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AHHOTAIINSA

Uzyueno Bnusiaue conéHoctd W pH cpensl Ha aerpamaiuio HeQTH TpeMsi KOHCOPIIMYMaMu
TEPMOTOJIEPAHTHBIX HEPTEOKUCISIIONMUX MHUKPOOPTraHU3MOB. Y CTAaHOBJICHO, YTO HCCIEAyeMble
KOHCOPITMYMBI yCTOWYMBBEI K BbICOKOMY comepskannto NaCl B cpeme m 007amaroT BBICOKOM
HeTEOKHCIISIFONIEH aKTUBHOCTHIO. Tak, 3a 14 CyTOK KyJIbTUBUPOBAHUS CTEIEHb YTUIIH3AIUU HEYTH C
2% NaCl B cpene cocraBmma 50,7-66,8%, ¢ 5% — 65,5-72,8%, ¢ 10% — 69,0-73,5%.

[NokazaHa BbICOKAs IECTPYKIIMOHHAS CIIOCOOHOCTH MCCIIEAYEMBIX KOHCOPIIMYMOB IPH Pa3HbBIX
3HavyeHusx pH cpenpl. HanOounbiyto ak THBHOCTE OHU TPOSIBUIIK B IienouHoi cpeze (pH 8 1 9), crenens
JIecTpyKnu HeTH NP 3TUX 3HAa4YeHHAX cocrasmia cBbie 80%. B xucnoit cpene (pH 5 u 6) 6pu10
yrunuzupoBano 57,1-67,6% u 51,2-56,9% uwedru, npu pH 7 — 58,7-62,9%.

KawueBble caoBa: HepTsHOe 3arps3HeHHe, HEPYTEOKUCISIONIE MHUKPOOPTaHU3MBI,
KOHCOPIIMYM, OMOpeMenuanusi, CoEHoCTh, pH cpempl.

Poct u pa3BuTHE MPOMBIIIJIEHHOCTH B HACTOAIIEE BpeMs MPUBEIN K MHTEHCHUBHOMY
3arpsiI3HEHUI0 OKPYKaIoLIeH cpelbl TOKCHYHBIMU BeriecTBaMu. Cpean TakuxX 3arps3HUTeNnei
OJIHO U3 MEPBBIX MECT NMPUHAAICKUT HeDTH U HedrenpoaykTam. Ha Bcex cragusix, HaunHas
OT pa3BelIKu U JOObIUM HEe(TH, U KOHYAS UCIOIb30BaHUEM HEPTENPOIYKTOB, B TOM I MHOU
Mepe MPOUCXOIAT BEIOPOCHI MPOJAYKTOB B OKPYKAIOILYIO CPEy, YTO MIPUBOJUT K YXY/IIICHUIO
9KOJIOTHYECKOM CUTYallMU U K OTPULIATEIbHOMY BO3JICUCTBUIO Ha 370pOBbe Jitozei [1, 2].

[Ipn nomaganuu B 1OuYBYy HEPTh U HEPTEHPOAYKTHI OKa3bIBAIOT yrHETAoIIee
BO3JICHICTBUE HA PACTUTEIBHOCTb, IMOJABIAIOT IMOYBEHHYIO MHKpoduopy. B pesymnbrare
CHIDKAETCS IUIOJIOPOAME TMOYB, UYTO JeJaeT MX HEMPUTOJHBIMH IJIs CEeIbCKOXO03HCTBEHHOTO
ucrnoJib30Banus. [Ipu 3TOM ecTecTBEeHHOE BOCCTaHOBJICHHUE HeTE3arpsA3HEHHBIX [TOYB MOXKET
npotekars necsatmietusmu [3]. [lpu ucnonb30BaHUU TOJIBKO MEXaHUYECKHX, (DU3HUECKUX U
XMUMHYECKUX METOJIOB peMeAHualuyd He OOecreunBaeTcsi HEOOXOAMMBINH YPOBEHb OUHMCTKH
OKpyXamei cpeabl. Takue MeToAbl MOTYT NPUBOAWTH K BTOPHUUHOMY 3arpsi3HEHUIO H
HapYIICHUIO €CTECTBEHHBIX JlaHamadToB [4, 5].

Pactymas moTpeOHOCTH B BOCCTAaHOBICHHHM 3arps3HEHHBIX YYacTKOB MIpHUBENa K
pa3paboTke TEXHOJIOTHUH, MPU KOTOPHIX OCHOBHOE BHUMAaHHUE YIENSIeTCs OMOJIOTHYEeCKOU
JETOKCUKAIIMM M YHUYTOXKEHUIO OPraHWYeCKHUX 3arpsi3HUTeNel. buonorudeckas ouyucTka
SIBJISIETCSl AJIbTEPHATUBHBIM METOJOM VYJAJEHUsl 3arps3HSIOUIMX BEIIECTB, MOCKOJBbKY HE
OKa3bIBa€T BPEJHOTO BO3ACHCTBUS Ha OKpPYXKalOUIyl0 cpedy [6]. buopemeaunamnus BXOIuT B
yucno 3TUX TexHojoruil. [Ipm e€ ucCnonp30BaHUU YHANSIOTCA WIH 00E3BPEKHUBAIOTCS
pasnuuHble 3arpsisHUTENU [7]. MeTton Onopemenuanuu OCHOBAaH HAa MPUMEHEHUH aKTHBHBIX
MHUKPOOHBIX IITAMMOB, MPOSIBISIFOIIUX CIIOCOOHOCTh K JIETPajalliyl yriIeBOJIOPOAOB HE(PTH.
YTeBOJOPOOKUCIIAIONINE MUKPOOPTaHU3MBl B CHIIy CBOEH TONU(YHKIIMOHATIHHOCTH,
(epMEHTaTUBHON aKTHBHOCTU M BBICOKOW CKOPOCTH Pa3MHOKEHHS CIIOCOOHBI HCIIOIh30BaTh
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YTJIEBOAOPOABI HEPTH B KQUECTBE €AMHCTBEHHOTO HCTOYHHUKA YTIIEpOa U IOBOAUTH MPOIIECC
TpaHchOpMallMd OPraHUYECKOTO BeIIeCTBa [0 NOJHONW MuHepanu3anuu. KoHeuyHbIMHU
OPOAYKTaMH TakoW OuoTpaHchopMalMy SIBISIOTCS YIJIGKHCIBIA ra3, BOjJa W JIpyrue
9KOJIOTUYECKH HEHTpaslbHble CcOoequHEHUs. VIMEeHHO mo3TOoOMy Ouopemenuanus TIOYB,
3arpsA3HEHHBIX HE(PTHIO u HEPTENPOAYKTaMH, aKTHBHBIMHU [ITaMMaMu
YIIEBOAOPOJOKHUCIIAIONINX ~ MUKPOOPTaHM3MOB —IIpe/ularaercsi B KauyecTBe HauOoiiee
MEPCIIEKTUBHOTO MET0/1a OOPBOBI C 3TUM 3arps3HeHueM [8, 9].

Oxono 60% MUpPOBBIX 3aracoB HE(YTH HAXOAMUTCS HA TEPPUTOPHUAX CTPAaH C JKAPKUM
KJIMMAaToOM, TJe crenu(rka mMpupoHbIX, B YACTHOCTH, TEMIIEPATYPHBIX YCIOBHIA BBIHYXKIAET
0oJiee TIIATEIBHO TOIXOJUTh K BEIOOPY METO/Ia peMeIualliy 3arpss3HeHHbBIX 3emenb [10, 11].
Temmeparypa sIBIsICTCS OJJHUM M3 KIFOYEBBIX (PAKTOPOB, BIHSIOMINM Ha (PU3MUYECKHE CBOICTBA
1 XUMHYECKHUI cOCcTaB HE(TAHBIX YIIIEBOIOPOIOB, a, CIEI0BATENIbHO, U HAa MX OMOIerpaaltio.
B 3aBucuMoCTH OT HEE€ MOTYT ITpETEPIIEBATh CE30HHBIC N3MEHEHHsI OaKTepUaTbHasi aKTHBHOCTh
U, COOTBETCTBEHHO, CKOpocTh Ouonerpagauuu Heptu [12, 13]. Taxke Ha
MHUKpPOOHMOJIOTMUECKHE TPOLIECChl OKa3blBalOT BiaMsiHME coi€HocTh W pH cpenpl. Llunp c
COABTOpPaMM MPEAINOJIOKHUIIN, YTO COJIEHOCTh OKa3bIBaeT OOJBIIOE BIIMSHHE Ha IPOLIECCHI
OnopeMenuanuu U OMOPa3NIoKEHUs, a TAKXKE BIUSET HA POCT U pazHooOpa3re MUKPOOOB [14].
ConéHOoCTh OKa3bIBa€T HEraTUBHOE BIMSHHE HA aKTUBHOCTH psifa KIFOYEBBIX (DEPMEHTOB,
YCIIOKHSIOIIUXCS B MPOIIECCe Aerpagaiuy yrieBoaopoaoB [15]. KucioTHOCTs MOUYBBI Takke
UTPAET BXHYIO POJIb: B MPHPOTHBIX YCIOBHIX MUKPOOPTAHU3MBI-OHOIECTPYKTOPHI OOBITHO
aKTUBHBI B y3Koii obnactu pH (HelTpanbHble, WM OJM3KKe K HEUTpalbHbIM 3HaUeHus) [16].

3arpsi3HeHue MoYB HEPTHhIO U HeDTEempOayKTaMu SIBISIETCS aKTyalbHOW MpoOiIemMol u
g Kazaxcrana. M3BecTHO, uTo B HedTenoObIBatomux peruoHax Kasaxcrana knmumaT pe3ko-
KOHTHHEHTAJIbHBIM, XapaKTepPU3YIOIUNCI PE3KUMH CE30HHBIMM M CYTOYHBIMHU IepenajaMu
temmneparyp. OQHON W3 TJIABHBIX MPOOJIEM peMeauali TEPPUTOPUNA B YCIOBUSX >KAPKOTO
KJIUMaTa SIBJsieTCs TOT (DaKT, YTO BBHICOKHME TEMIIEpPaTyphbl CHIKAIOT BA3KOCTh HE(TU U, TAKUM
obpazoM, yckopsitoT ee auddy3uto Brayob rpyHTa. B TO XK€ BpeMs TOBBIIICHHBIC
CpeIHECYTOUHbIE TEMIIEPATyphl ABISIOTCS TPUYUHON OBICTPOTO HCIIAPEHMs BOABI U3 IPYHTA,
YTO MPUBOJUT K €ro 3acojeuuto [17].

B 3amagnom Kazaxcrane Ha HedTenmpompIcaax OTMEUYEHBI O4aru HEPTEXHUMHUECKOTO
3arpsi3HEHUs, 3aCOJICHHS CTOYHBIMHM IUIACTOBBIMHU BOJAMH, OTJIMYAIOLIUMUCS BBICOKOM
MUHEepaJIM3alueil Boj ¢ mpeodiaaHueM B COJIEBOM KoMIUIeKce xiopuaa Hatpus [18]. Kpome
TOTO, Pa3IUBBI CHIPOM HE(TU BBHI3BIBAIOT MOJIIETAYMBAHUE PA3IMUYHON CTENEHH MOYBEHHOTO
pacTBoOpa, 4TO HaXOAUTCS B 3aBUCUMOCTH OT KOHIIeHTpaluu Hedtu [19].

Lenbto UCCIIeIOBAHUS ObLT0 U3y4yeHue CHOCOOHOCTH KOHCOPIILYMOB
HE()TECOKUCISIOMNUX MHKPOOPTaHU3MOB OKHUCIISITH YIJIEBOJOPOAbI HeDTH MHpU pPa3IUYHBIX
konnenrpanusx NaCl u pH cpenpi.

MarepuaJjbl 1 METO/AbI HCCICAOBAHUIM

Obvexmamu  uccredosanuii  ObUTM  OTOOpaHHBIE  AaKTUBHBIE  KOHCOPLMYMBI
He()TECOKUCISIOMUX OaKTepHil, COCTOSAIINE U3 IITAMMOB:

9 — Rhodococcus fascians K3, Dietzia sp. 84V, Pusillimonas sp. 1/8ax;

18 — Dietzia sp.34, Dietzia sp.84V, Pusillimonas sp. 1/8ax;

19 — Dietzia sp.34, Dietzia sp.84V, Rhodococcus sp. 1/1/1.

ITumamenvuvie cpeovi. MoanuduipoBaHHas MuHepaibHas cpena B/l cnemyromiero
coctaBa, r/im: NH4sNO3z— 1,0, Ko2HPO4 — 1,0, KH2PO4 — 1,0, MgSO4 — 0,2, CaCl.x6H20 — 0,02,
FeCl; — cnensr, NaCl - 10,0, pH =7,0-7,2.

Heghms. Coipas HedTb MecTopoxieHus [loccop ATeipayckoii obaactu.

W3yueHne AeCTpyKIMOHHOW CIOCOOHOCTH OTOOPAHHBIX KOHCOPIIMYMOB TPU Pa3sHBIX
3HAYEHUSAX COJNEHOCTH MHUTATENbHOM Cpeapl NpOBOAMIM B Kosbax Opreilimeiiepa ¢
MuHepanbHO cpenoit BJI, B kotopyto no6asisium 2, 5 u 10% NaCl. Hed s BHOCHIN 13 pacueta
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2% 1o o6beMy. Konbbsr naKyOHpoBau B TepMocTarupyemoM meiikepe mpu 30°C B Teuenue 14
cyrok. KonnuectBenHnoe notpebiieHre He(TH ONpeIeNsiiii TPaBUMETPUIECKUM METOIOM.

JlecTpyKIIMOHHYIO CIIOCOOHOCTh OTOOPAHHBIX KOHCOPLIMYMOB IIPU Pa3HbIX 3HAYEHUSX
pH cpenbl (5-9) usyuanu B xuaxoil muHepanbHoil cpeae B/l pH 5 u 6 ycranaBnuBanu
MIOAKHUCIIEHUEM cpeibl cepHOo KucnoToi, pH 8 u 9 — noamenaunBanuem 10%-HpIM pacTBOpOM
NaOH. Hedtp BHOcmim wu3 pacueta 2% mno oObemy. KonObr uHKYyOMpoBamu B
tepmocraTupyemoM 1eiikepe rnpu 30°C B teuenue 14 cyrok. KonuuectBeHHoe notpediieHne
He(PTH OTPEACISITN TPABUMETPUUYECKIM METOIOM.

Bce skcnepuMeHThI CTaBUINCh B 3-KpaTHOM MOBTOPHOCTH.

Cratuctuueckyro  oOpaOOTKy  pe3yabTaroB  HWCCIEAOBAHWUN  MPOBOJWINA  TIO
OOIICTIPHHATBIM ~ KPUTEPHUSAM BapUAIIMOHHO-CTATHCTUYECKOTO aHAlM3a C BBIYUCICHHEM
cpequux BenuuuH (M), omumOku cpeanel apudmeTnueckoil (m) C TOMOIIBIO IakeTa
KoMIbloTepHBIX Tporpamm Microsoft Excel, 2010. Ouenky crarucTudeckod 3HAYMMOCTH
pas3nuuuil CpelHUX BEIMYMH MPOBOAWIM MO cTaHAapTHOW Metonuke [20]. Craructuuecku
3HAYUMBIMU cunTanu pazmuans ¢ p<0,05.

Pe3yabTaThl Hccie10BaHMil U 00CyKIeHHE

N3BecTHO, yTO Mo4Ba Ha HedTenpombiciaax Kazaxcrana B pa3HOM CTeNEHN 3acoJieHa, Ipy
3TOM MpeobiiajaeT XJIOPUIHOE 3acosieHne. B cBs3u ¢ 3TUM OblLla M3ydeHa AEeCTPYKLMOHHAs
CMOCOOHOCTh OTOOPAHHBIX KOHCOPIITMYMOB TIPH Pa3HBIX 3HAYEHUSIX COJIEHOCTH cpenbl (2%, 5%,
10%).

Pesynbrartel WCCEOBAaHUS TIOKa3aId, YTO OTOOpPAHHBIE KOHCOPIMYMBI BBIACPKHBATH
kontenTparo NaCl mo 10% (tabmuma 1). Ipu 2% NaCl manGomnbiryo HEQTECOKHUCIISIONLYO
aKTUBHOCTb TOKa3ajl KOHcopuuyM 19, cremneHb AeCTpyKUMU HE(OTH HpPH €ro KyJbTUBHPOBAHUU
cocraBuiia 66,8%. HanMmenblas akTHBHOCTD B 3TUX YCIOBHUSIX ObUIa y KOHCOPIMYMa 9, KOTOPBIN
yrunusuposai 50,7% nedru.

[Mpu 5% conepxanuu NaCl B cpeze korcoprmymsl 18 u 19 nerpammpoBaii HedTh IPHUMEPHO
Ha OJTHOM ypoBHe. Uepes 14 cyTok KynbTUBUPOBAHUS €€ COJIEpKaHue CHU3WIOCh Ha 71,2% u 72,8%,
cootBeTcTBeHHO. KoHcopimym 9 Taioke OblT MEHEe aKTUBHBIM, CTENICHb AECTPYKIIMK HEQTH MO/ €ro
BO3JIeiicTBHEM cocTaBmia 65,5%.

IMpu 10% coneprxanru NaCl B cpesie HarboJbI1ast HEDTEOKUCIIAIONIAs aKTUBHOCTh OTMEUYEHA
y KOHcopuuyma 9, kotopblil yrunusupoBai 73,5% Hedti. MeHee akTHBHBIM ObLT KOHCOPIYM 19.

Tabmma 1 — Jectpykmms Hehtn M. Jloccop AaxKTHBHBIME —KOHCOPIIYMAMH TEPMOTONEPAHTHBIX
He()TEOKMCIIIONINX MUKPOOPTaHIM3MOB TIpH pasimuHoii Korentpanpu NaCl B cpene
Koncopimym CrerneHs iecTpykuuu HeTH, %o
2% NaCl 5% NaCl 10% NaCl
9 (Rhodococcus fascians K3, Dietzia sp. 50,7 65,5 735
84V, Pusillimonas sp. 1/8an)
18 (Dietzia sp.34, Dietzia sp.84V, 64,3 71,2 71,9
Pusillimonas sp. 1/8axu)
19 (Dietzia sp.34, Dietzia sp.84V, 66,8 72,8 69,0
Rhodococcus sp. 1]1/1)
KOHTPOJTb 20,6 21,0 19,1

B psine pabot nmokazano, yro Hammuue NaCl B cpenie ocnalusiio mporecc AeCTpyKIul HehTu 1
HePTENPOAYKTOB, MPEINOIOKUTENHHO, 32 CYET €r0 MHTUOMPYIOIIETO NEUCTBUS Ha POCT OaKTepHid.
VBenuueHne KOHIIEHTpAIMK COJM CHIDKAIO M CKOpOCTh Owomerpamammu [15, 21]. B Hammx
WCCTIEIOBAHUSIX YCTAHOBJIEHO, YTO JECTPYKIMOHHAs CIOCOOHOCTh W3y4aeMbIX KOHCOPIIHYMOB,
Hao0OpOT, MoBkIIIANack ¢ yBenuueHreM KoureHtpauu NaCl B cpene. Tak, HaMeHbIasi CTENICHb
necTpykimu HeTtu oTMedeHa npu 2% conmepkannu conu. KoHcopuumym 9  yTuiam3mpoBai
MakcumaibHoe konmuectBo Hedru mipu 10% NaCl. Crenenp nectpykimu HedTH 101 BO3ACHCTBHEM
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koHcopuuyma 18 npu 5% u 10% coneprkanuu comm omMYanach Hes3HauuTensHo — 71,2 u 71,9%,
COOTBETCTBEHHO. Y KOHcopimyMa 19 oTMeuanoch HE0O0JIbIIOE CHUKEHUE aKTUBHOCTU — € 72,8% 110
69,0%. Bonee BBICOKas CKOpOCTb OMOpasNokeHHs He(YTH KOHCOPIMYMAaMH IIPU TIOBBIIICHHON
koHientpai NaCl, Bo3MoXHO, CBsi3aHa ¢ TEM, YTO MHUKPOOPraHU3MBbI, BXOJSIIME B UX COCTaB,
aJIaTUPOBAHbI K STUM YCIIOBUSIM, TaK Kak ObUTH BBIIETICHBI U3 HeTe3arps3HEHHBIX MTOYB ATBHIPAYCKOM
o0JacTu, XapaKTepHU3yIOIINXCS BBICOKMM YPOBHEM 3aCOJICHHSI.

pH cpenpr Takke sBusercss OAHMM H3 (DAKTOPOB, BIMSIONIMX Ha OHOpEMEIHaIio
HedTe3arpss3HeHHbIX SKOCHCTEM. KHUCIOTHOCTh OKpYKaIOIel Cpe/ibl BIHSET Ha TaAKUE MPOLIECCHI, KaK
TPAHCIOPT Yepe3 KIECTOYHYI0 MEMOpaHy 1 OaaHC KaTaIMTUYECKUX PEAKIIUi, a TAKXKE - Ha aKTHBHOCTh
¢depmenToB. YpoBeHb pH MOXET CWIBHO BapbUpOBAThCS, M €0 HEOOXOIUMO YYUTHIBATH TIPH
COBEpILICHCTBOBAHUM METOJIOB OMOJIOrHYeckoit ounctku [6]. B cBs3u ¢ otum, ObUia H3ydcHa
He(TeOKUCIISONIas aKTUBHOCTh OTOOPAaHHBIX KOHCOPIIMYMOB TIPH POCTE B KHUIKOW MHHEPATBHOM
cpene ¢ HeThIO TIPU Pa3HbIX 3HAYCHUSX KUCIIOTHOCTH (Tabmmiia 2).

Tabmma 2 — Jlectpykuust Hehptd M. Jloccop aKTUBHBIMH — KOHCOPIIMYMAMH — TEPMOTOJIEPAHTHBIX
HE(PTCOKHCIISFOIINX MUKPOOPIaHU3MOB TIPU pasHbIX 3HaueHusiX pH cpeip
Koncopuym Crenenb nectpykimy HetH, %
pHS pH6 pH7 pHS8 pH9
9 63,2 51,2 58,7 84,5 87,9
18 67,6 53,4 60,3 92,4 81,3
19 57,1 56,9 62,9 94,4 82,3
KOHTPOJIb 15,7 16,3 15,9 16,2 16,3

W3 maHHBIX TaONMIIEI 2 BUTHO, YTO BCE KOHCOPITMYMBI TIOKA3JIM HAUMEHBITYIO aKTHBHOCTD TMPH
pH 6, a HanbGombryto - ipu pH 8 1 9.

B xucnoii cpene (pH 5) smyurie Bcero nerpamupoBat Hedts koHCOpimyM 18. [Tpu pH 6, 7 u 8
Haubosee Y3 PpeKTHBHBIM ObLT KOoHCOpIYM 19, a mpu pH 9 — koHCOpIIIYM 9.

Koncopuuym 19 mpu pH 5 u 6 yrummupoBan HedTh Ha ogHOM ypoBHE — 57,1% u 56,9%,
cooTtBeTcTBeHHO. C yBenMueHreM 3HadeHui pH Bo3pacTarna u JeCTpyKIIMOHHAs! aKTUBHOCTb, JIOCTUTast
makcumyMma ripu pH 8 (94,4%). I1pu pH 9 crenens aerpaganuu HeTH 3TUM KOHCOPLIMYMOM CHU3HIIACK,
HO OCTaBaJlach Ha BBICOKOM ypoBHE — cBbIie 80%.

Koncoprmymer 9 u 18 moka3aiy HaMMEHBIIIYIO aKTUBHOCTh B CITA0OKUCIIOW M HEUTpabHOM
cpene, npu pH 5 ona Obi1a HeckosbKO BhImie. Hambosbinee kosmmuecTBo HeTH KOHCOpHUyM 18
yrunmzuposait npu pH 8 — 92,4%, a npu pH 9 — Ha 11% menbie. Crenensb aerpagaimy HeTy MO
BO3JICHCTBHEM KOHCOpITMyMa 9, Ha000poT, yBeIMIMBaiachk ¢ oBbimeHneM pH ot 8 1o 9.

3akio4enue

Takum 00paszom, wuccrneayeMble KOHCOPLMYMBI TIOKAa3ald YCTOWYMBOCTH K BBICOKOMY
COJICPYKaHHIO COJIM U BBICOKYIO HE(PTEOKHCIISIONIYI0 aKTUBHOCTB. [Ipu copepskaHuy B MHUTATEILHON
cpene NaCl 2% crenens yrumsanun HedTr 3a 14 CyToK KynbTUBHpOBaHus coctamia 50,7-66,8%,
ipu 5% —65,5-72,8%, nipu 10% — 69,0-73,5%. EctectBennas yobuts HedTu coctaBuna 19,1-21,0%.

[NTokazana criocoOHOCTh K OMOPa3IIOKEHHIO HEPTH OTOOPAHHBIMH AKTUBHBIMU KOHCOPIITYMaMHU
npH pasHbIX 3HaueHUsAX pH cpenpl. HanbOopiryto akTHBHOCT KOHCOPIIMYMBI TTOKA3aJIM B ILETIOYHON
cpene (pH 8 u 9), crenens aecTpykiuu HeTH MPU STUX 3HAUYEHUSIX cocTaBuia 84,5-94,4% u 81,3-
87,9%, cootBercTBeHHO. B Kucnoii cpene (pH 5 u 6) Opu10 yrummsuposaso 57,1-67,6% u 51,2-56,9%
HedrH, pu pH 7 —58,7-62,9%. IIpu sTroM ecrecTBeHHas yobuUth HedTH cocTaBmia 19,0-21,3%.

DduHaHCHPOBaHUE

HccnenoBanue BHIOTHEHO MpU PUHAHCOBOM MoAAepKke MUHHUCTEPCTBA HAYKH U BBICIIETO
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TEPMOTOJIEPAHTTHI MYHAUTOTBIKTBIPFBIIII MUKPOOPT AHU3M/IEP
KOHCOPIIMYMJIAPBIHBIH MYHAMIbI bIJIIPATYBIHA OPTAHBIH
TY3AbIJIbIFbI MEH pH 9CEPI

Tyiiin

TepMoTonepaHTThl MYHAUTOTHIKTHIPFHIIT MUKPOOPTAaHU3MIEPIIH YIII KOHCOPIIMYMBIHBIH MYHA/IbI
BIABIPaTYbIHA OPTAHBIH TY3ABUTBIFEI MeH pH-HBIH ocepi 3epTTeni. 3epTTeneTiH KOHCOPITUYMIIAp OPTaIaFsl
sxorapel NaCl menmiepine TO3IMAUIITT JKOHE JKOFaphl MYHAHTOTHIKTHIPFBINT OEICEHIUTIK TaHBITKAHBI
anpIKTanabl. ConbsiMeH 14 ToymikTik ecipy kesinme oprama 2% NaCl Gap myHaiapl maifmara aceIpy
nopexeci 50,7-66,8%, 5% - 65,5-72,8%, 10% - 69,0-73,5% kypassl.

3epTTeneTiH KOHCOPIMYMIAPABIH JKOFaphl BIABIPATy KaOiaeri opTaHBIH opTypiai pH MoHmepinme
kepineni. Omap cirTii opTazga eH >Korapbl OenmceHAuTiKTI kKepcerTi (pH 8 skome 9), Oy MoHmepIe
MYHa#IBIH bIABIpay nopexeci 80% -man acram 6ommel. Keimkein oprana (pH 5 xone 6) 57,1-67,6% xone
51,2-56,9% myHaii nainaganeuiasl, pH 7 kesinae - 58,7-62,9% Gomnabl.

KinTTi ce3mep: MyHaiiMeH nacTaHy, MYHaHTOTBIKTBIPFBIII MHUKPOOPTaHHU3MIIEP, KOHCOPIIUYM,
OunopeMenuanus, Ty3AbUIBIK, opTaHbIH pH.
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Abstract

The influence of salinity and pH of the medium on oil degradation by three consortia of
thermotolerant oil-oxidizing microorganisms was studied. It was found that the studied consortia are
resistant to high NaCl content in the medium and have high oil-oxidizing activity. So for 14 days of
cultivation, the degree of utilization of oil with 2% NaCl in the medium was 50.7-66.8%, with 5% - 65.5-
72.8%, with 10% - 69.0-73.5%.

The high destructive ability of the studied consortia at different pH values of the medium is shown.
They demonstrated the greatest activity in an alkaline environment (pH 8 and 9), the degree of oil
destruction at these values was over 80%. In an acidic environment (pH 5 and 6), 57.1-67.6% and 51.2-
56.9% of oil were utilized, at pH 7 - 58.7-62.9%.

Keywords: oil pollution, oil-oxidizing microorganisms, consortium, bioremediation, salinity,
medium pH.

The growth and development of industry has now led to intense environmental pollution
with toxic substances. Among such pollutants one of the first places belongs to oil and oil products.
At all stages, from exploration and production of oil to the use of petroleum products, to some
extent, products are released into the environment, which leads to a deterioration in the
environmental situation and a negative impact on human health [1, 2].

When oil and oil products enter the soil, they have a depressing effect on vegetation and
suppress soil microflora. As a result, soil fertility is reduced, making them unsuitable for
agricultural use. At the same time, the natural restoration of oil-contaminated soils can take
decades [3]. When using only mechanical, physical and chemical methods of remediation, the
necessary level of environmental purification is not provided. Such methods can lead to secondary
pollution and disruption of natural landscapes [4, 5].

The growing need for remediation of contaminated sites has led to the development of
technologies that focus on biological detoxification and destruction of organic pollutants.
Biological treatment is an alternative method of removing pollutants, since it does not have a
harmful effect on the environment [6]. Bioremediation is one of these technologies. When using
it, various pollutants are removed or neutralized [7]. The bioremediation method is based on the
use of active microbial strains that exhibit the ability to degrade oil hydrocarbons. Hydrocarbon-
oxidizing microorganisms, due to their multifunctionality, enzymatic activity and high
reproduction rate, are able to use oil hydrocarbons as the only source of carbon and bring the
process of organic matter transformation to complete mineralization. The end products of this
biotransformation are carbon dioxide, water and other environmentally neutral compounds. That
is why the bioremediation of soils contaminated with oil and oil products by active strains of
hydrocarbon-oxidizing microorganisms is proposed as the most promising method for combating
this pollution [8, 9].
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About 60% of the world's oil reserves are located in the territories of countries with a hot
climate, where the specific nature, in particular, temperature conditions, forces a more careful
approach to the choice of the method of remediation of contaminated lands [10, 11]. Temperature
is one of the key factors affecting the physical properties and chemical composition of petroleum
hydrocarbons, and, consequently, their biodegradation. Depending on it, bacterial activity and,
accordingly, the rate of oil biodegradation may undergo seasonal changes [12, 13]. Salinity and
pH of the environment also influence microbiological processes. Qin et al. suggested that salinity
has a great influence on the processes of bioremediation and biodegradation, and also affects the
growth and diversity of microbes [14]. Salinity has a negative effect on the activity of a number
of key enzymes that become more complex in the process of hydrocarbon degradation [15]. Soil
acidity also plays an important role: under natural conditions, microorganisms-biodestructors are
usually active in a narrow pH range (neutral or close to neutral values) [16].

Soil pollution with oil and oil products is an urgent problem for Kazakhstan. It is known that
in the oil-producing regions of Kazakhstan the climate is sharply continental, characterized by
sharp seasonal and daily temperature fluctuations. One of the main problems of remediation of
territories in hot climates is the fact that high temperatures reduce the viscosity of oil and, thus,
accelerate its diffusion into the soil. At the same time, elevated average daily temperatures cause
rapid evaporation of water from the soil, which leads to its salinization [17].

In Western Kazakhstan, in the oil fields, there are pockets of petrochemical pollution,
salinization by waste formation waters, characterized by high mineralization of waters with a
predominance of sodium chloride in the salt complex [18]. In addition, crude oil spills cause
alkalization of varying degrees of soil solution, which is dependent on oil concentration [19].

The aim of the research was to study the ability of consortiua of oil-oxidizing
microorganisms to oxidize oil hydrocarbons at various concentrations of NaCl and pH of the
medium.

Materials and methods of research

The objects of research were selected active consortia of oil-oxidizing bacteria, consisting
of strains:

9 - Rhodococcus fascians K3, Dietzia sp. 84U, Pusillimonas sp. 1/8an;

18 — Dietzia sp. 34, Dietzia sp. 84U, Pusillimonas sp. 1/8an;

19 - Dietzia sp. 34, Dietzia sp. 84U, Rhodococcus sp. 1D/1.

Nutrient media. Modified VD mineral medium of the following composition, g/l: NHsNO3
- 1.0, KoHPOg4 - 1.0, KH2PO4 - 1.0, MgSOs4 - 0.2, CaCl.x6H20 - 0.02, FeCls - traces, NaCl - 10.0,
pH=7.0-7.2.

Oil. Crude oil from the Dossor field, Atyrau region.

The study of the destructive ability of selected consortia at different salinity values of the
nutrient medium was carried out in Erlemeyer flasks with VD mineral medium, to which 2, 5, and
10% NaCl was added. Oil was added at the rate of 2% by volume. The flasks were incubated in a
thermostatically controlled shaker at 30°C for 14 days. The quantitative consumption of oil was
determined by the gravimetric method.

The destructive ability of the selected consortia at different pH values (5-9) was studied in a
liguid VD mineral medium. pH 5 and 6 were adjusted by acidifying the medium with sulfuric acid,;
pH 8 and 9 were adjusted by alkalinization with 10% NaOH solution. Oil was added at the rate of
2% by volume. The flasks were incubated in a thermostatically controlled shaker at 30°C for 14
days. The quantitative consumption of oil was determined by the gravimetric method.

All experiments were performed in triplicate.

Statistical processing of the research results was carried out according to the generally
accepted criteria of variance-statistical analysis with the calculation of mean values (M), arithmetic
mean error (m) using the Microsoft Excel, 2010 software package. The statistical significance of
differences in mean values was assessed according to the standard method [20]. Differences with
p<0.05 were considered statistically significant.
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Research results and discussion

It is known that the soil in the oil fields of Kazakhstan is saline to varying degrees, with
chloride salinity predominating. In this regard, the destructive ability of the selected consortia at
different values of the salinity of the medium (2%, 5%, 10%) was studied.

The results of the study showed that the selected consortia withstood NaCl concentrations
up to 10% (Table 1). At 2% NaCl, consortium 19 showed the highest oil-oxidizing activity, the
degree of oil destruction during its cultivation was 66.8%. The lowest activity under these
conditions was in consortium 9, which utilized 50.7% of the oil.

At 5% NaCl content in the medium, consortia 18 and 19 degraded oil at approximately the
same level. After 14 days of cultivation, its content decreased by 71.2% and 72.8%, respectively.
Consortium 9 was also less active, the degree of oil destruction under its influence was 65.5%.

At 10% NaCl content in the medium, the highest oil-oxidizing activity was observed in
consortium 9, which utilized 73.5% of the oil. Consortium 19 was less active.

Table 1 - Destruction of oil of the Dossor oilfield by active consortia of thermotolerant oil-oxidizing
microorganisms at different concentrations of NaCl in the medium

Consortium Degree of oil destruction, %
2% NaCl 5% NaCl 10% NaCl

9 (Rhodococcus fascians K3, Dietzia sp. 50,7 65,5 73,5
84V, Pusillimonas sp. 1/8an)

18 (Dietzia sp.34, Dietzia sp.84y, 64,3 71,2 71,9
Pusillimonas sp. 1/8an)

19 (Dietzia sp.34, Dietzia sp.84y, 66,8 72,8 69,0
Rhodococcus sp. 1]1/1)

control 20,6 21,0 19,1

A number of studies have shown that the presence of NaCl in the environment weakened the
degradation of oil and oil products, presumably due to its inhibitory effect on bacterial growth. An
increase in salt concentration also reduced the rate of biodegradation [15, 21]. In our studies, it was found
that the destructive ability of the studied consortia, on the contrary, increased with an increase in the
concentration of NaCl in the medium. Thus, the lowest degree of oil destruction was noted at 2% salt
content. Consortium 9 utilized the maximum amount of oil at 10% NaCl. The degree of oil destruction
under the influence of consortium 18 at 5% and 10% salt content differed slightly - 71.2 and 71.9%,
respectively. Consortium 19 showed a slight decrease in activity - from 72.8% to 69.0%. A higher rate
of oil biodegradation by consortia at an increased concentration of NaCl may be due to the fact that the
microorganisms that make up their composition are adapted to these conditions, since were isolated from
oil-contaminated soils of the Atyrau region, characterized by a high level of salinity.

The pH of the environment is also one of the factors affecting the bioremediation of oil-
contaminated ecosystems. The acidity of the environment affects such processes as transport through the
cell membrane and the balance of catalytic reactions, as well as the activity of enzymes. The pH level
can vary greatly and must be taken into account when improving biological treatment methods [6]. In
this regard, the oil-oxidizing activity of selected consortia was studied during growth in a liquid mineral
medium with oil at different acidity values (table 2).

Table 2 - Destruction of oil at the Dossor oilfield by active consortia of thermotolerant oil-oxidizing
microorganisms at different pH values of the medium

Consortium Degree of oil destruction, %
pH5 pH6 pH7 pH8 pH9
9 63,2 51,2 58,7 84,5 879
18 67,6 53,4 60,3 92,4 81,3
19 57,1 56,9 62,9 94,4 82,3
control 15,7 16,3 15,9 16,2 16,3
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From the data in Table 2, it can be seen that all consortia showed the least activity at pH 6,
and the highest at pH 8 and 9.

In an acidic environment (pH 5), oil was best degraded by consortium 18. At pH 6, 7, and 8,
consortium 19 was the most effective, and at pH 9, consortium 9.

Consortium 19 at pH 5 and 6 utilized oil at the same level - 57.1% and 56.9%, respectively.
With an increase in pH values, the destructive activity also increased, reaching a maximum at pH
8 (94.4%). At pH 9, the degree of oil degradation by this consortium decreased, but remained at a
high level - over 80%.

Consortia 9 and 18 showed the least activity in a slightly acidic and neutral medium; at pH
5, it was somewhat higher. Consortium 18 utilized the largest amount of oil at pH 8 - 92.4%, and
at pH 9 - 11% less. The degree of oil degradation under the influence of consortium 9, on the
contrary, increased with an increase in pH from 8 to 9.

Conclusion

Thus, the studied consortia showed resistance to high salt content and high oil-oxidizing
activity. With a NaCl content of 2% in the nutrient medium, the degree of oil utilization for 14
days of cultivation was 50.7-66.8%, at 5% - 65.5-72.8%, at 10% - 69.0-73.5%. The natural loss of
oil amounted to 19.1-21.0%.

The ability of selected active consortia to biodegrade oil at different pH values was shown.
The consortia showed the highest activity in an alkaline environment (pH 8 and 9), the degree of
oil destruction at these values was 84.5-94.4% and 81.3-87.9%, respectively. In an acidic
environment (pH 5 and 6), 57.1-67.6% and 51.2-56.9% of oil were utilized, at pH 7 - 58.7-62.9%.
At the same time, the natural loss of oil amounted to 19.0-21.3%.
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