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PE3IOME

TabaHa 1 LWnamoxpaHUnuLLETO M3rpaaeHm B paitoHa Ha CTomaHogobuBHO NpeanpusTie “KpemukoBLy ”, pa3nonoxeHo B ceBepo3anagHa bvnrapus, cnen Banexwre
Ce ABSBA M3TOYHWK HA 3aMbpCeHN ApeHaxHU Boau. OTnagbKoXpaHWnMLaTa Ce XapaKTepusupaT C BUCOKO CbAbpkaHue Ha Texku metanu (Fe,Pb,Zn,Cd, Cu) un
apceH. 3HauuTenHa YacT OT TEXHUTE KOMMOHEHTW ca NOAaTiMBM Ha OMONMOTMYHO W/MK XUMWYHO M3nyrBaHe Npu aepobHM W/MM aHaepobHW ycnoBws.
OTnagbkoxpaHunuaTa ce 0buTaBat OT pasnuyHK rPyn XeMONUTOTPOMHN U XETEPOTPOHN MUKPOOPraHu3mMu. Hsikou cyncaTHu, OKMCHU M kapBoHaTHU MUHepani
Ha ropecrnomeHaTTe MeTanm v apceHa ce pasTBapsT NOCPEACTBOM CEKPeTUPaHE Ha MUKPOOHN MeTabonuTh, OCHOBHO OpraHuyH Kucenuhn. OKUCHWTE MUHepanv Ha
Kensi3oTo Ce pasTBapAT MOCPEACTBOM €H3NMHA MUKpoOHa penyKuns Ha Herosute cbepu-choopmn. CynduaHuTe MuUHEpanu Ce OKUCNSBAT C HWUCKA CKOPOCT OT
NPEecTaBUTENM HAa XEMONUTOTPOGHUTE BakTepuu.

OTHOCMTENHO HIUCKaTa CKOPOCT Ha pa3TBapsiHe Ha Te3W eneMeHTU OT OTNaAbKOXpaHUMULLATa, € CMEACTBUE Ha HUCKOTO ChAbpXaHWe Ha BbIMEPOLEH U eHeprieH
13T04HNK, N 1 P M3TOYHMK, HEOBXOAMMY 33 Pa3BUTUETO Ha MeCTHaTa MUKpodriopa.

Kntouosm OYMU  TEXHOTEHHW OTNagbLK, Mo6|/|n|/|3|/|paHe, TOKCUYHOCT

Mnowapkata Ha KombuHat “Kpemukosuu” ¢ nnowy 830 ha e
pasnonoxeHa B CoguiickoTo none, Ha 18 kM ceBepo3anagHo
ot rp. Cocpusi. KombuHaT “KpemukoBLM™ € pasnonoxeH BbpXy
tokeH ckaT Ha CTapa nnaHWHa, KOeTo onpegenst HeHOTO
BMMSHME BbPXY XapakTepucTukata Ha paioHa. PaiioHa ce
XapakTepuanpa C KOHTMHEHTanmeH KiuMaT, CbC CpefHa
rogvwHa Temnepatypa 9.9°C, cpegHaTta roguwHa cyma Ha
Banexute e 640 I/m* u npeobnanasaHe Ha “TMXOTO Bpeme”
(ckopocT Ha BsTbpa Ao 1 m/s).

OT cBOETO M3rpaxaaHe A0 AHEC, 0BpasyBaHUTE TEXHOTEHHM
oTnagbLy ce AenoHUPAT Ha TPU NMOLLAAKY

1. TabaH - feno 3a LUnaku 1 TBbPAM OTNambLW OT PEeMOHTa
Ha newuTe; Nnowjaaxata e pasnonoXeHa Ha pascTosHIe
1 km, ceBeponsTOYHO OT KOMBMHATA M U3BO3BAHETO CE
OCbLLECTBSABA YPe3 KAMUOHM.

2. CrypooTBan — OCHOBEH W3TOYHWMK Ha nynna € KOKCo-
XUMIUYHO, CTOMAHOZOGMBHO, JOMEHHO MPOW3BOACTBO W
Liex CTyfeHo BarLyBaHe. /13B03BaHETO Ha OTNAgbKbLT OT
TE3W 3BeHa A0 CrypooTBana € Ype3 XMopOTPaHCropT.
Crnep crypooTBana BoauTe Ce MpeyncTBaT NocpeacTBOM
nokanHa npeducTBaTenHa CTaHUus, cned KoeTto ce
BPBLLUAT KbM CHOTBETHUTE NPOU3BOACTBA.

3. XBOCTOXPaHWIMLLETO € pa3MoNioKEeHO toro3anagHo Ot
KomBuHaTa; Tyk NocTbnBaT LWamMoBM BOAM 0T Arriomepa-
LIMOHHO NPOU3BOACTEO.

Llenta Ha HacTosLeTo M3cneaBaHe € eKOmornyHa OueHKa
Ha [enoHUpaHUTe TEXHOTeHHWTEe OTMaabuW, B pesynTaT Ha
Npou3BOACTBEHATAa [eiiHOCT Ha KombuHat “KpemukoBuu’,
nocpeacTBOM NpuraraHe Ha CbBPEMEHHW METOAM 3a TAXHOTO
xapakTepuaupaHe. NocpeacTeoM Tean AaHHM 6e Bb3MOXHO W
U3CreaBaHETO Ha OCHOBHWTE MeXaHu3Mu 3a MobunuaupaHe
Ha €neMEeHTUTe OT TEXHOTEeHHWTe OTnagbLM U XapakTepu-
3MpaHe Ha kayecTBaTta Ha reHepupaHuTe ApeHaxHW BOAK.

MATEPWANA U METOIN

C uen u3mbAHEHWETO Ha NOCTaBEHUTE 3ajayu OT MecTata
3a [IeNOHUpaHe Ha TEXHOreHHM OTnaabLy 6sxa B3€TU TBBHPAM
U TeyHu npobu. Baetute TeuHu npobu Bsixa aHanuauMpaHu
nocpesacTBOM 06O MPUETH METOAM 3a XapakTepusupaHe
kayecTBata Ha BoguTe. KoHUeHTpauusTa Ha pasTBOpEHUTE
Metanu Gewe onpepeneHa ypes3 ICP, KoHUEHTpauusita Ha
UnaHuan, deHomm v amoHsik Gelwe onpegeneHa upes
nogxogsuy cnekrpodotometpuynn metoau (DIN 38405, DIN
38409, DIN 38406 cvotBeTHO). KoHUeHTpauusTa Ha
HedbTonpoaykTn Gewe onpeneneHa ypes CnekTpooTOMETHP
HORIBA npu A= 262 pm, cneg TAXHOTO nNpenaBapuTENHO
eKkcTpaxupaHe ¢ Xnopocgopom.

BseTtute TBBPAM NPOBM OT LUNAMOXPAHUAMLLETO W Crypo-
oTBara ce XxapakTepuaupa C BUCOKO CbAbpXaHWe Ha TEXKW 1
TOKCUYHW MeTanm (Tabrmua 1). Macnepsanute npobu ce



XapakTepuaupaxa ¢ HeyTpanHa o cnabo ankanHa peakums Ha
cpeparta (pH H,O - 7,76 3a crypootsana u pH H,O - 8,65 3a
TabaHa CbOTBETHO), KOSTO € Pe3ynTaT Ha TEeXHUTE KUCEMMHHO-
HeyTpanu3aumoHHK cBoiicTBa (Tabnuua 2).

Tabnuua 1. CbabpkaHue Ha TEXKM U TOKCUYHU MEeTanm B
TEXHOreHHu otnagbum Ha “Kpemukosun” EAL

EnemeHt TexHoreHeH oTnagbk
TabaH Crypootean
1. Pb, mg/kg 23,7 29500,0
2.Zn, mglkg 35,1 13200,0
3. Cu, mg/kg 20,2 333,0
4. Ni, mglkg 47,8 93,6
5.Fe, % 1,20 28,3
6. Mn, mg/kg 356,0 8885,0
7. As, mg/kg 17,4 26,1
8. Co, mg/kg 1,6 11,3
9. Cd, mglkg <1,0 103,0

Tabnuua 2. KucenuHHo-HeyTpanu3aLmoHHM CBOCTBA Ha
TEXHOreHHUTe oTnagbum ot “Kpemukosum” EAL

Mapametsp TexHOoreHeH oTnagbk
TabaH CrypooTBan

1.CO%, % 6,38 10,2
2. S obwa, mg/kg 297,0 6312,0
3. S cyndmaHa mgrkg 200,0 5411,0
4. KucenuHHo reHepupaly noteH- 0,625 16,91
uuan, kg CaCOs/t
5. HeytpanusauuoHeH noteHuuan, 78,11 210,45
kg CaCOj/t
6. UMCT HeyTpanusaumoHeH noteH- 77,45 193,50

uman, kg CaCOs/t

BuoreoxuMmyHnTe OOPMU Ha TEXKATE METann U TOKCUYHM
enemMeHTW B u3cneaBaHuTe mpobu Osixa onpegeneHn upes
eKCTpakUMoHHa npoueaypa (Tessier et.al., 1979).

Ponsita Ha OCHOBHWTE (HM3MONIOTUYHW TPYMM  MUKPOOP-
raHW3MK B MpoLecuTe Ha MoBunnsupaHe Ha MeTanute belue
nscreaBaHa 4pes cucteMa OT  GMOTEOXMMMYHM TECTOBE.
TecToBeTe ca NPOBEZEHM B CreHaTa NOCNENOBATENHOCT

1. KOHTpOﬂa - npo6a OT TEeXHOreHHua oTnagbk W«
aectunnpaHa Bofa;

2. Karto tect 1 1 BHacsHe Ha ycsoumm dopmm Ha N, P, K;

3. Kato TecT 2 1 BHacsiHe Ha AOMbMHUTENEH, NECHO YCBOUM
M3TOYHWK Ha Bbrnepos u eHepria (0.25 % rmioko3a n 0.25
% NenToH);

4. KaTto TeCT 2 1 BHAcsHe Ha JOMbITHUTENEH, NECHO YCBONUM
M3TOYHMK Ha Bbrnepog 1 eHeprus (0.50 % rntokosa n 0.50
% nenToH);

Kato Tect 2 u BHacsHe Ha [OMbMHUTENEH, MECHO YCBOUM
WN3TOYHUK Ha eHeprist (2 % S,04%);

Onutute ca npoBeaeHm B konbu ¢ 0bem 500 ml, ¢ nbTHOCT
Ha nynna 5 %, npu Temnepatypa 25°C. O6wara npogbn-
XUTENHOCT Ha TectoBeTe Oe 7 [HW, NpW YCroBus Ha
MHTEH3NBHO pa3bbpkaaHe (150 06/ muH). Mpu 3aBbPLIBAHETO
Ha TecToBeTe, TeuyHaTa (pasa Oewe oOTAeneHa upes
LeHTpodyrMpaHe, creg koeto 6Oe onmpepeneHa  KOHLEH-
TpauusaTa Ha Pa3TBOPEHWTE MeTanu OT TEeXHOTeHHUTE OTna-
AbLK.

TokcuyHocTTa Ha 06pasyBaHUTE [JpEHaXHW BOAM OT
[ENOHMPaHNTE TEXHOTEHHM oTnagbuy 6Gewwe onpeaeneHa
nocpeacTBOM U3MNON3BaHETO Ha cTaHgapTHu TectoBe (US
EPA, 1990).

*

W3cneaBaHuTe TeyHM npobu OT paiioHa Ha crypooTeana, ce
XapakTepuaupat CcbC crabo-ankanHa peakuus Ha cpepdata,
kosto ce Oydepupa oT KapBOHATHOTO-GKKapOGOHATHOTO
paBHOBECWME W BUCOKOTO CbObpXaHWe Ha aMOHAK B THX.
CbeanHeHns, NpUCHCTBALLM B KOHLEHTpaLMM Haj uancksa-
Huata 3a Il kateropus BogW ca amoHSIK, HeTOMPOAYKTH,
eHonm u  uuavmgn (Tabrmuya 3). Te ca  MOLWHM
KOMMIEKCUpaLLy areHTi CnpsMo MeTanuTe, Koeto obsacHsBa 1
CpaBHUTENHO BUCOKATa KOHLIEHTPaLMS Ha pasTBOPEHO Xens3o
(74.3 mg/ L) npu ycraHoseHoTo pH (8.67). YcraHoBeHaTa
KOHLIEHTPaLMSA Ha TEXKW MeTanm W TOKCUYHU ENEMEHTU e nog
BbBEEHUTE NpefenHn KoHueHTpauuu 3a Il kateropus Boaw.
[lanHuTe 3a BoOAMTe cned  CrypooTeana, Mnokassar ue
W3rpafieHUTe MEXaHWYHW CTbMana 3a MpeynucTBaHe Ha
NPOMWULLNEHUTE OTNaJAHN BOAM HE Ca B CbCTOSHUE Jia NOHWKaT
KOHLEHTpauuaTa Ha pasTBOpeHUTe (heHomu, LuaHuam,
HeTONPOAYKTA, aMOHSK U Xensa3o CrpsAMO U3UCKBaHMATA 3a
[l kaTeropusi BOAM. YCTAHOBEHWTE MOHWKEHWUS B KOHLEH-
TpaumusaTa Ha (heHONM, LMaHWaM U aMOHSIK B OTNagHUTE BOAM

Tabrmuya 3. AHanu3 Ha TeuHu npobu OT panoHa Ha
“KpemukoBLp”

MapameTsp OtnagHw Otnagxum Boou
BOAY KbM cneq
crypoorsana crypooTsana
1.pH 8.67 8.42
2.Eh, mV +57 +132
3.t°,C° 30.2 31.2
4. Pa3TBOpeEHH 1100 970
BeLectea, mg/l
5.Hepa3stBopeHu
BellecTsa, mg/l 2100 67.3
6.KMnO, okucnsemocr, 256 65.6
mg Ol
7. Tebppoct, meq/| 53 6.8
8. AnkanHoct, mmol/l 9.8 7.5
9. 50,7, mg/l 121 223
10.Cl, mg/l 14.8 14.3
11.CN, mg/l 12.7 3.6
12.®eHorm, mg/l 0.38 0.2
13.Hedronpoaykt, 36.4 9.3
mg/l
14. NH,, mgll 42.3 19.5
15. Ca, mg/l 543,0 609,0
16. Mg, mg/l 42,0 56,3
17. Pb, mg 0,13 0,18

18.Zn, mg 3.6 5.3



19. Cu, mg/l 0,26 0,34

20. Ni, mg/l 0,004 0,006
21. Fe, mgll 74.3 3.7

22. Mn, mg/l 0,270 0,12
25. Cd, mgll 0,004 0,004
26. K, mgll 11,3 11,3

pegyumpyema 7.93 2259 | 631.07 24.87
okucnsema 3.17 9.02 65.74 2.59
WHepTHa 14.83 42.26 1819.5 71.63

Obwo | 35.10 100,0 | 2540.0 100,0

npeau U cnep npeyncTBaTenHaTa CTaHuus, ce ObIKM Ha
MpoTUYaLLMTE MPOLECH Ha BUOMONMYHO OKUCNEHME, OCHLUECT-
BSIBAHO OT Pa3snM4HM (PU3NONOTUYHM TPYMIK MIUKPOOPTaHU3MM.
Teaun npoLeck Ha OKUCIIEHMe Ha OpraHMYHaTa CbefUHEHUs ca
CbIPOBOAEHM C 06pa3yBaHETO HA OPraHUYHN KUCEMMHU, KOUTO
pa3TBapAT TEXKM MeTanu OT OTnapbuute U 0bpasysat
KOMMMEKCU CbC CbLOTBETHUTE METanHW HoHW. Ype3 Teau
npolecn Moxe Aa ce 0BsicHM W cnaboTo HapacTBaHe Ha
KOHLEHTpaLMTe Ha pa3TBOPEHUTE MeTanu B TewHaTa ¢asa.

Pesyntatute OT nocnegoBaTenHaTa ekcTpakLyoHHa npoLie-
Aypa nokasaxa, Ye pasnpedeneHueTo Ha MeTanu no gpakuum
3aBYCY OT yCrioBuATa Ha 0bpasyBaHe Ha CbOTBETHWSA OTNaAbK,
0CcoBEHOCTUTE Ha eneMeHTa, YCMOBUATa Ha CbXpaHeHue Ha
otnagbka (Tabnuua 4). OcHoBHUTEe hopMM MOA  KOWTO
NpUCHCTBA ONIOBOTO Npu 06pa3yBaHETO Ha LuMaka ca raneHuT
(PbS), PbO, 1 komnnekc ¢ ocTaTbyHaTa OpraHnyHa Martpuua.
B pesyntar Ha npoTWyawuTe NPOLECM Ha OKUCMEHWe ce
obpasysat BTOpuuHW MuHepanu (Pb(OH),, PbCO;), kouTto
MoraT [ja ce pasTBOpAT B CPefda C BUCOKA KOHLEHTpauus Ha
pa3TBOPUMM HeopraHN4HM (0BMeHHa ppaKLMs) UNn OpraHuyHK
nvraHan (kapboHatHa dpakums). Bucokata temnepatypa npu
nony4aBaHeTo Ha KOKC BOAM [0 HaTpynBaHe Ha OMOBOTO B
nynna, fNaBHO B WHepTHaTa W pedyuvpyemara pakums.
Penyumpyemara dpakums oTynTa Tasu 4acT OT enemMeHTuTe,
KOMTO Ca acoLyMmpaHm ¢ NPUCHCTBALLMTE OKUCHO-XWAPOOKNCHM
CTPYKTYPYU Ha Xens3oTo U MaHraHa.

Tabnuua 4. [lanxu 3a pasnpepeneHneto Ha Pb u Zn no dpak-
LW, OnpefeneHu nocpescTeOM NOCNeAOBaTenHo exkcTpa-
XvpaHe

Metan Pb TexHoreHeH oTnagbk
TabaH CrypootBan
Opakuyms mg/kg % mg/kg %
obMeHHa 0.02 0.1 19,01 0,24
kapboHaTHa 2.94 12.4 <250 <0,03
peayumpyema 2.98 12.56 3051,6 38,05
oKucnsiema 14,80 62,46 57,72 0,72
MHEepTHa 2,96 12,48 4890,2 60,96
O6uwo | 23,70 100,0 8020 100,0

Metan Zn TexHoreHeH oTnagbk

TabaH Crypootean
Opakuus ma/kg % mg/kg %
obMeHHa 2.04 5.81 16.54 0.65
kapGoHaTHa 713 20.32 6.59 0.26

B u3cnenBaHuTe npobu UMHKBT Ce HATpynBa OCHOBHO B
WHepTHaTa M pepyuupyemata cpakuns. Metanute, acouu-
MpaHW B MHepTHaTa pakuWsi, Ca BKMIOYEHM OCHOBHO B
CTPyKTypaTa Ha CWNMKaTHUTE MUHEpanM W TAXHOTO pas-
TBapsiHe NpoTMya Hail-6aBHO. OTHOCUTENHO BUCOKO € Cbibp-
XaHWeTo Ha LMHKa B Lunakute, nog dopmarta Ha ZnO, ZnCO,
(kapboHaTHa (pakums) n ZnS (okucnsema cpakuus) — B
CpaBHeHWe C fpyrute dpakuum, Te ce mMobunuanpat 3a no-
KpaTbk Nepuof oT Bpeme.

MwkpobuonornyHuTe aHanuau nokasaxa NPUCHLCTBMETO Ha
OCHOBHWTE Ipynu XeTepoTPOHN MUKpOOpraHuamu (baktepuu,
OV U aKTMHOMULETM), U3BBLPLUBALM OKUCINIEHMETO Ha
OpraHU4HUTE ChbeAUHEHUS NPK aepoBbHM U aHaepobHK ycrnoBus
Ha cpeparta, W XeMONUTOTPOMHN MUKPOOPraHWU3MU, OKUCHS-
BaLLy peayLmpaHuTe opMU Ha capaTa, XensasoTo W asoTa.

Pesyntatute OT npoBefeHUTE OMOTEOXMMMYHM TECTOBE,
nokasaxa Ye CTeneHTa Ha MobunuanpaHe Ha TEXKUTE MeTanu
1 TOKCUYHW ENEMEHTH, € B Mpsika 3aBUCUMOCT 0T hopMuTe nog
KOMTO Te MpUCHCTBAT, aKTMBHOCTTa Ha MuKpodriopata U
napameTpuUTe Ha OCHOBHM (hakTopu Ha cpegata (Tabnmua 5).
BopopastBopumuTe hopmMu Ha TE3N enemMeHTM ca cpegHo 6 —
10 nmbTu No-BuCOKM npyn TabaHa B CpaBHEHWE CBC CrypooTBana
(tect 1). [ombnHUTENHOTO BHACSHE Ha JIECHO YCBOMMM
MWHEpanH1 U3TOYHWULM Ha Kanuii, a3oT u ¢ocdop, BOAK A0
00O CTUMyNMpaHe Ha OCHOBHWTE TPYNU MUKPOOPraHU3mMm
(tect 2). OT Opyra cTpaHa BUCOKWTE KOHLeHTpauun Ha K u N B
OTnagHWTe BOAM OT CrypooTBana, MokasBa Ye Te He ca
(bakTop, NMMMTUTMPALL, aKTMBHOCTTA Ha MeCTHaTa MMKpO-
¢ropa. [lopagn Tasu npuyMHa KpaHWTE pesynTati He
MOKa3BaT 3HAYMTENIHO HapacTBaHe B CTEMEHTa Ha M3BMUYaHe
Ha TexkuTe Metanu u As. [JombIHUTENHOTO BHACSAHE Ha NECHO
YCBOVMM OpraHU4H1 CbeAMHEHNS BOAM A0 CTUMYNMPAHETO Ha
aKTMBHOCTTa Ha XETepOTPOMHUTE MUKPOOPraHM3Min (Tect 3
4), KOeTO OT CBOSI CTPaHa, Oka3Ba CbLLECTBEHO BMUSHME BbPXY
peguua npouecu npoTWYaly B CuUCTeMaTa 3a M3nyrasaHe.
MuHepanusmpaT Ce BWCOKO MONEKYMHUTE  OpraHnyHuTE
CbedWHEHUs, KOETO e CBbp3aHo C 0cBOBOXAaBaHe Ha
MeTanuTe, KOMMeKkcupaHu ¢ TsX. Teau npouecu npotudar
Hal-MHTEH3NBHO NpK aepobHM YCMoBWA Ha cpepaTta, nopaau
KOETO Tasn YacT OT pasTBOPEHWUTE METaNM Ce BKIOYBA KbM
okucnisiemata pakuuns. Pasrpaxaar ce BUCOKUTE KOHLEHTpa-
UMM Ha OpraHW4HW CbEeOWHEHWS, KOETO € CbMPOBOZEHO C
n34yepriBaHe Ha pPa3TBOPEHUS MOMEKyNeH Kucropog OT
cpegata, B pesynTaT ToBa Ce Cb3gaBaT Heobxogumute
PEdYKUMOHHM YCMOBMS 32 pa3BUTMETO Ha aHaepobHuTe
XETEPOTPOChHN  MUMKpOOpraHuamu. bnaropjapeHne Ha Tesm
MeXaHu3MU Ce OTYMTaT M HWUCKM CTOMHOCTM Ha penoKc-—
noTeHUmMana 1 pegykuus Ha OKUCIeHUTe OPMU Ha XensasoTo
W MaHraHa, BOJELM [0 TAXHOTO YacTUYHO pasTBapsiHe.
MpoTuyaHeTo Ha Tean npouecu BoAM [0 NPEeUMYLLECTBEHO
MobunuanpaHe Ha MeTanuTe OT pedyuupyemarta dpakums Ha
CbOTBETHUTE ENEMEHTH. 3afbpaHETO Ha Te3n EneMeHTU B



pa3TBOPEHO CbLCTOSHWE 3aBUCKU OT KOHLEHTpauusita Ha
KOMMIIeKCHpaLLy KOMMOHEHTU B cpeaaTta. Toan npoLec e onTu-
MW3MpaH B CrypooTBana, Kb4eTo AEMOHMpaHUTe oTnagbuy ce
XapakTepuanpaT C BUCOKA BR@XHOCT, a OTMagHMTE BOAM
CbObpPXaT BWCOKA  KOHLEHTpaLUWM Ha  KOMMAEKcUpaLLm
CbeOMHEHUs - HedTONPOAYKTH, eHoNn W umMaHuau.
lMpouecuTe Ha pasrpaxgaHe Ha OpraHuyHUTe CbeAMHEHUs ca
CBbp3aHM C 0DOpa3yBaHETO Ha OpraHUyHW KUCENWHWU, KOWUTO
pa3TBapAT U KOMNNEeKCUpaT Y4acT OT TeXKUTe MeTanu.

OTHOCUTENHOTO  3Ha4yeHWe Ha XeTepoTpotHUTE  Tpynu
MUKDPOOPraHU3Mi B MpolecuTe Ha MoGunusupaHe Ha
MeTanuTe OT [enaTta 3aBuCK OCHOBHO OT KOHLEHTpaUMsTa Ha
OpraHuyHIUTE CheNHEHNS B cUCTeMaTa.

Tabnuua 5. [JaHHM 33 OTHOCUTENHOTO 3HAaYeHUe Ha OCHOBHUTE
MexaHU3MK Ha MODUNM3MpaHe Ha TEXKN M TOKCUYHU MeTamm
OT TEXHOTEHHUTE OTNaAbUM Ha “KpemukoBuy”

TabaH CrypootBan

N % Ha u3Bnn4aHe

Pb Zn Cu As Pb n Cu As
37 4.2 12 29 04 02 03 02
3,8 146 26 51 07 03 05 07
844 1890 181 10,3 13 17 18 0.2
139 328 256 134 18 31 25 03
376 680 224 641 04 03 57 53

aRkwd -~

BHacsiHeTO Ha [OMbIHUTENEH M3TOYHWK Ha EeHeprist nog
(opmara Ha S,0,> Boay [0 CTUMYNNpaHe Ha aKTUBHOCTTA Ha
BasodunHUTe XEMONUTOTPOHU MUKPOOPraHM3MK, OCHLLECT-
BSIBALLM OCHOBHO MPOLIECUTE Ha OKUCIEHWE Ha cyndmaHaTa
cApa B wuacnegsaHute npobu (Tect 5). TeHepupaHaTa
KMCEMUHHOCT NpW TE3U MPOLECU Ce HEYTpanuavpa OT BUCOKOTO
CbObpXaHue Ha kapboHaTy B u3cnegsaHute npobu. Crenexta
Ha MODOWNM3MpaHe Ha OTAEnHUTe EeneMeHTU 3aBucy OT
reOXUMMYHUTE WM OCODEHOCTM — Taka Hampumep HuckaTa
CTeneH Ha u3BnMYyaHe Ha Pb ce AbmkM Ha HUCKOTO
npousBedeHne Ha pasTBOpuMOCT Ha obpasyBaHus PbSO,,
[0KaTO MO- BWCOKOTO M3BMMYaHE Ha Zn Ce [ObikM Ha
pa3TBOPUMOCTTa Ha 0bpasyBaHuUTe KpaitHu npodykTu. PonsTa
Ha Te3u Irpyn MUKPOOPraH3MK B NPUPOZHM YCIIOBUS 3aBUCU
OCHOBHO OT CKOPOCTTa Ha MpEeHacsHe Ha Kuchopog B
AbnboYnHa Ha AenoTo.

PesyntaTute OT NpPOBEEHUTE OUOrEOXUMUYHM TECTOBE
rnokasaxa, Ye Mpu CbYyeTaBaHeTo Ha ONTUMarHM CTOMHOCTY Ha
(hakTopu Ha cpefaTa (TemnepaTtypa, BMaXHOCT, eHepriieH W
BbITIEPOAEH U3TOYHMK, YCBOMMM OT MUKpodhriopaTa), TexKuTe
MEeTarnu 1 TOKCU4HU eNeMEHTI Cce pasTBapsiT B TeyHaTa (asa.
Mo To3n HaumH oBpasyBaHWTe ApPEHaXHM BOAW OT Tean fdena
ca C rnoTeHuManHa TOKCMYHOCT CMPsMO KOMMOHEHTUTE Ha
oKonHaTa cpeqa.

PesyntaTute OT TecTa 3a TOKCMYHOCT NOTBbpAMXa
Bb3MOXHOCTTa 3a pasTBapsHe Ha Texkn metanm n As oT
LuflakaTa W crypooTeana B obpasyBaHWUTE ApeHaxHW BOAM U
BTOPMYHO 3aMbpCSBAHE HA KOMMOHEHTW OT OKOMHaTa cpepa.
Mo OTHOWEHWe Ha kayecTBaTa Ha Te3W BOAM, LENOHMpaHuUTe
OThagbLW MoraT fa Ce XapaKTepusupaT, KaTo TOKCHUYHM
Mopagy KOHLEHTPaLUWMTE Ha Pa3TBOPEHUTE 3aMbpCUTENH,
0cobeHo Ha Hail-TokcnyHuTe ot X (As, Cd, Pb) (Tabnuua 6).

Bucokata OTHOCMTENHA BNAXHOCT Ha OTMagbLuTe OT
crypooTeana, onpefens LENOroaMWHOTO reHepupaHe Ha
OPEHaKHM BOAM C BUCOKA KOHLEHTPALMS Ha pPa3TBOPEHM
MeTanu. Taka Hanpumep KOHLEHTpaLusTa Ha OrloBO B TeYHaTa
thasa, npesuaBa 9 MbTU NPUETUTE TPAHUYHU KOHLIEHTpaLWMK
3a NPUNOXEHUs TECT 3@ TOKCUYHOCT. [lenoHMpaHnTe Lnaku o1
[OMEHHOTO NMPON3BOLCTBO Ca C HUCKA OTHOCUTENHA BIaXHOCT,
KOeTO Onpefens reHepupaHeTo Ha ApeHaXHK BoaM oT TabaHa
[ia Ce U3BbPLUBA [MaBHO NPe3 NponeTTa 1 3umara.

Tabnumua 6. [laHHW 32 TOKCMYHOCTTA Ha TEXHOTEHHW OTNagbLy
OT NPOU3BOACTBEHATA AeHOCT Ha “Kpemukosum’

EnemeHTt TeXHOreHeH oTnagbk

TabaH CrypooTtBan
KoHLeHTpauus Ha 3aMmbpeuTenure B

NPOAYKLMOHHN pa3Teopu, mg/ |

Pb 6,20 44,0

Zn 510 26,0

Cu 0,32 2,3

Ni 0,27 0,17

As 2,61 0,05

Co 0,28 0,15

Cd <0,04 0,24

Fe 7,59 0,77

Mn 8,80 97,20

MaBHMTE MexaHU3MK Ha M06|/|n|/|3mpaHe Ha Te3n mMeTanun B
OpeHaxHuTe BOAM Ca o6pasyBaHeTo Ha pa3TBOpUMM
KOMMIEKCH MexXay BTOPUYHUTE MUHEPANN Ha TEXKUTE MeTanu
C nuraHgn Ot TevHaTa d)asa W npegBaputenHa eHsnmMHa unn
HEEH3MMHa peayKuuA (FﬂaBHO 4pe3 OopraHn4Hu KI/ICGJ']I/IHI/I) Ha
OKUCHUTE CII)OpMI/I Ha XenA3oTo U MaHraHa OT TEXHOrMeHHUTE
oTnagbun.

Pesyntatute oT npoBefeHUTe K3cneaBaHUs nokasaxa, ye B
pesynTaT Ha €CTECTBEHO MpoTWYalLmMTe BMOreoXMMUYHM
npoLecu, ce u3BbPLIBA MOBUIN3MPAHETO Ha TEXKUTE MeTanu
W As OT [JenoHupaHute oTmagbun Ha ‘“Kpemukosuu’. B
pesynTaT Ha TOBa MPOTMYAT MPOLECH HA BTOPUYHO 3aMbp-
CABaHe Ha Apyrute KOMMOHEHTW Ha OKOMHaTa cpeda — BOAM
(MOBBPXHOCTHM W nognoyseHn) u nousu (Bopucos U
YynmpxusH, 1991).

n3BOON

EkonornyHata xapakTepucTiika Ha TEXHOTEHHUTE OTMagbLy
OT NpOM3BOACTBEHATA AEMHOCT Ha “KpeMuKoBLM®, paskpu ye
CbObPXaLLUTE Ce TEXKN U TOKCUYHW METanu, NpucbCTeaT nog
pasfuyHn  reoxumuyHn - dopmu.  Tean  ¢opmu  ce
XapakTepuaupart ¢ pasnuyHO Npon3BeseHne Ha pa3TBOPUMOCT,
nopagu KoeTo U CKOpOCTTa Ha TAXHOTO MOBUMN3MpaHe 3aBucK
OT yCnoBuWsTa Ha CpedaTa u oT 0COBEHOCTUTE Ha CLOTBETHNS
enemeHT. MecTHata MuKpodriopa yyacTBa upe3 npeku u
Herpek! MexaHusMu B MpoLecuTe Ha TpaHcopmupaHe Ha
MWHepanuTe Ha TEeXKUTE MeTamuM U TOKCUYHU EremeHTH, B
pesyntaT Ha KoeTo oOpasyBaHWTE [ApeHaXHW BOAW, ca
TOKCWUYHM CIPAIMO ApYruTE KOMMOHEHTU Ha OKOMHaTa cpesa.
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ABSTRACT

Slag and slime dumps constructed in the Kremikovzi steel-making plant, Western Bulgaria, after rainfalls were as source of heavily polluted drainage waters. The
dumps were characterized by high content of several heavy metals (Fe, Pb, Zn, Cd, Cu) and arsenic. Significant portions of these components were present in forms
amenable to biological and / or chemical leaching under aerobic and / or anaerobic conditions. Different chemolithotrophic and heterotrophic microorganisms
inhabited the dumps. Some sulfate, oxide and carbonate minerals of the above-mentioned metals and arsenic were leached by secreted microbial metabolites, mainly
organic acids. Iron oxide minerals were solubilized also by enzymatic microbial reduction of the ferric iron. Sulfide minerals were oxidized, although at low rates, by
some chemolithotrophic bacteria.

The relatively low rates of pollutants solubilization in the dumps were due mainly to the low content of carbon and energy sources and nutrients (mainly N and P) for
indigenous microorganisms.

Key words: waste , mobilization, toxicity

INTRODUCTION MATERIALS AND METHODS
The steel-making plant “Kremikovzi” is situated in Sofia A detailed sampling procedure was used to characterize the
valley, 18-km northwest from Sofia City. The plant has been wastes and drainage waters from slime and slag dumps. The
built on the south slope of the Balkan Mountain and its total concentration of dissolved metals were determined by ICP, the
area is about 830 ha. This area is characterized by continental concentration of cyanides, phenols and ammonium were

climate (the average annual temperature is 9.9° C, the determined by suitable spectrofotometric methods (DIN 38405,

average annual fall is 640 I/m?). DIN 38409, DIN 38406 relevance). The concentration of

dissolved oilproducts were determinated by spectrophotometer
The technogenic wastes generated from different operations Horiba at A = 262 um after a preliminary extraction with
have been deposited in three 3 dumps: chloroform. The solid samples taken from the slime and slag

1. The slag dump is situated northeast from the plant at a 1- dumps were characterized by a high content of heavy metals
km distance. The slags are from steel-making units, and and toxic elements (Table 1).
their transportation is by trucks.

2. The slime dump is situated southeast from the plant. The Table 1. Data about the content of heavy metals and toxic
pulp has been produced from different sources: a coke- elements in technogenic wastes from the steel-making plant
oven, a steel making, a blast furnace processing and a Elements Type of wastes
cold rolling unit. It has been transported to the slime dump Slag Slime
by hydro-transport. The effluents from the slime dump are Pb, mglkg 23,7 29500,0
treating by means of a local clean-up operation and then Zn, mglkg 35,1 13200,0
are returned to the relevant processing units. Cu, mg/kg 20,2 333,0

3. The tailing dump is situated southwest from the plant and Ni, mg/kg 478 93,6
consists of slurryies from an Agglomeration processing Fe, % 1,20 28,3
unit. Mn, mg/kg 356,0 8885,0

As, mg/kg 17,4 26,1
The purpose of this study was the risk assessment by means Co, mg/kg 1,6 11,3

of some modern methods for characterization of the materials Cd, ma/kg <10 103,0

deposited in the dumps as a result of the processing in steel-

making plant “Kremikovzi". These data will reveal the main These materials were characterized by neutral to slightly-

mechanisms for metal mobilization from the technogenic alkaline pH (7,76 for materials from the slime dump and 8,65

wastes and the quality of the generated drainage waters. for materials from the slag dump), which was a result from their

acid-neutralization properties (Table 2).

The biogeochemical forms of heavy metals and arsenic in
solid samples, were determined by means of a sequential
extraction procedure (Tessier et al., 1979).

Table2. Data about the acid-neutralization properties of the

wastes
Parameter Type of wastes
Slag Slime
Carbonate content, % 6,38 10,2
S total, mg/kg 297,0 6312,0
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S sulphidic mg/kg 200,0 5411,0
Acid generation potential, 0,625 16,91
kg CaCOa/t
Neutralization potential, 78,11 210,45
kg CaCOa/t
Net neutralization potential, 77,45 193,50
kg CaCO4/t

The role of microorganisms in the processes of mobilization
of the different elements was studied by means of laboratory
tests. These tests were as follows:

1. Control test - material from technogenic wastes and
distilled water;

2. As test 1 plus addition of assimilable forms of N, P,
K;

3. As test 2 plus addition of easily assimilable carbon

and energy source for heterotrophic microorganisms (0.25
% glucose + 0.25 % peptone);

4, As test 2 plus addition of easily assimilable forms of
carbon and energy source for heterotrophic
microorganisms (0.5 % glucose + 0.5 % peptone);

5. As test 2 plus addition of easily assimilable forms of
energy source for chemolithotrophic microorganisms (2 %
82032').

These tests were carried out in 500 ml flasks, at a pulp
density of 5 %, room temperature (25 °C) and a permanently
agitation (150 rpm). Their duration was 7 days, and after this
period the liquid phase was separated by centrifugation. The
concentration of dissolved metals was determined after solid
removal.

The characteristics of the generated drainage waters from
the dumps was done by the EPA Toxicity Characteristics
Leaching Procedure (US EPA 1990).

RESULTS AND DISCUSSION

The water samples from the slime dumps were
characterized by a nearly alkaline pH, which was a result of the
carbonate-bicarbonate buffering system and of the high
content of dissolved ammonium ions. The oilproducts, phenols,
and cyanide and ammonium ions were in concentrations
higher than the relevant permissible levels (Table 3).

These compounds are powerful complexing agents, and as a
result of that, the concentration of dissolved iron was 74.3 mg/l,
although the pH was alkaline (8.67). On the other hand, these
results showed that the concentrations of heavy metals and
toxic elements are below the permissible levels for industrial
waters. The data about the effluents from the treatment plant
revealed that the concentrations of dissolved phenols,
cyanides, oilproducts, ammonium and iron were higher than
the permissible levels. The clear differences in the
concentrations of these compounds had an effect on the
processes of biological oxidation, which were carried out by
different groups of microorganisms. For example, the oxidation
of organic compounds was connected with the formation of
organic acids, which solubilized heavy metals from the
technogenic wastes and formed stable complexes with the
relevant metal ions. As a result of this, their concentrations
were slightly increased in the treatment plant effluents.

Table 3. Data about the properties of water samples from
steel-making plant

Parameter Pregnant Pregnant
watertothe  water from the
slime dump slime dump

1. pH 8.67 8.42
2.Eh, mV +57 +132
3.t°,C° 30.2 31.2
1. Total dissolved 1100 970

solids, mg/ |

5.Slime particles, mg/l 2100 67.3
6. KMnO, oxidativity, 256 65.6
mgO,/l

7. Hardness, meq/| 53 6.8

8. Alkalinity, mmol/| 9.8 7.5

9. SOZ, mg/l 121 223

10.Cl, mg/l 14.8 14.3
11.CN, mg/l 12.7 3.6

12.Phenols, mg/| 0.38 0.2

13.0ilproducts, mgl/l 36.4 9.3

14. NH,, mg/l 42.3 19.5
15. Ca, mg/l 543,0 609,0
16. Mg, mg/l 42,0 56,3
17. Pb, mg 0,13 0,18
18.Zn, mg 3.6 5.3

19. Cu, mg/l 0,26 0,34
20. Ni, mg/l 0,004 0,006
21. Fe, mg/l 74.3 3.7

22. Mn, mg/l 0,270 0,12
23. Cd, mg/l 0,004 0,004
24. K, mg/l 11,3 11,3

The results from the sequential extraction procedure
revealed that the distribution of heavy metals and arsenic into
different fractions, depended on the mechanism of formation
of the relevant technogenic waste, the element specificity and
the conditions during the storage of wastes. (Table 4).

The basic forms of lead at the slag formation are galena
(PbS), PbO, and complexes with residual organic compounds.
As a result of the processes of oxidation, secondary minerals
as Pb (OH), and PbCO; are formed. They are dissolved at high
concentrations of non-organic (exchangeable fraction) or
organic (carbonate fraction) ligands in the solution. On the
other hand, the high temperature during the formation of coke
led to entrapping of the Pb in the slime, mainly as an inert and
a reducible fractions. The reducible fraction of heavy metals
and toxic elements is associated mainly with oxide — hydroxide
minerals of iron and manganese.
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Table 4. Data about the forms of lead, zinc and copper
determinate by means of a sequential extraction procedure

Pb Type of waste
Slag Slime
Fractions ma/kg % mg/kg %
exchangeable 0.02 0.1 19,01 0,24
carbonate 2.94 124 2,50 0,03
reducible 2.98 1256  3051,6 38,05
oxidizing 14,80 62,46 57,72 0,72
inert 2,96 1248  4890,2 60,96
total 23,70 100, 8020 100,0
Zn Type of waste
Slag Slime
Fraction mg/kg % mg/kg %
Exchangeable  2.04 5.81 16.54 0.65
Carbonate 7.13 20.32 6.59 0.26
Reducible 7.93 2259  631.07 2487
Oxidizing 3.17 9.02 65.74 2.59
Inert 14.83 4226 18195  71.63
Total 3510 100,00 2540.0 100,00

The zinc is presented in the samples under study mainly as
an inert and a reducible fractions. The metals associated in the
inert fraction are compounds with a silicate mineral structure
and for their solubilization was the longest period of time
necessary. A relatively high content of Zn in the slag is
presented as ZnO and ZnCO; (carbonate fraction) and as ZnS
(oxidizing fraction). The exchangeable and carbonate fractions
are mobilized for shorter period of time with comparison to the
other fractions.

The microbiological analysis showed the presence of
different groups of heterotrophic microorganisms (bacteria,
fungi, streptomycetes), catalyzing oxidation of the organic
compounds under aerobic and anaerobic conditions.
Chemolithotrophic bacteria oxidizing the reducible forms of
sulfur, iron and nitrogen were also present.

The results from the biogeochemical tests revealed that the
relative mobilization of heavy metals and arsenic depended on
their mineral forms, the activity of the indigenous microflora,
and the levels of limiting factors of the environment (Table 5).
The water soluble forms of these elements are average 6 — 10
time higher in the slag in comparison with slime wastes (test
1). The microbial activity increases as a result of the addition of
easily assimilable forms of potassium, nitrogen and
phosphorous in the solution. On the other hand, the relatively
high concentrations of dissolved potassium and nitrogen in the
effluents from the slime dump showed that these elements had
no effect on the microbial activity. As a result of this, a high
increase in the mobilization of these metals (test 2), in
comparison with the previous test, was not observed.

An addition of easily assimilated organic compounds
stimulated the activity of the heterotrophic microorganisms
(test 3 and 4) and accelerated the leaching processes. The
organic compounds were mineralized, which led to liberation of

the metals complexed by these compounds. As a result of this
their mobility in the environment was increased. These
processes are more intensive under aerobic condition and for
this reason the element parts susceptible tor such
transformation are grouped also in the oxidizing fraction. High
concentrations of organic compounds were degraded, which
was connected with the consumption of dissolved molecular

Table 5. Data about the relative role of the main mechanisms

of mobilization of heavy metals and As from the wastes

produced by the steel-making plant
|—

n Slag Slime
= Percent of leaching, %
Pb Cu Zn As Pb Cu Zn As
1. 37 04 04 29 04 02 03 02
2. 38 22 143 51 07 03 05 064
844 189 166 103 133 17 18 02
4. 139 328 256 134 18 31 25 03
5, 376 680 667 641 04 03 57 53

oxygen. As a result of this, the conditions in the environment
changed to anaerobic, which stimulated the relevant
heterotrophic microorganisms. These processes, led to a low
level of redox potential, reduction and solubilization of the
oxide forms of iron and manganese. This was connected with
the liberation of the heavy metals and toxic elements. The
presence of these elements in dissolved forms depends on the
concentrations of complexing agents in the environment.
These processes was intensive in the slime dump, where the
humidity of deposited materials was high and the effluents
contained high concentrations of complexing agents -
oilproducts, phenols, and cyanides and etc.. The processes of
mineralization of the organic compounds were connected with
the formation of organic acids, which solubilized the heavy
metals.

These results show that the relative role of the heterotrophic
microorganisms in the processes of mobilization of heavy
metals and arsenic depends on the initial concentration of the
easily assimilated organic compounds.

An addition of easily assimilated source of energy as S,04%,
stimulated the activity of the basophilic chemolithotrophic
microorganisms, which oxidized the reducible forms of sulfur in
the wastes (test 5). The acidity generated during this process
was neutralized by the high content of carbonates. The
efficiency results of metal leaching depended on the
geochemical characteristics of the relevant elements. For
example, the low concentration of dissolved lead was result
from the formation of PbSO,. On the other hand, the high zinc
extraction was a result from the formation of well soluble
products. The relative role of chemolithotrophic micro-
organisms in the filed conditions depends on the penetration of
oxygen in to the depth of the deposited materials.

These results showed that the combination of some
environmental factors (temperature, humidity, forms and
concentrations of the energy and carbon source), lead to
leaching of the heavy metals and arsenic from the deposited
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technogenic wastes in the dumps. For this reason, the
generated drainage waters possess a potential toxicity to the
environment.

The results from TCLP test reflect the dissolution of the
heavy metals and arsenic from the slime and slag and the
possibilities for a secondary contamination of other
components of the environment. The technogenic wastes were
characterized as toxic due to the high concentrations of the
dissolved pollutants, including of the most toxic of them (As,
Cd, Pb) in the pregnant solutions (Table 6).

Table 6. Data about the toxicity of wastes produced from steel-
making plant

Component Type of waste

Slag Slime
Concentration of pollutants in

the pregnant solutions, mg/ |

Pb 6,20 44,0

Zn 5,10 26,0

Cu 0,32 2,3

Ni 0,27 0,17

As 2,61 0,05

Co 0,28 0,15

Cd <0,04 0,24

Fe 7,59 0,77

Mn 8,80 97,20

The relatively high humidity of wastes in the slime dump
determinated the generation of drainage water with high
concentrations of dissolved metals during the whole year. For
example, the concentration of dissolved lead was 9 times
above the permissible level accepted for the toxicity test. The
slag from the blast furnace processing generated drainage
waters only in spring and winter due to the low humidity of the
deposited materials during the other seasons. These waters
contain dissolved lead and arsenic above the permissible level
too.

The main mechanisms for mobilization of these metals in the
drainage waters are the formation of soluble complexes
between the heavy metals and the ligands, contained in the
effluents. The preliminary enzymatic or non-enzymatic
reduction (mainly by organic acids) of the oxide forms of iron

Recommended for publication by Department
of Engineering Geology, Faculty of Geology

and manganese from the deposited materials was also
essential.

The results of this study revealed the appearance of natural
biogeochemical processes connected with the mobilization of
the heavy metals and arsenic from the “Kremikovzi” deposited
technogenic wastes. As a result of this, secondary processes
of contamination of the surface and groundwater, and the soils
in local area occured. (Borisov& Chuldzian, 1991).

CONCLUSIONS

The investigation of the technogenic wastes generated from
the “Kremikovzi” steel-making plant, showed the presence of
different geochemical forms of the heavy metals and arsenic.
These forms were characterized by a different mobility
depending on the environmental factors and the element
specificity. The indigenous microflora participated by means of
direct and non direct mechanisms in the processes of
transformation of the heavy metals and arsenic. As a result of
this, drainage waters with a high toxicity, were generated in
this plant.
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