBE 3arps3HSIONIETO
BEIIIECTBA U CTETIEHBIO CHIDKEHUS OMOIOTHIECKHX TTOKa3aTese.

[lo cremeHW HETaTHBHOTO BJIHMSHUS Ha OWOJNOTMYECKHE CBOWCTBA KOPUYHEBON
kapOonaTHO# nmouBsl TM o0pasyrot cienytomuii psia: Cr > Cu > Pb > Ni.

KopuuneBsie kapOOHaTHBIE TIOYBHI TIPOSIBIIIM ceOsi Kak OJHM W3 HanMEHee
ycroiumBbIX 1mouB KpeiMa k 3arpssHeHuto TM u HedThio. Bosiee ysI3BUMBIMU OKa3aJIMCh
TONBKO Oyphle JIECHBIE MOYBBL. JTO CBS3aHO, NMPEXKAE BCETO, C HU3KUM COACp)KaHHEM
rymyca.

Paboma ewinonnena npu noodepoicke Munucmepcmea o00pazoganusi U HAYKU
Poccuiickoii @edepayuu (5.5735.2017/8.9) u eocyoapcmeennoii noodepoicke eedyweli
Hayynotl wkoavt Poccutickoii @edepayuu (HIII-3464.2018.11).
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ASSESSMENT OF RESISTANCE OF BROWN CARBONATE SOILS OF THE
CRIMEA TO POLLUTION BY HEAVY METALS AND OIL

Vernigorova N. A., Kuzina A. A., Mospanenko A. F., Kazeev K. Sh., Akimenko Yu. V.,
Kolesnikov S. L.

Southern Federal University, Rostov-on-Don, Russia
E-mail: kolesnikov@sfedu.ru

Brown soils of the Crimean peninsula are unique for Russia. However, the
development of transport and resort infrastructure can cause increased pollution of soils.
The limits of stability of brown carbonate soils to chemical contamination have not been
established.

Pollution by heavy metals and oil was modeled in the laboratory. The object of the
study was chosen brown carbonate soil, selected in the Republic of Crimea, in the vicinity
of the village Kiparisnoe. Oil and heavy metals were chosen as chemical contaminants:
lead oxide (PbO), chromium oxide (CrO3), nickel oxide (NiO) and copper oxide (CuO).
Heavy metals were introduced into the soil in the amount of 1, 10, 100 MPC (100, 1000
and 10,000 mg / kg, respectively), oil — 1, 5, 10 % of the mass of the soil. The content of
heavy metals in the soil up to 100 or even more than MPC is often found in the areas of
enterprises of the metallurgical, chemical and fuel industries. The soil was incubated in
vegetative vessels at room temperature (20-22 °C) and optimal moistening (60 % of the
field moisture capacity) in triplicate. Biological properties of soil were determined 30 days
after contamination.

In this study, the total numbers of bacteria, the abundance of bacteria of the genus
Azotobacter, the activity of catalase and dehydrogenase, cellulolytic activity, phytotoxic
properties of the soil were determined. The total number of bacteria in the soil was taken
into account by the method of luminescent microscopy according to Zvyagintsev,
Kozhevin, Azotobacter by the method of fouling clusters on Ashby medium, cellulosolytic
ability by the degree of decomposition of cotton cloth, catalase activity by Galstyan's
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method, dehydrogenase by Galstyan's method in Haziev's modification, phytotoxicity
Soils were judged by the change in the length of the roots of the radish.

On the basis of the above biological indicators, the integral index of the biological
state of the soil was determined. The presented set of indicators gives an informative
picture of the biological processes taking place in the soil and its ecological state.

As a result of model studies it has been established that contamination of TM and oil
of brown carbonate soil by chromium, copper, nickel, lead and oil leads to a decrease in
biological activity. The total number of bacteria decreases, the activity of catalase and
dehydrogenase, cellulolytic ability, the abundance of bacteria of the genus Azotobacter,
the phytotoxic properties of the soil are enhanced.

By the degree of negative influence on the biological properties of the brown
carbonate soil, heavy metals form the following series: Cr> Cu > Pb > Ni. Brown
carbonate soils have proved to be one of the least resistant soils to contamination with
heavy metals.

Keywords: brown soils, pollution, heavy metals, oil, biodiagnostics.
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