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copgepXxaHusi Heptu M HePpTenpoAYKTOB B NOYBAX
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Beeodenue. Yepromopcioe nobepencve Kagiaza — odun uz easicneiwux oas Poccuu pekpeayuonnbix u mypucmuecKux peeuonos. B nociednue 200bi on noo-
8epeaemcs pe3Ko 603poculeli AHMPONO2eHHOI HA2PY3Ke 8 CE:A3U C POCIMOM HUCAA OMObIXAIOUWUX, CONPOBONICOAIOWeLICs YCUAeHUEM MPAHCHOPMHbIX NOMOKO0G U,
Kak caedcmeue, pocmom 3azpa3Henus OKpyscaroueil cpedsl, @ MoM Hucae HeMAHLIMU Yeae8o00podamu. Yeuaugaromes pucku ymeuxu Heghmenpooykmoe npu
MpanHcnopmuposKax u nepexauxe. J11a npoeHo3a u npedomepaujeHus OnAcHbIX N0CAe0Cmeull 3aepazHenus Heobxo0umo onpedeneHue IK0A02UHecKU 6e30NacHo20
0CMamo4H020 cooepicanus Hepmu u HeghmenpoOyKmog @ no4ae, 0CHOBbIBASICh HA PeSUOHANbHBIX IK0A020-2e0XUMUHECKUX 0COOEHHOCMSIX HOYE.

Mamepuaavt u memodsi. [Iposedero rabopamopHoe Modeauposanue 3azpasHeHus Heghmoto U Heghmenpodykmamu (masym, 6eH3uH, ouzeavroe monauso (AT))
0epHo60-KapOOHAMHOI MUNUYHOU NoYebl. Jlis MoOeauposanus 3azpsasHeHus 8 o0pasybl noyé dobaeasiiu Hepme u Hepmenpodykmol: mazym, oenzun, AT
6 gecoeoii konyenmpauuu 1% (neboavuioe 3aepsisnenue), 5% (cpednee 3aepsasznenue) u 10% (8vicokuil yposens 3aepsznenus;) om maccsl nouevl. Cpok 3Kcno-
suyuu cocmasun 30 cym. [lo ucmeuenuu ykazannoeo nepuooa onpedensnu usmeHernue 6uonocuueckux nokazamenei 0epHoO80-KapOOHAMHOU MUNUYHOU NOYGbI
(axmugrocms pepmenmog, 01uHa KopHell peduca, HucAeHHOCMb no4eeHHbIx bakmepuil). Ha ochose nepeuucienHbix napamempos paccuumuléanu uHmeepanb-
HbLIl NOKA3amend OU0N02UYECK020 COCMOAHUS 0epHO80-KapoonamHoii munuyroil nouewt (UITEC).

Pesyavmamut. 3aepazrnenue Hegpmoio U HeghmenpoOyKmamu He2amueHo CKa3aiocs Ha OU0A02UMECKUX CBOUCMBAX UccaedyeMOoll no48bl. 3agukcuposano 00-
CcmogepHoe CHUdICeHUe hepMeHmamueHoil AKMUBHOCMU, YUCAeHHOCIU baKkmepull, OnuHbl KopHell pacmeHut. Pso mokcuunocmu uccaedyemuix geuyecmes Ha
Ouonoeuueckue NoOKazamenu no4e vleAaoum caedyowum obpazom: negpmo > maszym > 6ensun > JT. [Iposedénnoe uccredosanue no3eonruno onpedeauns
YPOBeHb npedenvrHo donycmumoz2o ocmamouno2o cooepycanus (IJOC) nepmu u nepmenpodykmoe (maszyma, 6enzuna, JT): TIAOC cpm: pasen 0,27%,
110 Csensina — 0,4%, I11OCrasyma — 0,3%, IIAOCyr — 0,45%.

Ocpanunenus uccaedosanus. Ipeonoxcennoie [1J]OC neghmu u Hepmenpodykmoe (mazyma, 6ensuna, /[ T) 6 nousax npumerumsl npexcde 6ce2o Ha meppumopuu
Yepromopcko2o nobepexcvs Kaskasza.

Saxkarouenue. [Ipednroncernvie IJOC nepmu u Hegpmenpodykmoe (mazyma, bensuna, /1T) 6 nousax paiiore Hegpmenepepabamoiearouie2o npeonpusmus Mo2ym
ObIMb UCHONB30BAHBL NPUPOOOOXPAHHBIMU, CEAbCKOX03AUCMBEHHBIMU U HAYYHbIMU OP2AHU3AUUAMU.

Kurouesvte caosa: 0epnoeo-kapboHamuas munu4Has no46a; 3azpasHenue; Mazym; OeH3uH; OU3eabHoe MONAUGO; Hemb;, YCHOUHUBOCHb NO4E; NPedeNbHO
QonyCcmuMblil ypo8eHs 0Cmamouro2o codepxcanus; Yepromopcroe nobepexcve Kaskasa
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A method for determining the environmentally safe residual content
of oil and petroleum products in soils
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Introduction. The Black Sea Coast of the Caucasus is one of the most important recreational and tourist regions for Russia. In recent years, it has been subjected
to a sharply increased anthropogenic load, due to an increase in the number of tourists, accompanied by an increase in traffic flows and, as a result, an increase in
environmental pollution, including oil hydrocarbons. The risks of leakage of oil products during transportation and pumping are increasing. To predict and prevent
dangerous consequences of pollution, it is necessary to determine the environmentally safe residual content of oil and oil products in the soil, based on the regional
ecological and geochemical characteristics of soils.

Materials and methods. Laboratory modelling of contamination with oil and petroleum products (fuel oil, gasoline, diesel fuel) of sod-carbonate typical soil was
carried out. To simulate pollution, oil and petroleum products were added to soil samples including fuel oil, gasoline, diesel fuel in a weight concentration of 1% (low
pollution), 5% (medium pollution) and 10% (high pollution) of the soil mass. The exposure period lasted 30 days. After the specified period, changes in biological
parameters (enzyme activity, radish root length, number of soil bacteria) were determined. Based on the listed parameters, the integral indicator of the biological
state I1BS of the soil was calculated .
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Results. Oil and oil products pollution negatively affected the biological properties of the studied soil. A significant decrease in enzymatic activity, the number of
bacteria, and the length of plant roots was recorded. The range of toxicity of the studied substances on biological indicators of soils is as follows: oil > fuel oil >
gasoline > diesel fuel. The study made it possible to determine the maximum level of residual content of oil and petroleum products (fuel oil, gasoline, diesel fuel)
in the refinery. For oil, it is 0.27%, for gasoline — 0.40%, for fuel oil — 0.30%, for diesel fuel — 0.45%.

Limitations. The proposed limit levels of residual oil and petroleum products (fuel oil, gasoline, diesel fuel) in soils are applicable primarily on the territory
of the Black Sea coast of the Caucasus.

Conclusion. The proposed limit levels of the residual content of oil and petroleum products (fuel oil, gasoline, diesel fuel) in the soils of the refinery area can be used
by environmental, agricultural and scientific organizations.

Keywords: sod-calcareous typical soil; pollution; oil; fuel oil; gasoline; diesel fuel; soil stability, limit level of residual content, Black Sea coast of the Caucasus
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BBenenne

YepHomopckoe modepexbe KaBkaza — yHUKaTBHBIN YTOIOK
npuponasl Ha Kapre PD. 31ech pacnoioxXeHbl OCHOBHBIE peKpe-
allMOHHBIE W TYpPUCTUYEeCKWEe OOBEKTHl Halelr crpaHbl. [ToTok
TYPUCTOB B MOCJIEeIHEE BPEMSI TOCTUTAET PEKOPIHBIX 3HAYCHUIT*.
OnHaKo MOMUMO TYPUCTUYECKOTO HANPaBJIEHUsI Ha TEPPUTOPUU
YepHomopckoro nobdepexbs KaBkaza pacrnosiaraercs 0oJiblioe
KOJIMYECTBO MPOMBIIUIEHHBIX MPEINPUSITUIA, B TOM YUCIIE OOUH
U3 crapeitinux HedrenepepadaThiBatoniux 3asoaos (HII3) Poc-
cuM, OCHOBaHHBIN B cepennHe XX Beka B T. Tyarice KpacHomap-
ckoro kpasi, — OO0 «PH-Tyancunckuii HI13». BBuny Bo3pacra
HII3 mHoroe obopynoBaHue TEXHUUECKU U MOPaJIbHO YCTapesio
u TpebyeT peKOHCTpyKuMu. Bospacralomasi Typuctuyeckast Ha-
rpy3ka Ha PErMoH TpeOyeT YBeJIWYEHUs TMPOU3BOAUTEIBHOCTU
BCEX OTpaciieil, B ToM uuciie HedrenepepadaThiBatolieit. Bcé ato
YBEJIMYMBAET PUCKHU Pa3iMBa U yTeuku HedTU U HePTenpoayK-
TOB MPU TPAHCIIOPTUPOBKE U MepepaboTKe.

3arps;3HeHUe HedThIO M HeTENPOMyKTaMU MPUPOTHBIX
5KOCHUCTEM B TOCJIETHUE NECITUIETHS] TPUOOpEeTaeT TpOMaaHbIe
MacIITabbl, TTIOCKOJIBKY TIPU T00BIYe, TPAaHCIIOPTUPOBKE, Tepe-
TOHKE, aBapusIX Ha TPyOOIIPpOBOAAX TEPSIETCSI 10 AECATKA MU~
OHa TOHH opraHuyeckoro BeulecTsa [1]. Takxe 3acbukcrpoBaHoO
OTpULIATeNIbHOE BIMSIHME Ha 3arpsi3HEHUE TTOBEPXHOCTHBIX U
TO3eMHBIX BOIOMCTOYHUKOB JlaxXe BAATH OT HEDTEXUMUIECKO-
ro npennpudatus [2]. Pasnusel HepTH 1 HedTENPOAYKTOB CO3-
JAIOT MOCTOSIHHYIO YTPO3y IJIsI CETbCKOXO3SIMICTBEHHBIX YTOMUA
U JiecHOro xo3siicTBa [3, 4]. OHU HapylIaloT MJI0JOPOAUE MTOYB,
BBI3BIBAIOT M3MEHEHUS] B (PUBMKO-XUMHUYECKUX W MHUKPOOUO-
JIOTUYECKUX CBOMCTBAX MOYBbI, TEM CaMbIM OKa3blBasl MaryoHoe
BO3JEICTBYE Ha Ha3eMHbBIE 1 BOJHBIE SKOCHCTEMHBI [3, 6].

[MpoHukHOBeHVE HEPTEMPOIYKTOB B TIOUBEHHYIO MacCy BbI-
3BIBACT XUMUYECKHE U CTPYKTYpHBIe M3MeHeHusI. [Tonasiime n3-
BHE yIJIEBONOPOIIBI YXY/IIAI0T KAYeCTBEHHBIN COCTaB OpraHuve-
CKOTO BEIEeCTBA, MEHSIOT OKMUCIUTEbHO-BOCCTAHOBUTEIbHBIE
YCJIOBUS, MOAABJISIOT (DPOTOCUHTE3UPYIOLIE OPTAHU3MbI, COCTaB

* YITorm colmaabHO-3KOHOMHYECKOTO Pa3BUTHSI CAHATOPHO-KYPOPT-
HOro M TypucTckoro komiuiekca KpacHonmapckoro kpast 3a 12 mecsieB
2021 roma [DnexTpoHHbIi pecypc|. OdunmanbHblii caiit MuHKHCTepCcTBa
KYPOPTOB, TYpU3Ma M OJMMITMIICKOTO Hacienust KpacHomapckoro Kpasi.
URL: https://kurort.krasnodar.ru/activity/reports/otchety-po-itogam-
sotsialnoekonomicheskogo-razvitiya-sanatorno-kurortnogo-i-turistskogo-
kompleksa (maTta oopamienust: 16.05.2023 r.).

MMKpPOOMOIIEHO3a CTAaHOBUTCS HEYCTOMYMBBIM. KOMMOHEHTHI
He(TH UMEIOT TUAPOMOOHBI COCTaB, U MX BHECEHHE B ITOUBY
MPUBOIUT K U3MEHEHUIO HE TOJBKO XMMUYECKUX, HO U (PU3U-
YECKUX CBOMCTB [7, 8], 4TO MPUBOAUT K HAPYILIEHUIO adpalluu,
cHXeHuto pH, nMMoOmIM3anuy nmuTaTe bHbIX BemecTs. [lepe-
YHCJIEHHbIE TTapaMeTpbl B OCHOBHOM U OMNpPENEsIoT MTOYBEHHOE
mionoponue [9, 10]. Takue mM3MeHeHUs HapyllalOT OUOJIOTU-
YeCcKOoe paBHOBECHE TOYBBI, KOTOPOE BBIPAXKaeTCsl B YTHETCHUU
KM3HEAESTSIbHOCTU MOUYBeHHOIM MUKpodopsl [11]. CHuKaercst
MPOIYKTUBHOCTH ITOYBHI [12].

B cdepe HopMupoBaHUS 3arpsi3HEHUST TTOYB HeTenpomyK-
TaMmu (BaJIOBOTO COMEPKaHMSI) CYIIECTBYET OOJIbILION Mpober, 3a-
KJTIOYAIOIIENCS B OTCYTCTBUU MPENETBHO NOMYCTUMOM KOHIIEH-
Tpauuy B HopMaTthBHOU 6a3e Poccuiickoit @enepanyu [13, 14].

Jlns1 mporHo3a W MpedoTBpPAIeHUsT OMACHBIX IOCIEICTBUIA
pasivBa W 3arpsi3HeHUs Tpuieraioueil TeppuTopuu HedThbIo
1 HedTenpomykKTaMU HEOOXOMUMO OIpeleeHre JIOKATbHOTO
BKOJIOTUYECKM 0€30IacCHOI0 OCTATOYHOIO CoAepKaHMS HedTh
1 HeTENPOLYKTOB, OCHOBBIBASICh HA PETMOHAJbHBIX, MECTHBIX
DKOJIOTO-TEOXUMHYECKUX OCOOCHHOCTSIX II0YB. DKOTOKCHY-
HOCTh HE(TEMPOAYKTOB M CTENEeHb HAPYIIEHUs SKOJOTUYECKUX
(byHKIMI MOYB MPEANOYTUTENbHEN OLIEHMBATH MO0 U3MEHEHUIO
HaunboJjIee IyBCTBUTEIBHBIX 1 TH(POPMATUBHBIX TOYBEHHBIX OMO-
JIOTMYECKHUX nmapaMmeTpoB [15—19].

Llenv uccaedosanus — omnpeneeHre PeruOHATBHOTO IKOJIO-
rMYeCKU 0e30IMaCHOr0 OCTaTOUYHOTO coaepxkaHust HeTH U Hed-
TENMpONYKTOB B IOYBaX B palioHe HedTenepepadaThIBAIOLIETO
MIPEATPUSITHS.

Marepuajbl 1 METObI

Ha teppuropuu, npuieratoieit K OO0 «PH-TyancuHckuit
HII3 (r. Tyance), npeobaanaeT nepHOBO-KapOOHATHASI TUITMY-
Has mouBa. [TouBy IS MOIENBHBIX WCCIEIOBAaHUN OTOMpan
Braau ot HII3 u mpyrmx MCTOYHMKOB 3arps3HEHUSI, TTO3TOMY
OHa MOXET cuMTaThCcs (POHOBOI mIsi pervoHa. lepHOBO-Kap-
OOHaTHas TUTIMYHASI TTOYBa MMEET CIIeMyIoNe XapaKTepUCTH-
KU: COIepXaHHMe opraHudeckoro Bemnectsa — 4,8%, pH 7,3,
TSOKEJTOCYTJIMHUCTBI  TPAHYJIOMETPUYECKUI COCTaB  TOYBBHI.
B Hesarpsa3HEHHOI TOYBE OIpeAesieHbl MOKa3aTeau GUOJIOTH-
YeCKOM aKTMBHOCTM TMOYBBI: OOIAasi YMCIEHHOCTh OaKTepuii —
2,6 MIpna/T; akKTMBHOCTh Katayia3sl — 4,5 mur O,/T TMOYBHI 3a
1 MUH; aKTUBHOCTh aeruaporeHas — 7,7 mr TO®D/r moyskl 3a
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Ta6nuuma 1 / Table 1

Buonornyeckune (3KOTOKCHKOJIOTHYECKHE) IOKA3ATEH, MCNIO/Ib3yeMble sl OLIEHKH COCTOSIHUS 3arpsA3HEHHbIX N0YB
Biological (ecotoxicological) indicators used to assess the condition of contaminated soils

HasBanue nokaszarenst
Name of indicator

Meroa onpenesieHus
Method of determination

ConepxaHue OpraHM4eckoro Beuiectsa, %
Content of organic matter, %

I'panynomerpuyeckuii cocTaB MOYBBI
Granulometric composition of the soil

OO6111ast YNCICHHOCTh OaKTepuii, MIpA B 1 T TOYBBI
Total number of bacteria, billion in 1 g of soil

Oounue GakTepuit pona Azotobacter, % KOMOYKOB 0OpacTaHUst
Abundance of bacteria of the genus Azotobacter, % of fouling lumps

AKTHUBHOCTB KaTana3bl, M1 O, Ha 1 T TTOYBHI 32 1 MUH
Catalase activity, ml O, per 1 g of soil for 1 min

AKTUBHOCTb AeruaporeHas, Mr TO® Ha 10 r nouBsl 3a 24 4
Dehydrogenase activity, mg TPP per 10 g of soil in 24 hours

JlmuHa KopHeit penuca (Raphanus sativus L.), MM
Length of radish roots (Raphanus sativus L.), mm

WHTerpanbHblli MOKa3aTelb 01M0JI0TMYECKOIO COCTOSTHUS
(UIMBC) nous, %
Integral indicator of the biological state (IIBS) of soils, %

MeTonoM OKUCTIEHUSI CEPHOXPOMOBOIA CMECHIO
€O CIIeKTpo(OTOMETpHUUYECKUM OKOHYaHueM (1o Meroay TropuHa M.B.)

By the method of oxidation with a sulfur-chromium mixture
with a spectrophotometric ending (according to the method of Tyurin 1.V.)

Meron nunerku no Kaunnckomy H.A.
Pipette method according to Kachinsky N.A.

Mertoa npsIMOTo MOACYETa YUCTEHHOCTU OaKTepUil B TIOMUHECLIECHTHOM
Mukpockore [22] (3Barutues, 1987)

The method of direct counting of the number of bacteria in a luminescent
microscope [22] (Zvyagintsev, 1987)

MeTon KOMOYKOB 0OpacTaHUsI ITOYBbI Ha cpene Duiou [22]
(3BsaruHLeB, 1987) Soil lump method on Ashby medium [22] (Zvyagintsev, 1987)

BomomeTpuueckuii METOM TIO CTETIEHU Pa3JIOKEeHUsI IEPEKUCH BOIOPOIa
Mpy KOHTaKTe ¢ mouBoii (ro lancrsiny A.1L., (1978)

Volumetric method according to the degree of decomposition of hydrogen
peroxide upon contact with soil (according to Galstyan A.Sh., 1978)

ITo npeo6pa3zoBaHMIO TpUDEHUITETPA30 IS B TpUbeHUIPopMazaH
€O CITeKTpOo(OTOMTpHUUYECKUM oKoHYaHueM (1o ancrany A.111.

B Moaudukaimu Xazuesa @.X., 1990) [23]

According to the conversion of triphenyltetrazolium to triphenylformazan,
with a spectrophotometric ending (according to Galstyan A.Sh.

in the modification of Khaziev F.Kh., 1990) [23]

H3mepeHue nimHbBI KOpHEH pearca 4yepe3 7 CyT Mmocjie Hayaia
skcrepuMeHTa (1o badoreBoit M.A., 3eHoBoit H.T'., 1989) [24]
Measurement of the length of radish roots 7 days after the start of the experiment
(according to Babieva M.A., Zenova N.G., 1989) [24]

MeTton ocHOBaH Ha pacyéTe OTHOCUTEIbHBIX 3HAYEHUI KaXKI0TO
ouonornyeckoro mokaszaresns (o KonecHukos u coasr., 2019)

The method is based on the calculation of the relative values of each biological
indicator (according to Kolesnikov et al., 2019)

24 4; obuine 6akrepuii Azotobacter — 100% KOMOUYKOB oOpacTa-
HusL. 1T MOIEIBbHOTO 3KCIEepUMEHTa MCIOIb30BaIM BEPXHUIA
cioii mouBsl (Amax = 0—15 cm). B yBinaxxHEHHBIe 00pa31bl TOYB
maccoit 500 r (B 3-KpaTHOI MOBTOPHOCTH) N00aBISIN HEehThb
1 HePTenpOAYKThI: Ma3yT, OeH3UH, nu3enabHoe TorumBo (AT)
B BECOBOW KOHIIEHTpauuu 1% (HebGosbllloe 3arps3HeHUe),
5% (cpenHee 3arpsisHeHue) U 10% (BBICOKMIT YpPOBEHD 3arpsiz-
HEHMSI) OT MacChl TTOYBHI. BererammmoHHBIE COCYABI C 3arps3-
HEHHOM MOYBOM MHKyOMpoBanu npu Temneparype 20—22 °C
M BJIAXHOCTU TOYBHI 25—30% wHKyOupoBaau. JJIMTETBHOCTD
skcno3uinu cocrtaBuia 30 cyr. UMeHHO 3a 3TOT mepuon Ha-
onromaeTcsi Haubojiee 3HAYMTENbHOE CHMXEHUE Ouosoruye-
ckux nokazareneir [20, 21]. B maHHO# pabore omnpenesieHb
Hanbosiee YyBCTBUTEIbHBIE M MH(MOPMATUBHBIE OUOJIOTUYECKIE
MoKa3zaTeJIv MoYB MPU XMMUUYECKOM 3arpsi3HeHuM (tabi. 1).

%

Pacyér mnpenenbHOro YpOBHSI OCTAaTOYHOIO COAEPXKAHMUS
(IMIOC) HedTr 1 HEPTETPOLYKTOB MPOBOAUIN HA OCHOBE Hapy-
meHusT (CpbIBa) BaKHEMIIIE TPYIITBI 9KOJOTUYECKUX (DYHKIIMIMA
MOYB (LIEJIOCTHBIX, XUMUUYECKHX U OUOJOTMYECKUX (YHKIIUIA),
ONpeesISTIONINX TUTonopoare mouBbl. Kak mokasanu mpensiay-
mue uccienoBadus [21, 25], cpbIB 3THX rpynIl QYHKIIWI MPOUC-
xomut nipu cHkeHun MITBC Gonee yeM Ha 10% oT KOHTpOJIS.

CTaTuCTHUECKyl0 00paboOTKy pe3yJbTaTOB HWCCIICIOBaHUS
MPOBOJIMJIM C TIOMOILIbIO TTporpaMMbl Statistica 12.0.

Pe3yabTaTni

AKTHBHOCTD KaTajasbl Ipu BHeceHUH 1% HehTH OT MacChl
MOYBBI CHU3WIACh Ha 21% OTHOCHUTENbHO KOHTpOJs (puc. 1).
Buecenue 5% HedTy CHU3MIO aKTUBHOCTD KaTajasbl U JETUIPO-

%

100 § — — — — 100 7 M - —
N N -
80 1| g N = 80| ¥ = 3
60 - 60 '
40 401
20 20 A
ko mm | NS mm | NERO 5 I %s;z .' el s W
BeHauH [OunsenbHoe MasyT HedTb BeH3unH [unsenbHoe MasyT
Qil Gasoline TonnuBeo Fuel oil Qil Gasoline TOMnMBO Fuel oil
Diesel fuel Diesel fuel
a
[ ] KonTpons / Control 1% (7] 5% 10% [ HCPO5 / LSD05

Puc. 1. I3ameHeHne akTUBHOCTM KaTanasbl (a) U AernaporeHas (6) npu 3arpsa3HeHnn HeTblo U HedTENPOAYKTaMU.
Fig. 1. Change in the catalase activity (a) and dehydrogenases (6) in oil and petroleum products contamination.

Gigiena i Sanitariya ([HYGIENE & SANITATION, RUSSIAN JOURNAL). Volume 102, Issue 9, 2023

989



METOAbI TMTMEHUYECKMX MCCNEQOBAHMM

https://doi.org/10.47470/0016-9900-2023-102-9-987-992

OpurnHanbHasi cratbsi

% %
1007 — - - —~ 1007 [ = - -
80- 80| i N \ N
60 60 :
40+ 40+
20 20
b !l - !. i !. i i !. & !. s
HedTb BeH3nH Ou3senbHoe MaszyTt BeH3nH [Oun3enbHoe Masyt
Oil Gasoline TOnnMBO Fuel oil Gasoline Tonnmeo Fuel oil
Diesel fuel Diesel fuel
a 6
[ ] KownTpons / Control 1% (7] 5% 10% [l HCPO05 / LSD05

Puc. 2. I3mMeHeHne YncneHHocTn 6akTepuint poaa Azotobacter spp. (a) v 06Liero KonuyecTsa 6akTepuit (6) npu 3arpsa3HeHUn HeTbO M HehTENPOAYKTaMN.
Fig. 2. Change in the number of Azotobacter spp. (a) and the total number of bacteria (6) during contamination with oil and petroleum products.
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Puc. 3. llameHeHne [nuHbl KOpHel peauca (Raphanus sativus) npw
3arps3HeHNM HedTbio N HedhTenpogyKTaMu.

Fig. 3. Change in the length of radish roots (Raphanus sativus) when
contaminated with oil and petroleum products.

re"as Ha 50 u 39% coorBercTBeHHO, 10% HedT — Ha 65 1 45%
cootBeTcTBeHHO. [lpu noGaBmeHun 1% GeH3WMHA MOCTOBEPHO
CHM3WJIACh aKTMBHOCTh TOJIBKO KaTajasbl Ha 13% OTHOCHUTE]Ib-
HO KOHTpoJisi. BHecenue 5% GeH3uHa CHU3MIO aKTUBHOCTh Ka-
Tajasel U geruaporeHas Ha 28 u 19% OTHOCUTEIbHO KOHTPOJIS,
10% 6en3una — Ha 53 u 31%. 3arpssnenue T KoHLeHTpalei
1% oT Macchl TTIOYBBI JOCTOBEPHO CHU3WMJIO TOJBKO aKTUBHOCTh
Kartanasbl Ha 14%, a BHeceHue 5% JIT — aKTUBHOCTb KaTajia3bl 1
neruaporeHas Ha 30 u 18% otHocutenbHO KoHTpos, 10% AT —
Ha 40 1 30%. Ma3yT B KoHIIeHTpalmu 1% WHaKTUBUPOBAJ KaTa-
nasy u aeruaporeHassl Ha 9 u 12%, B KoHueHTpauuu 5% — Ha 39
u 33%, 10% ma3yra — Ha 57 u 51%.

3arpsasHenue 1% HedTH OT MACChl IMOYBBI MHIMOUPOBAJIO
YUCJIEHHOCTh 0aKTepuil pona Azotobacter spp. U OOLIYIO YMCIIEH-
HOCTB GakTepuii Ha 32 1 28% OTHOCUTEIBLHO KOHTPOIS (puc. 2).
Buecenne 5% HedTH CHU3WIO YMCIEHHOCTb Azotobacter spp.
M OOIIYIO YMCJIEHHOCTh OakTepuit Ha 41 u 42%, 10% HedTH —
Ha 57 u 60%. Ilpu noGasieHuy GeH3uHa 1% OT MAcChl IMOYBBI
YUCJIEHHOCTh OaKTepuii poaa Azotobacter Spp. 1 o01LIasT YMCTEH-
HOCThb OakTepuii cHU3MIach Ha 24 1 19% OTHOCHUTEIBLHO KOH-
TpOJIs, TIPY KOHLIEHTpauu 5% GeH3una — Ha 36 u 35%, 10% —
Ha 50 u 55% cootBercTBeHHO. BHecenue 1% T cHuswmio uc-
JIEHHOCTb OakTepuii pona Azotobacter spp. 1 0011IYI0 YUCIIEHHOCTh
GakTepuii Ha 23 u 12% oTHOcuTebHO KOHTpOS, 5% AT — Ha 34
u 26%, 10% AT — Ha 49 u 47%. 3arps3Henue 1% ma3yta CHM-
3MJI0 OOILYIO YUCIEHHOCTh OAKTEPUil M YUCIEHHOCTh OaKTepHUil
Azotobacter spp. Ha 28 1 29% OTHOCUTEIbHO KOHTPOJIsSI, 5% Ma3y-
T1a —Ha 39 u 51%, 10% ma3yra — Ha 53 1 66% COOTBETCTBEHHO.
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Puc. 4. lameHenue UMBC noysbl B paitoHe HedhTenepepabaTbiBaOLLEro npe-
NPUATIS NPU 3arpa3HeHnI HeddTbIO N HedhTeNPOLYKTaMm, % OT KOHTPONS.

Fig. 4. Change in the IIBS of the soil in the area of an oil refinery when oil
and petroleum products are contaminated, % of the control.

[pu BHecenuu 1% Hed T AMHA KOPHEH penrca yMEHbII-
nack Ha 18% (puc. 3). 3arpsisHenue 5 u 10% HedT cHU3MIO
IUTMHY KOopHeil Ha 47 u 61% oTHOcUTEebHO KOHTpOJIS. [Ipu mo-
6apieHun 1% OeH3MHA OT MAacchl TOYBBI YCTAHOBJICHO CHUXeE-
HMe JUTMHBI KopHel Ha 13%, npu 3arpsisHenuu 5% — Ha 34%,
nipu BHeceHUU 10% — Ha 69% oTHOCUTEILHO KOHTpOJIsl. BHece-
Hue 1% AT cHuswmio MHy KopHeit Ha 12%, ipu 5% — Ha 32%,
npu 10% — Ha 63%. Ipu BHeceHun 1% Masyra yCTaHOBJIEHO
CHIDXEHUE JIMHBI KopHei Ha 18%, nipu 5% masyta — 39%, npu
10% mazyta — 68% OTHOCUTETLHO KOHTPOJIS.

[Mo mpoaHamM3MpPOBaHHBIM BBILIIE OMOJOTMYECKUM ITOKa3a-
TEJISIM PACCUUTHIBAJIM UHTETPAJIbHBIN MOKa3aTh OMOJOTMYECKOTO
COCTOSIHMS JIEPHOBO-KapOoHaTHOI mouBsl (puc. 4). C pocTom
KoHLIeHTpaumu Hedtn U Hedrenpomykra WITBC cHuxan-
cs. Tak, nipu 3arpsisHeHun HedTbio MITBC nouBbl cHU3MiCS
Ha 42%, npu 3arps3HeHUU Ma3yToM — Ha 38%, GEH3MHOM —
Ha 32%, AT — Ha 29% (cM. puc. 4).

Oo6cyxkaenue

3arpssHeHre He(hTbI0 U HeTEMPOAYKTaMU CHIXKAJIO OMO-
JIOTMYECKUE CBOMCTBA AePHOBO-KApOOHATHOM MOYBHI. 3apuKkcu-
POBaHO JOCTOBEPHOE CHIKEHHUE (DEpMEHTATUBHOU aKTUBHOCTH,
YUCJIEHHOCTU OaKTePHii U JJIMHBI KOPHEN pelrca. YCTaHOBIIEHO,
YTO CTETNEHb CHVKECHMS VI MHTUOUPOBAHMST KaskKI0ro OMOJIOTH-
YEeCKOTIO0 [T0KA3aTe sl HEIOCPEACTBEHHO 3aBHUCE/IA OT KOHIIEHTpa-
Uy HeddTu M HedTenpoaykra. PsSa TOKCMYHOCTU UCCIenyeMbIX
BEIIECTB Ha OMOJIOTMYECKHME TOKA3aTeIM TOYB BBITJIIOUT ClIe-
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Taonuma 2 / Table 2
IIpenenbHo nomycTHMOe OCTATOYHOE coAep:KaHue HedTH
1 HehTenmpoAYKTOB B MOYBeE B paiioHe He(pTenepepadaThIBAIOMIETO
npeanpusTys, %
The maximum permissible residual content of oil and petroleum
products in the soil in the area of the refinery, %

Hedrenponyxkr / Oil product ‘ IMA0C / MPRC
Hedts / Oil 0.27
Bensun / Gasoline 0.40
Masyt / Fuel oil 0.30
Hu3zenbHoe ToruuBo / Diesel fuel 0.45

NIyIOLIKUM 00pa3oM (B CKOOKax yKa3aHbl MPOLIEHTHBIE 3HAYEHMST
HITIBC nepHOBO-KapOOHATHOI TOYBBI OT KOHTpOJS): HedTh
(58) > mazyr (62) > 6eH3uH (68) > nuzenbHoe Toruso (71). [Tpu
3arpsA3HEHUHN JIE€PHOBO-KapOOHATHOM MTOYBBI HanbO0JIee TOKCHY-
HBIM BEIIIECTBOM SIBJISIETCS HE(PTh, a HAUMEHEE TOKCUYHBIM —
N3eJIbHOE TOTLIUBO.

[MpoBenéHHOe WccaemoBaHWE TO3BOJWIO  OMNPEICIUTh
NpeaesbHO MOMYCTUMbIM YPOBEHb OCTaTOYHOIO COAEpXKaHUS
(IMIOC) HedTu 1 HepTENPOAYKTOB (Ma3yTa, OEH3UHA, TU3ENb-
HOTO TOIIMBA) B IEPHOBO-KapOOHATHOM MMOYBe (Tab1. 2).

B xauectBe I1JIOC BbiOpaHa KOHLEHTpalus, pU KOTOPOI
HapyIIaloTCs 3KOJOTMYeCcKre (DYHKIIUM TIOYBB M €CTECTBEHHOE
BOCCTAHOBJIEHME HEBO3MOXHO. PaHee Takasi MeTOIMKA OLIEHKHU

TMIONYCTMMOIO COAepXXaHMs HehTH armpoOupoBaHa Ha apUIHBIX
rmoyBax M OypbIX JIeCHBIX MmouBax lleHTpasbHOro M 3amamHOro
KaBkaza, Pecriyomuku KpeiMm [26, 27]. COOTBETCTBEHHO, KakK
BunHo u3 1adn. 2, INAOC,pm B I€PHOBO-KapOOHATHOW MO-
yBe cocraBisieT 0,27% ot maccel mo4Bbl, IO Ceenmmn — 0,4%,
MNAOCuya — 0,3%, TIAOCyr — 0,45%. Tlpu Takux KOHLEH-
TpauusgXx HehTU U HeTEMPOAYKTOB TMPOMCXOINT HapyIIeHUe
LIEJIOCTHBIX 3KOJIOIMYECKUX (PYHKLUIA ITOYBBI, OMPEIE/ISIOINX
eé riogopoaue.

3akio4yeHue

3arpsisHeHre HePThIO ¥ He(PTEITPOAYKTAMU HETaTUBHO CKa-
3aJ10Ch Ha OGMOJIOTMYECKMX CBOMCTBAX MCCIEAYEMOM OYBEI. 3a-
(uKCcUpoBaHO MOCTOBEPHOE CHIDKEHHE (hepMEHTAaTUBHOM aK-
TUBHOCTHU, YHUCJIEHHOCTH OaKTepuii M JUIMHBI KOpHEU pemuca.
YCTaHOBJIEHO, YTO CTENEeHb CHIDKEHHMs KaXIOro IOKa3aTess
HETOCPEICTBEHHO 3aBHCeIa OT KOHIICHTPAIIUN 3arpsI3HSIONIETO
BELIECTBA. P TOKCMYHOCTU MCCIIeAyeMbIX BEIIECTB Ha GMOJI0-
rMYecKue MmoKa3aTeIu IepHOBO-KapOOHATHOM MOYBbI BBIIJISIIUT
cenylommuM o06pa3oM: HeTh > MasyT > OCH3WH > IU3eTbHOE
ToruMBO. [lomy4yeHbl 3HAYEHUST MPEAEIbHOTO OCTATOYHOIO CO-
nepxanus (ITIOC) nedtn — 0,27%, masyra — 0,3%, 6eH3MHA —
0,4%, musenpHoro tomuBa — 0,45%. Ilpemnoxennsie TTJJOC
HedTH U HedTenpomykToB (Masyrta, 6eH3uHa, I T) B mouBax
MPUMEHUMBI TIPEXKIE BCETO Ha TeppUTOpUH YepHOMOPCKOTO MO~
Oepexbst KaBkaza 1 MOTYT GbITh MCIIOJIb30BAHbI IIPUPOIOOXPAH-
HBIMU, CEeJTbCKOXO3MCTBEHHBIMA M HayYHBIMU OPTaHU3alUsIMU
P HOPMHUPOBAHMM 3arpsI3HEHUsS IE€PHOBO-KapOOHATHON I10-
YBbI HE(PTHIO U HEPTENPOLYKTAMU.
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