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PE3IOME

B nabopatopHu ycnosus Ge u3crnensaHo BMMSHWETO Ha Hskou Texku metanu (Mn, Fe, U) u apceH Bbpxy AucuMuUnaTvBHaTa MVIKp06Ha cynear-peayKums.
YcTaHoBeH B pacTex Ha cyndarpesyuvpalute Gaktepu npu KoHueHTpauuu Ha Mn®, As® n U™ Hag 50 mg/l, HO CKOpOCTTa Ha pedyKuma Ha cyndati
HamansBalle ¢ 15 — 55% npu pasnuuHUTE eKCTIepUMEHTU. B MpUChLCTBIME Ha BUCOKW KoHLeHTpauum Fe?* (0,5 — 2,0 g/l) ckopocTTa Ha cyndar-peaykums ce
yBenuyasalue. Cyndatpeayumpatuute baktepun epekTUBHO yTasBaxa ropenocoHeHNTe TOKCUYHI eNeMeHTH, kakTo 1 hepoitornTe. MukpobHaTta cyndat-peaykums
npoTiyaLue npu ctoitHocTv Ha pH Haa 4,9. pH Ha cpepaTa ce nosuLaBalle [O HEYTPanHUA MYHKT UMW B NIEKO ankanHaTa obnacT B pe3ynTaT Ha reHepupaHeTo Ha
BukapboHaTHM MOHK B MpoLieca Ha AuCUMUNaTUBHaTa peayKumsa Ha cyndati. Mpn eAHOBPEMEHHOTO MPUCHCTBUE Ha HUTPATHW 1 CyndaTH OHW, AUCUMUNATUBHATA
PenyKUNs Ha HUTpaTK BiHarK Delue JOMUHMPaLLMA npoLec. HuTpaTuTe B KoHLEeHTpauum Hag 500 mg/l nHxnbupaxa npoTuyaHeTo Ha MukpobHaTa cyndar-peayKums.

BBLBEAEHME

YCTaHoBEHO e, Ye AMCMMMNaTMBHaTa MukpobHa cyndart-
peayKuMsi e BaXeH MeXaHn3bM, y4acTBall, B OTCTPaHsIBaHETO
Ha TEXKW MEeTanu, TOKCUYHW U PagMOaKTUBHU eNleMEHTU OT
APEHaXHW BOAM OT HAaXOAMLLa Ha Bbrvwa u metanu (Gazea
A. et al. 1995; James J. et al. 1995).

Cyndpatpeayumpaite 6akTepum okucnsiBaT npocTu opra-
HWYHM CbeduHeHMs (TakiBa kaTo nakTart, auerar, byTtvpar u
APYIv NpOZYyKTW Ha hepMeHTaLmm) B aHaepobHM ycrioBus kato
n3non3ear cyndgar kato enekTPOHEH akLEenTop W reHepupar
cepoBogopoa v GukapboHaTHY 1oHK:

2CH;0 + SO.* - H,S + 2HCO5 , (1)
kbaeto CH,O npeactaBnsea opraHnyHaTa Matepus.

MpoayumMpaHnsaT CepoBOLOPOA pearvpa C pasTBOpPEeHUTe
TEXKM MeTanu, (OpMMpaiikn  HepasTBOpPUMM  MeTarHu
Cyndnamu, KouTo B MOCMEACTBME MpeumMnuTMpaT cbobpasHo
peakuusTa:

M?* + H,S > MS + 2H*, (2)
kbaeTo M Bknoysa metanu kato Fe, Cu, Zn, Ni, Cd.

CepoBoaOPOLBLT MOXe XMMUYHO Aa pemyuypa neTBaneHT-
HUA apceH [0 As*, B pesynTtaT Ha koeto ce copmupar
MWHEpanM Kato aypunurMeHT (As,S;) nivnu TBbpaa dasa ot
As-Fe cyndwmg (Ronalds S., 2000). Hskou cyndart-
penyuMpawy  Gaktepuu npu  KynTuBMpaHe — obpasysart
aypunUrMeHT NocpeacTBoM GuomoryHa peaykumst Ha As™,

rnocrneABaHa OT pefyKuust Ha cyndiar no Bpeme Ha pacTexa
nm (Newman K. et al. 1997).

Cyndpatpeayumpaite Gaktepu MoraT €H3MMHO Aa
pegyumpat CbLUo Taka 1 gobpe pasTBOPUMUS LIECTBANEHTEH
ypaH [0 cnabo pastopumata YeTupusaneHTHa opma (U*).
PenyunpaHusT ypaH B nocnescTane abuoTMYHO NpeLunuTvpa
kato ypaHuHut (UO,) (5). Peaykums Ha U% moxe pa Gbae
OCBLUECTBEHA M OT MMKPOOHO reHepupaH CepoBOAOPOA Npu
YCNOBME, Ye [BaTa peareHTa Ca BbB BUCOKW KOHLEHTpaLum
wivnn npu Bucoku Temnepatypwu (Christina E. et al. 1993) B
CbOTBETCTBME CbC CrefHaTa peakuust:

A[UO,(CO)J* + HS + 15H">
4U0, + SO +12C0, + 8H,0 3)

Bbnpek, Ye HUCKUTE CTOMHOCTM Ha pH MHXMBMpaT pacTexa
1 aKTMBHOCTTa Ha Cyndarpegyumpaliute 6aktepum, Te morat
fAa Ce pa3BMBaT B eKCTPEMAITHO KCENW BOAW MPUKPENEHN KbM
TBbPAA OpraHnyHa hasa, Tbi KaTo XM3HEHaTa UM EerHOCT
BOAM [0 HapacTBaHe Ha pH B HenmocpencTBeHO obkpbxaBa-
wara rm okorHa cpepa. [eHepupaHute B pesynTat Ha
cyndatpeaykunsTa BrkapboHaTHW MOHW pearnpart C NPOTOHH,
obpasysaikn CO, n H,O, koeTo BOAM A0 HamansBaHe Ha
KWCEnuHHOCTa Ha cpepara:

HCO5 +H* = CO, + H,0 (4)

BukapboHaTHuTe WoHM Gycbepupat pH Ha BoguTe A0
onpeaeneHa CTOMHOCT, OOMKHOBEHO B AuanasoHa 6 — 7.
HapactBaHeTo Ha pH Ha kucenute BoaM BOAM [0
XMaponm3aTa Ha HsKoW MeTanu U npeuunuTauusTa UM Kato
HepasTBOPUMM XMOPOOKUCH UMK OKIUCK; Hanpumep,



A + 3H,0 = Al(OH); + 3H" (5)

MukpoGHaTa cyndaTpeaykums Hammpa LWMPOKO NPUNOKEHUe
B TPETUPAHETO Ha KUCENM PYAHUYHK Boau nocpeactsom CPB-
BuopeakTopy, peakTMBHM Oapuepu M NACMBHM  CUCTEMM.
OTcTpaHsBaHeTO Ha 3aMbpcUTENWTE Ce OCbLECTBSBA B
CTPUKTHU aHaepobHM YCrOBWS C U3NON3BaHETO Ha OTnagbyHa
OpraHMYHa MaTepus (roBexaa, KOHCcka, OBYa TOp, OTpaboTeH
rbOeH KOMMOCT, AbPBEHN CTHPTOTUHM) UMK EBTUHW CYPOBUHU
(aueTaT, eTaHon), CRyXewWwy KaTo W3TOMHUK Ha BbIMEPOA M
eHeprus 3a cyndatpeayumpaliute akrepun.

Llenute Ha HacTosiwaTa paboTa ca Aa ce OLeHU BMMSHUETO
Ha Texkute metarm Mn, U, Fe u apceHa Bbpxy pacTexa u
aKTMBHOCTTA Ha Cyndartpegyumpaiimute baktepuu; edekTus-
HOCTTa Ha NpPeuMnUTMpaHe Ha TOPEnOCOYEHUTE TOKCUYHU
€rIEMEHTU; 1a Ce YCTaHOBW Hail-HWUCKaTa CTOWHOCT Ha pH, npu
KOSTO e Bb3MOXHa Cyndatpedykums; ga ce wuacregsa
BMUSIHUETO HA BWUCOKM  KOHLEHTPALMM  HUTpATU  BbpPXY
NPOTMYAHETO Ha npoveca.

MATEPWAN U METOIN

NabopaTopHWUTe EKCMEPUMEHTH Ca NMPOBEAEHN B CTHKIEHM
BaHkn ot 500 ml, cbabpXalyM OpraHUYHN CbEAMHEHWS W
conesm pa3teop. Kato opraHnynm cybetpatv (MOOTAENHO Uin
B CMEC 33 pasnuyHUTe eKcmepumeHTM) ca w3nonssavn Na-
nakrat, Na-auetat, Na-nponuoHaT ¥ [MWULEPON, KaKTO WU
OTMagbyHa OpraHWdHa Matepus (roeexga Top, OTpaboTeH
rbOeH KOMMOCT W [ObpBEHW CTbProTWHM). bBankute ca
MHOKYNMpaHM CbC CMeceHa HaboraTeHa Kyntypa Ha cyndart-
pegyumpawy 6Haktepum ot pogoseTe Desulfotomaculum,
Desulfovibrio 1 Desulfobacter.

Bnusinne Ha U, As, Mn u Fe BBbpxy npoTuyaHeTo Ha
AUCUMMNATUBHATa MUKPOGHa cyndaTpeaykums

W3non3BaHusT conesu pasteop 6e CbC crefHus cbeTas (B
g/l): 6e38.Na,SO;, 3.0; KH,PO,, 0.2; (NH,),SO,, 0.5; KCI, 0.5;
CaCl,.2H,0, 0.15; MgS0,.7H,0, 0.2; opoxaee ekctpakt, 0.1;
pasTBOp Ha MukpoenemeHTn — 1ml. Kato M3TOYHMK Ha
BBIIEpoa 1 eHeprvs 3a cyndarpegyumpawmte bakrepun ca
n3nonseann  Na-naktat, Na-auetat, Na-nponuoHat wu
rmvuepon (3:1:1:1) — obwo 6g/l. YpaHbT nog dopmata Ha
UO,(CH;C0O0),.2H,0, apcenbT  kato  NazAsO.7H,O0 u
MaHraHbT kato MnSO,H,O ca pobaseHu nooTaenHo 3a
PasnNYHATE  EKCMEPUMEHTM [0 [OCTUraHe Ha  KpamHu
KOHLeHTpauum B AuanasoHa 5 - 50 mg/l. XKenssoto e
pobaseHo nog opmata Ha FeSO,.7H,O ¢ kpaitHu
KOHLeHTpauwm B uHTepBana 50 — 3000 mg/l. pH Ha cpegaTa e
kopurupaHo fo 6.5. [udysnsta Ha KMCMOPOA OT Bb3dyxa €
eNMMMHMpaHa nocpeactBOM 1 CM CMOW CTEPUNEH TeuyeH
napacguH. EkcnepumMeHT®bT e npoBedeH Npu Temnepatypa
35°C.

BnusHne Ha pH Ha cpepata BbpXy NpOTMYaHETO Ha
AUCUMMNATMBHATa MMKPOOHa cyndaTpeaykums
Cyndatpenyumpalmte Baktepum ca KynTUBMPaHU Ha
cpega, coabpkawa Na-naktat (6.0 g/l), kato enuHCTBEH
W3TOYHMK Ha BbIMEPOA U eHeprisi. CbCTaBbT Ha COMEBMS
pa3TBOp € onucaH no-rope. HayanHute cToiHocTn Ha pH 3a

pasnUYHUTE EKCNEPUMEHTM Ca [OBEdEHM A0 CTOMHOCTW B
WHTepBana oT 2 0 7 npe3 eauH nyHkT nocpeactsom HCI.
KynTueupaHeTo e ocbluecTBeHo npu Temnepatypa 30 °C.

BnusHMe Ha BMCOKM KOHLIEHTPAUWM HUTPATM BBLPXY
NpoTUYaHETo Ha  AWCMMMNATUBHAaTa MMKpOOHa
cyndatpepykuus

ManonseaHn ca TpU PasnUYHM XpaHWTENHU cpeau B
3aBMCMMOCT OT M3TOYHWKA Ha Bbrmepod u eHeprus: | — Na-
nakrat — 10.0 g/l; Il - Na-auetat — 10.0 g/l; Ill — opraHnyHa
MaTtepus (CMec oT roeexaa Top, oTpaboTeH rebeH KOMMoCT U
ObPBEHN CTHPrOTUHW B paBHW 06eMHU OTHOWeHus) — 100 g
abcomtotHo cyxo BewecTo/l. ConeBusiT pasTBOpP MMaLLe
cnepHus cwetas, gll: 6e3s.Na,SO, — 3.0; KH,PO, — 0.2; KNO;
- 4.9; (NH,),S0, - 0.5; KCl - 0.5; MgSO.7H,0 - 0.1;
FeSO,.7H,0 — 0.1. KoHueHTpauunTe Ha cyndati u HATpaTy
ca cboTtBeTHO 2.5 1 3.0 ¢/l. pH Ha XpaHuTenHuTe cpeam e
kopurupaHo go 7.0. PastBopute ca MHOKYNMpaHu CbC CMeCeHa
HaborateHa KkynTypa Ha cyndartpegyumpalim OGaktepum 1
apyM  MeTabonuTHO  CBBbp3aHM  (OM3MOSIOMMYHM  TPYMK
BakTepum. KynTuBmpaHeTo Ha MUKPOOPraHU3MUTE CEe N3BBPLLM
npu Temnepatypa 30 °C.

AHanMTM4YHU MeTOaM

KoHueHTpauusTa Ha pa3TBOpeHUTe MeTanu U apceHa ce
onpegenswe nocpeacteom ICP-cnektpodotomeTpusi. Ko-
LeHTpauusaTa Ha ypaHa ce u3mepBalle (HOTOMETPUYHO C
13MoN3BaHeTo Ha peareHTa apceHaso Ill. KoHueHTpaumsTa Ha
cyndatute M HUTpaTUTe ce onpegensise OTOMETPUYHO.
KonnyectBoTO Ha pasTBOpeHaTa OpraHuka ce onpegensiie
MOCPEeCTBOM M3MEPBAHETO Ha HelHaTa OKMCMSEMOCT (4pes3
KMnO,).

WoeHTudukaLmusaTa 1 KOnmYecTBeHaTa XapaKkTepucTuka Ha
MWUKPOOPraHU3MM OT OCHOBHW  (PU3MOMOMMYHW  Tpynu  ce
OCBLLECTBU N0 CTaHAAPTHN MUKPOBUOMOTYHI METOAM, BKIHOY-
BaLLy METOZ Ha NpefenHuTe paspexaaHus 1 metod Ha Kox.

PESYNTATWN N OBCBHXIOAHE

[aHHuTe 3a MakcuManHata M CpegHaTa CKOpOCT Ha
pegyKumus Ha cyndatu, u uHxubnpaHeTo Ha npoueca (B %) ot
u3nonasaHuTe koHueHTpauum U, As n Mn ca npegctaseHu B
Tabrmua 1. IMHamukaTa Ha KOHLEHTpauusTa Ha cyndature B
npucbeTeueTo Ha As, U n Mn cbotBeTHO 5, 15, 25 1 50 mgl/l, n
Ha KoHTpornata (Bes HamuuuMe Ha TOKCWYHW EnemeHTH) e
npeactaBeHa Ha ®urypa 1. MakcumanHata CKOpocT Ha
cyndaTpesyKLmMs 3a BCUYKN ekcriepumeHTH e uaMepeHa npes
noraputMmyHaTa asa Ha passuTue Ha OGaktepuute (go 10
[EH OT HauanoTo Ha onuTa), a cpefHaTa — 3a Lenus nepuog
Ha kynTveupaHe (30 gHu).

M3cnegBaHuTe KoHueHTpauun U, As u Mn, Tunuuum 3a
APEHaXHW BOAM B pearHW yCrioBuWS He Oka3axa CblLECTBEH
WHXMOMpaLy, edekT BbpXy CKOpOCTTa Ha MpoTUYaHe Ha
AUcMMUnIaTMBHaTa MUKpOBHa cyndaT-peaykums.

YpaHbT, B koHUeHTpauum nog 10 mg/l u Mn — nog 15 mgll,
BOAAT 0 HAMansBaHe Ha CKOPOCTTa Ha pedyKuus Ha cyndatu
mexay 7 u 25% 3a pasnuuHuTe ekcnepumeHTy. No-HeraTneeH



edoekT ( 44 - 52 % uHxubMpaHe ) ropenocoveHUTe TOKCUYHM
ereMeHTM 0Ka3BaT NPy BUCOKa KoHLeHTpauwms — 50 mg/l.

Tabnuua 1. BnusHue Ha pas3nuyHu koHueHTpauum U, As n Mn
BbpXy CKOPOCTTa Ha MpOTWYaHe Ha AMCUMWNATMBHATA
MUKpobHa cyndatpegykums.

Ene- Coabp- | MakcumanHa CpeaHa WHxnbupare,
XaHue, CKOpOCT, CcKopocT, mg B %
MEHT mg/l mg SO2/l.d S0&N.d
Kon- 0 98,0 744
T
p
0
n
a
5 85,0 69.5 7-14
10 75.3 62.2 17-24
U 15 66.4 57.9 22-32
25 57,6 46,5 38-42
50 47,3 40,6 46 — 52
5 81.2 64.2 14 -17
10 73.7 57.8 25-32
As 15 69.8 48.4 29-35
25 60,5 41,6 41-45
50 51,0 31,7 48 -57
5 89.2 69.2 7-9
10 82.0 66.8 10-16
Mn 15 74.0 60.3 19-25
25 63,7 54,6 26-35
50 52,3 41,7 44 - 47

YctaHoBeHo 6e, 4Ye Hai-TOKCUYHO [AENCTBUME BbPXY
cyndatpenyumpawmTte bakTepum okaspaT HoHUTE Ha As™.
[opw HUCKM KOHUeHTpauumn Ha apceH (5 — 10 mg/l) BogaT fo
HamansBaHe Ha CKopocTTa Ha npoueca ¢ 14 - 32%, a
HanuumeTo Ha 50 mg As/l B cpepata gosege A0 HamansBaHe
Ha CKOpOCTTa Ha npoLeca Hap AiBa MbTu.

VMonuTe Ha apceHa 1 MaHraHa okassaT HeraTMBeH edekT u
BbpPXy pacTexa Ha cyndarpeayunpawmte Oaktepum. [pes
cTaluoHapHaTa (hasa 6e oTyeTeH MakcumaneH Gpoii 10* — 10°
kn/ml, npu konTpona 107 kn/ml. Hesasucumo oT n3MepeHaTa
Mo-HWUCKa CKOPOCT Ha cyndpatpedykumsi, He 6e ycTaHOBEHO
BMMSHME Ha U3CreJBaHWTE KOHLEHTpauun ypaH Bbpxy
yMcneHocTTa Ha cyndarpegyumpawpmte baktepun. TexHST
Opoit B cTauMoHapHaTa ¢haza Oe edHakbB C TO3W Ha
koHTponata — 107 kn/ml.
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Queypa 1. BnusiHue Ha U, As u Mn, 15 mg/l ebpxy

npomuyaHemo Ha MukpobHama cyrghampedyKyusi.

MocpeacteomM AucuMWnaTMBHaTa cyndat-pegykuus ce
NOCTUTHA HamansiBaHe Ha KOHLEHTpaLunTe Ha pasTBOPEHUTE
TOKCMYHM €NemMeHTW BBbB BCUYKM ekcnepumeHTn. CPB
€H3UMHO pefyuupat fobpe pa3TBOPUMMS LIECTBANEHTEH ypaH
1o UO,, nopaam koeTo olle Ha 20 AeH OT onuTa € YCTaHOBEHO
98 — 99% yTasBaHe Ha PaguoaKkTUBHUS eneMeHT. KaTuoHHuTe
aHanuau nokaseaT MNaBHO HamarnsBaHe Ha KOHLEHTpauuuTe
Ha As n Mn BbB Bpemero. OTYETEHUTE MO-HUCKM
KOHLIEHTpauum Ha Mn? B kpas Ha onuTa BEPOSITHO Ce Obiikar
Ha npouecn, Kkato OGuocopbums u  Ouoakymynauus OT
npucbeTBaLlaTa Mukpodiiopa, 1 Ha obpasyBaHeTo Ha MnCOs,
TbW KaTo peayKUMOHHUTE YCMOBUS B CpeaaTa He no3sonsear
oKMCnieHMeTo My Ao Mn* n dhopmupaHeTo Ha HepasTBOpUM
MnO,. Mo-ronsiMata YacT OT apCeHa e OTCTPaHeH OT pasTBopa
upes npeuunuTMpaHeTo My A0 AsS; M As,S;  wmnm
nocpencTeoM copbumsTta My oT MukpobHaTa Buomaca. B kpas
Ha onuTa e yctaHoBeHo ot 60 Ao 80% yTaseaHe Ha MaHraHa u
apceHa 3a pasnuyHUTe eKCrEPUMEHTY.

3a pasnuka ot ioHuTe Ha U, Mn n As, gByBaneHTHOTO
Xens3o B KoHueHTpaumm 0,5 — 2 g/l noBuwLaBa CkopocTTa Ha
MuUkpoOHaTa  cyndhaTpedykumus, KOHCYMMPalku  MUKPOBHO
reHepupaHns H,S, KOATO BbBB BMCOKM KOHLEHTpaUuu €
TOKCMYEH 3a camuTe cyndatpeayumpawy baktepun. Hai-
Bucoka ckopocT - 118 mg SOZ/ld e usmepeHa B
npuckeTeneto Ha 1,5 g Fe*/l B nepuoaga oT HayanoTo Ha
onuta fo 21 geH. B nocneactame e ycTaHOBeHa TeHAEHLMS Ha
noaabpkaHe Ha KOHUEHTpauusTa Ha cyndatute nopagu
M34epnBaHe Ha WU3TOYHULMTE Ha BBINEPOS U eHeprus 3a
cyndpatpegyumpainute 6akrepun (durypa 2). CoabpxaHne Ha
cepoitonn okono 3000 mg/l, obaye foBeae A0 CbLECTBEHO
WHxmbupaHe  (42%) Ha npoueca Ha  MuKpoOHaTa
CyndatpedykuMss  MopaguM  YacTMYHO  OKUCTIeHWe  Ha
[BYBANEHTHOTO Xens30 C nocrefsalla Xugponusa W
npeumnutaums Ha Fe(OH);, kakTo 1 nopaam noBuLLABAHETO Ha
OKWUCIUTENHO-PEAYKLUMOHHNS  MOTEHUMan Ha cpepata  go
CTOWHOCTM, HeBNaronpUATHM 3a NPOTUYAHETO Ha npoLieca.

YcTaHoBeHO Oe edukacHO yTasiBaHe Ha XEnssoTo noj
topmata Ha FeS (96,5 — 99 %) npu HavanHU KOHLEHTpaLmm
Ha chepoitoHuTe B ananasoHa 50 — 1500 mg/l.

CoabpxaHneto Ha 3000 mg/l xens3o Hamanu He camo
CKOpOCTTa Ha MukpoOHata cyndarpegykuus, a okasa
MHXMOMpaLy, edekT W BbpXy camuTe Cyndartpesyumpaly
BakTepum - TeXHUST Opoii B CTaumoHapHaTa ¢asa be cBeaeH
o 10* kn/ml. Konu4ecTBoTO Ha MWKPOGHO reHepupaHus
cepoBofopo be HeAOCTaTbYHO 3a MPELMNMTUPAHE Ha LiSiNoTo
KONnM4ecTBO (heporoHn — camo 39% OT kens3oTo 6e yTaeHo B
Kpasi Ha ekcnepuMeHTa.

BnusiHue Ha pH BBbpXy MukpobHaTa cyndatpeaykums



lMpn BCUYKM EKCTIEPUMEHTU, HE3aBMCUMO OT HavarHuTe
CTOMHOCTW Ha pH, ce Habnioaaea ankanuaupaxe Ha cpejarta
(Purypa 3).

MpomsiHaTa Ha KWUCENWHHOCTTa BbB BPEMETO CE [ObITKM
KakTo Ha MukpobHaTa cyndartpegykums (CBbp3aHa ¢
NPOAYLUMPaHETO Ha GMKapbOHATHM MOHM NPK CTOMHOCTM Ha pH
B cnabokucenata 1 HeyTpanHa obnact), Taka 4 Ha
amoHUMLMpaHeTo oT aHaepobHaTa Mukpodnopa Ha boratus
Ha NPOTEUHW OPOoXOEeB EKCTPakKT, Bnu3all BbB CbCTaBa Ha
XpaHuTenHata cpega.
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Queypa 2. BrusiHue Ha Fe?* ebpxy ckopocmma Ha npomuyaxe
Ha QucumunamugHama cynghampedykyus
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Queypa 3. [Juramuka Ha pH Ha cpedama npu NPoMuUYyaHe Ha
ducumunamugHama MukpobHa cydgpampedykyus

MwkpoBHaTa cyndaTpeaykums npoTeye C Hal-BUCOKa
cpepHa ckopocT - 94 mg SO.%/1.d oT HayanoTo Ha onuta o 17
O€H Npy HayanHa cToiHocT Ha pH 7.0 (Purypa 4). B cnabo
kucenara obnact ckopocTTa Ha pedykuus Ha cyndatn 6e B
avanasoxa 50 — 80 mg SO,2/1.d.

Cyndatpeayumpaliute 6aktepum umaT akTMBHOCT cref
noBuLLaBaHe Ha pH Ha cpegata Ao cTonHocTu Hag 4,9 — 5,1 3a
pasnuyHUTe ekcrnepuMeHTU. MHOTO HUCKa cpefHa CKOpoCT Ha
cyndpatpeaykums - 26 - 33 mg SO,%/.d ce ycTaHoBM npu
HaJamnHu CTOMHOCTW Ha pH Ha pa3TBOpUTE B CWIHO KucenaTa
obnacr. MpouecbT 3anoyHa cneqd 24 fOeH, Korato ycnoBusTa
3a passuTe Ha CPB He ca Beuye OnaronpusaTHu, nopagu
KOHCYyMaUMsi Ha 4acT OT pa3TBOpeHaTa OpraHuka OT
ocTaHanata aHaepobHa xeTepoTpochHa Mukpodnopa.

Cyndpatpepyumpalumte H6akTepuum [OCTUraT Hal-BUCOKa
YMCNIEHOCT npe3 cTauuoHapHata dasa - 107 — 108 kn/ml npwu
HauyarHu ctomHocTy Ha pH 5 - 7. 3a ocraHanute
eKcrepumeHTH TexHus Bpoit 6e B ananasona 102 — 10° kn/ml.

KoHueHTpawus Ha cyndpatu, gl
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Queypa 4. BrusiHue Ha pH 8bpXy ckopocmma Ha npomuyaHe
Ha QucumMunamusHama MUkpobHa cyngampedyKyusi.

BnusHne Ha BMCOKM KOHLIEHTPAUWM HUTPaTM BbHPXY
NpPOTUYAHETO  HAa  OUCUMMNIATMBHAaTa  MMKPOOHa
cyndaTtpeayKuma

Mpn enHOBPEMEHHOTO MPOTWYAHE HA AUCUMWUNATUBHA
HUTpaTPeayKUMs W cyndatpepykumus, AeHnTpudmkaumusta be
LOMWUHMpaLYms npouec. Pegykuns Ha cyndati 3anoyHa creg
KaTo KOHLeHTpaumsTa Ha HuTpat cnagHa nog 0,5 g/l 3a Bcuuku
ekcnepumenTy (durypa 5.).

/3non3BaH1Te M3TOYHMLM Ha BBINEPOS W eHEpris okassar
BMMsIHWE BbPXY CKOPOCTTA Ha NPOTMYaHe W Ha fBaTa npoleca.
MakcumarnHa ckopocT Ha pegykumst Ha Hutpatn - 400 mg
NO;/l.d 6e ycTaHOBEHA B MbpBUTE AHM OT OMKUTA NPU U3TOYHUK
Ha BbImepog aleTar.

C Hait-Bucoka ckopocT - 80 mg SO,/l.d cyndpatpeaykupsita
npoTeye Npu NpUIaraHeTo Ha OTNagbyHa OpraHnyHa MaTepus
(cmec ot rosexga Top, oTpaboTeH rbOEH KOMMOCT U TbPBEHH
CTbPrOTMHW ) KaTO W3TOMHUK Ha BbBIMEpog W eHeprus
YBenu4aBaHeTO Ha KOHLEHTpauumsTa Ha cyndatute o 4,2 gl
B HAyafoTo Ha onuTa Ce ObMKM Ha pa3TBapsHe Ha rnca,
M3ron3BaH B TEXHOMOrMsTa 3a MPOM3BOACTBO Ha rbbeH
KOMMOCT.



HepasTBopumuTe Grononumepm (Lenynosa, XxeMuLenynosa
W Op.) B aHaepobHM ycrnoBus ce pasrpaxgar 6aBHO OT
Komnekc MeTabonuTHO CBbP3aHN MUKPOOPraH3MK, B pesyr-
TaT Ha KOETO MOCTOSIHHO CE MOAABbPKAT BUCOKN KOHLLEHTpaLMK
HUCLUM OpraHWYHM KUCEMMHM W ankoXoNMW — [AOHOPW Ha
enektponn 3a CPB. MwukpobHata cyndatpepykums npu
OCTaHanuTe ekcrnepumeHTy 6e NUMUTMpaHa OT U34epnBaHETO
Ha opraHukaTa B npoLeca Ha AeHUTpUUKaLmaTa, Kakto 1 Ha
noBuUWwaBaHeTo Ha pH po croiHocTv Hag 8,5 — 9,0 owe B
Ha4anoTo Ha onuTa.

AHanu3bT Ha MuKpodpriopaTa nokasa AuHamuka B
YMCMEHOCTTA Ha  MonynauumTe, W3rpaXgally  CroXHWTE
MWKPOBHM  LieHo3M. [TbpBOHaYanHo, AoMWHMpawm  6sxa
[eHUTpUdULMpalLTe GakTepun, kato 6posT um gocturHa 10°
- 10" kn/ml Ha 20 JeH OT HaYyanoTo Ha eKcrepuUMeHTa.
UncneHocTTa Ha cyndatpeayumpalymte bakrepum 3anoyHa aa
HapactBa cnef 30 AeH, KaTo B kpas Ha onuTa Oe B AuanasoHa
10° - 107 kn/ml. B TeyHaTa (hasa Ha OTMambyHaTa OpraHnYHa
maTepus 6e ycTaHOBeH ronsiM Gpoii Lienynoso-pasrpaxagaiyy,
hepMeHTUpaLLK 1 Apyrv aHaepobHK BakTepuu.
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Queypa 5. [JuHamuka Ha KOHUeHmpayuume Ha cyngamu u
HUmpamu npu e0HOBPEMEHHOMO NPOMUYaHe Ha
ducumunamugHama cyngampedykyus u deHumpuguKayus.

3AKITFOYEHNE

Cyndatpenyumpawmte OakTepu npuTexaBaT BUCOKaA
ycToiumBocT KbM ioHute Ha U, Mn u As. [opn u npu
KoHLeHTpauwmm 50 mg/l, MHOrOKpaTHO HafBULLABALLM peanHuTe
B [JpEHaXHX BOAM OT MMHEparHW Haxoguwa, npouecsT
MpOTHYa CbC CKOPOCT, NMO3BONISABALLA FEHEPUPAHETO Ha BUCOKN
Konm4yecTBa cepoBogopod. CUnHWAT pegykTop yTasea ronisma
4acT OT TEXKUTE MeTanu BbB BWA HA HEPa3TBOPUMM METAmNHU

cyncman.  MocpenctBoM  MukpobHata  cyndhatpeaykums
edukacHo (98 - 99%) ce oTcTpaHsBa u pasteopeH U** B
KoHLEeHTpauum 5 — 50 mg/l upes yrasBaHeTo My nog dopmara
Ha Hepa3TBOPUMMS YpaHUHUT. [PUCHCTBUETO Ha ABYBaNEHTHO
XENSA30 B KOHLEHTpauum go 2 g/l cTumynupa npoTnyaHeTo Ha
npoueca, a OT TaM W HeroBaTa e(heKTUBHOCT.

[eHepupaHuTe OukapboHaTHW MOHM B mpoueca Ha
XM3HEHaTa [JenHoCT Ha cyndatpegyumpawmte  bGaktepum
BOAAT [0 HapacTBaHe Ha pH B HENocpeacTBeHo
obkpbkaBalliata M okonHa cpepa. dopmupaHeTo Ha
MWUKPO30HU C HEYTparnHo pH no3BonsBa OCbLLECTBABAHETO Ha
npoLieca B u3paseHo kucenu sogm (pH 2 — 3), a cbLUo Taka u
OTCTPaHsIBAaHETO Ha HSKOM 3ambpcuTeNn nof gopmata Ha
XWOPOOKMCM MpU MO HaTaTbLUHO nNoBuWaBaHe Ha pH Ha
cpegara.

MpouecbT MukpoOHa cyndaTpeaykuusi € HambIHO
WHXMBMPaH Npu Hanu4me Ha HUTPaTH, B KOHLEHTpaLum Hag 0,5
g/l. ToBa NUMMTMPaHE € OT 3HAaYeHWe NpW MpuraraHeTo Ha
BVMONOrMYHO TpeTUpaHe Ha KMCenu PYAHWYHM BOAW Cheq
CMECBAHETO MM C Boratu Ha HUTpaT BUTOBM UMK MPOMULLNIEHM
OTNagbYHN BOAK.
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THE EFFECT OF SOME ESSENTIAL ENVIRONMENTAL FACTORS ON THE
MICROBIAL DISSIMILATORY SULPHATE REDUCTION

Svetlana Bratcova, Stoyan Groudev, Plamen Georgiev

University of mining and geology
“St. Ivan Rilski”
Sofia 1700, Bulgaria

ABSTRACT

The effect of some heavy metals (manganese, iron, uranium) and arsenic on microbial dissimilatory sulphate reduction was studied
under laboratory conditions. It was found that the sulphate-reducing bacteria were able to grow at concentrations of Mn?, As®* and U%*
as high as 50 mg/l but the rate of sulphate reduction was decreased by about 15 — 55 % in the different experiments. The rate of
sulphate reduction, however, was increased in the presence of high concentration of Fe? (in the range of 0,5 — 2,0 g/l). The sulphate-
reducing bacteria efficiently precipitated the above-mentioned agents, as well as the ferrous iron. The microbial sulphate reduction was
carried out at pH values higher that 4,9. The bacteria were able to increase the pH of the solutions to neutral or slightly alkaline level
by the hydrocarbonate ions generated during the dissimilatory sulphate reduction. In the presence of both nitrate and sulphate ions,
the microbial dissimilatory nitrate reduction was always the prevalent process. The concentrations of nitrate as high as 500 mg/l

inhibited strongly the rate of sulphate reduction.
INTRODUCTION

Bacterial sulphate reduction has been indentified as a
significant mechanism for removing contaminant heavy metals,
toxic and radioactive elements from coal and metal-mine
drainage (Gazea et al, 1995; James et al., 1995). Sulphate-
reducing bacteria oxidaze simple organic compounds (such as
lactate, acetate, butirate and another products of
fermentations) with sulphate under anaerobic conditions, and
thereby generate hydrogen sulphide and bicarbonate ions:

2CH,0 + SO - H,S + 2HCOy (1
where CH,0 represent the organic matter.

The produced hydrogen sulphide reacts with dissolved
metals to form insoluble metal sulphides that subsequently
precipitate according to the reaction:

M2 + H,S > MS + 2H", (2)
where M includes metals such as Fe, Cu, Zn, Ni, Cd.

The hydrogen sulphide can chemically reduce As* to As™,
resulting in the formation of minerals such as orpiment (As,S;)
and/or an arsenic-iron sulphide solid phase (Ronalds et al.,
2000). Some of sulphate-reducing bacteria formed orpiment in
culture by mediating biological reduction of As>* followed by the
reduction of sulphate during growth.

Certain sulphate-reducing bacteria can enzymatically reduce
also highly soluble hexavalent uranium to the sparingly soluble
tetravalent form U*. Reduced uranium then abiotically
precipitates as uraninite (UO,) (Ganesh et al., 1997). The
reduction of U* can carried out by a bacterial produced
hydrogen sulphide in the presence of high concentrations of

both U and sulphide and/or elevated temperatures (Barnes et
al., 1993) according to the following reaction:

4[UO,(CO;)3)* + HS + 15H" >
4U0,+ SO, + 12C0;, + 8H,0 (3)

Although at low pH the growth and activity of sulphate-
reducing bacteria are inhibited, their activity results in pH
increments in their immediate environment, allowing their
viability in the solid organic substrate, independing of drainage
extremely acidic waters. Bicarbonate ions formed during
sulphate reduction react with protons to form CO, and water
and remote acidity from solutions as CO; gas:

HCO; + H* = CO, + H,0 4

The bicarbonate ions buffer the waters pH to a particular
value, typically in the range of 6 — 7 (Darryl et al., 1992).
Raising the pH of acidic water will couse some metals to
hydrolyze and precipitate as insoluble hydroxides or oxides; for
example,

AP* + 3H,0 > Al(OH); + 3H* (5)

The process of microbial sulphate reduction has been found
a large application in treatment of acid mine waters by SRB-
bioreactors, reactive barriers and passive systems. The
pollutants are retained in strict anaerobic conditions by used of
waste organic mater (a mixture of cow, horse and sheep
manure, spent mushroom compost and sawdust) or chip row
materials (acetate, ethanol, est.) as sources of carbon and
energy by sulphate-reducing bacteria.

The purpose of this study was to evaluate the effect of heavy
metals Mn, U, Fe and arsenic on the growth and activity of
sulphate-reducing bacteria; the efficiency of precipitation of
above-mentioned toxic elements; to find the lowest pH value,
in which the bacterial sulphate-reduction is possible; to
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evaluate the effect of high concentrations nitrate on the rate of
the process.

MATERIALS AND METHODS

Batch experiments were carried out in 500 ml glasses
bottles containing organic substrates and nutrient solution.
Simple organic compounds (Na-lactate, Na-acetate, Na-
propionate, glycerol) or solid organic matter (cow manure,
spent mushroom compost and sawdust) were used as organic
substrates. The bottles were inoculated with mixed enrichment
culture  of  sulphate-reducing  bacteria  belong to
p.Desulfotomaculum, p.Desulfovibrio and p.Desulfobacter.

The effect of U, As, Mn and Fe on dissimilatory sulphate
reduction

The nutrient solution used in these tests contained (in g/l):
Na;SOs, 3.0; KH,PO, 0.2; (NH,).SO,, 0.5 KCI, 05;
CaCl,.2H,0, 0.15; MgS0,.7H,0, 0.2; yeast extract, 0,1; trace
element soluton - 1 ml. Na-lactate, Na-acetate, Na-
propionate, and glycerol (3:1:1:1) — 6 g/l were used as source
of carbon and energy for sulphate-reducing bacteria. Uranium
(in the form of uranyl acetate), arsenic (Na;AsO,.7H,0) and
manganese (MnS0O,.H,0) were added separately to the bottles
reach to final concentration in the range of 5 to 50 mg/! for the
different experiments. Iron (FeSQ,.7H,0) was added in final
concentration 50 — 3000 mg/l. pH of inoculated solutions was
adjusted to 6,5. The oxygen diffusion was eliminated by 1 cm
layer sterile liquid paraffin. The bottles were incubated at 35
°C.

The effect of pH on dissimilatory sulphate

reduction
Sulphate-reducing bacteria were grown in a medium with
Na-lactate — 6 g/l as a source of carbon and energy. The
nutrient solution had the previously mentioned composition.
The initial pH of the inoculated solutions was adjusted to levels
varying from 2.0 to 7.0 by adding HCI. The bottles were
incubated at 30 °C.

The effect of high concentration nitrate on

dissimilatory sulphate reduction

Three different kind of medium were used for growth of
sulphate-reducing bacteria, depending of source of organic
carbon: | - Na-lactate — 10.0 g/I: Il - Na — acetate - 10 g/; Il -
solid organic matter (mix of cow manure, spent mushroom
compost and sawdust) — 100 g/l. The nutrient solution used in
these tests contained (in g/l) Na,SO, — 3.0; KH,PO, - 0.2;
KNO; - 4.9; (NH,),SO, — 0.5; KCI - 0.5; MgSO,.7H,0 - 0.1;
FeS0,.7H,0 - 0.1. The concentration of sulphate and nitrate
were accordingly 2,5 and 3,0 g/l. pH of solutions was adjusted
to 7,0. The bottles were inoculated with mixed enrichment
culture of sulphate-reducing bacteria and other metabolically
interdependent microorganisms. The bacteria were incubated
at 30 °C.

Analytical techniques
The dissolved metal concentrations were determined by ICP
spectrophotometry. Uranium concentration was measured

photometrically using the arsenazo Il reagent. Sulphate and
nitrate concentrations were determined photometrically. The
content of soluble organic compounds was determined by
measuring its oxidativity (by KMnQ,).

The identification and enumeration of the microorganisms
inhabiting the bottles were carried out by standart
microbiological methods.

RESULTS AND DISCUTION

The data about maximum and average rate of the bacterial
sulphate-reduction and inhibition of the process (in %) by used
concentration U, As and Mn are represented at table 1.
Change of sulphate concentration in presence of As, U and
Mn, accordingly 5,15, 25 and 50 mg/l and control (without toxic
elements) are represented at figure 1. The maximum rate of
sulphate reduction was calculated during logarithmic phase (up
to 10 day) of bacterial growth for all tests, whereas the average
rate — for overall cultivation (30 days).

The concentrations of U, As and Mn, which were typically for
real drainage waters have been no essential reducing
influence on the rate of the dissimilatory sulphate reduction.

The concentrations of uranium, below 10 mg/l and
manganese — below 15 mg/l have brought to decrease of the
rate of sulphate reduction in range 7 to 25% for different
experiments. The abovementioned toxic elements have been
proved much more negative effect (44 — 52%) in higher
concentration — 50 mgl/l.

Table 1. The effect of U, As and Mn in different concentration
on dissimilatory sulphate reduction

Contents, | Maximum | Average | linhibition,
Element mg/l rate, mg rate, mg %
8042/|d 3042/|d
Control 0 98,0 744
5 85,0 69.5 7-14
10 75.3 62.2 17-24
U 15 66.4 57.9 22-32
25 57,6 46,5 38-42
50 473 40,6 46 - 52
5 81.2 64.2 14 -17
10 73.7 57.8 25-32
As 15 69.8 48.4 29-35
25 60,5 41,6 41-45
50 51,0 31,7 48 - 57
5 89.2 69.2 7-9
10 82.0 66.8 10-16
Mn 15 74.0 60.3 19-25
25 63,7 54,6 26-35
50 52,3 417 44 - 47
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Figure 1. The effect on U, As and Mn, 15 mg/l on dissimilative
Sulphate reduction

It was found that arsenate ions have most toxic effect on
sulphate reducing bacteria. Even low concentration of As® - 5
- 10 mg/l has bought to abatement of the process rate with 14
— 32%, while in presence of 50 mg As/l the rate of sulphate
reduction has fallen more than twice.

The cat ions of arsenic and manganese also had negative
effect on growth of sulphate reducing bacteria. It was counted
maximum number of microorganisms — 10* — 10° cells/ml at
stationary phase, while their number in control was 107 cell/ml.
It wasn't found influence of studied concentrations uranium on
number of sulphate reducing bacteria independent of
measured lower rate of sulphate reduction.

The concentrations of dissolved toxic elements were
decrease by carry out of dissimilatory sulphate reduction.
Sulphate reducing bacteria enzimatically reduced highly
soluble hexavalent uranium, wherefore it was found efficiently
precipitation (98 — 99%) of radioactive element as far back as
20 day. The cat ionic analyses showed gradual decrease of
concentrations of arsenic and manganese during the
experiments. Lower concentration of Mn* measured at the end
of test probably to be due to processes such as biosorption
and bioaccumulation by present micro flora, as well as by
formation of MnCOs. Reducing conditions in medium didn't
allow oxidation of Mn?* and formation of insoluble MnO,. Major
part of arsenic was removed by means of both precipitation of
As,S; and As,Ss, and sorption by microbial biomass. It was
found 60 — 80% removal of manganese at the end of different
experiments.

The concentrations of ferrous ions in range 0,5 to 2 g/l were
raised the rate of sulphate reduction in difference of U, Mn and
As, because Fe?" consumed microbial generated H,S, which is
toxic for sulphate reducing bacteria in high concentration. It
was measured highest rate of the process - 118 mg SO,%/l.d in
the presence of 1,5 g Fell at first to 21 day of cultivation.
Subsequently it was found the lack of change of sulphate
concentration by reason of exhausted source of carbon and
energy for sulphate reducing bacteria (figure 2). Concentration
of ferrous ions about 3 g/l lead to materially reduce of the
microbial sulphate reduction (42%) because of partial oxidized
of Fe?, succeeded of hydrolyze and precipitation of Fe(OH)s,
as well as increased of Eh of medium to unfavourable value for
carry out of the process.

It was found efficiently precipitation of iron in form of FeS
(96,5 — 99%), when initial concentration of ferrous ions was 0,5
-1,5¢l/.

Figure 2. The effect of Fe*" on dissimilative microbial sulphate
reduction.

Contents of 3 g Fe/l decreased both the rate of microbial
sulphate reduction and growth of sulphate reducing bacteria -
their number in stationary phase was only 10* cells/ml. Amount
of microbial generated H,S was not enough to react with all
quantity ferrous ions — only 39% of iron was precipitated at the
end of experiment.

The effect of pH on dissimilative microbial sulphate-
reduction

It was observed neutralization of medium independently of
initial values of pH in all experiments.

The change of acidity at time was due to both of microbial
sulphate-reduction, related with producing of bicarbonate ions
(when pH is neutral or slight acid) and amonification of rich of
proteins yeast extract, involved in medium of anaerobic
microflora.
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The highest rate of dissimilative sulphate-reduction - 94 mg
SO2/ld was measured to 17 day from beginning of
experiment in case of initial pH 7(Figure 4). The rate of
sulphate-reduction on slightly acid level was in range 50 to 80
mg SO,Z/l.d.

Sulphate reducing bacteria had activity after increasing pH
of medium above 4,9 - 5,1 for different experiments. It was
found very low rate of sulfate-reduction when initial pH of
solutions were strongly acid. The process was began after 24
day, when the conditions for growth of sulphate reducing
bacteria was unfavorable because a part of soluble organic
matter was used of remaining anaerobic heterotrophic
microflora.

It was enumerated highest number of sulphate reducing
bacteria at stationary phase — 107 — 10° cells/ml in cases of
initial pH values from 5.0 to 7.0.Their number was in range 10?
— 10° cells/ml for the rest of experiments.

9
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Sy
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1
0+————F"—————T——7—
0 3 6 10 13 17 20 24 27 31 35 41 46 53
Day
—a-pH2.0 ——pH 3.0 —X—pH 4.0
——pH5.0 —-@—pH®6.0 —Q—-pH7.0

Figure 3. Dynamic of pH of medium during microbial sulphate
reduction
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—e—pHS5.0 —@—pH6.0 —a—pH70

Figure 4. The effect of pH on dissimilative microbial sulphate
reduction

The effect of high concentration of nitrate on dissimilatory
sulphate reduction

It was found dominance of reduction of nitrate at
concomitant carried out of sulphate-reduction and
denitrification. Microbial sulphate-reduction was began after
decreased nitrate concentration below 0,5 g/l for all tests
(Figure 5).The type of used sources of carbon and energy
influenced on the rate of both processes. It was measured
highest rate of nitrate reduction - 400 mg NO;/l.d at the
beginning of experiment with used of acetate

Maximum rate of sulphate-reduction - 80 mg SO*/l.d was
estimated with used of waste organic matter (mix of cow
manure, spent mushroom compost and sawdust) as source of
carbon and energy. The sulphate concentration was increased
to 4,2 g/l at beginning of experiment because dissolution of
gypsum, which have been added in mushroom compost
preparation.

-~
[$)]

Concentrations of sulphate and nitrate, g

—aA— nifrate - acetate
—— sulphate - lactate
—x — sulphate - org. matter

—e— nifrate - lactate
—m— nifrate - org. matter
—o— sulphate - acetate

Figure 5. Dynamic of the concentrations of sulphate
and nitrate at concomitant carried out of sulphate
and nitrate reduction.

Insoluble biopolymers (cellulose, hemicellulose and etc.) in
anaerobic conditions were slowly digested by complex of
metaboliticaly related microorganisms. As a result of this the
concentrations of soluble organic acids and alcohols (donors of
electrons for sulphate reducing bacteria) were high. The
microbial sulphate reduction was limited for remaining
experiments as result of exhausted of assimilated organic
during the process of genitrification, as well as increased of pH
above 8,5 — 9,0.The microflora date revealed dynamics in
population density involved in complex microbial cenoses. At
the beginning the denitrified bacteria were dominant (their
number reached 10° — 107 cells/ml at 20 day). The sulphate
reducing bacteria number started to increase after 30 day and
reach 10° — 107 cells/ml. It was found a large number of
cellulolytic, fermenting bacteria and other anaerobic
microorganisms in the liquid phase of waste organic matter.
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CONCLUSIONS

The sulphate reducing bacteria showed high resistance to
ionic forms of U, Mn and As. The process carried out with rate,
which enable generation of high concentrations H,S even at
concentration of toxic elements 50 mg/l, which are much then
real of drainage waters of mining areas. The strong reducing
agent has precipitated most of heavy metals as insoluble
sulfides. The concentration of hexavalent uranium in range 5 to
50 mgll has efficiently removed (98 - 99%) as insoluble
uraninite by microbial sulphate reduction. The presence of
ferrous ions in range 40 — 2 000 mg/l stimulated both the
process and its efficiency.

The bicarbonate ions generated by activity of sulphate-
reducing bacteria lead to increase of pH in surround
environment. After forming of these microzones with neutral pH
is possible to outgoing of the process even in strong acid
drainage waters and precipitation of some pollutants in the
form as hydroxides.

The process of microbial sulphate reduction has been
inhibited completely in presence of nitrates in concentration
above 0.5 g/ I. This limitation has been important at the
biological treatment of mixed acid drainage waters with
sewage/ industrial waters, which contain high concentration of
nitrates.
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