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U3BJEYEHUE PEAKUX U LUBETHbIX METAJIJIOB
COOBILUECTBOM MHUKPOOPI'AHU3MOB M3 30J1bl
OT COKUI'AHUS NMABJIOITPAICKOI'O YIJIA

Lenvro pabomol 6blA0 U3YyUeHUe CNOCOBHOCMU K BblLULEAQUUBAHUIO PeOKUX
U UBEMHbLX Memanio8 u3 304bl om cocueanus Ilagroepadckoeo yeas Ha
JIaObLHUHCKOL MeNna0aLeKmpPOCmanyuL cO00ULeCBOM MUKPOOPEAHUSMOB
chopMUPOBABLLELOCS 8 NPOUECCe XPAHEHUS MEeXHO2eHH020 MUKPOOLOUeHO3a.
Memodom amomHo-abcopbyloHHOL CNeKmMpOCKONUL YCMAaHOBAEHO, YMO 8
304€ c00epHamcs 8 NPOMbLUUACHHOLX KOHUEHMPAUULX MeOb, UUHK, CBUHEY,
earrull, eepmanutl, o080, 8arnaduil, Kobairvm, artomunui. HMcciedosarnus
no BbLUEAAUUBAHUID MEMAAN08 U3 3046l Om coueanus Illasroepadckoeo
Yeas nposoousl 8 Ycaosusix OAQCONPUAMHbLX OASL POCMA Me30PULbHbLY
eemepompohHoLx MUKPOOPEAHUIMO8, ME30(ULbHbIX AUUOOPUALHBLX XeMO-
AUMOMPOPHbLX bakmeputl u YymeperHo mepmo@purbHolx ayudopuivbHolx xe-
moarumomporolx bakmepui. B npouecce uccaedo8arui noKa3aHa 8blCOKAA
BLLULEAQUUBAIOWAS AKMUBHOCMb CO0bUIeCMBa  AYUOOPUALHOLY XEMOAUMO-
mpogroLx 6akmeputl, naceasrowux 304y Jladewcurnckoid TIC, omHocumenrvro
CePMAHUSA, 2AAAUS, KAOMUS U HUKeAs. B me30gurvHolx ycao8usax 8 peayno-
mame 6uoxumuueckol OeameabHOCMU COOOWECMBA XeMOAUMOMPODHbLX
baxmepuil 8 pacmeop He3a8UCUMO OM UCMOYHUKA IHepeul, npaKmuiecku
NOAHOCMbIO nepexo0unt eepmanii, eariuii u kadmuii, a maxace 0o 76,6%
HUKeAS.

Kawuesovie carosa: 30aa, yeors, 2emepompodHole MUKPOOP2AHUSMDL,
auudogurvrole xemorumompogdHole baxmepuu, buosvlulesauu8arue, peoxue
U ysemrole Memaniol.

[{leHHBbIE KOMITOHEHTBI, BXOISILHE B MUHEPAJIbHYIO COCTABJISIOLLYIO YTJIs,
KOHLIEHTPUPYIOTCS B 30JIbHBIX YHOCAX U 30J1aX B KOJMYECTBAX, 3HAUYUTEJBbHO
MpeBbIIAIIINX UX coleprKaHue B ucxogHom yrye. [lostomy oTxonsl, o6pa-
3YIOIIMeCs B MPOLECCe CXKUTAHUS YIJisi, B MOCJeNHee BPeMs MPUBJIEKAIOT K
cebe ocoboe BHUMaHHE KaK ChIpbe IJIsI MOJYYeHUsT TaKKUX PEIKUX MeTaJlJioB,
KaK TepMaHWi U Ta/IuH, a TakXKe LIeJOr0 Psifa LEeHHbIX [IBETHBIX MEeTaJlJO0B
(aMrOMUHUE, Meab, ¥KeJe30, KaAMUi, HuKeab 1 T.4.) [10].
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JI/151 i3BIeUeHH ST METAJIIOB U3 HCXOIHOTO ChIPbSI IPUMEHSIOT OTPadOTaHHbIE
MUPO- U THUAPOMETaNIypruueckre MeTobl, peayCcMaTpPUBAIOLIHEe UCII0Mb30-
BaHHE CHUJBHBIX KHCJIOT M OCHOBAHHUH, BBICOKMX TeMIlepaTyp U [aBJeHHUS
[10, 13]. B cBsA3u ¢ yxxecToueHHeM Mep IO OXpaHe OKpyXKallle#d cpebl
CTaHJapTHble XMMUYECKHE METO/bl HeleJecooOpasHbl KaK ¢ SKONOTHUECKHUX,
TaK U C SKOHOMUUECKHUX M03ULHUH. B cioKuBLIelicst cuTyaluu Bo3HUKaeT 060-
CHOBaHHasl He0OXOAUMOCTb Pa3pabOTKH ¥ BHeIPEHUS] COBPEMEHHbBIX METO0B
6MOTEXHOJOIMYECKOr0 BhIllleJlaunBanus MeTasios [1, 4, 5].

KantoueBbIM pakTOpOM, OnpenensioliiM CKOPOCTb U CTeleHb U3BJIeYeHUS
METaJ/JIOB, SIBJASETCS COCTAB U OKUCJUTENbHAS AaKTHBHOCTb MHKPOOHOTO
L[eHO3a MeTa/lJICOAepP KallUX TeXHOIeHHbIX 0TX0A0B. M3yueHre MUKPOOHOTO
COCTaBa MHHEPANBHOTO CBIPbSI TPUPOIHOTO MPOUCXOXKAEHHS CBUAETENbCTBYET
0 HAJIMYUH B HUX TIpeJACTaBUTeNel Me30(UIbHBIX U YMEPEHHO TePMO(HUIbHBIX
cepyokucasomux 6akrepuil. OueHka UX OUOreOXHMHUECKOH aKTUBHOCTH
MOKa3blBaeT, YTO 3TH MUKPOOPraHU3Mbl B IMPHUPOAHBIX YCJOBHUSIX HUIrPAIOT
BaXKHYI0 pPOJib B BBbILIEJAUHBAHUN MeETAJJIOB U3 CyAbpUAHBIX pyA [6, 7, 9].
AHajornuHble TPOLECCHl MOTYT MPOUCXOIUTb U B MHUHEPATBbHOM ChIPbe TeX-
HOT€HHOT'O TIPOUCXOKIEHHUS.

B cBs3u ¢ 3TUM Le/blo paboThl ObLIO H3yYeHHe CIIOCOOHOCTH H3BJEKATb
pelikHe W LIBeTHble MeTaJssbl U3 30J1bl OT Cxkuranus [laBsmorpanckoro yras
Ha JIagbl>KMHCKOH TEM/JI03JEeKTPOCTAHIIMHA COOOIIECTBOM MHKDPOOPTAHHU3MOB,
c(hOpMHUPOBABILIKMCS B Npollecce XpaHeHHSI.

OO6beKTbl U MEeTOAbl HCCJeT0BAHUI

OOBeKTOM HCCIeI0BAHUS CAYKHUIH MUKPOOPTraHU3Mbl TEXHOE€HHOTO OU-
OLleH03a, C(DOPMUPOBABILEr0CS €CTECTBEHHBIM MYTeM B IPOLIecCe XPaHEHUs
306l Ha JlagpokuHeko# TOC, mosyueHHol oT cxkuraHus [laBsiorpanckoro
yrJsi. 30J1a IpeficTaBsieT co00i aMOP(HBIN MbIIEBUIHBIH MEJKOIUCTIEPCHBIN
MPOAYKT C OAHOPOIHBIMH YacTHLaMM ceporo 1geta (pasmepom <1,00+0,05
MM), COJIEp>KallliH BBIKPUCTAJIH30BAHHbIE BKPATIJIEHHS] OCHOBHBIX (a3 ChIPbS -
kBapua o-Si0,, oxcunos xenesa Fe,O,, amomunus a-AlLO,, Kanbuus, Maruus,
Kasns, HAaTpus, KapOoHaToB u cuaukatoB (puc.la). CopmepkaHue B 30J€
HeBbIropesiuero yriepoaa gocturaet 10,0%:; SiO, — 45,0%; cepel — 2,0%.
OCHOBHBIMH LIeHHBIMH COCTABJISIIOLLIMMHU 30J1bl SIBJSIIOTCS pPelKHe U LBETHbIe
MeTaJsibl (repMaHui, rajiui, CBUHEL, LUHK, MOJUOIEH, BoJb(pam, 0J0BO,
6epusIui, LMPKOHUH, BUCMYT, CeJleH, KAAMHUU, pPTyThb U [Ip.) B KOJUUYECTBAX,
MpeBBILLIAIIINX UX MPOMBILIJIEHHO 3HAUWMble KOHLUEHTpauuu (Tadsa. ).

Croco6HOCTh MUKPOOPraHU3MOB M3BJIeKaThb MeTaJsJsbl M3 30Jbl U3Y-
Yyajd B YCJOBUSAX M B cpefax OJArOMPUSTHBIX OJsT POCTa Me30(HUIbHBIX
reTepoTpoHbIX OAKTEPUH, ME30(PUIBHBIX XEMOJIUTOTPOMHBIX ALUAO0PUIBHBIX
6aKkTepuil U yMepeHHO TepMO(UIbHBIX XEeMOJUTOTPOMPHBIX ALUAO(DUIBHBIX
H6aKkTepuil.
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a— 110 00paboTKI 6 — nociie 06paboTKu

Puc. 1. Mukpodororpaduu 304l JlagpokuHckod TAC 10 u nocae 0o6padoTKu
CO00LIECTBOM XEMOJUTOTPO(HBIX OaKTEpPUH

Fig. 1. Photomicrographs of the ash of the Ladyzhynskaya TPP before and after
chemolithotrophic bacteria community treatment

Jlnst pocta Me30(pUIBHBIX TeTepPOTPO(HBIX MUKPOOPraHU3MOB UCIOJ/b30-
Basnu nutartenbHyio cpeny [op6enko ¢ pH 7,0 [8]. IloceBbl nHKyOUpOBaIH
npu temneparype 30,0+2,0 °C B TeueHue 5 CyTOK.

Jlnsi mpenMyllecTBEHHOro pocTa coolOliecTBa aUUIO(UIbHBIX
XEMOJIUTOTPOMHBIX HAKTEPHH UCIOIb30BaJM CTaHAAPTHYIO cpeny CHibBepMa-
na u Jlynarpema 9K (coctas, r/am?: (NH,),SO,—3,0; KCl - 0,1; K,HPO, —
0,5; MgSO, x 7TH,0 — 0,5; Ca(NO,), — 0,01; pH 2,0).

Jais coobuiectTBa Me30(pUIbHBIX XEMOJUTOTPOMHBIX alUA0(PUABHBIX OaK-
TepUH, OKUC/SIOUIUX CEPY U ee BOCCTAHOBJIEHHBIE COEJMHEHHSs], B KaueCTBe
nuTaTe bHOH cpebl Ucnoab3oBanu cpeny CunbBepmana u Jlynarpema 9K ¢
THOCY/Ib(AaTOM UM CEPOH B KauecTBe sHepreTuyeckoro cyocrpara. Konuen-
Tpalysl HCTOb3YEeMbIX HMCTOYHHKOB 3Hepruu coctabasna 2,0 r/nm® B nepe-
cuete Ha MOH S*[6]. Me3soduabHble OAKTEPHHU, UCTIOIb3YIOLIME B KAUeCTBE
HCTOYHHKA SHEPTUH IBYXBaJeHTHOEe XKeJje30, BblpamuBanu Ha cpene Cuib-
sepmana u Jlynarpema 9K ¢ FeSO,x 7H,0O B konuyectse 9,0 r/nmM® B mepe-
cuete Ha uoH Fe?"[6]. KysbTuBHpoBaHue Me30(HIbHBIX XEMOJUTOTPOMHBIX
6axrepuil ocymectsasau npu 30,0+2,0 °C B TeueHue 5 CyTOK.

Jlns ymepeHHO TepMO(UAbHBIX aUUA0(UIbHBIX OaKTepUl UCI0/b30-
Ba/u MoauduLmpoBaHHyto cpeny 9K*, pekomeHIOBaHHYIO AJs IpeCTaBHUTe-
neit pona Sulfobacillus (cocras, r/nv®* FeSO, x 7TH,0 — 30,0; (NH,),SO,
—0,45; KCI - 0,1; K,HPO, — 0,5; MgSO, x 7H,0 — 0,5; Ca(NO,), — 0,01;
npox:keBo# skeTpakT — 0,2, pH 2,0) [8,15]. ¥YMepeHHO TepMOPHUABHBIX TTPEI-
craBuresei Acidithiobacillus KyJbTHBHPOBAJH Ha CTAHIAPTHOH MUHEPANbHOH
cpene 9K ¢ mByXBaZeHTHBIM Kese30M B Koaudectse 9,0 r/nm® B mepecyere
Ha uoH Fe?*, npu temnepatype 45,0+2,0 °C B Teuenue 5 cyTok [14].
3Hauenus pH n/si coobiiecTBa Me30(PUIbHBIX U YMEPEHHO TePMO(MHUIbHBIX
6akrepuit 10<2,0 nosoauau 1,0 N pactsopom H,SO,.
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Uuc/aeHHOCTb MpeacTaBUTesed cooOllecTBa reTepoTPOdHBIX U
XEeMOJIUTOTPOGHBIX alUAO(GUIBbHBIX OAKTePHH TOCTe O THeH KyJIbTHBUPOBAHUS
OTpesesiIsiiiv MyTeM BbICEBA AECATUKPATHBIX M0CAEI0BATEbHBIX pa3BeleHUH
O6akTepHa/bHbIX CYCIIEH3UH Ha arapu3oBaHHbIe Cpelibl TOro xe cocrasa. Ko-
JIMYeCTBO CMIOpo0Opasyroliux HakTepui onpenessii nocjae npeaBapuTesbHoN
tepmoo6padoTku npu 80,0 °C B Teuenue 15 MUH.

Tako#t meTonuyeckuil moaxon obecrneyruBas BO3MOKHOCTb OOHAPYKEHUS
CTeKTpa pas/MYHbIX MpeacTaBUTeNed a00pUTeHHOH MUKPOOUOTHl U OLEHUTD
UX BKJIAJ B MPOLIECCHI U3BJEUYEHHUsT MeTasIoB [6, 8, 11].

Omnpenenenue BhllLIeMaUMBAIOLIEH aKTUBHOCTH MUKPOOHOTO cooOLIeCTBa
soqbl Jlapbpkunckoir TOC nmpoBomunu B kKosbax oovemom 0,2 nm® mpu mo-
NIeP>KAHUU COOTHOILIeHUs TBepaoH U xkuakoi ¢as 1:10. das atoro B KosOsl
BHocuu 1o 2,0 r uccaenyemoro cyocrpara u pobasasiaud no 20,0 ma co-
OTBETCTBYIOLLEH TUTATEJbHOU CPebl, MPEANOYTUTEJNBHON MJ1s1 ONpeneeHHOH
TPYIIbl MUKPOOPTaHU3MOB. B KOHTPOJIBHBIX OMbITaxX 30J1y Mepel BHECEHUEM
B MHUTaTesNbHYI0 cpeny cTepunudoBanu. O GUOre0OXMMHUECKOH aKTHUBHOCTH
abOpUreHHOH MUKPOOUOTHl TEXHOTEHHBIX OTXOL0B CYAMJIH 10 KOHLEHTPALUK
MeTaJlJIoB, MepellellnX U3 TBepaoH (a3bl B cpeny Ky/abTuBUpoBaHus. Conep-
»KaHHe MeTaJslJIoB B PACTBOPAX OMpeIesIsiidi METOIOM aTOMHO-a6CcOpOLHOHHOH
ciektpockonuu Ha nmpudopax AAS-1 u C-11511K Selmi [12].

JlocTOBEpPHOCTb MOJYYEHHBIX Pe3y/JbTaTOB OLIEHUBAJIU 10 KPUTEPHUIO
CreionenTa. [lpu onpeneneHnu comep:kKaHHsl 3JeMeHTOB B 00pasliax OTHO-
CUTeJIbHOE CTaHAapTHOEe OTKJOHEeHHe NIl TpeX MOBTOPSeMbIX U3MepeHUH He
npesbiiano 0,03—0,05.

Pe3yabTaTbl M UX 00CyXKaeHHE

PesynbTaThl KO/MHWYECTBEHHOTO CIEKTPaJbHOro aHanusa (Tadga. 1) cBu-
JeTeJbCTBYIOT O HAJIUUUH B UCCAEyeMOH 30J€ LIeHHbIX KOMIIOHEHTOB, B TOM
yycJle rajus U repMaHusi, B KOJMYeCTBaX, J0CTATOUHBIX /ISl UX peHTabe b-
HOTO U3BJeueHus |[2].

B cynbunHbIX pynax 1 NpUPOAHbIX KOHLEHTPATaxX lieJleBbIMU MeTaJsllaMH
SIBJISIIOTCS] Mellb, LIMHK, CBUHELL U XKeJie30. B nccienyemMblx HAMH TeXHOTEHHBIX
OTXO/laX B KauecTBe llesIeBbIX OblIM BbIOPAaHbl pelKHe MeTasllbl (FrepMaHui,
rajni), a Tak’ke KOMIIOHEHTBI, COJepKaHue KOTOPBIX B MUHePa/JbHOM ChbIpbe
M03BOJISIET OTHECTH UX K MPOMBILIJIEHHO-peHTa0enbHbIM (Taba. 1).

Kak nokasa/nu KOHTPOJIbHbIE HCC/IeI0BAHUS BO BCEX ONbITAX B OTCYTCTBHE
MUKPOOPTaHU3MOB U3 TBepHoi (asel B pacTBop nepexoaut Menbiie 2,0%
MeTaJl/I0B.

Kak cnenyer us puc. 2 creneHnb u3B/e4eHUsl MeTa/JIOB, B TOM YHCJIe Tep-
MaHHS U Fajius, NPeACTaBUTENSAMH COOOILeCTBA reTepoTPOodHBIX OaKTePUl
ne npesbiana 10,0%. [Ipu atoM Kak o6pasywluye Tak U He 0OpasyloLue
CIOpbI reTepoTpo(Hble HAaKTEPUH POCJU NOCTATOYHO AKTHBHO.
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Tabsuua 1

Conepxanue metasios B 3o0Je Jlaabixkuuckoi TAC, nosyyeHHOH OT CKUraHHUs
[MaBaorpaackoro yras

Table 1

The metals content in the Ladyzhynskaya TPP ash received
from the burning of Pavlograd coal

nement [MpombilieHHbIE O6HapyKeHHbIe
KOHLEHTPALUHU, MI/Kr KOHLEHTPALMH, MI/KK

Menp 45,0—60,0 50,0
LuHK 65,0—70,0 70,0
Maprauen (0,8—1,0)-103 700,0
Cauner 18,0—22,0 30,0
Huxkenb 80,0—120,0 50,0
Kangmuii 45,0-55,0 2.0
Keneso (1,5—2,0) x103 73,9 x 10°
Tannu 10,0—15,0 10,0
[epmanuit 5,0—-7,0 700,0
OuoBoO 90,0—120,0 3519
Xpom 190,0—210,0 99,1
Baunanuit 140,0—160,0 214.,5
Kob6anbT 37,0—42,0 116,1
AmroMuHHI (2,5-5,0) x 10? 59,4 x10°

K KOHLy MATBIX CyTOK B cpefie Hakomuaoch 1,2+0,24 x 10° ka/ma ciopo-
o6pasymoimx u 4,5+0,28 x 10° k/1/M1 He 06pasyOIMX CIOPLl FeTepoTPOMHBIX
H6akTepuil (tabs. 2). DTH NaHHblE, HECOMHEHHO, CBUIETENbCTBYET O TOM, UTO
MpeICTaBUTENH STOU IPYMIbl MUKPOOPTaHU3MOB MIPAaKTHUECKH HEe TPUHAMAIOT
y4yacTusl B 0CBOOOXKAEHUH METaJJIOB U3 UCCJAEAyeMbIX MPOO 30Jbl.

B cpene OGsaronpusiTHOW AJsi pocTa coobliecTBa Me30(PUIbHBIX
aUUI0(PUIBHBIX XeMONUTOTPOPHBIX OAKTEPUH, OKUCASIOLMX IBYXBaJeHTHOe
JKeJle30 ¥ THOCYJIb(aT, B paCTBOP HE3aBUCHMO OT UCTOUYHHKA SHEPTUH, MpaK-
THUYECKH TOJHOCTbIO MEePEXOAUIN FepMaHui, rajlui U KaaMui, a Takxke 10
76,6 % nukess (puc. 3). MakcuMa/IbHOE KOJIMYECTBO MapraHla, Mey 1 LUMHKA
(10,7, 19,0 u 20,2% %, cOOTBETCTBEHHO) Me30(HUIbHbIE XEMOJIUTOTPODHBIE
6aKkTepuUH HM3BJeKa/JM B Ccpele C JABYXBaJeHTHBIM XKeJle30M B KayecTBe
JHepreTHYeCKOro cyocrpara.
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Cu n Pb

CTernenh H3BICUCHHI METAIIIOB, Yo
[=2%

iii;\\\\

PeriicTpupyembie MeTanbl

Puc. 2. Crenenb useaeuenus (%) MeTannos retepoTpodHbIMU GAKTEPUAMH U3 30Jbl
Jlagbikunckon TAC

Fig. 2.The metals extraction degree (%) by heterotrophic bacteria from the
Ladyzhynskaya TPP ash

CTerieHs H3BII€UeHIA METAIIO0B, 20
>
=)

Cpema 9K*
Cpema 9K

PerucTpupy emble MeTamkL

Puc. 3. Crenenb ussaedenns (%) MeTanaoB Me30(pUIbHBIMU XEMOJUTOTPODHBIMK
6aktepusimu U3 304bl Jlagbikuuckoi TAC

Fig. 3.The metals extraction degree (%) by mesophilic chemolithotrophic bacteria
from the Ladyzhynskaya TPP ash
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CiaenyeT OTMETHTBb, YTO B Cpele C JBYXBAJEHTHBIM XKeJe30M,
3((peKTUBHOCTbL U3BJEYEHUS MeTaJJoB Oblla BbIlle, 4eM MPU UCI0Jb30Ba-
HUU OPYTUX dHEPreTHUeCKUX cyOocTpatoB (Tuocynbdarta u cepbl). [1pu aTom
KOJIMYECTBO Me30(hU/IbHBIX alUA0(pUIbHBIX XEMOJUTOTPO(MHBIX OaKTepuil Ha
cpeze ¢ JIBYyXBaJEHTHBIM »Keje30M ObLIO HaMHOTO BbIlIe, YeM Ha cpeax ¢
THOCYb(GATOM M cepoil, u cocTaBasino 6,6-20,64 x10* kn/ma. [TosydeHnnsle
pe3yJbTaThl MOT'YT CBHJETENbCTBOBATh O BeyLIEH POJIM B 3TOM COOOIle-
ctBe Oakrepuil Acidithiobacillus ferrooxidans B mpolieccax 6akTepHaIbHOTO
BbIlIeIAaUMBAHUS METAJIJIOB B YCJOBHUSIX TAHHOTO 3Kcrepumenta [3, 6, 7].

—_
2
=

—
=]
=

CTereHb M3BI€UeHHA METATLIOB, %0
=)
=]

/ Cpepa OK*
Cpema 9K

Cu

Zn Mn

PertcTpHpy eMble METANITEL

Puc. 4. Crenenb ussnaeuenus (%) meraanos
yMepeHHO TePMO(HUIbHBIMM XeMOJUTOTPOPHBIMU OAKTEPUAMHU
u3 304bl Jlaabpkunckoit TAC

Fig. 4. The metals extraction degree (%) by moderately
thermophilic chemolithotrophic bacteria from the
Ladyzhynskaya TPP ash

KonnuecTBeHHBble NMOKa3aTeau H3BJAEYEHHUS METaJJOB U3 30Jbl
Jlappikuncko#t TOC pasnuuHbIMU MPeACTABUTENSIMU YMEPEHHO TEPMO(HUIbHBIX
xeMomuTOTpohHbIX GakTepuil Ha cpegax 9K u 9K* mpeswimanu 80% s
repMaHus, Tajjus, KagMus U Hukess (puc. 4). Ha cpene 9K* Gakrepun us-
BJIEKaJM U3 30JIbl NPaKTH4eCKU Bech repmanuil, 90% nuxens u 6osee 70%
Meld. YMepeHHO TepMO(UIbHbIE XeMOJUTOTPO(HbIe auua0(puIbHble OaKTe-
puM Ha 00eux cpeax BbILIEJAYUBANN B OTJIHYHE OT Me30(PUIbHBIX OaKTepUH
oko.s10 50% Maprasua.
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Tabauua 2

Yucaennocts 6akrepuil (KOE/ma) B cpeaax BblliesauyuBaHUsi METAJIOB M3 30Jbl
Jlapbikuuckoit TAC (uepes 5 cyTok)

Table 2

Bacterial quantity (CFU/ml) in the media of the metals leaching from the
Ladyzhynskaya TPP ash (after five days)

YmepeHHo Tepmoduib-
I'eTepoTpodHbie Me3oduibHble XeMOJUTOTPODHbIE Hble XEMOJHTOTPODHbIE
6aKTepuu 6akTepuu
6akTepuu
Cpena 9K Cpena 9K | Cpepa 9K*
Cpena NopOeHko
UcTOouHUKH 2HEpPrumn
o6pasyioliue | He oGpasyio- Na,S,0, ) Fe2t Fe2t Fe2t
Cropbl e cnopbi
1,2+0,24 4,5+0,28 |3,56+0,43 | 1,5=+0,24 | 6,6==0,64 | 6,4+0,37 | 6,4=0,59
x10° x10° x103 x10? x10* x108 x107

DJIeKTPOHHOMUKPOCKOMUYECKHUE UCCJ/eI0BAHUS MOKa3aJ/a1, 4YTO OUOXUMHU-
yecKasi 1esiTeJJbHOCTb XeMOJUTOTPOMPHBIX aLMA0(PHUIbHBIX OAKTepPUH COMPOBOXK-
JaeTcsl paspylleHHeM AOCTATOYHO YCTOHUYMBBIX KPUCTANINYECKUX CTPYKTYP,
o6pa3oBaHHEM MyCTOT U yBeJuueHHeM aMop¢HocTH cybceTparta (puc. 16).

Taxkum o6pasom, npoBeneHHbIE UCC/AELOBAHUS MOKa3a/H, YTO B Mpoliec-
ce XpaHeHUs B 30Jie, MOJydeHHOH oT cxkuranus [laBjorpanckoro yras Ha
Jlappikuncko# TOC, popmupyeTcs cooO11eCTBO MUKPOOPraHU3MOB, KOTOPOE
B OIpe/ieJIeHHbIX YCJOBUSX 3KCIIEPUMEHTa CHOCOOHBI 3(D(PEeKTUBHO H3BJe-
KaTb PSil PeIKUX U LIBEeTHbIX MeTa/oB. K3BecTHO, 4yTO B auMIO(pHUIBHBIX
YCJIOBHUSIX HAKOMHUTEJNbHAsl KyJbTypa XeMOJHUTOTPO(HBIX MHKPOOPTraHM3MOB
BKJ/IOYaeT IMPeUMYLIeCTBEHHO MpeAcTaBuTe/ell OakTepui, OTHOCSILUXCS K
ponam Acidithiobacillus, Sulfobacillus, Leptospirillum, Acidimicrobium, a
TaKxKe apxeu, NpuHanaexamue K ponam Acidianus, Sulfolobus, Ferroplasma
[3—7, 14, 15].

Uepes 5 nHell B Me30(hUIbHBIX YCJIOBUSX B pe3ysabTaTe OUOXMMHUECKOH
JeSITeJJbHOCTH COOOLIeCTBA XeMOJUTOTPO(MHBIX OAKTepUH B PACTBOP HE3aBHU-
CHMO OT UCTOYHHKA SHEPTHH, IPAKTHUECKHU ITONHOCTBIO TePeXOIU/IN FrepMaHui,
raJIuil U KajMui, a Takxke 10 76,6% HuKess.

[lonyyeHHBIe pe3ysbTaThl O3BOJSIT C ONHOH CTOPOHBI CYAUTb 00
OKHCJIUTEIbHO-BOCCTAHOBUTEJ/IbHBIX ITPOLieccax, MPOTEeKAIINX B UCCeyeMbIX
cybcTpaTax, ¢ Ipyroil CTOPOHBl — OLIEHUTb BKJIAM PA3JHYHBIX [Py OaKTepUH
B TpPOLECCHl HM3BJeYEHUs] MeTa//JIoB U pa3paboTaTb 3KOJOTMYECKH UUCThIE
61OoTeXHOJMOrUH 3(D(PEKTUBHOTO BBIIENAYNBAHNUS METAJIOB U3 TEXHOT€HHBIX
OTXOJ0B Pa3JIMYHOTO MPOUCXOXKAEHHUS.
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BUJIYYEHHS PIAKICHUX TA KOJIbOPOBUX
METAJIIB YTPYITOBAHHAMU MIKPOOPI'AHI3MIB 30J1U
B1 CITAJIFOBAHHS MABJIOTPALCBKOI'O BYT1J1J14

Pedepar

Mertoto pobotu Oy/a0 BUBYEHHSI 3AATHOCTI [0 BUJIyUYEHHS PiAKICHHUX i
KOJIbOPOBUX MeTaJsiB 3 30J1M Bif crantoBaHHA [laBsiorpaacbkoro ByTiis
Ha JlamuM»KUHCBKIH Tem/aoeseKTPOCTaHLil MiKpoopraHi3aMaMu TeXHOTeHHO-
ro mikpobioueHo3dy, KUl cdopmyBaBcsi B mpoueci 30epiranus. Metomnom
aTOMHO-a0COPOUIHHOI CIIEeKTPOCKOMil BCTAHOBJEHO, L0 B 30J1i MICTATHCH B
MPOMHUCJOBUX KOHLEHTPALiAX Miib, UMHK, CBUHELb, TaJ/il, repMaHii, 0J0BO,
BaHalill, Ko6abT, afatoMiHil. JJocainKeHHs 3 BUIYdeHHS] MeTaJsiB 3 30J14 Bil
crniaoBanHs [laBsorpancbkoro ByTiisl 3[AiMCHIOBaNM B yMOBAax CIPUSIT/IH-
BUX [JIS1 POCTY Me30(iIbHUX reTepOTPOPHUX MiKPOOPraHi3MiB, Me30(iJTbHUX
auuaoPiIbHUX XeMOMITOTPOPHUX OaKTepid i MOMipHO TepMO(DiNTbHUX ALMIO-
¢GinbHUX XeMoJiToTpoHUX OakTepiil. ¥ mpoueci Aoc/ifiKeHb MOKa3aHa BHU-
COKa BUJ/IYIOBYIOUa AKTHUBHICTb CMIJIBHOTH aUUAO(IIBHUX XeMOJITOTPOPHUX
H6akTepil, 10 Haceas0Thb 304y Jlaguxkuncbkoi TEC. B me3odinbHux ymoBax
B pe3yJsbTaTi 0i0XiMiUHOI NiSIIBHOCTI YrPyHOBAHHSA XeMOJITOTPOPHUX OakTe-
pifl B PO3YMH NPAKTHYHO [OBHICTIO NMEPEXOAMJU FepMaHil, ratid i KagMid, a
Takox 10 76,6% HikesIo.

KnouoBi caoBa: 3oaa, Byrinis, reTepoTpodHi MiKkpoopraHiamu, alu-
nodinbHi XxeMosiToTpodHi 6akTepii, 6i0BUIYrOByBaHHS, PilKiCHi i KOJBOPOBI
MeTaJIH.
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EXTRACTION OF RARE AND NONFERROUS METALS BY
MICROBIAL COMMUNITIES OF THE ASH FROM BURNING
PAVLOGRAD'S COAL

Summary

The aim of the paper was to study the ability to leach rare and
nonferrous metals from the ash from the combustion of Pavlograd coal
in the Ladyzhynskaya power plant by microorganisms formed during
storage of anthropogenic microbiota. It was found out by atomic absorption
spectroscopy that the ash contained copper, zinc, lead, gallium, germanium,
tin, vanadium, cobalt, aluminum in industrial concentrations. Studies on
leaching of metals from the ash from the combustion of Pavlograd coal
were conducted under the favorable growth of mesophilic heterotrophic
microorganisms, mesophilic acidophilic chemolithotrophic bacteria and
moderately thermophilic acidophilic chemolithotrophitic bacteria. During
the study it was showed high activity of lixiviant community moderately
thermophilic acidophilic chemolithotrophic bacteria inhabiting the ash of the
Ladyzhynskaya TPP regarding germanium, gallium, cadmium and nickel.
Almost completely germanium, gallium, cadmium and to 76.6% nickel
extracted in solution in mesophilic conditions by the biochemical activity of
community of chemolithotrophic bacteria regardless of the source of energy.

Key words: ash, coal, heterotrophic microorganisms, acidophilic
chemolithotrophic bacteria, bioleaching, rare and nonferrous metals.
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