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AHHOTAIMA

MeTooM MOJENBHOTO SKCIEPUMEHTa ONpEAeeHbl ONTUMAJbHBIE NT03bI U (PaKIUH MPHPOTHOTO
neonuta YaHKaHAHCKOrO MECTOPOXKICHUS JJsl YBEIUUEHHWS AKTUBHOCTH CIIOHTAHHOH MHKPO]IOPHI
HedTe3arpsa3HeHHON mouBkl. [loka3aHO, YTO BHECEHHE LIEOIHMTA OKA3bIBAaeT IMOJIOKHUTENBHOE BIIMSHHUE Ha
JUHAMHUKY CTPYKTYpbl MUKpoOHonieHo3a. CaMbiMi 3 QEKTHBHBIMU J03aMH BHOCHMOTO LIEOJUTa ObUIN ST/Ta
u 7,5 1/ra npu dppakumu 0,6-1 MM 1 2 MM.

B Ka3axcrane 3HaYMTENbHYIO 3KOJOTMYECKYIO ONACHOCTb Al OMocdepbl NMpPeaCTaBIISIIOT
MPOAYKTHl M  OTXOJbl HWHTEHCHUBHO pa3BUBatouleiics HedTsHOM U  HepTexuMU4ecKon
npoMbIIeHHOCTH [1]. CylecTBeHHYI0 OMAacHOCTh MPEACTABISAIOT MOCTOSHHBIE TOTEpU HEPTHU Ha
He(Teno0bIBaIOIIUX TpoU3BoJACTBaX MecTopokaeHuss Kymxons Kb3putopauHckoil obnacTu,
KOTOpBIE IPOUCXOIAT MPU J0OBIYE, XPAHEHUU U TPAHCIOPTUPOBKE HE(YTU. APUAHBIE TOUYBBI 3TOTO
peruoHa mnpejcTaBleHbl, B OCHOBHOM, KalITAHOBBIMU, OYpBIMU M cepo-OypbIMU MOYBAMH, & TaKXKe
cepo3eMaMu, COJOHIIAMM M COJIOHYaKamMHu. B cuiy cBoero reHesuca M (U3MKO-XMMHUYECKUX
CBOMCTB, 9TH TMOYBHI 00JIAAIOT CJIA00M HKOJOTUYECKON YCTOMUMBOCTHIO. OHM HMEIOT HHU3KOE
coJiep’KaHue rymMyca U MOKa3bIBatoT cl1a0yl0 MUKPOOHUOIOIMUECKYI0 aKTUBHOCTb. 3arpsi3HEHUE 3TUX
MOYB HE(THIO HapyIIaeT COCTaB I'ymMyca M I0Ka3aTeslyd MOYBEHHO-TOIJIONIAIOIIEro KOMILIEeKca,
CHIDKAET Co/IepyKaHue MOABIKHBIX (opM a3ora U ¢docdopa, yMeHbIIaeT NOPUCTOCTh, adPALHI0 U
BOJIONPOHUIIAEMOCTb.  Bce  3T0  co3maer  kpailHe  HEONArompusTHbIE  YCIOBHS  JUIs
KHU3HEJCSATEIbHOCTH MOYBEHHBIX MHKPOOPTaHM3MOB U CHM)KA€T MHTEHCHBHOCTH OKHCIUTEIBHO-
BOCCTAaHOBUTENBbHBIX U (DePMEHTATUBHBIX MporieccoB [2,3]. OOmupHOCTs HEPTAHBIX 3arpsA3HEHUN
MIOYBEHHOT'O TOKPOBAa B PErMOHaX NOOBIMM HE(PTH W JUIMTENbHBIM MEpUOJl MX CYIIECTBOBAHUS,
HapsAIy C M3BECTHBIMH METOJAaMM OYUCTKH He(Te3arps3HEHHBIX M0YB, JIUKTYIOT HEOOXOAUMOCTh
pa3paboTKl  BBICOKOI(PPEKTHUBHBIX  OMOTEXHOJIOTMYECKHUX  CIIOCOOOB, HANpaBJICHHBIX  Ha
MHTEHCU(PHUKAIIMIO TPOLIECCOB MHUKPOOHUOIOTMYECKON yTUIM3aluu HE(QTAHBIX 3arpsi3HEHUN u
arpoMeIMOpPaTUBHBIX MPUEMOB OYMCTKHU C BOBJIEUEHUEM HOBBIX ChIPEBBIX pecypcoB. B nociennue
rofbl TOBBIIICHHBIH HMHTEPEC BbI3BIBACT HCIOJB30BAHUE IICOJIMTOB B  OMOpeMeauanuu
HedTe3arpsi3HeHHOW ToYBBL. lleomuTHO-MUKpOOUONIOrHYecKass OYUCTKAa IMOYB U TPYHTOB OT

3arpsi3HeHul HedThI0 U HedTernpoayKTaMH HE OKa3blBaeT OTPUIIATEIBHOTO BO3ICHCTBHUS Ha
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KOMITOHEHTBI OKPYKAIOIIeH Cpe/ibl, TaK KaK B TEXHOJIOTMH HCIIOJIB3YETCS IKOJIOTHYECKU UYHCTHIN,
HETOKCHUYHBIA MaTepuras — HeoauT. [4].

[Tpupoausbrii ieonut YaHKaHAWCKOTO MECTOPOXKACHUS TalIbIKOPTaHCKOW 001aCTH COYeTaeT
B cebOe cBolicTBa copOeHTa-MeNMopanTa Kak s He()TH, Tak U JUIS TOYBEHHBIX MUKPOOPTaHU3MOB.
OH Takke SBIACTCS HMCTOYHMKOM MAaKpO- U MHKPOIJIEMEHTOB, HEOOXOJUMBIX JUIsl aKTHUBALUU
HEe(DTECOKUCISIOMUX ¢ a30TQUKCUPYIOIIUX MHKPOOPraHU3MOB MO4YBbL. [Ipumenenue amns
OuopeMenuanuy IOYBbl I[IEOJUTA TO3BOJUT  YIAYYIIMTH IOYBEHHO-TOIJIOMIAIOMIUNA KOMILIEKC
(TITIK) u cTpyKTypy MOYBHI, a TAKKE YCHWIHTh €€ MUKPOOHOIOTHYECKYI0 aKTUBHOCTD, YBEIIMUUTH
MMOPUCTOCTh U BJIATOYACPKUBAIOITYIO CIIOCOOHOCTb.

[lenpto wuccienoBanusi ObUIO TPOBENCHHE TOWCKA ONTUMAIbHON 7036l W (hpakuuu
MIPUPOJIHOTO LIE0JIUTA JUISl YBETUUCHUS aKTUBHOCTU a0OpUTeHHOW MUKPOGIOPHI, CIIOCOOCTBYIOMIEH
OYHCTKE MTOYB OT HEPTH.

Martepuaabl 1 MeTOABI

OObeKkTaMH HUCCIIEIOBAHUM CIY’KUJIM TOYBa HeTerazoBoro MmecropoxxiaeHuss Kymkons u
reonuT YaHkaHalCKOro MecTOpOXKIAeHHs. MoenbHbIA dKCIEPUMEHT MPOBOJWIN B TUIACTUKOBBIX
cocynax, B koropsle BHOcwiM 1o 100 T mcciaeayeMoit mouBbl. 3aTeM MouBa ObLIa MCKYCCTBEHHO
3arpsisHeHa He(Thi0 B KoHIIeHTpamu 5% u 10 % .CoryiacHO cxeme OmbITa, B 3TH COCYbl BHOCHIIN
MPUPOAHBIN 1eoduT B 103ax 2,5;5,0;7,5 u 10,0 1/ra. YacTHIIBI BHOCUMOTO 1I€0JIUTA PA3IHYAIHICh 110
paszMepam. Mcnonb30Bainy MbUIEBATYIO (PPAKIINIO, a TAKKE YaCTHIIBI IleoauTa pazMepoM 0,6-1 mm u
2 mMm. KOHTpOISIMU CITY>KUITK YHCTasi TIOYBA U TI0YBA, 3arps3HeHHas HePThio, HO 0€3 IeouTa.

Uepes 2 wmecsana oONpenesyii  YUCICHHOCTh OCHOBHBIX TPYII MHUKPOOPTaHU3MOB.
YucneHHOCTh TeTepOTPO(dHBIX OaKTepUil ONMpeneNsiii Ha PhIOO-TIENTOHHOM arape, akTHHOMUIIETOB
- Ha Kpaxmala-aMMHAyHOM arape, MHUIleNUalbHBIX TpuOOB - Ha cpene Yameka. KommdectBo
MHUKpPOOprann3MoB Belpakanu uyuciom KOE wHa 1 1 Bo3aymHO-cyxoro cybcrtpata [5].
VYrneronopoaokucistonyro Mukpoduiopy (YOM) yuutsiBasin Ha cpene BopommioBoii-/luanoBoit
(BA).

PesynbTaTsl Hecjief0BaHUI U 00CYKICHUE

Uccnenyemple B MOJENBHOM OKCIIEPUMEHTE TPYIIBI MHKPOOPTAHU3MOB  SIBJISTFOTCS
OCHOBHBIMH TPOJIYIICHTAMH OWOJIOTHYECKH AKTHBHBIX BEIIECTB W WIPAIOT BAXHYIO pPOJb B
MOYBEHHBIX IpoIleccax.

Yepes 7 cyTok mocie BHECEHUs B MOUBY 5% He(TH NMPOU3OILIO YBEIUYCHHE YHUCICHHOCTH
rerepoTpoHbIX OaKkTepuil Ha OJUH MOPANOK, a mpu 3arpssHeHuu 10%, HA06OPOT, YUCIECHHOCTh
yMeHbIINUIach Ha mopsiaok (tabmuna 1). CyliecTBeHHOE CHH)KEHUE YHCICHHOCTH aKTHHOMMIIETOB

npousonuio Toinbko npu 10% 3arpsznenun. KonmdecTBO MUIETHATBHBIX TPUOOB BO3POCIO HA
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MOpsAIOK. Yepe3 ATOT MPOMEKYTOK BPEMEHU CYIIECTBEHHBIM 00pa3oM W3MEHUIIOCH KOJIUYECTBO
YTJIEBOJIOPOIOKHUCIISIONINX MHKPOOPTAaHU3MOB C 10% xn/r 1o 10* KJI/T, YTO CBHJICTEILCTBYET O

Ha4daJi€ aKTHBallUHU IIpoHecca JE€CTPYKIUU HC(bTI/I.

Ta6m/1ua 1- KonnuecTBo MUKPOOPraHU3MOB B KOHTPOJIbHBIX 06pa311ax MMO4YBbBI MOJACJIIBHOI'O OKCIICPUMECHTA

Bapwuant bakrepun, KOE/r | AKTHHOMUIICTHI, MurnenuanbHbIC YOM
KOE/r rpubs1, KOE/T HBUY xn/r
B Havane skcniepumenTa lu nocie 7 cyTok 2,3

1 Yncrast mousa (4,0£0,3)x10° (6,2+0,6)x10" (2,440,4)x10° 10°

2 Housa+5% nedru (1,6£0,4)1x0’ (8,2+0,5)x10" (4,8+0,5)x10" 10°

3 TouBa+10% Hedn (2,6£0,3)x10° (2,440,4)x10° (5,0+0,6)x10* 10°
Uepes 2 mecaua

Uycrast [o4Ba (3,240,2)x10° (2,0£0,2)x10" (3,2+0,4)x10" 10°

[ousa+5% HedTH (3,2+0,6)x10° (1,4+0,2)x10° (5,8+0,6)x10° 10°

[ousa+10% Hedrr (2,440,2)x10° (2,6+0,2)x10? (4,8+0,6)x10° 10°

HccnenoBanue 3TUX IPyNI MUKPOOPIaHHW3MOB B KOHTPOJIBHBIX 0Opa3lax uepe3 2 mecsua
II0KA3aJ10, YTO B SKCIEPUMEHTE C YMCTOM MOYBOM 3aMETHBIX M3MEHEHUH He npousonuio. Kak npu
5%, tak u npu 10% HePTIHOM 3arpsA3HEHUU YMEHBIIWIOCH KOJIMYECTBO TIeTepoTpodoB U

aKTUHOMHIIETOB,  YHMCJIO  TpHOOB  BO3pocio.  UMCIEHHOCTh  YIJIEBOJOPOIOKHUCIISIOLUINX
MHUKPOOPIaHU3MOB NPH 3arps3HEHUH 32 3TOT NEPUO/] BpPEMEHH YBEITUUMIIach Ha MOPSIOK.

Uepes 2 mecsilia B SKCIIEPUMEHTAIBHBIX 00pa3iiax MmouBbl Mpu 5% 3arps3HEHUN KOJIMYECTBO
OakTepuit kojedanock oT 2,3 10 7,4x106 ki1/r. Camble BBICOKME WX 3HAUEHUS OTMEUAIUCh TMPHU
BHECEHMU LeonuTa B konumuectBe 5,0 u 7,5 1/ra. Hambonee s¢ddexkruBHbIMU ObLIH (dpakuuu
neonura 0,6-1MM M 2 MM, IOpU BHECEHHH KOTOPBIX OTMEYaloCch HauOOJbIIEe KOJIUYECTBO

AKTUHOMMIIETOB U YTIIEBOAOPOTOKHUCIISIFOIIMX MUKPOOPTaHU3MOB (Tabmura 2).

Tabnuua 2 - UncaeHHOCTs MUKPOOPTaHU3MOB B 1ouBe ¢ 5% He(TH B 3aBUCUMOCTH OT A03bI M (paKkLuH
BHECEHHOT'0 IIPUPOIHOIO 1IE0JINTa Yepe3 2 Mecsla

Bapuanr Bbakrepun, KOE/r AKTHHOMMIETHI, | MuLeInanbHbIe YOM
KOE/r rpu6s1, KOE/r HBY
KJ/T
Heomnut 2,5 1/ra msutearas | (2,3+0,2)x10° (2,1£0,2)x10° (3,8£0,6)x10° 10*
(dhpaxiust
eoswr 2,5 v/ra 0,6-1 MM (2,5+0,7)x10° (1,0£0,2)x10° (2,8+0,4)x10° 10*
Heoxur 2,5 1/ra 2 MM (4,9+0,5)x10° (3,0£0,2)x10° (1,8+0,2)x10* 10*
Leomur 5,0 T/ra meuiesaras | (2,4+0,2)x10° (3,1£0,4)x10° (0,8+0,4)x10" 10°
(dhpaxrust
Heouur 5,0 T/ra 0,6-1 MM (5,040,2)x10° (0,9+0,6)x10° (4,3£0,5)x10* 10°
Heoxur 5,0 T/ra 2 Mm (6,2+0.8) x10° (2,240,4)x10° (6,1+0,6)x10* 10°
Leomut 7,5 1/ra msuiesaras | (3,8+0,3) x10° (3,2+0,5)x10° (2,2+0,3)x10" 10*
(dhpaxrust
Heouurt 7,5 T/ra 0,6-1 MM (4,4+0,5) x 10° (6,9+0,7)x10° (1,3£0,2)x10* 10*
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Heoxurt 7,5 T/ra 2 MM (7,440.7) x10° (1,240,2)x10° (7,1£0,6)x10° 10°
Leomut 10,0 T/ra neuiesaras | (4,8+0,5) x10° (2,0+£0,4)x10° (2,6+0,4)x10" 10°
¢bpakuus

Heouur 10,0 T/ra 0,6-1 MM | (4,240,7) x10° (3,140,5)x10° (4,3+0,7)x10* 10°
Heoxur 10,0 T/ra 2 MM (4,7+0.4) x10° (3,8+0,6)x10° (9,8+0,7)x10° 10°

Yucno MULleTHABHBIX TPUOOB B MOYBE C T0OABIEHUEM IIEOJIUTA KOJIeOaIoch OT THICSY JI0
coteH Thics4. [Ipu cpaBHEHUU STUX 3HAYEHHH C KOHTPOJIBHBIMH 00pasliaMu BHJHO, YTO uepe3 2
MecsIia KOJMYECTBO TpUOOB B OOJBIIMHCTBE BApUAHTOB YBEIHMYMIIOCH, 32 UCKIIOUCHHEM TeX, IJe
1eoauT BHOcHH B fo3e 7,5 u 10,0 1/ra mpu ppakiuu 2 M.

BHecenue 1meonmuta B OKCIEpUMEHTAIbHbIE  00paslibl  MOBJIMSJIO Ha  YUCIO
YIIEBOJIOPOJAOKUCTSIONIEH MUKPO(IOPHl, B BapuaHTaxX OMbITa MPU BCEX J03ax Oojiee BBICOKHE
3HAQYEHMS PETUCTPUPOBATUCH C HpaKIIUEH 1IEoTUTa 2 MM.

JlanHbIe TaOMUIBI 3 TIOKA3BIBAIOT, YTO B BapuaHTax ombiTa ¢ 10% HedTAHBIM 3arps3HeHnEM
HauOOJIbIIAs YUCIEHHOCTh TeTepOTPOPHBIX MUKPOOPTaHU3MOB OTMeUEHa Mpu Ao3e neonuta 5,0 u
7,5 1/ra (dpakums 0,6-lmm u 2mMm). Ilpm 3TUX ke 3HaYEHUAX OBbUIO OOJBIIE BCETO H
aKTHHOMUIIETOB. Kak BUIHO M3 MPUBENEHHBIX JTaHHBIX TAOJHUI, BHECEHHE MPHUPOIHOTO ICOHUTA
MPUBOJUT K YBEIMYEHHUIO YHMCIEHHOCTH CIIOHTAHHON TIeTepoTpopHON MHUKPOQIOPHI, YTO

CHOCOOCTBYET MOAbEMY MHUKPOOHMOIOTUIECKON aKTUBHOCTH.

Tabnuna 3-YucineHHOCTh MUKpOOPraHu3MoB B mouBe ¢ 10% HedTH B 3aBHCHMOCTH OT JI03bI M (pakinuu
BHECEHHOT'O TIPHPOIHOTO [IEOJINTA Yepes3 2 MecsIa

Bapuant bakrepun, AKTHHOMMIIETHI, MunenuanbHble YOM
KOE/r KOE/r rpu6s1, KOE/r HBY
KJ/T
[eouur 2,5 1/ra nbuieBatast | (4,4+0,6)x10* (4,240,4)x10° (4,0£0,7)x10* 10*
bpakiys
Leomur 2,5 T/ra 0,6-1 MM | (8,940,6)x10" (2,6+0,3)x10° (2,7+0,4)x10" 10°
Ieonut 2,5 T/ra 2 MM (2,1+0,2)x10° (1,5£0,2)x10° (3,5+0,4)x10" 10°
Heomur 5,0 /ra meuiesarast | (1,0+0,2)x10° (2,240,4)x10° (4,0£0,7)x10* 10*
bpakuus
Leonur 5,0 /ra 0,6-1 mm | (8,2+0,7)x10% (2,8+0,5)x10° (1,240,3)x10* 10°
Ieonut 5,0 T/ra 2 MM (2,8+0,4)x10° (3,0£0,4)x10" (2,0+0,2)x 10" 10°
[eouur 7,5 1/ra meuiesatast | (9,1+0,5)x10% (4,6£0,6)x10° (3,1£0,4)x10* 10°
bpakuus
Leomur 7,5 /ra 0,6-1 mm | (5,8+0,7)x10° (1,4+0,2)x10° (6,3+0,7)x10° 10°
Ieonut 7,5 T/ra 2 MM (0,9+0,1)x10° (3,2+0,4)x10" (1,6+0,2)x10° 10°
[eomurt 10,0 1/ra | (4,140,2)x10° (4,6£0,6)x10° (1,1£0,2)x10* 10*
mbUIeBaTas Ppaxims
Ieonut 10,0 T/ra 0,6-1 MM | (0,8+0,1)x10° (1,0£0,2)x10° (5,3£0,4)x10° 10°
Heonur 10,0 T/ra 2 MM (2,2£0,3)x10° (2,2+0,4)x10° (4,0£0,4)x10° 10°
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OpnHako, cpaBHUBAS WX YHCIIO C KOHTPOJIEM, Iie Takxke npucyrcTByer 10% HedTu (Tabnuia
1) BUHO, YTO WX YMCIICHHOCTD BBIIIE HA OJUH MOPSIO0K, a ipu Ao3e 5,0 T/ra u 7,5 T/ra (bpakuus 2
MM) - JJa)Ke Ha JIBa MOpsiJIKa.

OCOOCHHOCTBIO JTMHAMUKM YWCJIEHHOCTH MHUKPOMHUIIETOB, YYTEHHBIX B  OIBITHBIX
MoYBeHHBIX oOpasuax ¢ 10% HepTSIHBIM 3arpsi3HEHUEM, SBISETCS CHIKCHHE UX KonndyecTBa. Ecnu
B KOHTPOJBHOM 3arpsi3HEHHOW II0YBE€ OTMEYaJIOCh 10° kimerok Ha 1 T MO4YBEL, TO B
YKCIIEPHMEHTAIbHBIX IPOOAX OHM yduThIBanHCh B Kommuectse 103-10*ki/r, o ects Ha 1-2 mopsinka
Hwke. [Ipu 3ToM He OTMEUeHO KakoW—1H0O 3aKOHOMEpPHOW 3aBHCHMOCTH OT J03bI M (hpaxiuu
BHECEHHOr'0 L[E0JUTa. JTO MOJOKUTEIbHBIA MOMEHT, IIOCKOJIbKY MPHU OMOpEMEIualuu YCIOBHUS,
CHOCOOCTBYIONINE M3MEHEHHIO COCTaBa MUKPOOHOTO cOOOIIECTBa MOYBBI B CTOPOHY YBEIUYCHHS
YHCIIEHHOCTH MHUKPOCKOIUYECKUX T'pUOOB HE JKelaTelbHbI, TaK KaK MHOTHE U3 HUX SBISIOTCS
aKTUBHBIMHU (DUTOIIATOTEHAMHU.

Pemraromee 3HavueHue Ui OYHCTKH TOYB OT HEPTH HMEIOT YIIIEBOJIOPOIOKHCISIONINE
MHUKpPOOPTaHU3Mbl. B skcriepuMeHTe ONTHUMAalbHBIMU A03aMH Uit HuX Obuiu 5,0 T/ra u 7,5 T/ra.
Buecenne makcumansHOM 10361 10,0 T/ra HE COOTBETCTBYET HAMOOJbIIEMY KOJIHYECTBY ATOH
TPYIITEI MUKPOOPTAaHU3MOB B TTOYBE.

TakuM 00pa3oM, NMpOBEIEHHBbIE UCCIIEJOBAHMS MO Y4YETy UYMCIEHHOCTH OCHOBHBIX TpYIII
MHUKPOOPIaHU3MOB B 3aBHUCUMOCTH OT J103bl U ()PAKIMU MPUPOJHOIO LEOJIUTA MOKA3aJId, YTO Kak
npu 5%, Tak u npu 10% He(pTIHOM 3arps3HEHUH YHUCIEHHOCTh TeTepoTpOdHBIX OakTepuit
yBeJIMUWIach MO OTHOIIEHUIO K KoOHTpoito. Ilpu 5% HedTn B mouBe uyMCIO aKTMHOMHLIETOB
YBEJIMUMIOCH IpH Jo3e neonura 5,0 T/rau 7,5 1/ra u ppakuuu 2 mm. [pu 10% HedTtr yncieHHoCTH
AKTHHOMHMIIETOB YBEJINYMIIACh, & MUKPOMHIIETOB YMEHbBININUIACh. BOo BCceX BapuaHTaxX dKCIepUMEHTa
KOJINYECTBO YTIIIEBOAOPOAOKUCIISIONIMX MUKPOOPraHU3MOB Bo3pacraer. CambIMu 3¢ (HEeKTUBHBIMU
no3amu Oputi 5,0 T/ra m 7,5 T/ra mpu ¢pakmusax 0,6 - MM u 2 mm. BHecenme meonuta
CIIOCOOCTBYET YIYUIICHHIO CTPYKTYPHI TMOYBHI, €€ Ta3000MeHy, (UIBTPAIMOHHONW CIIOCOOHOCTH.

Bce 3T0 oka3biBaeT moJ0KUTEIbHBIN 3(1)(1)CKT Ha TUHaMUKY CTPYKTYPbI MI/IKpO6I/IOL[CHO3a.

Jluteparypa:

1. Hagupos H.K. Tenrus — mope Hedtn, mope npodnem. - Anmater: HUL «I'suasim». - 226 c.

2. XazueB @.X., Tumkuna E.W. ,Kupeea H.A., Kyssxmeros I'.I'. Biusinue HedTsiHOTO 3arpsi3sHEHUsS
Ha HEKOTOpPbIe KOMIIOHEHTHI arpodKkocucTeMsl //Arpoxumust. - 1988. - Ne 3. — C.56-62.

3. @aumzoB K.II., Tamanoa A.C. CocTtossHHE 3KOJIOTHH TeppuTopun KyMKOIBCKOTO HEedTerazaBoro
Mectopoxacaus //Hedts u ras. - Ne 2. - 2004. - C.123-128.

4. Tepemenko H.H., JlymuukoB C.B., Murtpodanosa H.A., INumunenxko C.B. OcoGennoctn
OMOJOTHYECKON PpEeKyJIbTHBAIMN He(Te3arpsA3HEHHBIX M TEXHOT€HHO 3aCOJICHHBIX IO0YB //DKOJOTHS H
MPOMBINIICHHOCTH Poccun. - 2005, urons. — C.33-36.

5. Konemko O.M. Dxosorust MUKpoopraHu3MoB. - MuHck: Briciias mkona, 1981. - 120 c.

26



UDC 504.064

U.R.Idrisova *, T.B.Musaldinov }, O.N.Auezova ?, I.T.Myrzadauletova *, A.A.Kurmanbaev 2,
S.A Aytkeldieva , D.zh.Idrisova *,
A.K.Sadanov ?

DETERMINING THE OPTIMAL DOSE AND ZEOLITE FRACTION FOR
INCREASING THE ACTIVITY OF OIL-CONTAMINATED SOIL MICROFLORA

L «“TAZA-SU” LLP, Almaty, Kazakhstan
2 Republican State-Owned Enterprise “Institute of Microbiology and Virology”, Committee
of Science, Ministry of Education and Science, Republic of Kazakhstan

Summary

Using the method of model experiment the optimal dose and natural zeolite fractions of Chankanay
field to increase the activity of spontaneous microflora of oil-contaminated soil were determined. It was
shown that the addition of zeolite has a positive effect on the dynamics of microbiocenosis structure. The
most effective doses of added zeolite were 5 t/ha and 7.5 t/ha with fractions of 0.6-1 mm and 2 mm.

In Kazakhstan, products and processing waste of rapidly developing oil and petrochemical
industry represent a significant environmental threat to the biosphere [1]. Constant losses of oil at
the oil production facilities of Kumkol field in Kyzyl-Orda region constitute a substantive risk,
which occur during production, storage, and transportation of crude oil. Arid soils of this region are
mostly chestnut, brown and gray-brown as well as serozem, solonetz, and solonchak. Because of its
genesis and physico-chemical properties these soils have a low environmental sustainability. They
are low in humus and reveal poor microbiological activity. Oil pollution of soil violates the humus
composition and parameters of soil-absorbing complex, reduces the content of mobile forms of
nitrogen and phosphorus, decreases porosity, aeration, and water penetration. All this creates an
unfavorable environment for the activity of soil microorganisms and reduces the intensity of redox
and enzymatic processes [2, 3]. The vastness of the oil pollution in soil in the regions of oil
production and a long period of their existence, along with well-known methods for oil-
contaminated soil cleaning, dictate the need for the development of high biotechnological methods
targeted at intensifying processes of microbiological utilization of oil pollution and agromeliorative
purification techniques involving new raw material resources. In recent years, the increased interest
is provoked by the use of zeolites in the bioremediation of oil-contaminated soil. Zeolite-microbial
cleaning of soil and subsoil from pollution by oil and oil products has no negative impact on the
components of the environment, as in the technology in an environmentally friendly, non-toxic
material - zeolite is used.

The natural zeolite of Chankanay field in Taldykorgan region combines the properties of the

sorbent-ameliorator both for oil and soil microorganisms. It is also a source of macro-and
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microelements necessary for the activation of oil oxidizing and nitrogen-fixing soil microorganisms.
The use of zeolite for the soil bioremediation will improve the soil-absorbing complex (SAC) and
soil structure, as well as strengthen its microbiological activity, and increase the porosity and
moisture-retaining power.

The aim of this study was to search the optimal dose and fraction of natural zeolite to increase
the activity of indigenous microflora, aiding the soil cleaning from oil.

Materials and methods

The objects of study were the soil of Kumkol oil-and-gas field and zeolite of Chankanay
deposit. A model experiment was carried out in plastic containers in which 100 g of the soil under
study was added. It was then artificially contaminated with oil at a concentration of 5% and 10%.
Under the experimental scheme the natural zeolite was added to the vessels at doses of 2.5, 5.0, 7.5,
and 10.0 t/ha. The particles of added zeolite differed in size. A pulverescent fraction was used, as
well as zeolite with particle size of 0.6-1 mm and 2 mm. Clean soil and oil-contaminated soil, but
without the zeolite, were used for the control experiment.

2 months later, the number of major groups of microorganisms was evaluated. The number of
heterotrophic bacteria was determined on fish-peptone agar, actinomycetes - on starch-ammonia
agar, filamentous fungi - on Czapek medium. The number of microorganisms was expressed as the
CFU number per 1 g of air-dry substrate [4]. Hydrocarbon-oxidizing microflora (HOM) was
determined on the Voroshilova Dianova medium (VD).

Results and discussion

Investigated in the model experiment groups of microorganisms are the main producers of
biologically active substances and play an important role in soil processes.

In 7 days after adding 5% oil to the soil an increase in the heterotrophic bacteria number of an
order of magnitude took place, and at 10% contamination, on the contrary, there was a decrease by
an order of magnitude (Table 1). A significant decrease in the number of actinomycetes occurred
only at 10% pollution. The number of filamentous fungi has increased considerably. After this time
interval the number of hydrocarbon-oxidizing microorganisms has significantly changed from 102

to 10” cell/g, which evidences the beginning of activation for oil degradation process.

Table 1 - The number of microorganisms in the control soil samples of the model experiment

Variants Bacteria CFU/g | Actinomycetes Filamentous fungi, | HOM
CFU/g CFU/g
At the beginning of the experiment (1) and after 7 days (2,3)
1 Clean soil (4,0+£0,3)x10° (6,2+0,6)x10" (2,4+0,4)x10° 10°
2 Soil +5% oil (1,6£0,4)1x0" (8,2+0,5)x10" (4,8+0,5)x10" 107
3 Soil +10% oil (2,6£0,3)x10° (2,440,4)x10° (5,0£0,6)x10* 10°
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From 2 months
Clean soil (3,2+0,2)x10° (2,0£0,2)x10° (3,2£0,4)x10° 10°
Soil +5% oil (3,2+0,6)x10° (1,4+0,2)x10° (5,8+0,6)x10° 10°
Soil +10% oil (2,4+0,2)x10° (2,6+0,2)x107 (4,8+0,6)x10° 10°

Investigation of these groups of microorganisms in the control samples 2 months later showed
that there were no noticeable changes in clean soil. Both at 5% and 10% oil contamination the
number of heterotrophs and actinomycetes reduced, but that of fungi increased. The number of
hydrocarbon-oxidizing microorganisms under contamination within this period of time has
increased by an order of magnitude.

2 months later in the experimental soil samples at the 5% contamination a number of bacteria
ranged from 2.3 to 7.4x10° cell/g. The highest values were observed when adding zeolite in an
amount of 5.0 and 7.5 t/ha. The most effective were zeolite fractions of 0.6-1mm and 2mm. Under
these parameters of added zeolite the largest number of actinomycetes and hydrocarbon-oxidizing

microorganisms was recorded (Table 2).

Table 2 — The number of microorganisms in the soil with 5% oil depending on the dose and fraction of added
natural zeolite in 2 months

Variants Bacteria CFU/g Actinomycetes Filamentous fungi, | HOM
CFU/g CFU/g

Zeolite 2,5 t/ha. pulverescent | (2,3+0,2)x10° (2,1£0,2)x10° (3,8£0,6)x10° 10*
fraction

Zeolite 2,5 t/ha 0,6-1 mm (2,5£0,7)x10° (1,0£0,2)x10° (2,8+0,4)x10° 10*
Zeolite 2,5 t/ha 2 MM mm (4,9+0,5)x10° (3,040,2)x10° (1,8+0,2)x10* 10*
Zeolite 5,0 t/ha pulverescent | (2,4+0,2)x10° (3,140,4)x10° (0,8+0,4)x10* 10°
fraction

Zeolite 5,0 t/ha 0,6-1 mm (5,0£0,2)x10° (0,9+0,6)x10° (4,3£0,5)x10* 10°
Zeolite 5,0 t/ha 2 mm (6,2+0,8) x10° (2,240,4)x10° (6,1£0,6)x10* 10°
Zeolite 7,5 t/ha pulverescent | (3,8+0,3) x10° (3,2+0,5)x10° (2,2+0,3)x10* 10*
fraction

Zeolite 7,5 t/ha 0,6-1 mm (4,440,5) x 10° (6,9+0,7)x10? (1,3+0,2)x10* 10*
Zeolite 7,5 t/ha 2 mm (7,4+0,7) x10° (1,240,2)x10° (7,1£0,6)x10° 10°
Zeolite 10,0 t/ha | (4,8+0,5) x10° (2,0£0,4)x10° (2,6£0,4)x10* 10°
pulverescent fraction

Zeolite 10,0 /ha 0,6-1 mm | (4,2+0,7) x10° (3,1+0,5)x10° (4,3+0,7)x10* 10°
Zeolite 10,0 t/ha 2 mm (4,7+0,4) x10° (3,8+0,6)x10° (9,8+0,7)x10° 10°

The number of filamentous fungi in the soil with the addition of zeolite ranged from
thousands to hundreds of thousands. When comparing these values with the control samples it can
be seen that in 2 months the amount of fungi increased in most variants, except where zeolite was

added in an amount of 7.5 and 10.0 t/ha with the fraction of 2 mm.
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Adding zeolite to the experimental samples affected the number of hydrocarbon-oxidizing
microorganisms, in experiment variant at all doses the higher values were recorded for the zeolite
fraction of 2 mm.

The data in Table 3 show that in the experiment variants with 10% oil pollution the greatest
number of heterotrophic microorganisms was recorded under the zeolite doses of 5.0 and 7.5 t/ha
(fractions of 0.6-1mm and 2mm). At the same values the amount of actinomycetes was the highest.
As can be seen from the represented tables, the addition of natural zeolite increases the number of

spontaneous heterotrophic microflora, thereby activating the microbiological activity.

Table 3 - The number of microorganisms in the soil with 10% oil depending on a dose and fraction of the
added natural zeolite in 2 months

Variants Bacteria CFU/g Actinomycetes Filamentous fungi, | HOM
CFU/g CFU/qg

Zeolite 2,5 tha. | (4,4+£0,6)x10" | (4,2+0,4)x10 (4,0£0,7)x10" 10*
pulverescent fraction

Zeolite 2,5 t/ha 0,6-1 mm (8,9+0,6)x10* | (2,6+0,3)x10° (2,7+0,4)x10" 10°
Zeolite 2,5 t/ha 2 My mm (2,1£0,2)x10° | (1,5+£0,2)x10° (3,5+0,4)x10* 10°
Zeolite 5,0 tha| (1,0£0,2)x10° | (2,2+£0,4)x10° (4,0£0,7)x10* 10°
pulverescent fraction

Zeolite 5,0 t/ha 0,6-1 mm (8,2+0,7)x10* | (2,8+0,5)x10° (1,240,3)x10* 10°
Zeolite 5,0 ttha 2 mm (2,8£0,4)x10°> | (3,0£0,4)x10" (2,0£0,2)x10* 10°
Zeolite 75 tha| (9,1£0,5)x10" | (4,6£0,6)x10° (3,1£0,4)x10* 10°
pulverescent fraction

Zeolite 7,5 t/ha 0,6-1 mm (5,8£0,7)x10°> | (1,4+£0,2)x10° (6,3£0,7)x10° 10°
Zeolite 7,5 ttha 2 mm (0,9£0,1)x10°> | (3,2+0,4)x10" (1,6£0,2)x10° 10°
Zeolite 10,0 tha| (4,1£0,2)x10° | (4,6£0,6)x10° (1,1£0,2)x10* 10°
pulverescent fraction

Zeolite 10,0 t/ha 0,6-1 mm (0,8£0,1)x10°> | (1,0£0,2)x10° (5,3£0,4)x10° 10°
Zeolite 10,0 t/ha 2 mm (2,2£0,3)x10° | (2,240,4)x10° (4,0£0,4)x10° 10°

However, by comparing their number with a control group, where 10% oil is also available
(Table 1), it can be seen that their number is higher by an order of magnitude, and at doses of 5.0
t/ha and 7.5 t/ha (fraction 2 mm) even by two orders of magnitude.

Special feature of the dynamics for the micromycete number recorded in soil samples with
10% oil pollution is the reduction of their count both in one and in two months. If in the control
contaminated soil 10° cells per 1 g of soil was recorded, in experimental samples the number came
to 10°-10* cell/g, i.e. by 1-2 orders of magnitude below. At that, no regular dependence on dose and
fraction of added zeolite was established. This is a positive moment, since under the bioremediation

the conditions aiding to change the composition of the soil microbial community in the direction of
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increasing the number of microscopic fungi are not desirable, because many of them are active
phytopathogens.

The decisive importance for the soil purification from oil belongs to hydrocarbon-oxidizing
microorganisms. In the experiment, the most optimal doses for them were 5.0 t/ha and 7.5 t/ha.
Adding a maximum dose of 10.0 t/ha does not correspond to the largest count of this group of
microorganisms in the soil.

Thus, research on the recording the number of major groups of microorganisms depending on
the dose and fraction of natural zeolite showed that both at 5% and 10% oil pollution the number of
heterotrophic bacteria increased relative to control. At 5% oil content in the soil the number of
actinomycetes increased at a dose of zeolite 5.0 t/ha and 7.5 t/ha and 2 mm fraction. With 10% oil
content the number of actinomycetes has increased, and the number of micromycetes decreased. In
all variants of the experiment the number of hydrocarbon-oxidizing microorganisms is growing.
The most effective doses were 5.0 t/ha and 7.5 t/ha with fractions of 0.6-1mm and 2mm. Addition
of zeolite improves the soil structure, its gaseous exchange, and filtration capacity. All this has a

positive effect on the dynamics of the microbiocenosis structure.
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V.PMJIPUCOBA *, T.B.MYCAJIIUHOB *, O.H.OYD30BA %, . T.MBIP3AJIAVIIETOBA
! A.A.KYPMAHBAEB ?, C.A.ATKEJIbJIUEBA %, JIK.MJIPUCOBA !, A.K.CAJIAHOB ?

MYHAWMMEH JIACTAHFAH TOIIBIPAK MUKPO®JIOPACBIHBIH
AKTUBTUIT'TH )KOFAPJIATY YIUIH HEOJUTTIH OIITUMAJIAbI 1IO3ACBI MEH
PPAKIIUACBIH AHBIKTAY

LKIIC «Tasa Cy», AJIMaThlI K.
2 PMK «MuxkpoOuoiorus xoHe Bupyconorus UHCTuTyTb» KP bI'M FK, Anmarsl K.

Tyiiin

Moneni 3KCTIEpUMEHT 9/IiCiMEH MYHAlMEH JIaCTaHFaH TOMBIPAKTHIH CIIOHTAHIBl MHKPO(IOPACHHBIH
AKTUBTUIIrH sxorapiaryna lllankaHaili KECHOPHBIHAH abIHFAH TAOWUFH LEOJUTTIH ONTUMAJIBI MOJIIePI MEH
¢dpakuusiapsl aHbIKTAIABL. LleonuTTi Kongany MUKpOOHOLIEHO3 CTPYKTYPAChIHBIH IWHAMHUKACBIHA OHTAMIIBI
ocep ereTiHi KepceTinai. EHTi3ireH MeonnTTiH eH THIMAI JAo3anapsl ST/ra xoHe7,5 T/ra aj Gpakiusiapel
6oipiama 0,6-1 MM xoHE 2 MM OOJIIEBL.
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