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ABSTRACT

A two chambered laboratory scale microbial fuel cell (MFC) has been developed, based on
natural sulfatereducing bacterium consortium in electroactive biofilm on zeolite. The MFC utilizes
potassium ferricyanide in the cathode chamber as an electron acceptor that derives electrons from the
obtained in anode chamber H2S. The molecular oxygen is finally used as a terminal electron acceptor
at cathode compartment. The generated power density was 0.68 W m-2 with current density of 3.2 A
m-2 at 150 Q electrode resistivity. The hydrogen sulfide itself is produced by microbial dissimilative
sulfate reduction process by utilizing various organic substrates. Finally, elemental sulfur was
identified as the predominant final oxidation product in the anode chamber. It was removed from
MFC through medium circulation and gathering in an external tank. This report reveals dependence
relationship between the progress of general electrochemical parameters and bacterial sulfate-
reduction rate. The presented MFC design can be used for simultaneous sulfate purification of mining
drainage wastewater and generation of renewable electricity.

PE3IOME

Pazpaborena e aBykamepHa mMukpoOHa ropuBHa kinerka (MFC) B mabopartopen mama0,
0azupaHa Ha €CTECTBEH KOHCOpPIMYM OT cyiadar-penynupamy  Oaktepuu, (HopMupail
CIICKTPOAaKTUBECH OmoduiM BBpXy 3coiauT. B karomnara kamepa Ha MFC karo akmentop Ha
CJICKTPOHHM CE M3IM0JI3Ba KAIKUeB (hepUIIMaHNl, KOWTO IpreMa eJIeKTPOHH, TTOJIYyYeH! OT 00pa3yBaHus
B aHOAHATa kamepa H.S. B kpaiiHus etanm MOJEKYIHUAT KHUCIOPOJ CE M3MOJI3Ba KaTO TEPMHUHAJICH
aKIIeNTOp Ha eJEKTPOHU B KaTOAHOTO oTAeneHue. [lomydyenara mrbTHOCT Ha MomHocTTa € 0,68 W
m™2 IpH IUITBTHOCT Ha Toka 3,2 A m™2 u enekrpoaHo cwipotuBieHue 150 Q. CepoBogopoabT ce
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o0Opa3yBa B pe3yiTar Ha MUKPOOCH JUCHMUJIATUBEH TpoIiec Ha cyndaT-peayKIus IPU U3M0JI3BaHe
Ha pas3NU4HUA OpraHudHu cyOctpatu. Kato mpeoOmajgaBamni KpaeH MPOIYKT HAa OKHUCICHHETO B
aHOJIHaTa KaMmepa ¢ HJeHTU(]HIMpaHa ejleMeHTapHa csapa. Ts ce orctpansBa or MFC upe3
IUPKYyJIalus Ha cpeliaTa U chOMpaHe BbB BBHIIECH pe3epBoap. HacTosmoTo uicienBane pa3kpuna
3aBUCHUMOCT MEXKIY pPa3BUTHUETO Ha OOIIMWTE EJIEKTPOXMMHUYHM MapaMeTpu M CKOPOCTTa Ha
Oakrepuannara cyndar-penyknus. IlpexacraBenuar amzaiitn Ha MFC Moke ma ce wm3monsBa 3a
€IHOBPEMEHHO OYHUCTBaHE Ha CyJl(aTh OT MMHHOAPEHAKHU OTMAIbUYHU BOAU U MPOU3BOJCTBO HA
Bb300HOBSIEMA EJIEKTPOCHEPTHSL.

IL.2. Bratkova S.,- Alexieva Z., Angelov A., Nikolova K., Genova P., Ivanov R., Gerginova
M., Peneva N., Beschkov V., Efciency of microbial fuel cells based on the sulfate reduction by
lactate and glucose, International Journal of Environmental Science and Technology, Vol.
16(10), pp. 6145-6156, 2019, Electronic ISSN: 1735-2630, Print ISSN: 1735-1472. (Scopus, Q2)

I1.2. BpatkoBa C., AinekcueBa 3., AuresioB A., HukosoBa K., I'enosa II., UBanoB P.,
I'eprunoBa M., IleneBa H., bemikoB B., E¢pexmuenocm na MuxpoOHu 2opusHu Kiemku,
oazupanu na cyngam-pedykyua c nakmam u 2nwkosa, Cnucanue: International Journal of
Environmental Science and Technology, Tom 16(10), cTp. 6145-6156, 2019, Electronic ISSN:
1735-2630, Print ISSN: 1735-1472. (Scopus, Q2)

ABSTRACT

The infuence of lactate and glucose, used as electron donors on the rate of sulfate reduction,
electricity generation and microbial communities in anodic chamber of microbial fuel cells, was
studied. Efective sulfate and chemical oxygen demand removal was achieved at diferent hydraulic
retention times by the laboratory installations, consisting of anaerobic fxed-bed reactor and microbial
fuel cell with air—cathode. The highest maximum power density of 349 mW/m2 was obtained in the
lactate-fed microbial fuel cell under hydraulic retention time of 66 h. The type of electron donor had
a great impact on the composition of the microbial community. The metagenomic data obtained
showed that the most abundant phylum in both bacterial communities was Proteobacteria—67% and
46% when using lactate and glucose as an electron donor, respectively. Euryarchaeota was found in
signifcant quantities (11.57%) in the microbial communities cultivated on lactate, whereas when
using glucose, they were 0.01%. The bacterial community at glucose was characterized with the phyla
belonging to Verrucomicrobia (15.11%) and Spirochaetes (17.26%). In both microbial communities
in anodic chamber were presented sulfate-reducing bacteria that can incompletely oxidize the organic
compound usually with acetate as an end product, as the dominant microbial species among sulfate-
reducing bacteria was Desulfomicrobium baculatum (3.21%) in the microbial fuel cell at lactate, and
Desulfovibrio mexicanus dominated (2.73%) in the microbial fuel cell at glucose.

PE3IOME

W3cneasano e BAMSHUETO HA JIAKTAT U TIF0K03a, U3M0I3BaHU KaTo JOHOP Ha EJIEKTPOHHU BPXY
CKOpPOCTTa Ha MHUKpOOHAaTa cyn(aT-peayKIus, TeHEPUPAHETO Ha EIEKTPOCHEPTUs U MUKPOOHUTE
cpolmiecTBa B aHOJHATAa KaMepa Ha MUKPOOHHM TOPHBHH KIETKH. EQEeKkTHBHO OTCTpaHsBaHE Ha
cyndparn n XIIK e mocTuraro mpu pa3MyHO KOHTAKTHO BpeMe B J1a0OpaTOpHU WHCTATALNH,
CBCTOSAIIN C€ OT aHAEPOOEH PEeaKTOp C HOCHTEN M MUKpOOHA TOPMBHA KIIETKAa C BB3IYIICH KaTOJI.
Haii-BuCOKa IUIBTHOCT HAa MOIIHOCTTA - 349 mW/m? e monydeHa B 3aXxpaHBaHaTa ¢ JaKTaT MUKPOOHa
rOpUBHA KJIETKA IIPU OCUTYPEHO KOHTAKTHO Bpeme 66 yaca. BunbpT Ha TOHOPA Ha €JIIEKTPOHH OKa3Ba
TOJISIMO BIIMSIHUE BBPXY ChCTaBa Ha MUKpPOOHHTE choOmiecTBa. [lomydeHnuTe MeTareHOMHU JTaHHU
MOKa3BaT, 4e Hall-pa3lpOCTPAHEHUST THII B IBeTe OnMOLeH03u € Proteobacteria - cbOTBETHO 67% 1
46% mpu U3MOJI3BaHE HA JIAKTAT U [JIIOKO3a KaTo JOHOP Ha e€JIeKTPpOHU. Euryarchaeota ce OTKprBa B
3HaunTenHu konudectsa (11.57%) B MEKpOOHUTE CHOOIIECTBA, KYJATHBUPAHU BHPXY JIAKTAT, JIOKATO
npu u3nonsBane Ha rioko3a € 0.01%. MukpoOHOTO CHOOIIECTBO MPH W3MON3BAaHE Ha CyOCTpat
TJII0KO3a Ce XapakTepu3upa ¢ HaIMuueTo Ha Tun Verrucomicrobia (15.11%) u tun Spirochaetes
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(17.26%). B mMukpoOHHMTE CcHOOIIECTBA W B JBETE AHOAHM KaMepu ca YCTAaHOBEHH cyndar-
penynupaniy 6akTepun, KOUTO OKKCIISIBAT OPraHMYHHUTE CheIMHEHHU ST HEITBJIHO JI0 alleTaT KaTo KpacH
MPOJAYKT, KATO JOMUHUPAIIUAT MUKpOOEH BU OT cyidar-peaynupaiure 0akTepuu B MUKpoOHaTa
rOpHMBHA KJIeTKa ¢ nakrtat e Desulfomicrobium baculatum (3.21%), a B MUKkpoOHaTa rOpMBHA KIIETKA
¢ rmoko3a e Desulfovibrio mexicanus (2.73%).

IL.3 Loukanov, A., Angelov, A., Takahashi, Y., Nikolov, I., & Nakabayashi, S. (2019),
Carbon nanodots chelated with metal ions as efficient electrocatalysts for enhancing
performance of microbial fuel cell based on sulfate reducing bacteria. Colloids and Surfaces A:
Physicochemical and Engineering Aspects., Vol.574, 2019, Pages 52-61, ISSN 0927-7757, Q1,
https://doi.org/10.1016/j.colsurfa.2019.04.067

I1.3. Jlykanos, A., AHreqos, A., Takaxammu, M., Huxouos, U., & Haka6asium, C. (2019),
BbriepoqHu  HAHOTOYKH,  XeJaTHPAaHM €  MeTAJHM  HOHH, KaTo  e(eKTHBHH
eJIEKTPOKATAJIM3aTOPH 32 MoJ00pPsiBaHe padoTaTa HAa MUKPOOHA rOPUBHA KJIeTKA, 0a3upaHa Ha
cyapar-pexyuupamu dakrepun, Colloids and Surfaces A: Physicochemical and Engineering
Aspects, Vol. 574, 2019, cTp. 52-61, ISSN 0927-7757, Q1,
https://doi.org/10.1016/j.colsurfa.2019.04.067

ABSTRACT

We report the electrocatalytic activity of a graphite electrode chemically coated with ultra-
small nitrogen-doped carbon nanodots (N-doped C-dots), which formed an intermediate diazo-metal
chelate phase. Its performance as cathode for enhanced current production was demonstrated in a
dual-chamber microbial fuel cell (MFC) through synergistic cooperation with electroactive biofilm
of sulfate-reducing bacteria (SRB) on the anode. For that purpose, the immobilized SRB biofilm on
the anode facilitated direct transfer of electrons to the graphite surface by filaments network, known
as nano-pili, which provided cell-to-cell link. A significantly improved acceleration of the electrons
was measured on the cathode in the presence of chemically conjugated N-doped C-dots chelated with
metal ions, because they acted as efficient electrocatalysts for oxygen reduction reaction (ORR) in a
neutral phosphate buffer solution. As a result, the power density obtained from the occurred
synergistic effect in MFC increased almost double higher than the initial value in the control
experiment. The chemical resistance, exploitation life and the easy protocol for fabrication of the
reported cathode coated with electrocatalytic nanolayer open up the possibility for new class cheap
electrocatalytic electrodes with a wide practical applications in fuel cell engineering and technology.

PE3IOME

JloknanBa ce eIeKTpOoKaTaTMTUYHATA AKTUBHOCT Ha Tpa(UTEH eNeKTPO.I, XUMUIECKH TTOKPHUT
C yJATpaMaJIKi a30THO-JIONIMPaHK BhIIIepoJHN HaHOTOUYKH (N-gonupanu C-dots), kouto dopmupar
MEXJMHHA JMa3o-MeTaieH xenateH ¢asa. HeroBara edeKTHMBHOCT KaTo Karoj 3a MOBUIICHO
reHepupaHe Ha TOK € JEMOHCTpUpaHa B JByKamepHa MHKpoOHa ropuBHa kinerka (MFC) upes
CUHEPrHMYHO B3aMMOJICHCTBHE C EJIEKTPOAKTHBEH OModuam oT cyndar-peaynupainiyd OakTepuu
(SRB) BBpxy aHona.

C tazu nen umodbunuzupanuat SRB OnogunM BepXy aHOJa ylIeCHsIBA JUPEKTHUS MPEHOC Ha
CJIIEKTPOHH KbM TpaUTHATA MOBHPXHOCT TTOCPEACTBOM MpeXa OT (PMITaMEHTH, U3BECTHH KaTO HaHO-
AT, KOUTO OCUTYPSIBAT BPb3Ka MKy KIETKUTE. B MpUChCTBHETO HA XUMUYECKH KOHIOTHpaHHu N-
nornupanu C-dots, XxemaTMpaHW C METAIHM HOHU, € H3MEpPEHO B3HAYUTEIHO YCKOpsBaHE Ha
CJIIEKTPOHHMS TpaHcdep B KaToJla, Thil KATO Te JACHCTBAT KaTo e(heKTUBHH €IEKTPOKATAIN3ATOPH 32
peakuusaTa Ha peaykuus Ha kuciopona (ORR) B meyrpanen docdaren Oydepen pa3TBop.

B pesynrar na nposiBenust cunepruye edpekr B MFC, nonydenarta mibTHOCT HA MOIIHOCTTA
HapacTBa MOYTH JBOMHO CIIPSIMO HadyajHATa CTOMHOCT B KOHTPOJIHUSI €KCIIEPUMEHT. XUMHUUECKaTa
YCTOWYMBOCT, €KCIIJIOATAIMOHHUAT KUBOT M JIECHUST MPOTOKOJ 32 M3pabOTBaHE Ha JOKJIAABAHUS
KaTo/, MOKPUT C eNIEKTPOKATATUTHYEH HAHOIIJIACT, PA3KPUBAT Bb3MOKHOCT 32 Ch3/1aBaHE HA HOB KJ1ac
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CBTHUHHU CJIICKTPOKATAIMTUYHHU CIICKTPOAN C INNPOKHU IMPAKTUYCCKU IMPUTTOKCHHA B HHKCHCPCTBOTO U
TCXHOJIOTMUTEC HA TOPUBHUTEC KIICTKH.

I1.4. Velichkova P., Angelov A., Bratkova S., Combined anaerobic - aerobic
bioelectrochemical system for ammonium, sulfide and carbon removal from ethanol stillage,
Journal of Chemical Technology and Metallurgy, 2023, Vol. 58(2), pp. 283-290, ISSN 314-7471
(print) ISSN 1314-7978 (on line), (Scopus, Q3).

I1.4. BeanuxoBa II., AunrenoB A., bparkoBa C., Kombunupana anaepoono-aepoona
OuoeneKmpoxXumMuuna cucmema 3a OMCmpanaeane Ha amonues azom, cyauou u 6venepoo om
cnupmua wnemna, Cnucanue: Journal of Chemical Technology and Metallurgy, 2023, Tom
58(2), cTp. 283-290, ISSN 314-7471 (print) ISSN 1314-7978 (on line), (Scopus, Q3).

ABSTRACT

The organic matter (as an electron donor) could be oxidized at an anode in the
bioelectrochemical systems (BESs), to produce electrons and protons with the biocatalysts of
electrochemically active microorganisms. Electron acceptors at the cathode could accept them. By
combining an anaerobic digestion reactor with BES, the chemical composition of biogas can be
improved - the yield of methane can be increased at the expense of carbon dioxide. If an aerobic
reactor is included in this combined system, complete decomposition of organic matter, generation
of energy (biomethane) and nitrogen removal is achieved.

The efficiency of carbon, sulfide and ammonium ions removal during anaerobic digestion of
ethanol stillage in an integrated BES system was studied in 5 modes of operation - without BES,
microbial fuel cell (MFC) and microbial electrolysis cell (MEC at 0.6, 0.8 and 1.0 V external voltage).
In MEC mode, the gas composition is improved (increased amount of methane to 74 %, vol.), and
the content of sulfates and hydrogen sulfide is reduced. At 1.0 V external voltage, 94.1 % removal of
organic matter and 90.91 % removal of NH4" are achieved.

PE3IOME

Oprannyrara mMatepusi (Kato JOHOp Ha ENEKTPOHHM) MOXKE Ja Ob/ie OKHCICHa Ha aHOoJa B
onoenextpoxumuynure cuctemu (BEC) upe3 Omokatammsa OT €IEKTPOXHMMHUYHO aKTUBHH
MHUKpPOOPTaHU3MU W J1a C€ MPOM3BEAAT ENEKTPOHM W MPOTOHH. Te morar jga ce mpuemar ot
aKLENTOPUTE HA €JIEKTPOHHU Ha KaToja. Upe3 KoOMOMHUpaHe Ha PEaKkTop 3a aHaepOOHO pasrpaxnaHe
¢ BEC moxe na ce monoOpu XMMUYHUAT ChCTaB Ha Onorasa — JOOMBBT HAa METaH CE yBEIMUYaBa 3a
CMETKa Ha BBIVIEPOJICH JUOKCH]. AKO B Ta3W KOMOMHHMpaHA CUCTEMa CE BKIIIOYU aepoOCH peakTop,
ce MOCTHUra MBIHO pa3rpaxklaHe Ha OpraHMYHATa MaTepHs, FTeHepupaHe Ha eHeprus (OnomeTaH) u
OTCTpaHsIBaHE Ha a30Ta.

N3cnenBana e epeKTUBHOCTTA HA OTCTPaHsIBaHE Ha BBIVIEPO/I, CYI(HUIN U aMOHUEBH HOHHU TIO
BpEeMe Ha aHaepOOHO pa3rpakaHe Ha CIMPTHA Iuiemna B nuHTerpupana BEC cucrema npu 5 pexxuma
Ha padora - 6e3 BEC, mukpooHa ropuBHa kietka (MI'K) u mukpoOHa enekrponuzna kinetka (MEK
Ipy PHUII0KEHO BhHITHO HanpexkeHue 0,6, 0,8 u 1,0 V). B pexxum na MEK ce mogo0psiBa ra3oBusT
ChCTaB (KOJMMYECTBOTO Ha METaH ce yBenuuaBa N0 74 00.%), a ChIbpKaHUETO Ha CyJidaTH u
cepoBoaopon ce HamansiBa. [Ipu BpHIIHO Hanpexkenue 1,0 V ce moctura 94,1 % oTcrpaHsiBaHe Ha
oprannunu Bemmectsa u 90,91 % orcrpanssane Ha NHy",

IL.5. Angelov A., Bratkova S., Ivanov R., Velichkova P., Treatment of acid mine drainage
in a bioelectrochemical system, based on an anodic microbial sulfate reduction, Journal of
Ecological Engineering, 2023, Vol. 24(7), pp. 175-186, ISSN 2299-8993, (Scopus, Q2).

IL.S. AurenoB A., bparkoBa C., UBanoB P., BenruukoBa Il., Tpemupane na kucenu
PYOHUUHU 600U 8 OUO0E/IEKMPOXUMUUHA CUCmeMd, 0a3upana HA aHOOHA MUKPOOHa cy/igham-
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pedykuyua, Cnimcanue: Journal of Ecological Engineering, 2023, Tom 24(7), cTp. 175-186, ISSN
2299-8993, (Scopus, Q2).

ABSTRACT

The possibilities of simultaneous removal of sulfates and heavy metals (Cu, Ni, Zn) from acid
mine drainage have been investigated in two-section bioelectrochemical system (BES). The used BES
is based on the microbial sulfate reduction (MSR) process in the anode zone and abiotic reduction
processes in the cathodic zone. In the present study, the model acid mine drainage with high sulfate
(around 4.5 g/1) and heavy metals (Cu®*, Ni2+ and Zn*") content was performed. As a separator in
the laboratory, BES used an anionic exchange membrane (AEM), and for electron donor in the
process of microbial sulfate reduction in the bioanode zone — waste ethanol stillage from the distillery
industry was employed. In this study, the possibility of sulfates removal from the cathodic zone was
established by their forced migration through AEM to the anode zone. Simultaneously, as a result of
the MSR process, the sulfate ions passed through AEM are reduced to H>S in the anode zone. The
produced H>S, having its role as a mediator in electron transfer, is oxidized on the anode surface to
S® and other forms of sulfur. The applicability of waste ethanol stillage as a cheap and affordable
organic substrate for the MSR process has also been established. Heavy metals (Cu®*, Ni** and Zn*")
occur in the cathode chamber of BES in different degrees of the removal. As a microbial fuel cell
(MFC) operating for 120 hours, the reduction rate of Cu** reaches 94.6% (in waste ethanol stillage)
and 98.6% (in the case of Postgate culture medium). On the other hand, in terms of Ni** and Zn**, no
significant decrease in their concentrations in the liquid phase is found. In the case of microbial
electrolysis cell (MEC) mode reduction of Cu**—99.9%, Ni**—65.9% and Zn?*— 64.0% was achieved.
For 96 hours, the removal of sulfates in MEC mode reached 69.9% in comparison with MFC mode —
35.2%.

PE3IOME

B nBycekmmonna Omoenekrpoxumuuna cuctema (BEC) ca m3cnenBann BB3MOKHOCTHTE 3a
€THOBPEMEHHO OTCTpaHsABaHe Ha cyidaru u Texxku Metann (Cu, Ni, Zn) OT KUCETH PYIHAIHA BOJIH.
W3znonseanara BEC e na 6a3ara Ha mpoueca MukpoOHa cyidar-peaykuus (MCP) B anognaTta 30Ha 1
mporecd Ha aOMOTHYHA PEAyKLHUs HAa METald B KaTOAHATa 30HA. B HACTOSIIOTO M3CIeaBaHE ca
M3IIOJI3BaHU MOJETTHH KHCEeNW PYAHUYHH BOJM C BUCOKO ChABpKaHUE Ha cyidaru (okono 4,5 g/l) u
texku Mmetamu (Cu®*, Ni** u Zn*"). Karo cenmapatop B nab6oparopuata BEC e usmonssana
aaniioHooOMeHHa MeMOpaHa (AEM), a 3a nOHOp Ha €NEKTPOHU 3a Iporeca MUKpoOHa cyndar-
penykiusi B OM0aHOIHATa 30HA — OTMaIbUHa CIIUPTHA [IUIEMITa OT JeCTHiIepus. B ToBa u3cnenBane
Oelmie ycTaHOBeHa BB3MOXKHOCTTa 3a OTCTpaHABaHE Ha cyndaru OT KaToJHaTa 30HA 4pe3
NpUHYIUTENHAaTa UM Murpanus npe3 AEM kbM aHogHaTa 30Ha. EqHOBpeMEHHO ¢ TOBa, B pe3yiTar
Ha nporieca Ha MCP, cyndaruure fionn, npemunanu npe3 AEM, ce penynupat g0 H2S B anoanara
30Ha. [IpousBenenuar HaS, nmarn posisita Ha MeaUaToOp B MpPEHOCA Ha €JIEKTPOHU CE OKMCISABA Ha
aHOJHATa IOBBPXHOCT J0 S° u apyru GopMH Ha cspara. YCTaHOBEHA € W MPHIOKHMOCTTa Ha
OTIaJbuHaTa CIIUPTHA IIJIEMIa KaTo €BTHH W JIOCTBIIEH OpraHudeH cyOctpar 3a mporeca MCP.
Texxkure metamu (Cu®’, Ni** u Zn?") B xarongnara kamepa Ha BEC ce oTcTpaHsABaT B pa3inyHa
creneH. [Ipu pexxum mukpoOHa ropusHa kietka (MI'K), pabotema B nponbmkenue Ha 120 gaca,
crenenTa Ha peaykius Ha Cu®* noctura 94,6% (pu M3M0N3BaHE HA OTHAIbYHA CIMPTHA ILIEMIA) 1
98,6% (npu u3non3BaHe Ha cpena Ha Postgate). Tlo otHomenue Ha Ni** u Zn?" He ce ycranopssa
3HAYUTEIIHO HaMaJlsIBaHEe Ha TEXHUTE KOHIICHTpauu B TeyHata ¢asa. [Ipu padora va BEC B pexxum
Ha MUKpOOHa enekTponusHa ki1etka (MEK) e mocturnaro namanenue na Cu>— 99,9%, Ni**— 65,9%
u Zn*'— 64,0%. 3a 96 yaca oTcTpansBaneTo Ha cydaru B pexkum MEK e 69,9%, a B pesxum nHa MK
—35,2%.
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I1.6. Angelov A., Bratkova S., Ivanov R., Velichkova P., Removal of H»S and CO; from
biogas by algae-assisted bioelectrochemical system with oxygenic and anoxygenic photosynthesis,
Journal of Chemical Technology and Metallurgy, 2023, Vol. 58(4), pp. 682-689. ISSN 314-7471
(print) ISSN 1314-7978 (on line), (Scopus, Q3).

AmnresioB A., bpatkosa C., UBanoB P., Beqimuxosa Il., Omcmpanseane na H2S u CO; om
buozaz upe3 noonomazana om 6000paciu OUOENEKMPOXUMUYHA CUCEMA C OKCU2EHHA U
anoxkcuzenna gpomocunmesa, Cnucanme: Journal of Chemical Technology and Metallurgy,
2023, Tom 58(4), pp- 682-689. ISSN 314-7471 (print) ISSN 1314-7978 (on line), (Scopus, Q3).

ABSTRACT

A bioelectrochemical system (BES) combining oxygenic and anoxygenic photosynthesis was
investigated. The possibility of improving the composition of biogas by removing H2S and carbon
dioxide in the anode zone of the bioelectrochemical system and obtaining additional energy has been
established. The dynamics of HS™ removal from model solutions in the BES anolyte at 3 operating
modes were observed. Complete removal of sulfides in the anodic zone and the anaerobic
photobioreactor was found in the BES operating option as a microbial fuel cell (MFC). At the same
time, an increase in the concentration of sulfates was observed to varying degrees for the studied
variants. The most probable mechanisms for the removal of H>S in this combined system are - the
oxidation of sulfides by sulfur photoautotrophic bacteria present in the mixed consortium to sulfates
and the bioelectrochemical oxidation of hydrogen sulfide on the surface of the anode to elemental
sulfur and its other forms. The obtained results with real biogas passed through the BES anolyte and
the anaerobic photobioreactor (APBR) are also positive- a complete purification of the biogas from
H>S and a significant removal of CO> (81+85 %) were achieved, where the CH4 content in the biogas
reached 94.1+96.2 %.

PE3IOME

Wscnenpana e onoenekrpoxumuyna cucrema (BEC), chueraBaiia okCUreHHA U aHOKCUTCHHA
¢dorocuHTe3a. YCTaHOBEHA € BB3MOXKHOCTTA 32 OJJO0psIBaHE ChCcTaBa Ha OnMorasa upe3 OTCTpaHsIBaHEe
Ha H>S u Bbriepoaen nuokcua B aHOAHATA 30HA HA OMOEGIEKTPOXMMHUYHATA CUCTEMA U MOJIy4aBaHe
Ha jgombiHUTeNHa eHeprus. HabmionaBana e nquHamukaTta Ha orcTpaHaBaHe Ha HS™ ot monennu
pastBopu B BEC anonura ipu 3 pabotHu pexxnma. [Ib1HOTO OTCTpaHsBaHe Ha cynduau B aHOIHATA
30Ha Ha aHaepoOHMs poTodbHOpeakTop Oemie ycraHoBeHO B pexxuM Ha BEC kato MukpoOHa ropuBHA
kierka (MI'K). B cpuioro Bpeme ce HabmofaBa MOBHUIIABAHE HA KOHLEHTpaLUUATa Ha cyiadaTu B
pa3nauyHa CTEIEH 3a u3ciaeABaHuTe BapuaHTH. Hall-BeposiTHUTE MeXaHU3MU 3a OTcTpaHsaBaHe Ha HoS
B T3 KOMOMHHMpaHa CUCTEMa Ca OKUCIISIBAHE HA CYIPUANTE OT CepHUTE POTOABTOTPODHHU OaKTEpHH,
NPUCHCTBAIIM B CMECEHHUS KOHCOPIUYM J0 CyldaTH M OHOETEKTPOXMMHUYHO OKHUCIISIBaHE Ha
CEpOBO/IOPO/Ia HAa TMOBBPXHOCTTA HAa aHOJA JI0 €JIEMEHTapHa cspa W JApyrd (opMH Ha cspara.
[lonmoxkurenHu ca U MOMYYEHHUTE PE3yITaTd NPU HM3CIEABAHUSI C peajeH Ouoras, mpeMuHal mpe3
anonmuta Ha BEC u anaepoOnust otoduopeaktop (APBR) — mocturnaro e mbiHo npedncTBaHe Ha
ouoraza ot HaS u 3HaunTenno namanssane Ha COz (81+85 %), nmpu koeto chabpkanuero Ha CHy B
6uorasa ce mosumasa 10 94,1+96,2 %.
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Hayynu ny6auxauum B M3JaHHs, KOMTO ca pedepupaHd M HHIEKCHUPAHH B
CBETOBHOM3BeCTHM 0a3M JaHHU ¢ HAYYHA UH(PopMauus (Mo rpyna noxkasarenu I')

IIL.1. Bratkova S., Lavrova S., Koumanova B., Angelov A., Nikolova K., Ivanov R.,
Treatment of wastewaters containing Fe, Cu, Zn and As by microbial hydrogen sulfide and
subsequent removal of COD, N and P, Journal of Chemical Technology and Metallurgy, Vol. 53,
2, 2018, pp. 245-257. ISSN 314-7471 (print) ISSN 1314-7978 (on line), (Scopus).

bparkoBa C., JlaBpoBa C., KymanoBa b., Anreaos A., Hukonosa K., UBanoB P.,
Ilpeuucmeane na 6oou, cvovprcawu Fe, Cu, Zn u As upez MukpooHo npooyyupan ceposooopoo
u nocieosawo omcmpanasane na XINK N u P, Cniucanue: Journal of Chemical Technology and
Metallurgy, Tom 53, 2, 2018, cTp. 245-257. ISSN 314-7471 (print) ISSN 1314-7978 (on line),
(Scopus).

Abstract: Acid drainage wastewaters (pH 2.6 - 2.8) contaminated with Fe 200 mg/l, Cu 25
mg/l, Zn 25 mg/l, and As 15 mg/l were treated in a laboratory-scale installation. The installation
design includes an anaerobic sulfidogenic bioreactor, a chemical reactor, an aerobic activated sludge
reactor, an anaerobic biofilter and a vertical flow constructed wetland reactor, connected in series.
Sulfate-reducing bacteria were adhered in biofilm, which is immobilized on zeolite particles in the
anaerobic bioreactor. The bacteria were cultivated on a medium containing lactate as a source of
carbon and energy. The influence of TOC/SO4* ratios 0.43, 0.54 0.64 on the rate of the microbial
sulfate-reduction was determined. Pollutants removal was achieved in a chemical reactor by
sedimentation with microbially produced H>S. SEM/EDS data and X-ray diffraction analyses proved
that the precipitated heavy metals are mainly in forms of relevant insoluble sulfides. The design of
the lab-scale installation makes possible efficient removal of the residual organic compounds and
hydrogen sulfide as well as the processes of nitrification and denitrification to occur. The reported
treating method allows the removal of heavy metals, COD, N and P from wastewaters below the
permeable level for water intended for use in the agriculture and/or industry.

Pe3iome: Kucenu npenaxxau Boau (pH 2,6 - 2,8), 3ambpcenu ¢ Fe 200 mg/l, Cu 25 mg/l, Zn
25 mg/l m As 15 mg/l ca npeuncTBanu B JabopaTopHa MHCTajanus. J(u3aliHbT Ha WHCTAJIAMSITA
BKJIIOYBA aHaepoOeH CyJIPUI0TeHEH OMOpPEaKTop, XMMUYECKH PEeaKTop, aepOOCH PEaKTop C aKTUBHA
yTalika, aHaepoOeH OWOGUIATBD M pPEaKkTOp THI BjaKHa 30HA C BEPTUKAJICH IIOTOK, CBBHP3aHU
nocienoarento. Cyndar-penynupamure 0akTepuu ca UMOOMIM3UPAaHU B OMOMUIM, TIPHUKpPEIEH
KbM YaCTHIIN 3€0JIUT B aHAepOOHUs OMopeakTop. bakrepunTte ca KynTUBUPAHU HA XpaHUTEIIHA Cpelia,
ChIIbpiKalla JIaKTaT KaTO HW3TOYHHMK Ha BBIVIEPOJ M eHeprus. OmnpeneneHo € BIHSHUETO Ha
CBOTHOIIICHUETO o00m[ opranudeH Bwriepoa:.cyiadaru 0.43, 0.54 0.64 BbpXy CKOpOCTTa Ha
MHKpoOHara cyndar-peaykuus. OTCTpaHsIBaHETO Ha 3aMBPCUTEINTE € TIOCTUTHATO B XUMHUYECKH
peakTop upe3 ytasBaHe ¢ MHKpoOHO reHepupaH HzS. Jlanuure or SEM/EDS u pentrenonara
TQpakus JT0Ka3BaT, 4€ TEKKUTE METaIM Ca YTAaeHHW TJIaBHO 1Moja (opMaTa Ha CHOTBETHHUTE
HepasTBopuMH cynduan. KoHcTpyknusara Ha nabopaTopHaTa WHCTANAIMS TO3BOJISIBA €(PEKTHBHO
OTCTpaHsBaHE Ha OCTATbYHH OPTaHWYHU CHEAMHEHHS W CEPOBOJOPOJ, KAKTO M MPOTHYAHE Ha
mporecuTe HUTPpUGUKAIKS U TeHUTpUPHUKanys. JJoKIaaBaHUAT METO]] 32 MPEYNCTBAHE MTO3BOJISBA
orcTpaHsiBaHeTo Ha Texku Meranu, XIIK, N u P or ormagpunu Boau non IIJIK 3a Bonw,
MpeIHAa3HAYCHHN 32 M3MO0I3BAHE B CEJICKOTO CTOMAHCTBO /MM MTPOMHIIUIEHOCTTA.

IIL.2. Velichkova, P.G., Bratkova, S.G., Angelov, A.T., Influence of the applied external

voltage on anaerobic digestion with integrated microbial electrolysis cell, Bulgarian Chemical
Communications, 2022, Vol. 54(4), pp. 343-348. ISSN 2534-9899 (Online) (Scopus).
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Beauukona, IL.I'., BpaTtkoBa, C.I'., AnrenoB, A.T., Bauanue na npunosxcenomo 6bHuIHO
HanpesiceHue HA UHMEZPUPAHA MUKDPOOHA €1eKMPONU3HA KIeMmKAd 6bpXy aHAepoOHOmo
pazepasicoane, Cnuucanme: Bulgarian Chemical Communications, 2022, Tom 54 (4), cTp. 343-348.
ISSN 2534-9899 (Online) (Scopus).

Abstract: An external microbial electrolysis cell (MEC) was integrated into the ethanol
stillage anaerobic digestion reactor (AD). The AD-MEC system is a promising technology for
enhancing biogas production. It accelerated methane production and stabilized the process. A change
in applied external voltage could change microbial metabolism andaffect substrate degradation rate,
volatile fatty acid (VFA) generation and biogas production. The effect of applied external voltage on
biodegradability, VFA and methane content in produced biogas was studied. Four values of external
voltage were selected - 0.6, 0.8, 1.0 and 1.2 V. The kinetics of biogas production for 15 days was
monitored. Methane yields increased to 84, 88 and 82 % (vol.) at 0.6, 0.8 and 1.0 V voltages of the
microbial electrolysis cell, respectively. Higher voltage (1.2 V) did not increase the methane content
vs AD-only process (75 %, vol.). The best biodegradability was achieved at low voltages (0.6 and 0.8
V) - reduction of chemical oxygen demand by 88-89 % and purification ofethanol stillage from
sulfates. Acetic acid decreased by 96 % at 0.6 V, 95 % at 0.8 V, 74 % at 1.0 V and 65 % at 1.2 V.

Pe3rome: BrHITHAa MuKpoOHa enekTposn3Ha kietka (MEK) e uaTerpupana B peaktop 3a
anaepoOHo pasrpaxaane (AP) Ha cnuptHa mmemna. Cucremara AP-MEK e oGemaBaria
TEXHOJIOTHSI 32 MO100psiIBaHe Ha MPOU3BOJICTBOTO Ha Onora3. Tst yckopsiBa MPOMU3BOJCTBOTO Ha
METaH U cTa0unn3upa nporieca. FisaMeHeHusTa B MPUIIOKEHOTO BHHITHO HAPEKEHUE MOTaT J1a
MPOMEHSIT MUKPOOHHSI MEeTa0OJIM3bM U CKOPOCTTA Ha pasrpaxiaHe Ha cyOcTpara, TeHepUpaHEeTo Ha
netnuBu MacTHH kucenunu (JIMK) n mpousBoacTBoTo Ha 6uoras. UscnenBan e eheKThT OT
MPUJIOKEHOTO BBHILHO HANpe:KeHue BbpXy ouopasrpaaumoctra, JIMK u cbabpskanueTo Ha MeTaH
B Ipou3BeneHus Onoras. M30panu ca yeTupu CTOWHOCTH Ha BBHHIHO Hanpexkenue - 0.6, 0.8, 1.0 u
1.2 V. Ilpocnenena e KWHETHUKATa Ha TIPOU3BOICTBOTO Ha Onora3 3a 15 quu. JloOMBBHT Ha MeTaH ce
yBenuuaBa cboTBeTHO 10 84, 88 u 82 % (00.) npu Hanpexenue 0.6, 0.8 u 1.0 V Ha mukpoOHaTa
eJIEKTpOJIM3HA KieTKa. [1o-BucokoTo npuinoxeno Hamnpexenue (1,2 V) He noBHILaBa CbIbPKAHUETO
Ha METaH CIPSIMO NPOLEca HAa CAMOCTOATEIHO aHaepoOHo pasrpaxaane (75 %, 00.). Haii-no0pa
OMOpa3rpaAuMOCT € ocTUrHara npu Hucko Hanpexenue (0,6 u 0,8 V), kaTo xumMuyeckarta
MOTPEOHOCT OT KUCIOpo ] HamaisiBa ¢ 88-89% u ce mocTura mpedrncTBaHe Ha CIIUPTHATA IIJIEMITa OT
cyndatu. OuerHara kucennHa HamassiBa ¢ 96 % npu 0,6 V, 95 % npu npuioskeno Harmpexenue 0,8
V,74 % upu 1,0 Vu 65 % npu 1,2 V.

III.3. Angelov A., Bratkova S., Ivanov R., Velichkova P., Algae-assisted
bioelectrochemical system with ammonium, sulfide removal and parallel biomethanation,
Bulgarian Chemical Communications, 2023, Vol. 55(1), pp. 53-60. ISSN 2534-9899 (Online)
(Scopus).

II1.3. AxresoB A., bparkoBa C., UBanoB P., BesmukoBa Il., Iloonomoznama om
6ooopaciu Ou0eneKmpoXuMUYHa CUCHeMa 3d OMCMPAHAGAHEe HA AMOHUEE a3om u cyiguou c
napanenno ouomemanuszupane, Cnucanue: Bulgarian Chemical Communications, 2023, Tom
55(1), pp. 53-60. ISSN 2534-9899 (Online) (Scopus).

Abstract: In a two-section bioelectrochemical system (BES), the processes of biomethanation
of ethanol stillage in the anode zone and oxygenic photosynthesis in the cathodic zone are combined.
There is a reduction of ammonium ions and removal of H,S in the anode zone, and at the same time,
there is a positive impact on the process of biomethanation from ethanol stillage in parallel to the
anode anaerobic bioreactor. Chemical oxygen demand (COD) reductions ranging from 71.2% to
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89.5% were achieved in the 3 BES operating modes studied. The dynamics of the main technological
parameters in the bioanode and biocathode area of the BES during continuous operation of the
anaerobic bioreactor and photobioreactor (PBR) at a contact time of 10 days is established. Depending
on the selected variant of operation of BES - microbial fuel cell (MFC), microbial electrolysis cell
(MEC) with 0.6V and 0.9V, a decrease in the ammonium concentration is found to varying degrees,
as in the MEC mode with an external electrical voltage of 0.9V the highest degree of 76.5% is
reached. At the same time, complete removal of Hz2S is found, in the liquid and gas phases in MEC -
mode and partially (78 — 84 %) in MFC -mode. The influence of the photosynthetic phases on the
electrochemical parameters of MFC was also investigated, with maximum values for power and
current densities of 29 W/m? and 115 mA/m?, respectively.

Pesrome: B nByceknmnonna ouoenexkrpoxumuuna cuctema (bEC) ca komOunupanu npouecure
Ha OMOMeTaHHW3UpaHe Ha CIUPTHA IIJIEMIIa B aHO/IHATa 30HA U OKCUT'eHHA (DOTOCHHTE3a B KaTOHATA
30Ha. B aHogHarta 30Ha ce HamassiBa KOHLIGHTpaLMITa HA aMOHUEBUTE HOHU U ce oTcTpaHsiBa HoS,
KaTo B CBHIIOTO BpEME Ce€ MOCTUTA TOJIOKUTENEH eeKT BBbpXY Mmpoiieca Ha OMOMETaHHW3UpaHEe Ha
CIUpTHATa NUIEMIIa B aHaepoOHUsi Ouopeaktop. HamansBanero Ha XuMHUYecKaTa MOTPEOHOCT OT
kuciaopon (XIIK) B 3-te uscneaBanu pekuma Ha padora Ha BEC Bapupa ot 71,2% no 89,5%.
YcraHoBeHa € IMHaMUKaTa Ha OCHOBHHM TEXHOJIOTHYHHU MapaMeTpy B OMoaHoiHAaTa U OMOKAaTOAHATA
3oHa Ha BEC mpu HenpekbcHaTa pabota Ha anaepoOHUs OropeakTop U hotoduopeaxtopa (PBP) mpu
KOHTakTHO Bpeme 10 mnuu. B 3aBucumocT oT m30OpaHus BapuaHT Ha pabora Ha BEC- mukpoOHa
ropuBHa kinetka (MI'K) m mwmkpoOna enextponusna kietka (MEK) ¢ mpuiiokeHO BBHIIHO
Hanpexenue 0.6V u 0.9V, koHIieHTpanuaTa Ha aMOHUEBU MOHM HaMaJIsiBa B pa3finyHa CTEINEH, KAaKTO
npu pexxuM MEK c BpHIIIHO enekTpudecko HanpexkeHnue oT 0,9 V e nocturnara Hali-BUCOKATa CTETEH
Ha mpeuncTBane - 76,5%. B cbI10TO Bpeme ce ycTaHOBsIBA IBJIHO OTCTpaHsiBaHe Ha HoS, B Teynata
u ra3osara (aza B pexxum Ha MEK u vactuuno (78 — 84 %) B pexxum na MI'K. U3cnenBano e cbiio
Taka BIMSHUETO Ha CBETJIMHHATA M ThMHHUHHATA (pa3a Ha POTOCHHTE3aTa BbPXY €ICKTPOXUMUYHHUTE
napamerpu Ha MI'K, kato mocturHarure MakCUMaaHU CTOMHOCTH 332 MOIIHOCTTA U IJITbTHOCTTA HA
TOKa ca choTBeTHO 29 W/m? 1 115 mA/m?.

II1.4. Nikolova, K. T., Bratkova, S., Angelov, A., Genova, P., Ivanov, R., Velichkova, P.
(2025). Effective laboratory-scaled ettringite precipitation of extractive waste influenced water
with high sulphate content. Ecological Engineering & Environmental Technology, 26(8), 375-
384. https://doi.org/10.12912/27197050/208581, Q3

I11.4. HukouoBa, K., BpaTrkoBa, C., AureJios, A., I'enoBa, I1., UBanos, P., Beainukosa, II.
(2025) E¢dexTnBHO 1a00paTOPHO YyTasiBaHe HA €TPUHIUT OT BOAU € BHCOKO ChAbpP:KaHHE HA
cyiadaTu, NOBJUSIHM OT MUHHU oTnaasuM, FEcological Engineering & Environmental
Technology, 26(8), 375-384. ISSN 2719-7050

Abstract: Extractive waste influenced waters or acidic mine drainages are of strong concern
due to anionic pollutants such as sulphates as well as soluble forms of metals and metalloids,
radionuclides, rare earth elements. Strict restrictions on the content of sulphates in waters along with
other key parameters have been introduced in European legislation, consistent with the policies
regarding the protection of water quality and human health. The present work examines the
optimization of a proven in practice ettringite precipitation as a second step after liming in laboratory
conditions in continuous mode with a pre-selected suitable source of aluminium in form of
commercial cement. This allows reaching the ecological standards for sulphate content, as well as
reducing the electrical conductivity in the effluent, thus eliminating the disadvantages of the classic
scheme for lime treatment due to the high solubility of the formed precipitates of gypsum. However,
the chemical composition and large quantities of formed sludge at the investigated method are still
subject of particular attention from an economic and environmental point of view.
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Pe3ome: Boaure, MOBIMAHM OT MUHHH OTHAIBIHU WIH KUCEIUTE PYJHUYHU APEHAXKHU BOIH,
ca cepro3eH Mmpo0bJieM Topajiu aHUOHHUTE 3aMbPCUTENN KaTo CyJi(haTH, KaKTO U pa3TBOpUMH (Hopmu
Ha METaJi U METAIOW/IH, PAJAUOHYKIINU, PEIKO3EMHU €IIEMEHTH. B eBponeiickoTo 3aKOHO1aTEICTBO
Ca BbBCJACHHU CTPOrM OTpaHUYCHUA 3a CbABPKAHUCTO Ha Cy.]'[(baTl/I BbB BOAHWTC, KAaKTO U 3a JAPYru
KJTFOYOBH TTapaMeTPH, B ChOTBETCTBHUE C TMTOJIMTUKUTE OTHOCHO OTIA3BAHETO Ha KAYECTBOTO HA BOJUTE
¥ YOBEMIKOTO 3/1paBe. HacTosimara padoTa pasriex/ia ONTUMH3UPAHETO HA JOKA3aHO Ha MPAKTHKA
yTasiBaHEe HA €TPUHTHUT KaTO BTOpPA CTHIIKA CIIe]] BapyBaHE B J1a0OPATOPHU YCIOBHS B HEMIPEKbCHAT
PeXUM C TIPEeIBAPUTETHO M30paH MOAXOMAI] M3TOUYHUK HA alyMUHUN 1o (popMaTa Ha THPTOBCKH
nuMeHT. ToBa Mo3BOJISIBA IOCTUTAHE HA CKOJIOTUIHUTE CTAHIAPTH 3a ChJIbPIKAaHUE Ha CyJI(aTH, KaKTO
Y HaMaJIsiBaHE Ha €JIEKTOMPOBOIUMOCTTA B OTIIAIFYHUTE BOJIM, KATO TI0 TO3W HAYWH CE SIIMMHUHUPAT
HEJIOCTATHIINTE Ha KJJAaCUYECKaTa CXeMa 3a TpeTHpaHe ¢ Bap, ABJDKAIIH CE Ha BUCOKAaTa Pa3TBOPUMOCT
Ha 00pa3yBaHUTE yTaWK{ OT THIC. BBIpeKkn TOBa, XUMUYHUAT CHCTAaB W TOJIEMHUTE KOJIMYECTBA
oOpazyBaHW yTaWKuW TPU HU3CIEABAHUS METOJ BCE OIIEe ca OOEKT Ha OCOOCHO BHHMAaHHE OT
MKOHOMUYECKA ¥ €KOJIOTUYHA TJIETHA TOYKA.

IILS. Angelov, A.T., S.G. Bratkova, K.T. Nikolova, S.K.Plochev, P.G. Genova,
R.V.Ivanov, P. G. Velichkova (2025). Efficiency of algae-assisted photo-bioelectrochemical
system in anaerobic wastewater treatment., Bulgarian Chemical Communications, ISSN
08619808, Issue 4 (pp. 295-301), DOI: https://doi.org/10.34049/bcc.57.4.5706 , Q4

IIL.5. Anresos, A., bparkoBa, C., HukosoBa, K., IlioueB, C., I'enoBa, Il., UBanos, P.,
Beauukosa, I1. (2025). E¢exTuBHOCT Ha (0TOOHOETEKTPOXMMHUYHA CHCTEMA, MOANOMATaHA OT
BOJAOPACJIN, TPH aHaepoOHO NpeYncTBAaHe HA OTHAABLYHM BOIM, Bulgarian Chemical
Communications, Tom 57, wu3n. 4/2025, crp. 295-301, ISSN 08619808, DOI:
https://doi.org/10.34049/bcc.57.4.5706 , Q4

Abstract: Bioelectrochemical systems offer various potential applications for environmental
protection. The present study examines the performance of a photo-bioelectrochemical system
(PBES) consisting of a microbial fuel cell (MFC) and a column photobioreactor with a mixed culture
of microalgae. The generation of significant amounts of oxygen in the medium by the algae during
photosynthesis is a key factor in their usage in the cathodic zone of bioelectrochemical systems. In
the anodic area of a microbial fuel cell, two waste organic substrates (ethanol stillage and vinasse)
used as electron donors for the microbial sulfate reduction process were compared. At different
operating modes, there were determined and analyzed the main electrochemical parameters of a PBES
- open circuit voltage (436 - 510mV), maximum power (8.0 — 14.5 W/m? ), current density (34.8 —
64.1 mA/m? , internal resistance, coulombic efficiency, etc.

Pe3ome: BI/IOCHCKTpOXI/IMI/I‘{Hl/lTe CUCTEMU IIpeajiaraT pa3jiniHu MOTCHUHUAIHN IPUITIOKCHUA
3a oma3BaHe Ha OKoJHaTa cpena. Hacrodmoro wu3cinenBaHe pasriexjga paboTrara Ha
tdorodmnoenexktpoxumuyna cucrema (PBEC), cheTosma ce ot MukpoOHa ropusHa kinetka (MI'K) u
KOJIOHEH (POTOOMOpeakTop ChC CMeceHa KyITypa OT MHKpOBoJopaciu. ['eHepupaHeTo Ha
3HAYUTEIIHN KOJIMUECTBA KUCIOPO/ B CpeliaTa OT BOJOPACIUTE MO BpeMe Ha (DOTOCHHTE3aTa € KIH0YOB
(hakTOp 3a TAXHOTO M3MOJI3BaHE B KaTOIHATA 30HA HA OMOCICKTPOXUMUYHHUTE CUCTEeMH. B aHoHaTa
o0jactT Ha MUKpOOHa rOpMBHA KJIETKa ca CPAaBHEHHM JIBa OTIAIbUHN OPTaHUYHH cyOcTpaTa (CUpTHA
[UIeMITa ¥ BUHACA), U3IMIOJI3BAHM KaTO JOHOPH Ha €IIEKTPOHM 3a Mpoleca Ha MUKpoOHa cyndarHa
peaykuus. llpu paznmuam pexxumu Ha padoTa ca ONpPENEIeHH W aHAIM3UPAHU OCHOBHUTE
enekrpoxumuuyan napamerpu Ha OBEC - nampexxenue Ha orBopeHa Bepura (436 — 510 mV),
MakcumanHa momHocT (8.0 - 14.5 W/m?), musrHOCT Ha Toka (34.8 - 64.1 mA/m?), BBETpenHo
CBIIPOTHUBIICHHE, KyJIOHOBA €(EKTUBHOCT U JIP.
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I11.6. Angelov, A., Gorbounov, Y. and Velichkova, P. (2025). Enhancing biomethane
production with a modulated electric field in anaerobic digestion-microbial electrolysis cell
systems. Ecological Engineering & Environmental Technology, 26(12), 226-237,
https://doi.org/10.12912/27197050/214281, Q3

I11.6. Anrenos, A., I'opoynos, M. m Beamuxosa, II. (2025). CTumyaupaHe Ha
NPOU3BOJCTBOTO HA OMOMETaH, Ype3 MOAYIUPAHO eJIEKTPUYECKO 0J1e B CHCTeMA 32 AaHAePOOHO
pasrpaxaaHe — MUKpoOHa ejeKkTposu3Ha kiaerka. Ecological Engineering & Environmental
Technology, 26(12), 226-237, Q3

Abstract: The advantages of integrating bioelectrochemical systems into anaerobic
wastewater treatment reactors have been established over the last decade. In addition to enhancing
biogas yield, its integration also improves biogas quality, eliminating the need for additional
purification before its utilization as an energy source. While the biochemical and electrochemical
processes in a hybrid AD-MEC system with a constant external electric field are well studied, the
effects of a pulsed electric field remain insufficiently explored. In this study, the influence of periodic
polarization using a pulsed power supply on biogas yield from distillery wastewater (vinasse and
ethanol stillage) in an AD-MEC system was investigated. The experiments were performed at three
different pulsed power supply frequencies with 0.8 V—1.0 Hz (1s), 0.2 Hz (5s) and 0.1 Hz (10s). The
results were compared with those obtained with a constant electric field (0.8 V) and a control mode
without MEC. Low-frequency pulsed power supply (0.1 and 0.2 Hz), resulted in higher biogas yield
and methane content compared to both the high-frequency mode and constant electric field. For
ethanol stillage, the biogas yield increased by 20-25% relative to the control, and for vinasse by 13—
16% under the optimal conditions.

Pe3iome: [IpeaumMcTBaTa OT MHTErPHUPAHETO HA OMOEIEKTPOXUMHUYHNA CHCTEMH B aHAEPOOHU
peaKkTopy 3a MPEeYNCTBAaHE Ha OTIIAJbYHH BOIH Ca YCTAHOBEHH IPE3 MOCIeNHOTO neceTminerne. OcBeH
4e MOoBHINAaBa N0OMBa Ha OWOTa3, Ta3W MHTErpanus MoJo0psBa M KAadyeCTBOTO Ha OWorasa, KaTto
STMMUHAPA HEOOXOJWMOCTTa OT JONBJIHUTENTHO NPEYHCTBAHE MPEIN H3IOI3BAHETO My Karo
SHEepPTrUueH M3TOYHHUK. JJoKaTo OMOXUMHYHHTE U eNeKTPOXUMHIHHUTE TiporecH B xubpuana AD-MEC
CHCTEMa C MOCTOSIHHO BBHIIHO EJIEKTPUYHO TOJe ca J00pe mpoydeHH, e(heKTUTEe Ha UMITYJICHOTO
SNIEKTPUYHO TOJIE OCTaBaT HEAOCTATHYHO M3CIeIBaHU. B HacTosmoTo u3cneaBane Oeme mpoy4eHo
BIIMSTHAETO Ha MEPHOANYHA MOJIIPU3ALUs UYpe3 UMITYJICHO 3aXpaHBaHe BbpPXY J0OMBa Ha OUoras oT
OTHaJbYHU BOJW OT CHMPTOBapHA (BUHACA M OCTAaThYHA TEYHOCT CIIe]T IECTHIIaus Ha eTaHoi) B AD-
MEC cucrema. ExcriepuMenTuTe 0sXa MPOBEACHU MPU TPU Pa3IMUHU YECTOTH HA HUMITYJICHOTO
3axpanBane: 0,8 V — 1,0 Hz (1 s), 0,2 Hz (5 s) u 0,1 Hz (10 s). Pe3ynraTuTe 0siXxa CpaBHEHH C TE3H,
MOJy4YeHH mNpu mocTosiHHO enektpuyHo mone (0,8 V) um konTtponeH pexum 6e3 MEC.
HuckouecrorHoTo nmityncHo 3axpanBane (0,1 u 0,2 Hz) noBene n1o mo-Bucox 106uB Ha 61oras u mo-
BHCOKO ChJIbPKaHHE Ha METaH B CPABHEHHE KAKTO C BUCOKOYECTOTHHS PEKHUM, TaKa U C PEKHMa C
MIOCTOSIHHO eJIeKTpU4HO moJje. [Ipu octarbuHaTa TEUHOCT clie/ AeCTUIaKs Ha €TaHOJ JOOUBBT Ha
ouoraz ce ysenuuu ¢ 20-25% cnpsimo KoHTponHaTa mpoba, a mpu BuHacata — ¢ 13-16% mnpu
ONTUMAJIHUTEC YCJIOBUS.
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HayuHu ny6nukauuu B HepedepupaHu CMMCAHUA C HAYYHO peLieH3npaHe unu
B peAaKTMpaHKU KONeKTUBHKU ToMoBe (no rpyna nokasatenu IN

IIL.7 Alexandre Loukanov, Svetlana Bratkova, Velichka Mitova, Sotir Plochev, Anatoliy
Angelov, 2013, Photocatalytic decolorization of azo dyes by nanostructured zinc oxide doped
with lanthanum, Sustainable Development 6 (2013) 91-96, ISSN: 1314-4138.

IIL.7. Anexcanabp Jlykanos, CBeriiana bparkoBa, Beinuka MurtoBa, Cotup Ilnoues,
AHaTtouuii  AHresioB, 2013, dorokatajiuTHYHO o0e3UBeTsIBAHe Ha a3ol0arpujia upe3
HAHOCTPYKTYPHPAH UHKOB OKCHJ, JIETHPAH ¢ JIAHTaH, YcTroiiunBo pazsurtue 6 (2013) 91-96,
ISSN: 1314-4138.

Abstract: The photocatalytic ability of thin film nanostructured zinc oxide, which is doped with
lanthanum, is demonstrated. The applied chemical conditions lead to synthesis of uniform in size
nanoparticles. They are easy for purification and characterization by UV-VIS, X-ray analysis and
scanning electron microscopic observation. The experimental data show that La-doped zinc oxide
nanoparticles possess higher photocatalytic activity in comparison with pure zinc oxide nanoparticles
in the control experiment. The tests were performed by decolorization of model solution of Reactive
Black 5 and Malachite Green azo dyes. This novel nanomaterial has potential for practical application
in industrial facilities for remediation of wastewaters.

Pe3ome: JlemoHcTpupana ¢  (OTOKATaIMTHYHATA  CIIOCOOHOCT HA  THHKOCIOCH
HAaHOCTPYKTYPHpaH IIMHKOB OKCHJI, JISTUPaH ¢ JIaHTaH. [IpUIoKeHUTe XUMUYHU YCIIOBHUS BOJST JIO
CUHTE3 Ha €HOPOJHM IO pa3Mep HaHOYACTHIM. Te ca JISCHHU 3a MPEUYNCTBAHE M XapaKTepU3UpaHe
ype3 UV-VIS, peHTreHOB aHaM3 M CKAHHUPAIIO EJIEKTPOHHO-MUKPOCKOIICKO HAaOJIIOICHUE.
ExcriepyMeHTaIHUTE JIaHHU TIOKa3BaT, Y€ HAHOYACTHMIIMTE OT IIMHKOB OKCHJ, Jierupanu ¢ La,
MPUTEKABAT MO-BUCOKA (DOTOKATATUTHYHA aKTHMBHOCT B CPaBHEHHWE C YHCTUTE HAHOYACTHUIH OT
[IMHKOB OKCHJ] B KOHTPOJIHHS €KCIEpUMEHT. TecToBeTe ca MPOBEACHH upe3 O0e3IBETSIBaHE Ha
MoJIeJIcH pa3TBop Ha a3zo0arpmiia Reactive Black 5 u Malachite Green. To3u HOB HaHOMaTepHal KMa
IIOTCHIMAJI 3a IPAKTHYCCKO IIPUIOXKCHHUE B IMIPOMHUIUICHH CBHOPBXKCHHUA 3a IIPCUUMCTBAHC HaA
oTHagb4HU BOJU.

II1.8 Nikolova, K., Angelov, A., Bratkova, S., Plochev, S. (2013). Overview of EU
permitting and regulatory mechanisms of storing CO2 in UCG cavities, Revista Mining
Revue/Revista Minelor, Vol 19, Issue 1, pp. 26-33, ISSN-L 1220-2053 / ISSN 2247-8590.

II1.8. HuxkogaoBa, K., Aureno, A., bparkosa, C., IlioueB, C. (2013). Ilpersiienq Ha
pa3peminTeiHUTe M peryjatopHute MexanusmMu Ha EC 3a cbxpanenue Ha CO2 B KyXHMHH OT
N0/13¢eMHa BbIJIMIIHA ra3uduxaums, Revista Mining Revue/Revista Minelor, 2013, Tom 19, 6poii
1, ctp. 26-32, ISSN 1220-2053

Abstract: The carbon capture and storage (CCS) is a basic part of worldwide efforts to limit
global warming by reducing greenhouse-gas emissions. European Union's 27 member states have met
the deadline to adopt a milestone CCS law, which will manage some of the environmental risks of
CCS and regulate the underground storage of CO2. Member states were obliged to transpose the
obligations included in the EU CCS Directive into their national legislation by 25 June 2011. France,
Spain and the UK were among the first to meet the deadline, along with Romania, Belgium, Denmark,
Ireland, Latvia, Lithuania, Luxembourg, Austria and Finland. The European Commission enjoys
enforcement powers through infringement procedures against Member States failing to comply with
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their obligation to implement EU law. However, the legal regulations concerning permanent storage
of CO2 in geological formations are not sufficiently developed because this technology is relatively
new to global scale.

Pestome: YnapsiHeTo u cbxpaHeHueTo Ha BbriiepogeH auokcus (CCS) e ocHOBHa YacT OT
CBETOBHUTE YCHJIMS 32 OrPAaHUYaBAaHE Ha INI0OATHOTO 3aTOIUISIHE Ype3 HaMallsiBaHe Ha €eMHUCHUUTE Ha
MApHUKOBU Ta3oBe. 27-Te ObpKaBU WIEHKHM Ha EBpomneickusi Chio3 crna3uxa KpaHHUs CpPOK 3a
npueMane Ha BakeH 3akoH 3a CCS, KOWTO 11e ynpaBiisiBa HAKOU OT eKoJoruuHute puckose o CCS
U Ime perynmpa moa3eMHOTO cbxpaHeHue Ha COs. [IbpkaBuTe-uleHKH Osfxa 3aIbKCHH [a
TPAHCIIOHUPAT 3aabIKeHusITa, BKItoueHn B Jupekrusara na EC 3a CCS, B HauMoHaIHOTO cu
3aKkoHOaTencTBO 10 25 tonu 2011 r. @panmms, Ucmaans u OO6eIMHEHOTO KpaJCTBO Osixa cpen
IIbPBUTE, KOUTO Ca3uxa KpaHUs Cpok, 3aeaHO ¢ Pymbuus, benrus, anusa, Upnaunus, JlaTBus,
JIutBa, JIrokcemOypr, ABctpusi u @unnanaus. EBponeiickaTa KOMUCHS pa3iosiara ¢ paBoMOLINS 32
MpujlaraHe 4pe3 MNpoleAypd 3a HapyLIeHHE Cpeuly Abp)KaBU UJIEHKH, KOWTO HE CIa3Bar
3aJIBIDKEHUETO CH Jla TpuiaraT 3akoHoaTenctBoto Ha EC. Bweipeku ToBa, mpaBHUTE paznopenou
OTHOCHO MOCTOSTHHOTO chxpaHeHue Ha CO2 B reookku (GopMalyu He ca JOCTaThUHO Pa3BUTH, Thi
KaTO Ta3W TEXHOJIOTHS € CPABHUTEIIHO HOBA B CBETOBEH Maral.

I11.9 Angelov, A., Bratkova S., Nikolova, K. (2013). Development of microbial fuel cell
for treatment of mining wastewater, Proceedings of the XV Balkan Mineral Processing
Congress, Sozopol, Bulgaria, June 12-16, pp. 1022-1024, ISBN 954-353-2176, 978-954-353-2179

III.9 Angelov, A., Bratkova, S., Nikolova, K. (2013). PazpaGorBane Ha MHKpOOHa
rOPpMBHA KJIeTKA 32 NMPeYlCcTBAHE HA MUHHH OTHAABYHU Boau, COOpHUK ¢ gokaaau oT XV
BbankaHcku KOHrpec mo odoratsiBaHe Ha moJie3Hd uskomaemu, CoszomnoJ, buarapus, 12-16
wHH, cTp. 1022-1024, ISBN 954-353-2176, 978-954-353-2179.

Abstract: Microbial Fuel Cell (MFC) is considered as one of the alternative energy resources
from renewable materials. By employing the natural sulfate-reducing bacterium consortium we
demonstrate the possibility of electricity generation in a microbial fuel cell with concomitant sulfate
removal. Microbial fuel cell has been developed, based on natural sulfate-reducing bacterium
consortium in electroactive biofilm on zeolite. MFC was constructed using Cation Exchange
Membrane type CMI - 70008, graphite electrodes without addition of any toxic mediators as electron
acceptors in the anode chamber. This report reveals dependence relationship between the progress of
general electrochemical parameters of MFC and bacterial sulfate-reduction rate. The impact of basic
technological parameters into the process of microbial dissimilatory sulfate reduction in the area of
anode has been determined - the influence of the aeration intensity in the cathodic zone, temperature
and ratio COD/SO4. The presented MFC design can be used for simultaneous sulfate purification of
mining drainage wastewater and generation of green electricity.

Pe3ome: MukpoOnata ropusHa kietka (MFC) ce pasriexaa kato eluH OT allTepPHATUBHUTE
SHeprUiHA U3TOYHUIIM OT Bh30OHOBSIEMH MaTepuaiu. Upe3 U3noa3BaHe Ha eCTECTBEH KOHCOPIIMYM
or cyndar-penynupaimy  OakTepuud JEMOHCTpHUpamMe BB3MOXKHOCTTAa 3a TEHEpUpaHe Ha
CJIIEKTPOCHEPTHS B MUKPOOHA TOPHBHA KIIETKA, CHIIPOBOJACHO C €HOBPEMEHHO OTCTpAaHSBAHE Ha
cyndartu. Pa3paborena e MukpoOHa TOpHMBHA KJETKa, Oa3WpaHa Ha €CTECTBEH KOHCOPIMYM OT
cyndaT-peayuupaiiy O0akrepuu, (Gopmupal] eneKkTpoakTuBeH Oumodunm Bbpxy 3eonutr. MFC e
KOHCTpyHupaHa ¢ kKatTnoHooOMenHa MemOpana tunn CMI-7000S u rpaduthu enexrpoau, 6e3 1od6aBsHe
Ha TOKCHYHU MEIMATOPH KaToO €JIEKTPOHHM aKIENTOPH B aHOJHATa Kamepa. HactosmmsaTr mokian
pasKpHBa 3aBUCUMOCTTA MEKIY Pa3BUTHETO HA OCHOBHHTE €NEKTPOXUMHUYHU mapametpu Ha MFC n
CKOpocTTa Ha OakTtepmanmHata cyndar-penyknus. OmnpeneneHo € BIUSHAETO Ha OCHOBHH
TEXHOJIOTHYHH TIapaMeTpu BBHPXY Mpolieca Ha MHUKpOOHA JAWCHUMHIATOpHA CylI(ar-peayKuus B
aHOJHATa 30HA — BIMSHUETO Ha MHTEH3WBHOCTTA HA aepalrys B KaTOJAHATA 30Ha, TeMIIepaTypara u
cpotHOmEeHueTo COD/SO4. [Tpemnoxenust qu3aitn Ha MFC Moxke /1a ce H310J13Ba 3a SJHOBPEMEHHO
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NpevyrcTBaHe OT cyndarh Ha MUHHU JAPEHAKHH OTHAIbYHM BOJM M TEHEpUpaHe Ha ,,3eleHa’
eJIeKTPOCHEPTUsl.

II1.10 Bratkova, S., Plochev, S., Nikolova, K., Loukanov, A. and Angelov, A. (2013).
Treatment of acid mine waters by means of different anaerobic cells and constructed wetland,
Proceedings of the XII-th national conference with international participation of the open and
underwater mining of minerals, 26-30 June, Varna, Bulgaria, pp. 349-356, after 2017, ISSN
2535 0854, COBISS.BG-ID - 1280890596

II1.10. BpatkoBa, C., IlnoueB, C., HukonoBa, K., Jlykanos, A., Aurenos, A. (2013).
IIpeuncTBane Ha KMceJM PYAHUYHH BOJHU MOCPEACTBOM aHAEPOOHU KaMepH OT pa3jinyeH THI
U aepoOHa BjaxkHa 30HA. Coopnuk om XII-ma nayuonanna KoHgepenyus c MeyHcOyHapooOHO
yuacmue 3a OMKpum u H00800eH 000ue na munepanu, 26-30 ronu, Bapua, bsarapus, crp. 349-
356, Cnen 2017 r., ISSN 2535 0854, COBISS.BG-ID — 1280890596

Abstract: Acid mine waters, containing Fe, Cu, Zn, Mn, As and sulfates, were treated by
means of a laboratory passive system. The laboratory-scale installation consists of two chambers for
sulfate-reduction, containing crushed limestone and a mixture of biodegradable waste organic
substrates and of a wetland. It was studied the influence of design of anaerobic chambers and the flow
direction on the neutralization of wastewaters and the pollutants removal. Through the treatment of
effluents by constructed aerobic wetland the concentrations of the pollutants decrease below the
relevant permissible levels for waters intended for use in the agriculture and/or industry.

Pe3iome: Kucenu pynauaan Boau, ceabpkamnu Fe, Cu, Zn, Mn, As u cyndaru ca TpeTupanu
MOCPEACTBOM J1abopaTopHa NnacuBHa cucteMa. JIaboparopHaTa MHCTaNalUs BKJIIOYBA JIBE KAaMEPH 32
MUKpOOHa cyJnpaT-peayKLns, 3aIbJIHEHN C HATPOILIEH BAPOBUK M CMEC OT OMOJIOTUYHO Pa3rpauMu
OTIAJbUHU OPraHWYHU CyOCTpaTH M BiIaXKHA 30HA. M3cnenBaHo € BIMSHHETO Ha JIM3aiiHa Ha
aHaepoOHUTE KaMepu M II0COKaTa Ha J[BWKEHHE Ha IOTOKa BBPXY HEYTPAIU3UPAHETO Ha
TPETUpPAHUTE BOAM M OTCTPAHSBAHETO Ha 3aMbpcurenure. llocpeacTBoM TpeTupaHeTo Ha
M3XOMALIUTE OT KaMepuTe BOAM upe3 aepoOHa BJIAXKHA 30HA € IOCTHTHATO IOHMKaBaHE Ha
KOHLEHTPAMUTE HA M3CJICABAHUTE 3aMbPCUTENHU IO MPEIETHO JOMYCTUMHUTE KOHLEHTPALUHU 3a
BOJIM, U3TIOJI3BAHU 32 CEJICKOCTONAHCKHU W/WIIM UHLyCTPHAIIHN HYKAH.

II1.11 Nikolova, K., Bratkova, S., Angelov, A., Genova, P. (2013). An analysis of ecological
risk of CCS in the context of European environmental legislation, Proceedings of the IV
international scientific and technical conference “Geology and hydrocarbon potential of the
Balkan Black Sea region”11-15 September, Varna, Bulgaria, pp. 286-292, ISBN - 978-954-
92738-5-4, COBISS.BG-ID - 1262625764

II1.11. Huxoinosa, K., Bparkosa, C., Aureinos, A., I'enosa, I1. (2013). AHanu3 Ha €KOJOTUYHUS
PHUCK OT yJIaBSHETO M ChbXpaHeHUEeTo Ha BbIiepojeH quokcu (CCS) B KOHTEKCTa Ha €BPONEUCKOTO
EKOJIOTUYHO 3aKoHOAaTencTBO, Cooprux om [V mexncoynapoona nayuno-mexHuiecka KoHgepenyus
., [ eonozus u evenesodopoden nomenyuan na banxkancrko-Yeprnomopckus pecuon *, 11-15 centemspu,
Bapna, bwarapus, ctp. 286-292, ISBN - 978-954-92738-5-4, COBISS.BG-ID - 1262625764

Abstract: Main environmental risks of the Carbon capture and storage (CCS) technology,
which are quite specific and related to varying environmental conditions, were reviewed. They must
be defined for the unique geological and hydrogeological conditions of each field. To apply the CCS
technology at an appropriate site it is necessary to implement the best available European and
international practices, observing all environmental requirements listed in European and national
legislation. The issue of CCS can be related to a series of EU regulations — the CCS Directive, the
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Water Framework Directive, the Groundwater Directive, the Directive on mining waste management
and etc.

Pe3tome: Pasriienanu ca OCHOBHHUTE €KOJIOTMYHM PUCKOBE OT TEXHOJIOTHATA 3a yJaBsSHE U
cbXxpaHeHue Ha BbriepojieH Buokcus (CCS), kouTo ca gocra criequUIHA 1 CBBP3aHU C PA3IUUYHU
yCIOBHSA Ha OKOJIHATa cpema. Te TpsiOBa ma Obaar AeuHUpaHU 3a YHUKAIHUTE TE€OJIOKKH U
XHUJIPOTEOJIOKKH yCIOBHSI Ha BCSIKO HaxouuIe. 3a aa ce npuioxu texnonorusta CCS Ha moaxosi
00eKT, € HeoOXOIMMO Ja ce BHEAPAT Hai-IoOpUTEe HAIMYHU EBPONEHCKHM M MEXIyHapOJHU
MPAKTUKH, KAaTO C€ CHa3BaT BCHUYKU EKOJIOTMYHM H3UCKBAaHUS, M30POCHH B E€BPONEWCKOTO HU
HAIlMOHAJIHOTO 3aKOHO/IATEJICTBO. BhIIPOCHT 3a yIaBsHETO U ChbXPaHEHUETO HA BBIJIEPOJIEH TUOKCHUL
(CCS) moxe na Opae cBbp3ad ¢ peauua pernamentd Ha EC - [lupextuBara 3a CCS, PamkoBara
JTUPEKTHUBA 3a BoauTe, JlupekTruBara 3a noA3eMHHUTE BOU, JlupekTuBara 3a yrpaBjieHue HA MUHHHUTE
OTIAaJbLHU U JP.

II1.12 3aneBa-/lo0panoBa, E., IIl. JIbomoB, A. AHre;noB, 2013, “IllucToBusiT ra3” — equH
0T HEKOHBEHIIMOHAJIHUTE H3TOYHHIM HAa BbIieBogopoaHu pecypcu. Cn. MuHHO Aen0 u
reoJiorus, op.7-8, crp. 45-52, ISSN: 0861-5713.

II1.12 Zaneva-Dobranova, E., Sht. Lyomov, A. Angelov, 2013, “Shale Gas” — One of the
Unconventional Sources of Hydrocarbon Resources. Mining and Geology Journal, No. 7-8, pp.
45-52, ISSN: 0861-5713.

Pe3tome: HampaBeH e mperyiel Ha CbCTOSIHUETO Ha M3Y4YEHOCTTA B CBETOBEH, €BPONEHCKU U
HaIMOHAJICH Maal Ha MpobeMa, CBbpP3aH ¢ 0COOCHOCTUTE TPH MTPOYYBAHETO ¥ JT0OMBA HA CIIIUCTOB
ra3» W MPOM3THYALINTE OT TAX EKOJOTHYHU prcKoBe. OCHOBHUST HM3BOJ € HEOOXOAMMOCTTa OT
pasmIMpsIBAHETO Ha TO3HAHWETO Ha OBJITapcKOTO OOIMIECTBO 3a CBOS TMOTEHIMAN OT TOA3EMHHU
pecypcu. ToBa mo3HaHue € HYXXHO Ja ce peanu3upa Ha Oa3zara Ha pa3yMHusl OamaHc Ha
NOTPeOHOCTHTE HA CTpaHaTa OT COOCTBEHH E€HEPTUHHU W3TOYHHIM, BH3MOXHHUTE EKOJIOTHYHHU
MOCJECTBHA M HKOHOMUYECKaTa [eIechO0pa3HOCT.

Abstract: An overview of the state of study on the global, European and national scale of the
problem related to the ,,shale gas* exploration and extraction features and the ensuing environmental
risks. The main conclusion is the necessity of expanding the knowledge of the Bulgarian society about
its potential from underground resources. This knowledge needs to be realized on the basis of a
reasonable balance of the country's own energy needs, possible environmental consequences and
economic feasibility.

II1.13. Alexandre Loukanov, Milena Georgieva, Anatoliy Angelov, (2014), Toxicological
assessment of photocatalytically destroyed mixed azo dyes by Chlorella Vulgaris, Annual of the
University of Mining and Geology “St. Ivan Rilski", vol.57, 2014, pp.140-142, ISSN: 1312-1820.

III.13. Anexkcanabp JlykanoB, Mwuiena I'eoprueBa, AHartonuii AHrenos (2014),
TokcukogornyHa omeHKa Ha (OTOKATAJINTHYHO Pa3rpajeHd CMeCeHH a3ofarpuwia 4vpe3
Chlorella vulgaris, I'onuiinuk Ha MUHHO-Te0/10:KKHus YHUBepcuteT ,,CB. UBan Pusicku®, Tom
57,2014, cTp. 140-142, ISSN: 1312-1820.

Abstract. The study aims to evaluate the toxic effects photocatalytically destroyed mixed azo
dyes on the growth of Chlorella vulgaris and to assess its bioaccumulation capacity as a function of
the dye concentration and the time of contact with the xenobiotic. The assays were accomplished in
a set of miniaturized tests, which contains the bioindicator. The exponentially growing algae cultures
were exposed to various concentrations of model solution before and after photooxidation treatment.
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The toxicological effect of the dyes was determined by measuring of the grown inhibition over a fixed
period. The toxicity to Chlorella vulgaris, expressed as log(1/EC50) of xenobiotics has been
examined. All data demonstrate that the growth inhibition was greater with untreated azo dyes than
the destroyed reaction mixture. The final dye concentration in the supernatant was measured
spectrophotometrically in the presence of microalgae. The data demonstrated the efficiency of
Chlorella vulgaris to remove the dye from wastewaters.

Pe3lome. M3cnemBaHeTro € HAaco4eHO KbM H3y4YaBaHe Ha TOKCHYHHSA edekr Ha
(oTOKaTATUTUIHO pa3pyllIeHa cMec Ha a3obarpuia BepXy pacrexa Ha Chlorella
vulgaris u 1a ce oneHn OMOAKyMyJIallMOHHUS KalalUTeT, KaTo (YHKIUS Ha KOHIIEHTpPAIMITA HA
0arpmiIOTO W BpPEMETO Ha KOHTAKT C KCEHOOMOTHKAa. AHalIM3WTE ca W3BBPUICHH B HaOOp Ha
MUHHATIOPU3UPAHH TECTOBE, ChIBbPKAIM OMOMHAMKATOP. EKCIIOHEHIIMATHO PACTSIIU KyJATYpH Ha
MHUKpPOBOJIOpAciy 0siXa M3JI0KEHH Ha Pa3IMYHH KOHLETPAI[MH Ha MOJEIHO Oarpuio Mpead U Ciel
¢dorookucmuTenHo tperupane. TokcukoiormyHus edekr Ha Oarpmiara Oemie OompeaeseH upes
n3MepBaHE MHXMOMPAHETO Ha PACTEeXKHATA 3a ONpENeNICH BPEMEBH IMepuoj]. TOKCHYHOCTTa Ha
KceHoOuoTuka Oemie onpenenceHa cupsamo log(1/EC50) na Chlorella vulgaris. [Toiaydenure nanHu
[OKa3BaT, Y€ HETPETHPaHOTO Oarpwio WHXMOMpa B TO-TOJIsIMa CTENEH pacTeka Ha
MHKPOBOJIOPACIIUTE, OTKOJKOTO PEaKIMOHHATa CMeC, MOJIydYeHa B pe3yiTarT Ha (OTOOKUCIIeHHE.
Kpaiinara KOHIIEHTpalys Ha 0arpuiioTo B CynepHaTaHTaTa Oelle n3MepeHa CleKTPOpOTOMETPUIHO
B TIPUCBHCTBHE HAa MuKpoanrute. [lomydenure pesynaratu nokaszsar edexruBHoctTa Ha Chlorella
vulgaris 1a oTcTpaHsBaT 6arpuIOTO OT OTIIAIHATA BOAA.

II1.14. Nikolova K., Lavrova S., Angelov, A., Bratkova S., Influence of the nitrates in the
anolyte on the MFC performance, Annual of the university of mining and geology “ST. IVAN
RILSKI”, Vol. 57, Part II, Mining and Mineral processing, 2014. ISSN: 1312-1820.

III.14. Huxosoa K., JlaBpoBa C., AnreioB A., bparkoBa C., Bauanue na
cvovporcanuemo Ha Humpamume ¢ anoauma evpxy MI'K, I'ogumunuk na MI'Y “Cs. UBan
Puicku®, Codus, Tom 52, Cg. 11, /Io0uB u npepadoTka Ha MUHepaJHu cypoBuHu, 2014, ISSN:
1312-1820.

Pe3iome: MukpoOuute ropuBau kinetku (MI'K) ce cumrar 3a eaMH OT anTepHATUBHUTE
U3TOYHHMLIM Ha €HEeprus OT BB30OHOBSIEMH CYpPOBMHM. 3a IEIMTE Ha TOBa IpoyuyBaHe Oere
npoektupana nsykamepa MI'K, kato Geme n3nonzpana memOpana tun CMI-7000S. B anomnara
KaMepa ce TpeTHpaxa BOAM C BUCOKA KOHIIEHTPALMs Ha OPraHUYHU ChEAMHEHMs], B IPUCHCTBUE WU
B OTChCTBUE Ha HUTpaTH. KatogHara kamepa Oeme 3anbinena ¢ 100 mM K3[Fe(CN)g] B 67 mM
tdocharen O6ydep ¢ pH 7,0. benie ycraHoBeHO, Ue HATMYUETO HA HUTPATH BHB BOJIUTE BOJM JI0 Obp3a
KOHCyMalus Ha 4acT OT JOHOPHTE Ha EIEKTPOHH, T.C. JCHUTPU(PHKAIHMATA OKa3Ba HETATHBHO
BIIMSIHUE BBPXY ropuBHaTa kietka. OT Apyra cTpaHa, TO3H MPOLEC JOBEE 0 M0-BUCOKA CTENEH Ha
OKHCJIEHME HAa OPraHMYHUTE ChEIUMHEHMS BbB BOJATa M TAXHOTO MPEYUCTBAHE OT HUTPATEH a30T.
[lomydyeHnTe naHHM TOKa3BaT, Y€ 3HAYMTENICH Opod OT (PU3HKO-XUMHYHH, TEXHOJIOTHYHU U
MHUKPOOHOJIOTHYHU (PAKTOPU MMAT BIMSHIE BBPXY €(EKTHBHOCTTA Ha TPOLIECa.

Abstract: Microbial Fuel Cells (MFCs) are considered as one of the alternative energy
sources from renewable materials. For the purpose of this study it was designed a two-chambered
MFC, as it was used membrane type CMI-7000S. In the anodic chamber were treated waters,
containing organic compounds in high concentration in presence or in absence of nitrates. The
cathodic chamber was filled up with 100 mM K;3[Fe(CN)¢] in 67 mM phosphate buffer with pH 7.0.
It was found that the presence of nitrates in the waters resulted in a rapid consumption of a part of the
donors of electrons, i. e. the denitrification had a negative effect on the performance of the fuel cell.
On the other hand, this process had resulted in a higher rate of oxidation of organic substances in
water and their removal of nitrate nitrogen. The data obtained showed that a significant number of
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physico-chemical, technological and microbiological factors had an influence on the efficiency of the
process.

II1.15. Angelov A., Bratkova S., Stefanova D., Nikilova K., Development of a system for
management and monitoring of technological parameters in a MFC with an application in the
mining wastewaters treatment, Proceedings of the XIII National conference with international
participation of the open and underwater mining of minerals, 01 - 05 September 2015, Varna,
BULGARIA, pp. 314-319 ISSN: 1314-8877.

IIL.15. Anrenos A., bparkoBa C., CredanoBa A., Huxkouosa K., Paspabomeane na
cucmema 3a ynpasieHue u MOHUMOPUHZ HA MEXHOI0ZUYHI NAPAMEMPU 6 MUKPOOHA 20pUBHA
K/lemKa ¢ npuiodiceHue 3a mpemupane Ha omnadvynu 600u om munnama unoycmpus, CoopHuK
Hoxmagu XIII HanuonaiHa KoH(pepeHIUs ¢ MeKAYHAPOIHO yYacTHe 10 OTKPUT U MOJABOACH
a00uB Ha moJiesnu u3konaemu, 01 — 05 CenremBpu 2015, Bapua, bbarapus, crp. 314-319,
ISSN: 1314-8877.

Pe3lome: YcTaHOBEHM Ca OCHOBHMTE TEXHOJOIMYHM MapaMeTpU Ha MUKpPOOHa rOpHBHA
KieTka, 0azupana Ha npoueca JMCP ¢ npusnoxeHue 3a TpeTupaHe Ha OTHAJAb4YHU BOJU C BUCOKO
cpabpkaHue Ha cyidaru. [IpemnokeHa e TEXHOJOrMYHA cXeMa Ha JlabopaTOpHa HMHCTalalus,
II03BOJISIBALIA IOCTOSTHEH KOHTPOJI U yIIpaBlieHHE Ha 0a30BHU 3a Mpolieca TEXHOJIOTUYHU apaMeTpH
— pH, temmeparypa, TDS u OCV. Ha ocnoBa Ha LabView® e mpejokeHa BB3MOXKHOCT 3a
U3MEpBaHE Ha pa3IMYHU €JIEKTPO-XMMHUYHU [apaMeTpd Ha MHUKpPOOHAaTa TrOpUBHA KIIETKa,
OIpeaeNsaIy HeliHaTa e(heKTUBHOCT.

Abstract: There are established the main technological parameters in MFC based on the
process of DMSR with an application in treatment of wastewaters with high content of sulfates. A
technological scheme of a laboratory-scaled installation is synthesized —it allows a continuous
monitoring and management of basic technological parameters - pH, T, TDS and OCV. On the basis
of LabView® is offered a possibility of measuring different electrochemical parameters of the MFC
that determine its efficiency.

III.16. Bratkova S., Ivanov R., Angelov A., Nikolova K., The influence of hydraulic
retention time on the performance of microbial fuel cell integrated in successive alkalinity-
producing system, XVI Balkan mineral processing congress, Belgrade, Serbia, June 17-19, 2015,
pp. 795-800, ISBN 978-86-82673-11-8 (MI).

II1.16. bpatkoBa C, UBanoB P., AuresioB A., Hukonosa K., Bauanue na konmaxkmuomo
epeme @bpXy pabomama Ha MUKPOOHA 20pUGHA KIIEMKA, UHMEZPUPAHA 6 AHOKCUYEH AIKAJIeH
openaxc, CoopHuk nokiaaam XVI baakanckm koHrpec mo oOorarsiBaHe Ha IOJIE3HHU
n3konaemubearpan, Copous, FOun 17-19, 2015, crp. 795-800, ISBN 978-86-82673-11-8 (MI) .

Pe3iome: CHHTETHYHN MUHHH BOIH, Chabpxkanm Cu - 60 mg/l u cyndaru - 2 g/l, c pH 4,5 ca
MPEYNCTBAHM Ype3 aHOKCHUEH aikaieH apeHax (AAJ]) ¢ muaTerpupana MUKpoOHa TOPHBHA KIIETKA.
JuzaitesT Ha AAJ] e mapanenenumnen ¢ odeM 16 dm?, xoiiTo e 3ambiHeH ¢ 4.5 kg cMeceHa TBBpIa
opraHnyHa marepus (Topexzaa Top, cliaMa U JAbPBEHU CTHPTOHHUTH B choTHOmIeHue 4:1:1) n 2 kg
BapoBHK. AHOJHATa Kamepa Ha MUKpOOHaTa TOpMBHA KJIETKa € MOTOMeHa B oOeMa Ha cyOcrTpara.
Karomnara xamepa e 3ambiaHeHa cbe 100 mM K;[Fe(CN)s]. AAJl e unokynmpan cbe 100 ml
oborareHa cMeceHa MHKpOOHa KyJlTypa, ChAbpiKama cyndar-pexynupan 0akTepuu OT POJOBETE
Desulfotomacilum, Desulfomicrobium, Desulfovibrio n Desulfobacterium. Mennnute HOHU HaITbJIHO
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ce yrasBar moxa ¢opmata Ha HepazTBopumus CuS mocpeacTBOM MHUKPOOHO TPOAYLUPAHUS
cepoBoiopo. M3ciieBaHo € BIMSHUETO Ha KOHTAKTOTO BpeMe B MHTepBaia OT 4 10 8§ JeHOHOIIHUS
BBPXY CKOPOCTTa Ha MUKpoOHaTa cyndaT-peAyKIHs U HalpPeKEHUETO Ha OTBOpeHa Bepura. llpu
KOHTAaKTO BpeMe 6 11 ca MOJIy4eHH CTOMHOCTU Ha MUIBTHOCT Ha MOITHOCTTA B Auanaizona 1.92 - 1.94
W/m?, KaTo IIBTHOCTTA HA TOKA € B UHTepBajia oT 5.0 10 5.7 A/m’.

Abstract: Synthetic mine water, containing Cu - 60 mg/l and sulfate - 2 g/l and pH 4.5 was
treated by successive alkalinity-producing system (SAPS) with an integrated microbial fuel cell. The
design of SAPS was cuboidal container with a volume of 16 dm?, filled up with a mixture of 4.5 kg
solid organic matter (cow manure, hay and sawdust in the ratio 4:1:1) and 2 kg of limestone. The
anodic chamber of microbial fuel cell is submerged in the volume of the substrate. The cathode
chamber is filled up with 100 mM K;3[Fe(CN)s]. The SAPS was inoculated with 100 ml enriched
microbial culture of sulfate-reducing bacteria from genera Desulfotomacilum, Desulfomicrobium,
Desulfovibrio and Desulfobacterium. The copper ions were completely precipitated in the form of
insoluble CuS by microbial produced hydrogen sulfide. It was studied the influence of HRT from 4
to 8 days on the rate of the microbial sulfate reduction and the open circuit voltage. At HRT 6 d were
obtained values of power density in the range 1.92 - 1.94 W/m? at a current density within the range
5.0to 5.7 A/m?,

III.17. P. UBanos, II. I'enoBa, C. bparkoBa, A. Anresnon, (2014), “IIpujioxkeHue Ha
KOHCTPYMPAHU BJIQ’KHM 30HM NPH NMpPevYHCcTBaHe HA OMTOBM oTnaaHu Boau”, Hanmonasana
HAYYHO TeXHHYecKa KOH(pepeHIUs ¢ MeXKIAYHAPOIAHO ydacTue “ABTOMATH3aNuUs B MUHHATa
uHaycTpus u meranyprusita”, BULCAMC 2014, 06 — 07 noemBpu 2014, cTp. 139 — 143, ISSN
1314-4537.

II1.17. R. Ivanov, P. Genova, S. Bratkova, A. Angelov (2014), “Application of Constructed
Wetlands for Domestic Wastewater Treatment,” National Scientific and Technical Conference
with International Participation “Automation in the Mining Industry and Metallurgy,”
BULCAMC 2014, November 6-7, 2014, pp. 139-143, ISSN 1314-4537.

Abstract: The constructed wetlands are among the technologies that are recently proven their
wastewater treatment efficiency. In comparison with the conventional treatment systems, the
constructed wetlands are low cost, easily operated and maintained, and they have a strong potential
for application in developing countries, particularly for small settlements. However, these systems
are not widespread, due to the lack of awareness and experiment in the technology development. The
variations in constructions allow different in composition wastewaters to be treated in the artificial
wetlands. The conditions in them are established to favor the growth of plants and microorganisms
and thereby to be optimized the natural processes o f self-treatment. Crucial to the effectiveness of
constructed wetlands is the accurate approach in facilities designing.

Pesrome: KoHCTpyHnpaHnuTe BiIaKHU 30HU €a CPEJl TEXHOJIOTUUTE, KOUTO B IMOCIICAHUTE TOAUHU
J0Ka3axa CBOSITa EQEKTUBHOCT TPH MPEYUCTBAaHE HA OTMAABYHH BOIU. B cpaBHeHme C
KOHBEHLMOHAJTHUTE MIPEUUCTBATEIIHU CUCTEMH, KOHCTPYUPAHUTE BJIAYKHU 30HU Ca HUCKOOIO/IKETHH,
JIECHU 3a eKCIUToaTalus M TOJAPBKKA W WMaT 3HAYWTEIEH IOTEHIHAl 32 NPWIOKECHHE B
pa3BUBAILUTE CE CTPAHU, 0COOCHO MTPU MAJIKU HaceJeH! MecTa. Bbprpeku ToBa Te31 CUCTEMH BCE OL1IE
HE ca MHPOKO Pa3npOCTPAHEHU TOPAIH JHMIICAaTa HA TOCTaThbuyHA WH(POPMHUPAHOCT U MPAKTUIECKU
OTIHT B Pa3BUTHUETO HA TEXHOJIOTHSTA.

Pa3Ho00pa3neTo B KOHCTPYKTUBHHUTE PEIICHHS TTO3BOJISIBA B U3KYCTBEHHUTE BIIAKHU 30HU J1a
ce TpeTHupar OTNagbYHH BOAM C pa3IMieH ChCTaB. B TAX ce ch3laBar ycioBus, OlaronpusTCTBALIH
Pa3BUTHUETO HA PACTEHUsI U MUKPOOPIaHMU3MHM, KAaTO II0 TO3M HAYHMH CE ONTHUMM3UPAT €CTECTBEHUTE
npolecu Ha camonpedyrcTBaHe. OT ChIIECTBEHO 3Hau€HHE 32 €(PEKTUBHOCTTA HA KOHCTPYMPAHUTE
BJIQKHU 30HU € IPELIU3HUAT [TOAXO0/ IIPU IPOEKTUPAHETO HA ChOPBKEHUATA.
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II1.18. I'enoBa, A. AnreJsioB, P. UBanos, C. Il;1oueB, (2014), “CbBpeMeHHHM NMOAXOAH 3a
TpeTHpaHe HA MHPWITPATH OT Jena 3a TBHPAH OMTOBM oTnagbuu”, HamuonaiaHa Hay4dHo
TeXHUYecKa KOHGepeHHs ¢ MeKTYHAPOIHO YYyacTue “ABTOMATH3ALMSA B MUHHATA HHAYCTPUSI
u Metaayprusata”, BULCAMC 2014, cTp. 144 — 149, ISSN 1314-4537.

IIL.18. P. Genova, A. Angelov, R. Ivanov, S. Plochev (2014), “Modern Approaches for
Treatment of Leachate from Municipal Solid Waste Landfills,” National Scientific and
Technical Conference with International Participation “Automation in the Mining Industry
and Metallurgy,” BULCAMC 2014, pp. 144-149, ISSN 1314-4537.

Pe3rome: MHduntparsT oT Jienara 3a OUTOBU TBBPIM OTHAIBIM MPEICTABISIBA €HA OT Hak-
CJIOKHHTE 33 TPETUPAHE OTHABYHH BOJM. 3aMbPCABAHETO C MHPUITPATH € ABJITOCPOUCH MPOodIIeM,
TBHH KaTO 00pa3yBaHeTo Ha GUITPAT MPObIDKABA JBITO ClIe]] 3aKPUBAHETO Ha jeroTo. OT HAa4anoTo
70 caMHys Kpaid Ha >KU3HEHWs LMKBI Ha JENOTO TpsOBa Ja ce ocUrypu eQeKTUBEH KOHTPONI U
CTPUKTHO YIpaBJIcHWE Ha TeHepupanus GuiaTpaT. XUMUYHUAT ChCTaB HA (QUITpaTa MpecTaBlsBa
PHUCK 32 OKOJIHATa Cpejia W YOBEIIKOTO 37paBe. CxeMuTe 3a TpeTupane Ha GuiaTpaT 0OMKHOBEHO
BKJIFOUBAT KOMOWHAIIMS OT OWONOTWYHM, (DU3MYHU M XUMUYHH IPOIECH, MPOCKTHPAHU KaTO
MOJIYJIHA, MHOTOCTETICHHH ChOPBKEHHUSI, CIOCOOHHM J1a TIoeMaT MPOMEHHUTE B ChCTaBa Ha (uiITpara
BbB BPEMETO.

Abstract: The leachate from landfills for municipal solid wastes is one of the most challenging
wastewater for treatment. The pollution with infiltrates is a long-term problem, as the leachate is still
forming long after the landfill closure. From the beginning to the very end of the life-cycle of landfill,
there must have an effective control and strong management of the produced leachate. The chemical
composition of leachate is a risk for the environment and the human health. The schemes for leachate
treatment usually consist of a combination of biological, physical and chemical processing that are
designed as modular, multilevel devices, capable of managing the change in the composition of the
leachate in time.

II1.19. Nikolova, K., Angelov, A., Bratkova, S. and Genova, P. (2013). Influence of various
factors on the efficiency of MFC bazed on the process of microbial dissimilatory sulphate-
reduction, Analele Universitatii ""Constantin Brancisu'" din Targu jiu 3, pp. 105-110, ISSN
1842-4856.

I11.19. HukogoBa, K., Anrenos, A., bparkoa, C. u I'enoBa, Il. (2013). Bausinue Ha
pazanunau gakropu BbpXy edexkTuBHocTTa HAa MFC, 0a3upana Ha nmpoueca HA MHUKPOOHA
aucuMuiIaTopHa cyiagar-penyknus, Analele Universitatii ,,Constantin Brancusi” din Targu
Jiu, 3, cTp. 105-110, ISSN 1842-4856.

Abstract: Microbial Fuel Cell (MFC) based on the process of microbial dissimilatory sulfate-
reduction, provides the possibility of generating electricity while removing sulfates from the
electrolytic solution. A MFC was constructed using Cation Exchange Membrane type CMI-7000S
and graphite electrodes without addition of any toxic mediators as electron acceptors in the anode
chamber, partially filled with natural zeolite. In a series of investigations the influence of basic
technological parameters on the generated voltage was established in open circuit (OCV) -
temperature, pH, ratio COD/SO4 and aeration intensity in the cathodic zone. A multifactorial
regression analysis based on the experimentally obtained data was made as the importance of each of
the investigated factors was established.
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Pe3srome: MukpoOHata ropuBHa kietka (MFC), Oa3upaHa Ha mpolieca Ha MHKPOOHa
JTUCUMHIIATOpHA CyidaT-peyKius, MpeIocTaBsi Bb3MOKHOCT 32 TEHEPUpPaHE Ha EJIEKTPOCHEPTHs
NPy €IHOBPEMEHHO OTCTpaHsIBaHe Ha cyndaru oT enekTponuTHus pa3tBop. MFC e koncTpyupana c
KaTnoHooOMeHHa MeMOpana turt CMI-7000S u rpaduTHH enekTpoau, 0e3 100aBsHE Ha TOKCUYHU
MEIMATOPH KaTo €JIEKTPOHHH aKIEeNTOPH B aHOIHATAa Kamepa, KOSATO € YaCTHYHO 3allbJIHEHa C
MPUPOJIEH 3€0JIUT.

B cepust ot nscnenBanus Oerre yCTAHOBEHO BIMSHUETO HA OCHOBHU TEXHOJIIOTUYHU NTapaMeTpH
BBPXY F€HEPHUPAHOTO HalpekeHue npu orsopena Bepura (OCV) — remneparypa, pH, croTHOIIEHHE
COD/SO+ ¥ WHTEeH3WBHOCT Ha aepamus B KarogHarta 30HA. M3BwpmieH Oe MHoOrodakrtopeH
perpecuoHeH aHaiIu3 Ha 0a3a eKCIIepUMEHTATHO MOJMYYSHNUTE TaHHH, Ype3 KOMTO Oemre onpeaeneHa
3HaYMMOCTTA Ha BCEKH OT U3CJIEIBAHUTE (PaKTOPH.

II1.20. Nikolova K., Angelov A., Bratkova S., Stefanova A., Impact of different types of
separators on the efficiency of a dual-chambered MFC, Annual of the University of Mining and
Geology “St. Ivan Rilski”, Vol. 58, Part II, Mining and Mineral processing, 2015, pp. 140-143,
ISSN: 1312-1820.

I11.20. HuxonoBa K., AnresnoB A., bparkoa C., CredanoBa A. Bausnue na paznuunu
8u0o06e cenapamopu 6wvpxy epexkmusnocmma HA 08YKAMEPHA MUKPOOHA 20puUGHA KlemKd,
I'opgumank Ha MuHHO-Teo10kKHNs YHUBepcuTeT “CB. UBan Puicku”, Tom 58, Cs. 11, 1o6uB n
NnpepadoTKa Ha MUHEPAJIHU cypoBUHH, 2015, pp. 140-143, ISSN: 1312-1820.

Abstract:

Microbial fuel cells are an ecofriendly modern technology for production of energy from
alternative sources. They provide an opportunity of wastewater or wastes treatment with a
simultaneous electricity generation. For the purposes of the present study there was designed an U-
shaped two-chambered microbial fuel cell, based on the process of dissimilative microbial sulfate
reduction, whereby there was no necessity of mediator addition in the anodic chamber. Graphite
electrodes with equal surface areas were used and as a catholyte - a buffered solution of K3[Fe(CN)e]
with pH 7. Numerous laboratory experiments were carried out with variants of classic salt bridges
and recently preferred cation exchange membranes in order to establish the influence of the type of
the separator between the two sections, the cathodic and the anodic, on the efficiency of microbial
fuel cell. The electrochemical behavior of the fuel element was observed with each one of the
separators designs.

Pe3tome: MukpoOHUTE TOPUBHHU KICTKU MPEACTABISABAT MOJCPHA €KOIAIsAIIa TEXHOIOTHS 3a
)106I/IB Ha CHEprus OT aJITCpHATUBHU U3TOUYHUIIN. Te JaBaT Bb3MOKXHOCT 3a TPECTHUPAHC HA OTIAAbIU
WM OTHaIbYHUA BOAU €JHOBPEMEHHO C MPOW3BOJCTBO HA CIEKTPUYECKA CHEPIrHs. 3a IEeIUTe Ha
HACTOAIICTO M3Cie[BaHe ¢ KoHcTpyupaHa ¢ U-oOpa3Ha JBykamMepHa MUKpPOOHA TOpUBHA KIIETKa,
OasupaHa Ha Mpolleca Ha JUCHMHJIATHBHA MHKPOOHA cyndar peayKius, MpH KOETO OTMaja
HEOOXOMMOCTTa OT J00aBsHE Ha MeAuarop B aHojaHata oOnact. M3mon3Banu ca rpadureHu
eJIIEKTPOJIM C eHaKBa MOBLPXHOCT U Oydepupan pastBop Ha K3[Fe(CN)g] ¢ pH 7 xato karonwur.
[MpoBeaenu Osixa peamiia TabOpATOPHU OMUTH C BAapHAHTH HA KJIACHUYCCKUA COJICBH MOCTOBE H
IpeATIOYUTAaHN HAITOCJICABK KaTI/IOHOO6M€HHI/I M€M6paHl/l C IICJ1 YCTAaHOBSABAHC HA BJIMSAHHUCTO HA BU/1a
Ha cermaparopa MeX/1y JBETe CEKIIMH, KaToHATa U aHOJJHATA, BbPXY e()EeKTHBHOCTTAa HAa MUKPOOHATa
rOpuBHA KJIeTKa. ENEKTPOXUMHYHOTO MOBEJCHUE HA TOPUBHHS CIEMEHT € MPOCIEICHO MPH BCEKH
€IVH TU3aiiH Ha cernapaTopa.

II1.21. Ivanov R., Bratkova S., Angelov A., Analysis of the sediment microbial fuel cells
operation, planted with different vegetation, Annual of the University of Mining and Geology “St.
Ivan Rilski”, Vol. 59, Part II, Mining and Mineral processing, 2016, pp. 147-151, ISSN: 1312—
1820.
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II1.21. UBanoB P., BparkoBa C., AHresioB A., Ananu3z Ha pabomama Ha ceOUMeHmMHU
MUKPOOHU 20pUBHU KJIEMKU, 3ACA0CHU C pa3ziuduna pacmumennocm, I'0OJUIIHUK HA MUHHO-
reosqoxkus yausepcurer “Cs. UBan Puiackn”, Tom 59, Cs. II, lo6uB m npepadorka Ha
MMHepaJHHu cypoBunM, 2016, cTp. 147-151, ISSN: 1312-1820.

Pe3rome: CenumentHure MukpoOHH TopuBHU kKietku (CMIK) ca cpaBHuTenHo HoBa
TEXHOJIOTHS, TIPUHIIMITHO pa3/inyaBalia ce OT Kilachdeckara MUKpOOHa rOpHBHA KIIETKA, B KOUTO
OKHCIISIEMU BBITICPOJIHU ChEAMHEHUS M JPYTH KOMIIOHEHTH B CEAMMEHTa WM MOJOOHH Cpelu ce
M3IIONI3BaT 3a MPOM3BOACTBO Ha eHeprusa. Pacruremnnmre CMI'K-u Tpancdopmupar crapHUeBaTa
SHEeprusi M0 EKOJIOTHYHO YUCT M e(EeKTHUBEH HA4YMH, Ype3 MHTETpUpaHe Ha KOPEHUTE Ha >KUBO
pacTeHue B aHOTHATa 00JIacT Ha CEMMEHTHATa MUKpOOHA ropuBHA KieTka. Hacrosimoro u3cnenBane
e cBbp3aHO C onpexensae Ha edektuBHOcTTa Ha CMIK-m, B KOMTO BereTupa pasamyHa
pacTUTETHOCT. 3a IEJIWTe Ha MPOYYBAHETO Ca M3IOJI3BAHU IET CEAMMEHTHH MHKPOOHH TOPHUBHU
KJIETKH, B TPH OT KOWUTO €a 3aCaJICHU TUITUYHU Booto0uBH pactenus (Carex acuta, Carex disticha,
Typha angustipholia), B eaHa € W3BbpIIEHA WHOKYIAIUS ChC CMECEHA KYITypa 3€lIeHH H
cunbo3enienu Bogopaciu (Chlorella, Scenedesmus, Oscillatoria), a mociaeaHaTa CEIMMEHTHA KJIETKa
ciyxu 3a kKoHTpona. CyOcTparhT 3a CEIMMEHTHUTE MHKPOOHHM TOPUBHHU KIETKH € W30paH cieln
IPpEABAPUTCIICH aHAJIUW3 Ha CJIICKTPOXUMUYHHUTC IMOKA3aTC/IN IMMPHU pa3jiMdHW CbOTHOLICHHA IOYBaA —
top(d. Ciieqy AByMecedeH Mepro/] Ha BereTalus ca onpeie]IeH OCHOBHH €JIEKTPUYECKU MapaMeTpH,
pH, OKHCJIIUTCIIHO-PCAYKIIUOHCH MMOTCHIHUAJI, CJICKTPOIIPOBOAUMOCT, ICPMAaHIaHATHA OKHUCJIICMOCT U
KOHIICHTpaIysi Ha OMOTEHHU elleMeHTH BbB BojuTe. [lonydyeHnTe AaHHM MOKazaxa, uye Hai-mo0pu
CJIIEKTPOXMMUYHHM MapaMeTPH ce TIOCTUTAT B CEIMMEHTHA KieTKa 3acajieHa ¢ Carex disticha.

ABSTRACT

Sediment microbial fuel cells (SMFC) are a relatively new technology, fundamentally different
from the main microbial fuel cell, in which the oxidizable carbon compounds and other components
of the sludge are used for energy production. The plant SMFCs transform the solar radiation into
green electricity in a clean and efficient manner through the integration of roots of a living plant in
the anodic compartment of a SMFC. This study is related to determination of the efficiency of SMFC
where vegetate different plants. For the purposes of this study are used five sediment microbial fuel
cells, three of which are planted with typical water plants (Carex acuta, Carex disticha, Typha
angustipholia), one is inoculated with a mixed culture of algae (Chlorella, Scenedesmus, Oscillatoria)
and the last sediment cell is used as a control. The substrate for sediment microbial fuel cells is
selected after preliminary analysis of electrochemical parameters in different ratios soil - peat. After
two monts of vegetation were studied basic electrical parameters, pH, redox potential, conductivity,
permanganate oxidation and concentration of nutrients into the water. From the obtained data it is
found that the best electrochemical parameters are achieved in sediment cell planted with Carex
disticha.

I11.22. Nikolova K., Angelov A., Bratkova S., Genova P., Establishment the impact of
anodic type on the performance of MFC with H>S as a mediator, Annual of the University of
Mining and Geology “St. Ivan Rilski”, Vol. 59, Part II, Mining and Mineral processing, 2016,
pp- 188-191, ISSN: 1312-1820.

II1.22. HuxosoBa K., AuresoB A., bparkoBa C., I'enoBa Il., Ycmanoesaeane na
G/IUAHUECMO HA 8U0a HA aHooa ébpXy pabomama ha MI'K ¢ meouamop cepogooopod. I'oqunnunk
Ha MuHHoO-Teo/10:xKkHusA yHUBepcuTeT “C. UBan Pusickn”, Tom 59, Cs. 11, lo0uB u npepadoTka
HA MHHepaJHHu cypoBuHH, 2016, cTp. 188-191, ISSN: 1312-1820.

ABSTRACT
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In order to establish the impact of the type of electrode in the anodic chamber of an MFC,
based on microbial sulfate reduction, a series of laboratory experiments is performed with the same
U-shaped design of the fuel element and identical experimental conditions. Each time the anodic
surface area is the same. The cathode at the five variants is a graphite rod. It was found that the
aluminium anode allows a transfer of a larger electron flow and the generation of higher maximum
power density rates - more than three times higher than those obtained with the graphite. The lowest
value of coulombic efficiency is that of the lead anode.

PE3IOME

C nen ycTaHOBsSBaHE Ha BJIIMSHHUETO HA BUJA HA €JIGKTpoJia B aHojHata obiact Ha MIK,
0asupana Ha MUKpoOHa cyndar peayKuus, € U3BbpIICHA CepHs OT JIAOOPATOPHHU ONMHTHU C €IHA U
cpima U-oOpa3Ha KOHCTPYKIUS Ha TOPWUBHUS €IEMEHT W WJSHTUYHH YCIIOBHS 3a MPOBEXKIAHE Ha
excriepuMenTa. [1omnTa Ha aHO/1a BCEKH BT € ¢JJHaKBa. KaTo bT U pH NeTTe BapuanTta ¢ rpadutHa
Mpbuka. YCTaHOBU cC€, 4Ye AIYMHUHHCBHUAT aHOJ TO3BOJIIBA TpaHCHEpUpaHETO Ha IMO-TOJISM
CJIGKTPOHEH TOTOK M TEHEPUPAHETO Ha TO-BUCOKH CTOMHOCTHM Ha MaKCHUMallHATa TUIBTHOCT Ha
MOIITHOCTTa — HaJ[ TPU II'BTH TIO-BUCOKHU OT TE€3H, MoJyueHHu ¢ rpadut. Haii-Huckata croifHOCT Ha
KyJIOHOBa €()eKTUBHOCT € TIPU OJIOBHUS aHOJI.

I11.23. Ivanov R., Bratkova S., Angelov A., Nikolova K., Influence of various microbial
processes in the anodic area on the effectiveness of plant sediment microbial fuel cell, Annals of
the ,,Constantin Brancusi” University of Targu Jiu, Engineering Series, No. 3, pp. 107 — 112,
2016, ISNN: 1842-4856.

II1.23. UBanoB P., BparkoBa C., AnrenoB A., HuxkonoBa K., Bauanue na paznuunu
6U006e MUKPOOHU npouecu ¢ aHOoOHama 001acm 6wvpXy eQeKmusHocmma Ha pacmumennd
ceoumenmua Mukpoona zopuena kiemka, Cnucanue: Annals of the ,,Constantin Brancusi”
University of Targu Jiu, Engineering Series, No. 3, ctp. 107 — 112, 2016, ISNN: 1842-4856.

Abstract: The plant sediment microbial fuel cells (PSMFCs) ecofriendly and efficiently
transform solar radiation in electricity through the integration of live plant roots in the anodic area of
sediment MFC. The bacteria in the anodic area, as the processes they perform, significantly affect the
generated power of the cell. This study is related to the determation of the influence of various
microbial processes in the anodic area of PSMFCs. For the purposes of this investigation are used
PSMFCs, planted with Carex acuta. Four processes are studied (fermentation, denitrification,
sulphate-reduction and ferric-reduction) and for each experiment are monitored basic electrical
parameters, changes in the physical and chemical indicators of anolyte and the number of basic
physiological groups of microorganisms. The best electrochemical parameters are achieved with the
process of microbial sulphate-reduction.

Pe3ome: Pactutennute ceimMeHnTHH MUKpoOHU ropuBHH KieTku (PCMI'K-n) ca exonoruunu
1 edeKTUBHO TpaHCPOpPMHpAT CIbHUEBATA CBETIMHA B EIEKTPUUECTBO Ype3 HMHTErpUpaHe Ha
KOPEHHUTE Ha KUBU pacTeHus B aHonHata 30Ha Ha ceaumeHTH MI'K. [Iponiecure, KouTO U3BBPIIBAT
OaKTepuuTe B aHOJIHATA 30HA 3HAUYMUTEITHO BIUSAT BHPXY T'€HEpUpaHaTa MOIIHOCT Ha KieTkara. ToBa
M3CcIieIBAHE € CBBP3aHO C OIPEICISTHETO Ha BIMSHUETO Ha PA3JIMYHI MUKPOOHH IIPOLIECH B aHOHATA
obiact Ha PCMI'K-u. 3a menure Ha m3cnensanero ca msnomsBand PCMI'K-u, 3acanenu ¢ Carex
acuta. V3cnenBanu ce detupu mpoueca (pepMeHTanus, ACHUTpUPUKAIHS, CyIdaT-peryKaus 1
bepu-penykius), KaTo MpH BCEKH EKCIEPUMEHT ca TPOCIECIECHH OCHOBHHUTE EJIEKTPHUECKH
napamMeTpH, IPOMEHUTE BHB (PU3UKO-XMMUYHUTE TMOKA3aTeIH HA aHOJIUTA M Oposi HA OCHOBHHTE
(U3NOTIOTHYHY TPy MUKpoopraHu3mMu. Haii-moOpute eIeKTpOXMMHYHH MapaMeTpl ce MOCTUTaT
IIpY Tporieca MUKpOOHa Cy(aTHa-PeTyKITHSL.
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II1.24. Genova P., Angelov A., Bratkova S., Nikolova K., Removal of nitrogen compounds
from leachate from landfills for non-hazardous waste, Annals of the ,,Constantin Brancusi”
University of Targu Jiu, Engineering Series, No. 3, pp. 101 — 106, 2016, ISNN: 1842-4856.

I'enosa Il., Anrenos A., bparkoBa C., HukosoBa K., Omcmpanaeane na cveounenusn na
azoma om unguampamu om oOena 3a Heonachu omnadvuyu, Cnucanue: Annals of the
»Constantin Brancusi” University of Targu Jiu, Engineering Series, No. 3, ctp. 101 — 106, 2016,
ISNN: 1842-4856.

Abstract: The leachate from landfills usually contains high concentrations of ammonia, organic
and toxic compounds, heavy metals. Due to the synergism of various factors it is difficult to predict
the quantity and composition of landfill leachates. NH4" - N is basic and long-term pollutant and
cause acute toxicity. The purification of leachate with high ammonia content is one of the most
difficult tasks in wastewater treatment worldwide. Several laboratory tests were conducted in order
to establish optimal technological parameters for the processes in a treatment plant of removal of
various contaminants for leachate from landfills for non-hazardous waste. There was performed an
analysis of the processes in order to their optimization through model technological solutions
implemented in a laboratory. There was established the influence of different leachate quantities from
landfills for non-hazardous waste in the composition of treated wastewaters into the biological stage
of technological scheme with preliminary denitrification and SBRs on the removal rates of nitrogen
compounds and other pollutants from waters.

Pe3ome: I/IH(i)I/IJITpaTI/ITe OT A€Ila 3a HCOIMaCHH OTIaAbIIN OOMKHOBEHO CbAbPIKAT BUCOKHN
KOHOCHTpPAIMKM aMOHHCB a30T, OpPraHUYHHW W TOKCHYHU BCHICCTBA, TCXKKHN MCTAJIN. Hopa[m
CUHCPIU3bM OT Ppa3JIMIHU q)aKTOpI/I € TpyAHO Jda C€ IMpCABUAU KOJUYCCTBOTO MU CbCTaBa Ha
I/IH(I)I/IHTpaTI/ITe. I\H‘I4Jr - N e ocHOBEH 1 ABJTOCPOYUCH 3aMBbPCUTCII U IIPUINHABA OCTPA TOKCUYIHOCT.
Hpe‘H/ICTBaHeTO Ha HHq)HHTpI/ITe C BUCOKO CBbABPKAHUC HA aMOHAK € €1HAa OT Haﬁ—pr,ﬂHI/ITe 3aaa4un
Opu OpeYUCTBAHCTO Ha OTHAAbYHU BOAU B CBCTOBCH Mama6. HpOBeI{eHI/I ca Cepusit na60paTopHH
HU3CJICABAHHUA 34 YCTAHOBABAHC Ha OITHMAJIHW TCXHOJOTMYHU IIApaMETpU Ha MIPOLCCUTC B
OpCUUCTBATCIIHA CTAHIUA 3a OTCTPAHABAHC HA PA3JIMYHU 3aMBbPCUTCIIN OT I/IH(i)I/UITpaT OT AfIIa 3a
HCOITaCHU OTITaAbIIH. I/I3B'I)pH16H € aHaJIM3 Ha IpoHeCUTe C UCJI ONTUMU3HUPAHCTO UM B Ha60paTOpHI/I
yCJIOBUA Ype3 MOJACIHU TCXHOJIOTMYHU PAa3TBOPHU. YcraHoBeHO € BIMSHUETO Ha PA3JINIHUTC
KOJIMYECTBaA I/IHCbI/I.]'ITpaT OT JCIIa 3a HCOIMaCHU OTIaAblH B CbCTaBa HA MNPCUYHUCTBAHUTC OTIIAAbYHU
BOJH B OMOJIOrMYHHMS €Tal Ha TEXHOJIOTUYHA CXeMa C npeaBapuTeiIHa }ZleHI/ITpI/lel/lKaLLl/lﬂ U pCaKTOPH
C MEpUOJUYCH PCXKUM BBPXY CKOPOCTTAa HA OTCTPAHABAHC Ha CBCAMHCHHA HA a30Ta U JAPYTH
3aMBbPCUTECIN OT BOOAUTC.

II1.25. T'eoprueBa Mapusi, Anatoauii AHrenaoB, 2016, IlpuiaokeHue Ha MHUKPOOHHU
€JIeKTPOJIM3HHN KJIETKH NPH NMPeYucTBAHe HA OTHAABYHM BOAH U OMOJOTMYHA NMPOAYKIHS HA
Boiopoa, BULCAMC 2016, ctp.110-114, ISSN 1314-4537.

IIL.25. Georgieva, Maria, Anatoliy Angelov, 2016, Application of Microbial Electrolysis
Cells in Wastewater Treatment and Biological Hydrogen Production, BULCAMC 2016, pp.
110-114, ISSN 1314-4537.

Pe3lome: buomormunara mpoIyKIds Ha BOAOPOX € €IHA OT BB3MOXKHHUTE aNTEepPHATHBHU 3a
MoJTydaBaHe Ha CHEPrus 4pe3 HEKOHBEHI[MOHAJCH CIOCO0, HAa KOSTO CE BB3JIarar 3HAYUTEITHU
HAJCKIU B OM3K0TO OBciIe. [Ipu elHa OT BB3MOXKHUTE TEXHOJOTUYHU PeaTn3aIiui - MUKPOOHUTE
enektpos3an kinetku (MEC), noOuBBT Ha BOJOpOa MOXe Ja ObJe ChI'BTCTBAH C IMAPAJICITHO
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pasrpaxkJaHe Ha OpPraHWYHUTE BELIECTBAa PAa3TBOPEHH B aHOAHATa KaMmepa Ha kierkata. [lo To3m
HAYMH TE3W WHOBAaTHBHH CHEPIrHUHHM CHCTEMH MPEJOCTaBiIT BH3MOXKHOCTTA 32 MPEYHCTBAHE Ha
OTHaJbYHHU BOJM OT PA3NIUYHHU MPOM3BOJACTBA U €AHOBPEMEHHO IOJy4aBaHe Ha Bogopoa. Ha to3u
eTan OT pa3BUTUETO Ha Ta3W TEXHOJOTHUs, (PaKTOPUTE KOUTO OKA3BaT BIMSHHE BHPXY €(hEeKTHBHOCTTA
mporieca He ca HAITBJIHO U3yUYeHH, TIOPAJH KOETO 332 MOMEHTA M TEXHOJIOTHYHHUTE peai3alii ca B
1a00paToOpHU YCIIOBUSL.

Abstract: The biological production of hydrogen is one of the possible alternatives to generate
energy through unconventional means, which assigned considerable hopes in the near future. In one
of the possible technological implementations - microbial electrolysis cell (MEC), the yield of
hydrogen can be accompanied with parallel decomposition of organic matter dissolved in the anode
chamber of the cell. Thus, these innovative energy systems provide the ability for purifying
wastewater from a variety of industries and simultaneous production of hydrogen. At this stage of
development of this technology, factors that influence the effectiveness of the process have not been
fully studied, that is why the technologies at the moment, are implemented only in laboratory
conditions.

II1.26. ITonos PaitHo, AHaTo1Mil AHTes10B, 2016, KoHTpOJI HAa Mponeca HA MeXaHU3AIUA HA
yTalKUTe B TPAJICKU NMPEYNCTBATEIHN CTAHIIMA Ype3 U3M0JI3BaHe HA YHHBEPCAaJIeH KPUTEPHii,
BULCAMC 2016, cTp.115-120, ISSN 1314-4537.

I11.26. Popov, Rayno, Anatoliy Angelov, 2016, Control of the Sludge Mechanization
Process in Municipal Wastewater Treatment Plants Using a Universal Criterion, BULCAMC
2016, pp. 115-120, ISSN 1314-4537.

Pesome: Ilpu mnpoBemeHo wu3cienBaHe B HHCTananusara 3a Owora3 Ha Codwuiickara
MpPEYMCTBATEeIHA CTAHLMS 3a OTINAAbYHU BOAM, B KOSTO CE METAHM3UPAT OPraHUYHUTE YTAWKH,
OTJENICHH NIPY MPEYUCTBAHETO Ha ONTOBU OTHAIBUHU BOJIU, CA YCTAHOBEHU CE30HHHUTE, IEPUOTUIHI
MIPOMEHU Ha TEXHOJIOTHYHUTE napamerpu. Llenara Ha u3cnenBaHeTo € 1a ce T0Kaxe MPUIOKUMOCTTa
Ha merona- FOS/TAC 3a koHTpoi Ha mpoueca. HempekbCHAaTHAT pekuM Ha paboTa, u3ucKkBa Obp3a
peaxuus 3a MoAIbpPKaHEe HAa TEXHOJIOTMYHUS PEXXUM Ha MHCTaanusaTa. JIo MOMEHTa B IPAaKTUKAaTa ce
clensT 3HauuTeneH Habop ot mapamerpu (pH, amkxamnoct, JIMK, Hepa3TBOpeHH BelIecTBa,
OpraHUYHa YacT Ha HEPA3TBOPEHUTE U IP.), YUETO U3MEPBAHE € CKBIIO M OTHEMA 3HAYUTEIHO BPEME.
3a pasznuka OT APYruTe HauyMHM 3a KOHTpoi, upe3 merona FOS/TAC crabunmHOCTTa Ha Tporeca
,»,aHaepoOHa QepMeHTalus“ Moxe Ja Oblie ONpeieissH CPaBHUTEIHO JIECHO M HEMPEKbCHATO.
Pe3ynTarheT € CTOMHOCT, paBHA Ha OTHOILIEHHUETO MEXKAY JIBa MapaMeThbpa - ChIbpKAHUE Ha JIETIINBU
opraunynu kucenunu (FOS) u 6ydepen kananutet (TAC). B pesynrar Ha npoBeaenute 12-mMecednu
n3clieiBaHMsl Oellle YCTaHOBEHO, Y€ cpefHara cTolHocT Ha choTHomeHneTo FOS/TAC e 0,49 u ce
n3MmeHs B uHTepsaia 0,34-0,70. [TosnydeHnuTe JaHHY 1aBaT OCHOBAHUE J1a CE CUUTA, UE IIPEIIOKECHUST
yauBepcanen kputepuii (FOS/TAC), Moke ycmenrHo Jja ce u3Mmoi3Ba 3a ONTUMHU3AIKs Ha mpolieca.

Abstract: In study in the biogas plant at the Sofia wastewater treatment plant effluent, which
biomethanation organic sludge resulting from the treatment of domestic sewage are established
seasonal, periodic changes of technological parameters. The aim of the study is to demonstrate the
feasibility of FOS/TAC-metodprocess control. Continuous operation requires a quick response to
maintain the technological mode of installation. So far in practice after a significant set of parameters
(pH, alkalinity, VFA, suspended solids, organic part of the suspended etc.), whose measurement is
expensive and takes considerable time. Unlike other methods of control by the method FOS/TAC
stability of the ,,anaerobic fermentation*“can be determined relatively easily and continuously. The
result is a value equal to the ratio between the two parameters - volatile organic acids (FOS) and
buffer capacity (TAC). As a result of 12-month studies, it was found that the average ratio FOS/TAC
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is 0.49 and vary in the range from 0.34 to 0.70. The resulting data give reason to believe that the
proposed universal criterion (FOS/TAC), can be successfully used for process optimization.

IIL1.27. Nikolov Ivan, Alexandre Loukanov, Anatoly Angelov, (2016), Application of carbon
quantum dots for dye-sensitized solar cells, Annual of the University of mining and geology “St.
Ivan Rilski”, Mining and Mineral processing, 2016, pp. 156-159, ISSN 1312-1820.

II1.27. HukoJsoB UBan, Anekcanabp Jlykanos, Anaroauii Auresnon (2016), [lpuiioxenue
HA BBIJIEPOJAHU KBAHTOBH TOYKH 32 (POTO-4yCTBHTE/JHHU CJbHYEBHM KJeTKH, Annual of the
University of Mining and Geology “St. Ivan Rilski”, Hanpasienue ,,MuHHO aen0 u
oboraTsiBaHe Ha MoJIe3HU u3Kkomaemu*, 2016, crp. 156—159, ISSN 1312-1820.

Abstract: The emergence of quantum dot-sensitized solar cells (QDSSCs) has provided an
alternative way to harvest sunlight for energy conversion. Efficiency of a QDSSC depends on the
fabrication method of the quantum dots, morphology of the photoanode, type of electrolyte used and
the choice of the counter electrode. It is therefore, imperative for engineering of materials and
optimization of the fabrication method for the improvement of QDSSCs performance. As a new class
of fluorescent carbon nanomaterials, carbon quantum dots(CQDs) possess the attractive properties of
high stability, good conductivity, low toxicity, environmental friendliness, simple synthetic routes as
well as comparable optical properties to quantum dots. CQDs can be used as photosensitizer in dye-
sensitized solar cells and the photoelectric conversion efficiency is significantly enhanced. A novel
synergistic photosensitized mechanism is proposed for the obtained hybrid CQDs /TiO2 energy
conversion system. It is based on a design of new generation C-dots with higher corrosion stability,
charge transportation and controlled photocatalytic properties for oxygen reduction reaction,
especially in terms of band gap energy, chemical composition and surface modification. The
advantages of C-dots as a promising alternative of the expensive and unsustainable Ru-complex
sensitizers are enhanced power conversion efficiency, good photoinduced electron transfer ability,
environmental friendliness and lower cost of fabrication. This is a new direction for improving the
efficiency of solar cells.

Pe3iome: [losiBaTa Ha KBAaHTOBA TOUYKA-IyBCTBUTENHU CirbHYEBHU KIeTKH (QDSSCs) e ocurypuino
QITEPHATUBEH HAYMH 3a YJIaBsiHE Ha CIbHYEBATa CBETJIMHA M NPEoOpa3yBaHETO U B EHEPTHS.
Edexrunoctra Ha QDSSC 3aBucH 0T MeTOJa Ha MPOM3BOACTBO Ha KBAHTOBH TOYKH, MOP(HOIIOTHS
Ha ¢oToaHOJa, THIA Ha W3IMOJ3BAHUS EJIEKTPOIUT M HM300phT Ha oOparHus enekTpon.ToBa e
HaJIO’KWUJI0 MH)KEHEPUHT Ha MaTepraii U ONTUMU3AIINS HAa METO/a Ha MTPOU3BOJICTBO 3a M0100psiBaHe
Ha mpousBoguTenHoctta Ha QDSSCs. Karo HOB kjmac oT  (iayopecleHTHU BBIJIEPOJIHU
HaHOMAaTepUalH, BbIiIepo/ieH KBaHToBU Touku (CQDs) npuTekaBaT aTpakKTUBHH CBOWCTBA HA BUCOKA
CTaOMITHOCT, 100pa MPOBOIUMOCT, HUCKA TOKCUYHOCT, IPHIKATa 32 OKOJIHATa Cpejia, MPOCTH HAYMHU
3a CHUHTE3, KaKTO U CHIIOCTAaBUMM C ONTUYHHUTE CBOMCTBa Ha KBaHTOBHTE TOukd. CQDs Morar na
6"bIlaT N3I10JI3BaHU KAaTO d)OTO'—lyBCTBl/ITC.HCHl/l CJIEMECHTHU B 6OI/I-LlyBCTBI/ITCJ'lHI/I CJIBHUYCBU KIICTKU U
(doroenekTpuyeckara WM e€PEKTUBHOCT Ha mpeoOpa3dyBaHe € 3HAYUTEIHO MOJ00pEHa.
DoTOUyBCTBUTENICH MEXaHU3BM € MPEIOKEH 3a nonydaBane Ha xubpugHa CQDs / TiO2 cucrema
3a nmpeoOpazyBaHe Ha eHeprusi. Ts ce ocHOBaBa Ha JM3aiiHa Ha HOBOTO MokoJieHue C-TOYKH C Mo-
BHCOKA CTaOMJIHOCT Ha KOpO3Ms, Takca TPAHCIOPT M KOHTPOJIUpPAaHU (POTOKATATUTHIHHTE 32
pEeAYKLHMS Ha KHCIOPO/I, 0OCOOCHO OT IJIe/IHA TOYKA Ha JICHTAa [pa3HUHA €HEePIUs, XUMUYEH ChCTaB U
3a mpoMsHa Ha noBbpxHOCTTA. IIpenmmcrBata Ha C-TOUKM KaTo oOelaBala aJTepHATHBA Ha
CKBIIUTE W HEYCTOWYMBH RuU-CIOXHH CEHCHOMIM3ATOPH ca MOJ0OpPEHN eHepruiiHa e(heKTUBHOCT
npeoOpaszyBaHe, J0OBpP €IEKTPOHEH TpaHchep, TPIKaTa 3a OKOJIHATA CPeNia M IMO-HUCKU Pa3XOH Ha
MIPOM3BOJICTBO. TOBa € HOBA IMOCOKA 32 MO00psBaHe Ha €()eKTUBHOCTTA HA COJTAPHUTE KIICTKH.
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II1.28. Mladenova Polina, Alexandre Loukanov, Anatoliy Angelov, 2016, Highly-
luminescent carbon nanoparticles as sensors for monitoring of heavy metals, Annual of the
University of mining and geology “St. Ivan Rilski”, Mining and Mineral processing, 2016, pp.
156-159, ISSN 1312-1820.

Abstract: Here we develope highly-luminescent carbon nanoparticles as sensor for monitoring
of heavy metals in aqueous solutions in microscopic scale objects. The sensor systems possess
selectivity and sensitivity towards the detection of some biologically important metal ions as Fe3\
Zn2-, Ni2+ and etc. To achieve this goal the nanoparticles were synthesized by microwave assisted
pyrolysis. Their quantum yield is over 50 % and with blue photoluminescence peak at 450 nm
wavelength. The nanoparticles at fixed concentration were tested on various soluble metal ions. For
first time the observed chemically induced fluorescence was detected by fluorescence microscope
and CCD camera. Thus it is enables to measure the generated signal in microscopic objects by
software Imaged. The results revealed that the surface of carbon nanoparticles exhibit high sensor
affinity to pH of sample solution and some dissolved ions.

Pe3ome: B 1031 n0knaa ca pa3paboTEeHH BUCOKO JTYMUHUCIEHTHH BBIIIEPOJIHA HAHOYACTHUIH,
KaTO CEH30PH 32 MOHUTOPHHT Ha TEXKKH METaJIU BbB BOJHHM PAa3TBOPU B MHKPOCKOIIMYHH 110 pa3Mep
06€KTI/I. CeH30pHI/ITC CUCTEMH MPHUTCKABAT CCIICKTUBHOCT W YYBCTBUTCIHOCT IIPHU ACTCTKOHATA Ha
HSKOW OMOJIOTMYHO Ba)KHM MeTajaHu oM, kaTo Fe3\ Zn2\ Ni2 u ap. 3a 1a ce IOCTUTHE Ta3d e
HAHOYACTHUIIUTE 0sXa CHHTE3UPaHU Upe3 MUKPOBBIHOBA MUPOIHN3a. TeXHUST KBAHTOB JOOHUB € Hall
50 % u nuKka Ha TSIXHATa CUHS TyYMUHUCIICHIINS € ¢ AbJDKMHA Ha BhiaHata 450 nm. Hanowactuiure
npy GUKCHpaHa KOHIEHTpaIUs 0sxa TECTBAHU C PA3IMYHU PA3TBOPUMH METAITHU MOHU. 3a MbPBU
IbT HaONMIOJaBaHaTa XHMHUYECKa WHAyIupaHa dQuyopeceHnus Oemie JeTeKTHpaHa upes3
¢dayopectienten mukpockon 1 CCD kamepa. [1o To3u HauMH ce J1aBa Bb3MOKHOCT 32 M3MEPBaHE Ha
TeHEpUPAHUs CUTHAII B MUKPOCKOMYHHU 00eKTH 4upe3 codryepa Imaged. Pesynrarure nokassar, ue
MMOBHPXHOCTTA HA HAHOYACTUIINTE TIPOSIBSIBA BUCOK CeH30peH apmHNTET KbM pH Ha mpobaTa 1 HAKOH
pa3TBOPEHU MOHU.

I11.29. Popov Rayno, Anatoliy Angelov.,(2016), Application of the correlation method for
estimation of the biomethanation of sludge in municipal wastewater treatment plants, Annals
of the ,,Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 3/2016, pp.101-
106., print ISSN: 1842-4856, Online ISSN: 2537-530X

I11.29. Ilonmos Paiino, Anatosmmii Anrenos (2016), IIpuiioxkenne Ha KopeJaNMOHHUS
MeTOJ 32 OLl¢HKA Ha 0MOMETAHM3AIUATA HA YTAHKH B IPAJCKH NPEYHCTBATEIHH CTAHIIUM 32
oTnaxb4yHu BoaM, Annals of the ,,Constantin Brancusi” University of Targu Jiu, Engineering
Series, No. 3/2016, cTp. 101-106, print ISSN: 1842-4856, Online ISSN: 2537-530X

Abstract: Studies conducted in the biogas installation of the Sofia wastewater treatment plant
for waste water have proven the feasibility of the correlation analysis to establish correlations with
regard to different target functions and technological parameters of the process biomethanation. Data
has been obtained about the input and output indicators of sludge at different values of the
technological parameters. Using the correlation method, the direction of the relationship (positive or
negative) has been defined, the dependence (forward or reverse) has been detennined and the values
of correlation coefficients have been established. Two target functions have been selected, namely
production of biogas and degree of mineralization, and the dependence of the remaining indicators
has been established with regard to these two target parameters. The results confirm the already
known from international experience factors which influence the anaerobic digestion process. This
gives reason to believe that the correlation analysis can be successfully used for studies of processes
in plants producing biogas from liquid organic sludge.
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Pesiome: IlpoBenmenure wu3cienBanuss B OuorazoBara wuHcTananmuss Ha Coduiickara
IPEUYHUCTBATCIIHA CTAHIMA 3a OTIIAABbYHU BOJAW AOKAa3BaT NPUIIOKUMOCTTA HAa KOPCITAIMOHHUA aHAJIN3
3a YCTaHOBSIBAaHE Ha 3aBUCHMOCTH MEKJY Pa3IUYHU IeNeBU (DYHKIIUU U TEXHOJOTMYHU MapaMeTpH
Ha rpoueca Ha 6uomeranuzauus. [lomyueHu ca AaHHU 3a BXOAHUTE M M3XOIHUTE MOKa3aTeId Ha
YTaWKHTE MPH PA3InIHN CTOMHOCTH Ha TEXHOJOTHYHHTE TTapaMeTpu. Upe3 KopenamoHHuS METO €
oTpeseNieHa TTOCOKaTa Ha Bpb3Kara (IOJ0KHUTEIIHA WM OTPHUIIATEIHA), YCTAHOBEH € XapakTephT Ha
3aBUCUMOCTTa (IpsiIka WM O0paTHAa) M Ca M3YMUCICHH CTOMHOCTUTE Ha KOPEJIALMOHHUTE
koeuuueHTn. M30panu ca nBe meneBH (QPyHKIMH — IMPOU3BOACTBOTO HAa OHMOTa3 W CTEMEHTa Ha
MUHEpaIu3alusi — U € ONpejesieHa 3aBUCUMOCTTA Ha OCTaHAJIUTE MOKa3aTeNd CHPSMO TE3H 1B
[eJIeBU apameThpa. [lomydeHuTe pe3yaTaTi MOTBbPKIaBaT BeYe U3BECTHUTE OT MEXKTyHapOIHATA
MpakTUKa GaKTOPH, BIUSCIIN BEPXY MpoIleca Ha aHaepoOHO pasrpakaane. ToBa gaBa OCHOBaHUE Ja
Ce CUMTa, 4e KOPEeJAaMOHHUAT aHAJIN3 MOXKE YCIEIIHO Jia Ce Ipuiiara mpy u3cjaeiBaHe Ha MPOLecH B
WHCTAJANUH 32 TPOU3BOJICTBO Ha OMOTA3 OT TEUHU OPTaHWYHU yTaKH.

II1.30. Tadakos b., bpaTtkoBa C., Anrenon A., Koxes E., Munnoooouenama oeiinocm 6
CPEOHO20pUemo u 6IUAHUEMO il 6BPXY KAUECMEONO HA NOGBLPXHOCHHUME 600U 6 NOpeuuemo Ha
p. Tononnuya, Bropa HauMoOHAJHA HAYYHO-TeXHH4YecKa KoHpepeHuus ,,MuHepaiHurte
pecypcH U yCTOHYUBOTO pa3BuTHE, 23 HoemBpH 2016, COopHuUK ¢ nokaam, cTp. 150 — 158.

Tabakov B., Bratkova S., Angelov A., Kolev E., Denev, Mining activity in the region of
Srednogorie and its influence on the quality of surface water along the Topolnitsa River. Second
national scientific and technical conference '""Mineral resources and sustainable development,
23 November 2016, pp. 150 — 158.

Pestome: OCHOBHUTE NPUHLMIIM HA HAMOHAJIHATA MOJUTHKA M CTPATETUsl 3a MOA3EMHHTE
0oraTcTBa M YCTOHYMBO pa3BUTHE Ha OBJITApCKUTE PyH0A00MB U pynonpepaboTKa ca 3aJI0KEHH B
Hanumonannara ctparerus 3a pa3BuTHE Ha MUHHaTa MHAYCTpus. M3rpaxnanero Ha sicHa U HAYyYHO
000CHOBaHa CTpaTETHs 3a MPOYYBAHETO HA N30CTaBEHH MUHHU M3PA0OTKH M CTapy 3aMbPCSIBAHUS €
HAJIOKUTEITHO C IIeJT IOCTUTaHEeTO Ha IMOocTaBeHara Ien 3a ,,JoOpo KadecTBo Ha BoauTe B EBpoma®,
3anmoxkeHa B PamkoBara mupektrBa 3a Bogute (PIB). [Topanu 3HaunTenHuTe (PUHAHCOBH PECYpCH
HEOOXOIMMH 3a M3ITBIIHEHHE Ha TAKOBA BCEOOXBATHO MPOYYBAHE € HEOOXOIUM MHTEIPUPAH ITOAXO0/]
Ha (UHAHCHpaHE Ha MOAOOEH MPOEKTH, OOXBAIlAIIX IbpKaBaTa ¢ MPWICKAIIUTE W CTPYKTypU U
OOIIMHUTE, 3aCerHaTH COOCTBEHUIIH, KOHIIECHOHEPH HJIH ONEPaTOPH, KAKTO U APYTH U3TOYHUIM. B
HACTOSAILOTO M3CJIEBAHE € HAIpaBEeH IIpersie]l Ha ChCTOSIHUETO HAa IOBBPXHOCTHUTE BOAMU B
rope4uero Ha p. TonosHuLA, pa3rielaHu ca Bb3MOKHUTE U3TOUYHUIM Ha 3aMbpCSBaHE, CBBP3AaHHU C
MHUHHO-/100MBHAaTa UHIYCTpUS B palioHa Ha p. TOMOJNHUIA U € NMPEUIOKEH ChbBPEMEHEH MOAX0] 3a
pelllaBaHe Ha €KOJIOTMYHUTE MpOoOJIEMH CBBbP3aH C YNpPaBJICHHE HAa BOAHUTE MOTOLM B paiioHa Ha
pyaHuk ,,Mener”.

Abstract: The main principles of the national policy and strategy for underground resources
and sustainable development of Bulgarian mining and ore processing are laid down in the National
Strategy for the Development of the Mining Industry. Building a clear and science-based strategy for
the exploration of abandoned mine workings and old pollution is imperative in order to achieve the
objective of "good water quality in Europe" set out in the Water Framework Directive (WFD). Due
to the significant financial resources required to carry out such a comprehensive study, an integrated
approach of financing such projects is necessary, covering the state with its adjacent structures and
municipalities, affected owners, concessionaires or operators, as well as other sources. In the present
study, an overview of the state of the surface waters in the Topolnitsa River basin was made, the
possible sources of pollution related to the mining industry in the Topolnitsa River region were
considered and a modern approach to solving the environmental problems related to the management
of water flows in the area of the "Medet" mine is proposed.
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II1.31. Genova, P., Bratkova, S., Angelov, A., Nikolova, K., Ivanov, R. (2017). Influence of
concentrations of ammonium ion and activated sludge in sequencing batch reactors on the rate
of nitrogen removal, The international journal Sustainable development, Year VII, Volume
2/2017, pp. 58-63, ISSN 1314-4138 (print), ISSN 2367-5454 (online)

IIL.31. I'enoBa, II., BparkoBa, C., AuresnoB, A., HukonoBa, K., UBanos, P. (2017).
BiausiHMe Ha KOHUEHTPALMUTE HA AMOHHEBMs HOH M aKTHBHATa yTaiilka B CeKBEHHpPAIIH
NAPTHIHU PEeaKTOPU BBPXY CKOPOCTTA HA OTCTpaHsiBaHe Ha a30T, The International Journal
Sustainable Development, I'oguna VIIL, Tom 2/2017, cTp. 58-63, ISSN 1314-4138 (print), ISSN
2367-5454 (online).

Abstract: There was conducted a study under laboratory conditions about the removal of
nitrogen from semisynthetic wastewaters with different ammonium nitrogen concentrations (50, 100
and 130 mg NHZ-N/1) using a reactor for denitrification and two sequencing batch reactors (SBRs)
with liquidphase circulation. The reactor for denitrification was filled with zeolite, used as a carrier
for bio film of denitrifying bacteria. The concentrations of the activated sludge in the SBRs varied
between 2.4-2.5 and 5.0-5.1 g/1. The laboratory analyses of the activated sludge comprised
determination of sludge concentration, sedimentation rate and sludge volume index (SVI). The
nitrogen removal was significantly higher (87.5 %) when there was used a bigger quantity of activated
sludge (5.0-5.1 g/1), while the nitrogen removal with sludge concentration of 2.4-2.5 g/1 was 73.5 %.
The removal of nitrogen at an initial concentration in influent of 50 mg NH4+-N/1 was 98.09 %,
while at an initial concentration of 100 mg NH4+-N/1 the rate of nitrogen removal was only 90.42
%.

Pestome: B naGopaTopHu ycioBus 0sixa MpOBEACHN M3CJIECABAHUS 3a OTCTPAHSIBAHE HA a30T B
xounerrpamuu 50 100 u 130 mgNH4"-N/l 0T IOIyCHHTETMYHH OTIAIbYHH BOAU MOCPEICTBOM
peakTopa 3a JeHNUT- puUKaIHs 1 1Ba peakTopa ¢ nepuoandHo aericteue (SBRs) ¢ permpkynamms.
AHaepoOHUAT OHO- peakTop Oe 3aImbJIHEH ChC 3€OJUT, U3I0JI3BAH KaTO HOCUTEN 32 (JOpMHUpaHe Ha
OonoduIM OT 1eHUT- pudurpaiy 6akrepun. KoHIeHTpanusaTa Ha aKTUBHATA yTallka B PEaKTOPUTE
C TepUOaNYHO neiicTBue Bapupame Mexay 2.4-2.5 u 5.0-5.1 g/1. JlaboparopHuTe aHanm3m Ha
aKTMBHATA yTalKa BKJIIOYBaxa ONpEesisiHe Ha KOHLEHTpaLusITa Ha yTalikaTa, CKOPOCT Ha yTasBaHe
U MHACKC Ha yTailkaTa. YCTaHOBH CE€ 3HAUMTEIHO MO-BHCOKA CTEMNEH Ha OTCTpaHsBaHE Ha a30T
(87.5%) mpu xoHLIEHTpaIHs Ha akTHBHA yTaiika 5.0-5.1 g/1 u 73.5% npu KOHIEHTpanus Ha yTaiikaTa
2.4-2.5 g/1. OTcTpaHsBaHETO Ha a30T B HayajaHa KoHuenTpanus 50 mg NH4'-N/1 BbB Bxoasmure
BoaM nocturHa a0 98.09%, nokarto npu koHueHTpauus 100 mg NH4"-N/1 crenenra Ha OTCTpaHsBaHE
Ha azora € 90,42%.

II1.32. Ivanov R., Bratkova S., Angelov A., Analysis of the efficiency of microbial fuel cells
based on sulfate-reduction process, integrated in anaerobic wetlands, Annuaire de I’Université de
Sofia “St. Kliment Ohridski” Faculte de Biologie, 2017, Vol. 102, 4, cTp. 248-260.

I1.32. UBanoB P., bparkoBa C., AurejioB A., Ananu3 Ha egheKmugHocmma Ha MUKpooOHa
20pUBHA KilemKa, dazupana Ha npoyeca cyigam-peoyKyus, UHMeZPUPana 6 aHaepooOHa 61a)3cHa
3ona, I'ogumnuk Ha CY ,,CB. Kinument Oxpuacku” buonornuecku ¢akyarer, 2017, Tom 102,
Cs. 4, cTp. 248-260.

Abstract: Microbial fuel cells (MFCs) are systems in which microorganisms, using various
energy sources (mainly organic compounds, but also inorganic substrates such as hydrogen sulfide,
ferrous or ammonium ions) convert this energy directly into electricity. This process is accomplished
as the electrons that are detached from the donor at its oxidation are transferred to an insoluble anode
of'the fuel cell instead to the relevant natural acceptor (oxygen, sulfates, ferric ions, nitrates). In MFCs
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based on microbial sulfate-reduction process, the electricity generation is related to the reduction of
sulfates to hydrogen sulfide, which plays the role of a mediator and on the anodic surface it is oxidized
to elemental sulfur. In most cases, at the continuous operational mode of the microbial fuel cell, the
elemental sulfur is accumulated on the surface of the electrode or in the area around it and this leads
to deterioration of the electrochemical characteristics of the cell. In this work three MFCs based on
the process of microbial sulfate-reduction were tested for a period of over 18 months, as they were
integrated in anaerobic wetlands for mining wastewater treatment. The influence of the formed
microbial biofilm consisting of diverse microflora and products of the microbial metabolism and of
chemical and electrochemical reactions (insoluble sulfides and elemental sulfur) on the efficiency of
various components of MFCs was established.

Pesrome: Mukpo6uure ropusnu kierku (MI'K) ca cucremu, B KOUTO MUKPOOPraHU3MUTE,
W3MON3BAHKN Pa3IMYHU M3TOYHUIM Ha €Heprusi (IrJaBHO OPraHUYHU ChEIUHEHHs, HO ChILIO U
HEOpPraHWYHHU CyOCTpaTH KaTo CEepoBONOPOJ, (epo- MM aMOHHEBH HOHHM) MpeoOpa3yBar Tasu
EHeprusi JUPEKTHO B €NEKTPUUECTBO. T03M MpOIeC ce OCHIIECTBABA KaTO EICKTPOHHUTE, KOUTO CE
OTJICNIAT OT JOHOPA MPU HETOBOTO OKUCJICHHE, CE MIPEXBBHPIISAT KbM HEPa3TBOPUM aHOJ] Ha TOPUBHATA
KJIETKa BMECTO KbM ChOTBETHHSI €CTECTBEH aKIenTop (KUCIopo, cyndaru, hepuiionu, HUTpatu). B
MI'K, 6a3upanu Ha MUKpOOHa cyndar-peayKIius, TeHEPUPAHETO Ha eJIEKTPOSHEPT s € CBBP3aHO C
pelylHpaHeTo Ha cysi(aTHTe 10 CEPOBOIOPO]I, KOWTO Urpae possiTa Ha MEAMATOP U C€ OKUCIISIBA Ha
aHOJTHATa MOBBPXHOCT JI0 eieMeHTapHa cspa. B moBeueTo cirydyan mpu NPOABIKATENCH PEKUM Ha
paboTa Ha MEUKpOOHATa TOPUBHA KJIETKA eleMEHTapHaTa csipa ce HaTpyNBa BbPXY MOBBPXHOCTTA Ha
eIeKTPOJIa WM B 30HATa OKOJO HEro M TOBa BOJU JIO0 BIIOIIABaHE HA EJICKTPOXMMHUYHHUTE
XapakTEepUCTUKH Ha KjeTkara. B ToBa nzcnensane Tpu MI'K, Gazupanu Ha mporieca Ha peayKIus Ha
cyndaTH, ca HHTETPUPaHH B aHAepPOOHHU BJIaKHU 30HM 3a IPEYUCTBAHE HA MUHHU OTNAAbYHU BOJH U
TECTBaHW 3a MEpUoJ OT Haja 18 mecema. YCTaHOBEHO € BIMSHHETO Ha (popMupaHusi MUKpOOEH
OnoduIM, CHCTOSII C€ OT pasHOOOpa3Ha MUKPOQIIOpa, MPOIYKTH OT MUKPOOHHS METabOIN3bM H
MPOAYKTH OT XUMHUYHH U €NEKTPOXUMHYHH PEaKIUH (HEpa3TBOPUMHE CYI(PHIN U eIeMEHTapHa cspa)
BBPXY €(EeKTHBHOCTTA HA pa3arnuHUTe KOMIIOHEHTH Ha MI'K-n.

II1.33. Polina Mladenova, Hibiki Udono, Anatoliy Angelov, Aleksandre Loukanov.,
(2017), Carbon nanodots coated with oligonucleotides as fluorescent hybridization probes for
DNA microarray, Journal of Mining and Geological Sciences, Vol. 60, Part II, Mining,
Technology and Mineral Processing, 2017, pp 143-147.

H1.33. ITotuna MuagenoBa, XuOuku YI0H0, AHATOIHI AHrea0B, AjleKcaHAbP JIykaHoB
(2017), BbriepoaHH HAHOTOYKHM, NMOKPHUTH € OJHMIOHYKJEOTHAHM, KaTO (pIyopecleHTHH
xubpuanzanuonnu conam 3a JJHK muxpounnose, Journal of Mining and Geological Sciences,
Tom 60, Yacr 11, ,,MunHO €710, TEXHOJOIUM M 000raTsiBaHe HA MOJIe3HH M3komaemu*, 2017,
cTp. 143-147.

Abstract: In this article we report an easy preparation of single stranded oligonucleotides
conjugated to highly-fluorescent carbon quantum dots as efficient hybridization probes for DNA
microarray. These nanotools enable fast detection and quantification of nucleic acid molecules. The
main advantage of carbon nanodots (C-dots) over conventional organic dyes is their photobleaching
resistance, which improves the signal intensity and thus lower amount of DNA material can be
detected. In addition, the surface passivation of C-dots with ethylenediamine leads to the
enhancement of their quantum yield and photoluminescence intensity, which is of great importance
because, for many bioassays, the genetic amount is extremely limited. In the current report, nitrogen-
doted C-dots were used as effective nanoquencher agents for fluorescent hybridization DNA
microarray. Their bio-compatibility and stability make them promising fluorescent probes or DNA
markers for bio-labeling and bio-imaging applications.
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Pestome: B Hacrosmms Joknan € MOPEACTAaBEHO MPUTOTBSHETO Ha  €IHOBEPUKHU
OJIMTOHYKJICOTUAN KOHIOIMpaHHu KbM BI/ICOKO-(bJ'lyOpCCLlCHTHI/I BBITICPOAHN KBAHTOBU TOYKH, KATO
edukacHu xubpuansamonnu couam 3a JIHK mukpouunose. Te3n HaHO-WHCTPYMEHTH TO3BOJISIBAT
ObP30 OTKPUBAHE U KOJIMYECTBEHO ONPEAeIIsiHE HA HYKICMHOBU KUCETMHU. OCHOBHOTO IPEJUMCTBO
Ha BbIJIepogHUTe KBaHTOBH TOYKH (C-dots) cnpsMo KOHBEHIIMOHAIHUTE OpraHWYHH Oarpmia e
TAXHATa YCTOWIMBOCT KbM (POTO-U30eNIBaHE, KOSTO MOoI00psiBa HHTEH3UTETA HA CHUTHAJIA U TI0 TO3U
HAuUMH MOXE€ Ja ce Jerektupa mno-Manku konudectBa JIHK wmarepuan. B nmombianeHue,
MOBBPXHOCTHOTO macuBupane Ha C-dots ¢ eTWiIeHInaMuH BOAM JI0 TOBHUIIABAHE HA KBAHTOBHS UM
JOOWB M PECTIEKTHBHO MHTEH3UTETa HA (DOTOTyMHHECIICHIIUS, KOETO € OT TOJIIMO 3HaUY€HHE, Thil KaTO
3a MHOTO OHMOJIOTMYHM aHAJIU3U TEHETHYHOTO KOJMYECTBO € W3KIIOYHTENIHO OrpaHW4YeHo. B
MpeCTaBEeHHs JOKIIA/l BBIVIEPOAHUTE TOUYKU JOTUPAHU C a30T Ca M3IIOJI3BaHHU, KaTO e()EKTUBHU HAHO
areHTH 3a 3aracBaHe Ha QuyopecreHuusaTa npu xuoumusammonante JJHK mukpounnose. Tsaxnata
OMO-CHBMECTUMOCT W CTAOMITHOCT TH TpaBu obOemaBanin (iayopecuentHu conau wim JJHK 3a
MPUIIOKEHHMSI, KaTO OMO-MapKupaHne u Ouo-u300pa3siBaHe.

II1.34. bparkoBa C., A"resoB A., I'enoBa IlI., CasoB Il., Kosies H., BesimukoBa K.,

H3cneosanus 6wpxy aepo3oiHOmMoO 3amMbpcAaéanHe HA NOYGUME 6 PAlOHA HA X8OCHOXPAHUIULLE
»wMeoem“, MunHO neso u reosiorus, Tom 8-9, 2017, cTp. 59-64, ISSN 0861-5713.

Bratkova S., Angelov A., Genova P., Savov P., Kolev N., Velichkova K., Studies on aerosol
pollution of soils in the region of Medet TMF, Journal '""Mining and Geology", Vol. 8-9, 2017,
pp. 59-64, ISSN 0861-5713.

Pestome: B TOBa wm3cienBaHe ca TNPEACTABEHH pPE3YNTATH, CBBP3aHU C BIWUSHHETO Ha
TonorpadusTa Ha palioHa HA XBOCTOXPAHWIHIIE ,,MeIeT" U Ha HAKOW METCOPOJIOTUYHHU MTapaMeTpr
BBPXY MPOCTPAHCTBEHOTO M BPEMEBO pa3mpe/iesicHne Ha (DMHUTE MTPAxXOBH YacCTHIM. Pasriieqan u
JUCKYTHPaH ¢ KOMOWHUPAHUAT €PEKT HAa MECTOMOJIOXKEHUETO, MTOCOKATa U CKOPOCTTAa Ha BATHPA
BbPXY CTpaTH(UKAIUATA HA aepo3oia B arMocdepara Ha H3CICIBaHUS PAalioOH. YCTAaHOBCHA €
KOpeJaus MeXX/y JUHAMUKATa Ha aepo30ia B aTMocdepara ¥ 3aMbpCSIBAHETO Ha IMOYBHUTE B palioHa
Ha XBOCTOXpaHmmie ,Mener”. Hali-cumHO 3aMBbpCeHH ¢ M ca TIOYBHTE, PA3MOJIOKEHU B
CEBEPOM3TOYHATA YACT Ha XBOCTOXPAHUIHIIETO.

Abstract: In this study are presented results related to the influence of the topography of the
Medet TMF and some meteorological parameters on the spatial and temporal distribution of fine
particulate matter. The combined effect of the location, direction and speed of wind on the
stratification of the aerosol in the atmosphere of the studied area was examined and discussed. A
correlation between atmospheric aerosol dynamics and soil contamination in the Medet TMF was
established. The most highly contaminated with copper are soils located in the northeast of the TMF.

I11.35. Bratkova S., Ivanov R., Gerginova M., Peneva N., Angelov A., Alexieva Z.,
Rhizosphere microflora of sediment plant microbial fuel cells, BioMicroWorld 2017 VII
International Conference on Environmental, Industrial and Applied Microbiology, Madrid,
Spain, 18-20 October, Exploring Microorganisms: Recent Advances in Applied Microbiology,
2018, pp. 40-43.

IIL.35. bparkosa C., UBanoB P., I'eprunoBa M., [leneBa H., AureyioB A., Ainekcuena 3.,

Puzocpepna mukpognopa na pacmumenna ceoumMeHmHa MUKPOOHA 20pU6HA KIemKa, .
BioMicroWorld 2017, VII MexnyHapoana KoH(epeHIUsl M0 eKOJOrH4Ha, MPOMUIILIEHA U
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NPWIOKHA MHuKpoOuosiorusi, Manpun, MWcenanmsa, 18-20 oxrtomBpu, MHW3caenBane Ha
Mukpoopranusmm: [locieqnn nocTukeHns: B MPWJIOKHATA MUKpoOuoJiorus, 2018, crp. 40-43.

Abstract: A plant sediment microbial fuel cell (PSMFC) has been used in the present work.
The cell is planted with Carex acuta. The anode is located in a soil layer near the roots of the plant.
The cathode is located in the surface water layer, rich in oxygen. The bacteria in the cathodic and
anodic areas play an important role for the higher cell efficiency. Bacterial cultures isolated from the
anodic and cathodic areas are identified by 16S rDNA sequencing. The presence of Bacillus and
Pseudomonas genera are found in the anodic area whereas Pseudomonas, Sphingomonas,
Burkholderia and Rhizobium - in the cathodic area. After a vegetation period of two months are
determined basic electrical parameters, pH, Red-Ox potential, electrical conductivity, permanganate
oxidation and nutrients’ concentration in the water (phosphates, nitrates and ammonium nitrogen).
The solution ionic strength is studied in two stages after adding nutrients in the form of KH2POs,
KNO; and (NH4)2SO4 in increased concentrations. It is found that after the utilization and the
reduction in the concentrations of nitrogen and phosphorus sources, the open circuit voltage increases
from 625 to 801 mV and the maximum power density - from 7.29 to 7.97 mW/m?>.

Pesiome: B HactosiaTa pabora e u3cieqBaHa pacTUTENHA CEIUMEHTHA MUKPOOHA TOpPHBHA
kinetka. Knerkara e 3acameHa ¢ Carex acuta. AHOABT € JOKaIM3UMpaH B TMOYBEHHS CJIOM B
HEMOCPeCTBEHa OM30CT 0 KOPEHUTE Ha pacTeHueTo. KaToabT e pa3monokKeH B MOBBPXHOCTHUS
cioii, OoraT Ha KHcIopoJ. bakTepuuTe B KaTroJHaTa M aHOAHATA 30HA WIPasT BakHa pOJis B
MOBHIIIABAHETO Ha €(PEeKTUBHOCTTA Ha KiIeTKata. MUKPOOHU KYITYpH, M30JUPAaHU OT aHOJHATA U
KaTogHaTa obnact ca uaeHTuuuupanu upe3 16S rDNA cexkBenumpanHe. B aHomnata 3oHa e
YCTaHOBEHO MPHUCHCTBUETO Ha pojoBere Bacillus n Pseudomonas, nokato B KaToaHaTa 30HA — Ha
ponoBere Pseudomonas, Sphingomonas, Burkholderia v Rhizobium. Cnen nBymMecedeH mepuoj Ha
BEreTalus ca ONPEeIICHH OCHOBHUTE EIEKTPUUYECKH napameTpu, pH, OKucanTenHo-pelyKUNOHHUS
MOTEHLIMAN, EJIEKTPUUECKATa MPOBOJUMOCT, IEPMAHTaHATHATA OKUCIISIEMOCT U KOHIIEHTpAIHUITa Ha
XPaHHUTEHU BEIIeCTBAa BHB Bojara ((pocdaryu, HUTpATH U aMOHHEB a30T). BnusHueTo Ha HoOHHATa
CHJIa Ha pa3TBOpA € M3CIIEABAaHA B J]Ba €Tarla, ciie]] 100aBsiHe Ha XpPaHUTEITHU BEIIeCTBa 1Mo popmara
Ha KH>PO4, KNO; u (NH4):SOs4 B HapacTBamim KOHUEHTpAlMH. YCTaHOBEHO €, Y€ Clel
acUMWJIalUATa ¥ HAMaJsBAaHETO HAa KOHIIEHTPAIIMUTE HA W3TOYHHIMTE Ha a3ora u Qocdopa,
HaIpeKEHUETO MPU OTBOPEHa Bepura HapactBa oT 625 Ha 801 mV, a makcuManHara mIBTHOCT HA
MOIIHOCTTA - OT 7,29 Ha 7,97 mW/m?>.

II1.36. Nikolov, 1., Loukanov, A., Ustinovich, E., Angelov, A., & Nakabayashi, S. (2018).
Iron doped carbon nanodots as efficient electrocatalysts. Journal of Mining and Geological
Sciences, 61(Part I1: Mining, Technology and Mineral Processing), 123—-126. ISSN 2535-1184.

I11.36. HuxouoB, U., Jlykanos, A., YcrunoBu4, E., Aarenos, A. n Hakatasamm, C. (2018).
BbriepoaHu HaHOTOYKH, JIETHPAHM € KeJIsA30, KATO e(eKTHBHH €eJeKTPOKATAIN3ATOPH.
Journal of Mining and Geological Sciences, 61 (Hact II: MuHHO He10, TEXHOJIOTHMH H
npepadoTka Ha MuHepaan), 123—126. ISSN 2535-1184.

Abstract: Carbon nanodots (C-dots) doped with iron cations were synthesized as efficient
electrocatalysts for oxygen reduction reaction. For that purpose the nanoparticles were immobilized
on a graphite rods used as a working electrode. The ultra small iron-doted carbon nanodots produced
a substantial reduction peak at -0.18 V in acidic media indicating that the oxygen was reduced at the
modified electrode. In conclusion, we consider that iron-doted C-dots are a promising candidate as
an alternative to theplatinum based catalysts for fuel cells applications.
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Pestome:  Boraepognute HaHoTouku (C-dots) HOTUpaHM ¢ JKEJIC3HM KaTHOHHM Osxa
CUHTE3UPaHU, KaTO e(PHUKACHM eNeKTPOKATATM3aTOPH 32 PEAYKIUS Ha KUCIOPOA. 3a Ta3u Iel
HaHOYACTUIIUTE OsXxa MMOOWIM3HpAaHU BBPXY IpadUTHU TPHUYKH, HM3MOI3BAHMU, KATO pabOTEH
CIEKTPOJI. YNTpaMalKUTE BBIVIEPOJHU HAHOTOYKH, JIOTMPAHW C JKEJE3HW HOHU TPOM3BEKIAT
3HAYUTENICH PeAyKIMOHEH MUK npu at -0.18 V B kucenuHHa cpena, KOETO MOKa3Ba, ue KUCIopoa ce
penynupa Ha MOAMGMUIMPAHHUS €NeKTpoXd. B 3axioueHwe, cuMTamMe 4Ye Te3W HAHOYACTHIN ca
oOermiaBail KaHAUIAT, KaTO aJITEPHATHBA HA KAaTOAHUTE KaTalu3aTopH, Oa3supaHu Ha IJjIaTHHATA 32
MPUJIOKEHHUS B TOPUBHH KJIETKH.

II1.37. Stefanova A., Angelov A., Bratkova S., Genova P., Nikolova K., Influence of
electrical conductivity and temperature in a microbial fuel cell for treatment of mining waste water,
Annals of the ,,Constantin Brancusi” University of Targu, Engineering Series, No. 3, 2018 pp.
18-24, ISNN: 1842-4856.

CredanoBa A., AnresnoB A., bparkoBa C., I'enoa Il., HuxkonoBa K., Bausnue na
eleKmpuyecKkama npooOUMOCH. U MEMNHEPAmypama 6vpxy MUKPOOHA 20pUGHA KlemKa 3a
mpemupane HU MUHHU omnadvynu 6oou, Cnucanue: Annals of the ,,Constantin Brancusi”
University of Targu, Engineering Series, No. 3, 2018 cTp. 18-24, ISNN: 1842-4856.

Abstract: The influence of electrical conductivity and temperature on the efficiency of MFC
with a basic microbial process in the anode zone - microbial sulphate reduction has been determined.
A technological scheme of a laboratory installation has been synthesized allowing permanent control
and management of basic process parameters - pH, electrical conductivity, temperature and OCV.
The studies have been carried out at the optimal values of OCV, power density and current density
for four different conductivity values and temperature under abiotic conditions in the anode zone of
the fuel element and a comparison has been made with the biological process of the microbial sulphate
reduction. On the basis of LabView® has been offered a possibility of measuring different
electrochemical parameters of the MFC that determine its efficiency. The results obtained will be
used to optimize the work of MFC based on the microbial sulphate reduction process to treat
wastewaters with high content of sulphates.

Pe3rome: OnpeneneHo e BAUSHUETO Ha eIEKTPUUECKaTa IPOBOAUMOCT U TEMIIepaTypara BbpXyY
epextuBHOCTTa HA MI'K, 6asupana B aHomHaTa o0iacT Ha mporeca MUKpoOHa cyndar-pemayKIus.
Jln3aliHbT Ha TEXHOJIOTMYHATAa CXeMa Ha JiadopaTopHaTa MHCTANAlMs IO03BOJISIBA HEMPEKbhCHAT
KOHTPOJI M yNpaBjeHHe Ha OCHOBHHUTE MapaMeTpu Ha mporeca — pH, elexTpuyuecka mpoBOIUMOCT,
Temrieparypa W HampexxeHnue Ha orBopeHa Bepura (OCV). Uscnenpanusita ca TPOBEACHHU MPH
ontuManuu croiHocTy Ha OCV, IIIBTHOCT Ha MOITHOCTTA U TUTBTHOCT Ha TOKA 3@ YETUPH PA3ITUYHU
CTOWHOCTH Ha €JICKTPONPOBOJUMOCT M TeMIiepaTypa pu aOMOTHYHHU YCIOBHUSI B aHOJIHATA 30HA Ha
TOPUBHHUS €IEMEHT W € HaNpaBeHO CPaBHEHHUE C JIAHHUTE NpPHU MpOTHYaHEe Ha MUKpoOHa cyndart-
penykuus. Ha 6azara nHa LabView® e mpeyiokeHa BB3MOKHOCT 32 M3MEPBAHE Ha Pa3IWYHU
CJIIEKTPOXMMUYHH TIapaMeTpH, KouTo omnpeneisaT edpekruBHoctTa Ha MI'K. Tlonydyenurte pesynraru
me ObJIaT M3MOJI3BAaHM 32 ONTHUMHU3HMpaHe Ha paborata Ha MI'K, Gazupana Ha mpoiieca MUKpoOHa
cyndaT-peyKius 3a MpeurucTBaHe Ha OTNAIbUHU BOJIU C BUCOKO ChIIbPXKaHHE Ha CyI(aTH.

II1.38 Nikolov, 1., Loukanov, A., Ustinovich, E., Angelov, A., & Nakabayashi, S. (2018).
Catalytic carbon nanodots for oxygen reduction reaction. Journal of Mining and Geological
Sciences, 61(Part I, Geology and Geophysics), 69—72. ISSN 2535-1176.
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I11.38 Hukomos, U., JIlykanos, A., Ycrunoud4, E., Anuresnos, A. u Haka6asmmu, C. (2018).
KaTtaanTnyHu BBIJIEPOAHM HAHOTOYKH 32 peaKIusi HA peAyKnus Ha Kucjaopoxa. Journal of
Mining and Geological Sciences, 61 (4act I, I'eonnorus u reopusuxa), 69—72. ISSN 2535-1176.

Abstract: This report provides a new perspective for practical application of the electronics
properties of carbon nanodots as an electrocatalytic layer on the graphite working electrode. For that
purpose, ultra-small nitrogen doped carbon nanodots (C-dots) with average diameter between 1.5-2
nm were synthesized by microwave assisted pyrolysis and after that were immobilized chemically
onto the graphite surface of the electrode. As environmentally friendly electrocatalyst for oxygen
reduction reaction (ORR) our data show that the bare C-dots alone are not able to form stable electro-
catalytic film for ORR because of their high water solubility. However, the chemically conjugated
nanoparticles exhibit ORR electrocatalytic activity in acid or basic media. These properties open a
new range for practical application in the field of ecotechnology and environmental protection.

Pe3tome: Ta3u cratusi npefocTaBsi HOBAa IEPCHEKTHBA 3a MPAKTUYECKO MPHIOKEHHE Ha
CJIICKTPUYHHUTC CBOMCTBa Ha BBIUVICPOAHN HAHOTOYKH, KATO CICKTPOKATAIUTHYCH clou BBpPXY
rpauTeH paboTeH eNeKTPo . 3a Ta3u Lell YITpa MaJIKi a30T-ChAbPKallU BbIJIEPOIHUTE HAHOTOUKU
(C-dots) cbe cpenen nuaMeTbp Mexay 1.5-2 nm Osixa CHHTE3UPaHH, Ype3 MUKPOBBIHOBA aCHCTUPaHa
MUPOJIM3a U cJie]l TOBa OsiXxa XMMUYECKH WMOOWIM3WPAaHU BBPXY TpaduTeHaTa MOBBPXHOCT Ha
enekTpoa. Kato ekonorochBMeCTUMU KaTalnu3aTopu 3a peaykius Ha kucinopoa (ORR) monyyennre
naHHM Toka3Bat, uye C-dots He ca B ChbCTOSTHUE camu 10 ce0e cu J1a 00pa3yBar CTaOUIIeH eNeKTPO-
kataauThdeH ¢puiM 3a ORR, nopanu TaxHaTa BUCOKa pa3TBOPUMOCT BbB BOAHU pa3TBOpHU. BrIpekn
TOBA, XUMUYCCKHU KOHIOTUPAHUTC HAHOYACTHIH ITPOSABSABAT ORR CJICKTPOKATAJIMTUYIHA aKTUBHOCT B
KHCella WM OCHOBHA cpea. Te3u cBOiCTBa OTKPUBAT HOBH Bb3MOXKHOCTH 32 TSIXHOTO MPAKTUIECKO
IPUTIOXKEHUE B 001aCTTa HA €KOTEXHOJIOTMUTE U ONIA3BaHETO HA OKOJIHATA Cpea.

II1.39 Ivanov, R., Stefanova, A., & Angelov, A. (2019). Treatment of water contaminated by
petroleum products through constructed wetlands with integrated plant sediment microbial fuel
cells. Journal of Mining and Geological Sciences, 62(2), 139-142. ISSN 2682-9525 (print), ISSN
2683-0027 (online).

I11.39 UBanoB, P., CtedpanoBa, A. u AHreioB, A. (2019). Tperupane Ha Boau, 3aMbPCEHH
¢ HeTONMPOAYKTH, Upe3 U3KYCTBEHH BJIAKHH 30HU ¢ UHTETPUPAHN MUKPOOHU rOPUBHHU KJIETKHU
oT pacturejHu cennMeHnTH. Journal of Mining and Geological Sciences, 62(2), 139-142. ISSN
2682-9525 (mewatno nznanue), ISSN 2683-0027 (onsaiin).

Abstract: Oil exploration and exploitation activities contribute to global economic growth but
often lead to pollution of the environment by oil and petroleum products. Constructed wetlands are
cheap, environmentally friendly and use biological processes based on photosynthesis process for
treatment oil-contaminated waters. Integration of Plant Sediment Microbial Fuel Cells (PSMFC) into
them allows the generation of energy in parallel to water treatment. The purpose of this study is to
identify the treatment capacity of five variants of PSMFC planted with different vegetation (Typha
latifolia, Phragmites, Spartina, mixed marsh vegetation and cell without vegetation). A solution
containing crude oil at a concentration of 100 mg/l is delivered to the PSMFC with a horizontal
surface flow and a hydraulic retention time of 14 days. From the chemical analyses performed, the
highest treatment level was established in PSMFC 4 planted with Spartina and inoculated with mixed
culture oil-oxidising bacteria. At the end of the experiment the concentration of pollutant dropped to
0.052 mg/1. The same showed the best electrical parameters during the experiment. The power density
reached 11.56 mW/m?2 ata current density of 27.16 mA/m2and applied resistance of 300 Q. The open
circuit voltage ranged from 900 to 1100 mV. The results obtained show good prospects for application
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of plant sediment microbial cells in the passive treatment of waters polluted with crude oil and
petroleum products.

Pe3rome: JleiiHOCTHTE MO MPOYYBAHE U EKCIUIOATAIMS HA HEPTEHH HAXOAUIIA JONMPHUHACAT 3a
MKOHOMMYECKH PAacTeX B CBETOBEH Mallad, HO YeCTO TOBAa BOAM M JO 3aMbpCSIBaHE Ha OKOJHATa
cpena ¢ HepT 1 HepTONpOXyKTH. KOHCTpyHpaHuTe BIaKHH 30HH Ca €BTHHH, €KOJIOTUYIHO YHUCTH U
M3I0JI3BaT OMOJIOTUYHY MPOIIeCH, Oa3upaHu Ha porieca (POTOCHHTE3a 3a MPEYNCTBAHE HAa 3aMbPCEHI
c Hedt Bomu. VHTErpupaHero Ha pacTuTenHH ceauMeHTHH MUKpoOHH kieTku (PCMIK) B Tax
M03BOJIIBA TEHEPUPAHETO HA EHEpPrus NpH MapajieIHo INpedyncTBaHe Ha Boaurte. llenta Ha
HACTOSIIOTO M3CIIEJBAHE € Ja C€ YCTAaHOBM IPEYHCTBATeNHATa CIOCOOHOCT HAa TET BapHaHTa
PCMIK, 3acanenu ¢ paznuuna pactutensocT (Typha latifolia, Phragmites, Spartina, cmecena GiatHa
pactutenHoCT U KieTka 0e3 pacturennoct) Kem PCMIK e momaBan pa3TBop chabpikam HEPT B
koHrenTpanus 100 mg/l, mpu XOpU30HTAJICH MOBBPXHOCTEH MOTOK M KOHTAKTHO BpeMe 14 mau. Ot
HalpaBeHUTE XMMUYHHM aHAIM3HM CE€ YCTAaHOBM Hal-BHCOKa cTerneH Ha npeurcrBane npu PCMI'K 4
3acajieHa ¢ OJlaTHa TpeBa M MHOKYJIMpaHa ChC CMECEHA KyNTypa HedT-OKHcIsBany 6akTepuu. B kpas
Ha eKCIIEpUMEHTA KOHIICHTpaIuATa Ha 3aMmbpcutens crmaana 1o 0,052 mg/l. Ceiara mokasa u Hali-
JOOpH eIEKTPUYECKH MapaMeTpH Mo BpeMe Ha ekcriepuMeHTa. [ ITbTHOCTTa Ha MOIITHOCTTA JJOCTUTHA
mo 11,56 mW/m2 npu mrbTHOCT Ha Toka 27,15 mA/m2 u npuiiokeHo cerpotusiacHue 300 0
Hampexenuero npu otBopena Bepura ce aswikenie B rpanunure 900 - 1100 mV. Ilonyuenute
pe3yJITaTH MoKa3BaT 100pH MEePCIEKTUBY 3a IPUIIOKEHUE Ha PACTUTEIHUTE CEIMMEHTHU MUKPOOHH
KJIETKH MPH MACHBHO MPEYHCTBAaHE HAa BOJH, 3aMbPCEHH C HEPT U HE(YTOMPOTYKTH.

I11.40 Angelov, A., Stefanova, A., Nikolova, K. (2019). Regression analysis of factors
affecting microbial fuel cell efficiency, Journal of Mining and Geological Sciences, Volume
62/Number 2/2019, pp. 115-118, ISSN 2682-9525 (print), ISSN 2683-0027(online)

II1.40. Anrenos, A., CredanoBa, A., HukosoBa, K. (2019). Perpecuonen aHanu3 Ha
(akTopuTe, okazBamM BJHSHHE BBHPXY e(peKTHBHOCTTA HA MHUKPOOHA TOpPUBHA KJIETKA,
Journal of Mining and Geological Sciences, Tom 62/6poii 2/2019, cTp. 115-118, ISSN 2682-9525
(meuatHo uznanue), ISSN 2683-0027 (onsaiin)

Abstract: In a laboratory installation of a Microbial Fuel Cell (MFC), based on the process of
microbial sulphate reduction in the anodic chamber of the cell, the factors influencing the efficiency
of the fuel element have been investigated. Under the conditions of a planned laboratory experiment,
the temperature, pH, H2S and sulphate concentration in the anodic chamber, and the dissolved oxygen
content in the cathodic chamber of MFC have been varied. Meanwhile, the Open Circuit Voltage
(OCV) and the maximum values of power in MFC are measured as possible target functions. A
multifactorial regression analysis has been performed with respect to the selected independent
parameters and the target function. A mathematical model of the target function has been obtained
from the selected independent variables that can be used to optimise the operation of a microbial fuel
cell based on the microbial sulphate reduction process.

Pesiome: B naGoparopHa mHcTananus Ha MHKpoOHa ropuBHa kietka (MI'K), 6asupana B
aHogHaTta 30Ha Ha mpoueca Ha MCP, ca u3cienBanu (axTopuTe, OKa3BallM BIMSHHE BBPXY
e(eKTUBHOCTTA HA TOPUBHHUS efeMeHT. [Ipu ycrnoBusiTa Ha IaHUpaH J1abopaToOpeH eKCIIEPUMEHT ca
BapUpaHu CTOWHOCTUTE Ha Temneparypara, pH, konuentpauus Ha H2S u cyndartu B aHogHaTa 30HA
U ChJIbP’KAaHUETO HA pa3TBOPEH KUCIOpoa B kKaTroaHaTa 30Ha Ha MI'K. IlapanenHo ca n3mepBaHu KaTo
BB3MOKHH IIeNIeBH (YHKIMU - HampexeHnero Ha oTtBopeHa Bepura (OCV) m makcuManHaTa
CTOMHOCT Ha MOIIHOCTTa HAa MHKpoOHaTa TopuBHA KieTka. HampaBen e MHorodakropeH
perpecroHeH aHaju3 MO OTHOLIEHHE Ha M30paHHuTe HE3aBUCHUMH MapaMeTpH U LeneBara (QyHKIUS.
[lomyuen e MmaTemMaTHueCKH MOJIEI Ha LieieBaTra GyHKIUS OT MOAOPAHUTE HE3aBUCUMH ITPOMEHIIMBH,
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KOWTO MOJKE JIa C€ M3IT0JI3Ba 3a ONTUMHM3AIINS Ha paboTaTa Ha MUKpOOHA rOpHBHA KJIETKa, Oa3upaHa
Ha Ipolieca Ha MUKpoOHa cyndaTpeayKIusl.

II1.41 Anatoliy Angelov, Evgeni Kraichev, Marta Lecheva and Sotir Plochev, (2019)
Volumetric coefficient of oxygen mass transfer analysis in column photobioreactor, Journal of
Mining and Geological Sciences, Vol 62, Part 11, Mining, Technology and Mineral processing,
(2019), pp.119-123, ISSN 2682-9525 (print), ISSN 2683-0027 (online).

II1.41 Anatonuii AurenoB, EBrenn KpaiiueB, Mapta JleueBa u Cotup Ilioues, (2019),
AHanu3 Ha 00eMHUS Koe(UIIUEHT HA MACONPEHOC HA KUCJIO0POA B KOJIOHEH (oToOMOpeaKTop,
Journal of Mining and Geological Sciences, Tom 62, yact II, MuHHO €10, TEXHOJOTUHN U
npepadorka Ha MuHepaiau, (2019), crp. 119-123, ISSN 2682-9525 (neuatno usganme), ISSN
2683-0027 (onnaiin).

Abstract: The oxygen mass transfer speed, as one of the technological factors influencing the
growth and development of the phototrophic microorganisms (microalgae), was researched in a
column type photobioreactor. A series of experiments under different aeration conditions were
performed where the corresponding oxygen mass transfer coefficient values (KLa) were measured.
The dynamics of basic technological parameters: temperature, pH, electrical conductivity etc. in
parallel with the dissolved oxygen concentration were monitored. The oxygen mass transfer
coefficient value influence during the different photosynthesis phases, as well as during the various
phototrophic microorganisms' cultivation stages, was determined.

Pe3tome: B xosoHeH Tun (otoOnopeakTop € u3clieBaHa CKOPOCTTa HAa MACONpEHACsSHE Ha
KUCIIOPO/ia, KaTO €UH OT TEXOJOTHYHNUTE (DAKTOPH OKa3BaIIM BIUSHUE BEPXY pacTeka U Pa3BUTHETO
Ha (oToTpoHUTE MUKpOOpTraHu3MHu (anru). HampaBeHu ca cepust OT eKIEepUMEHTH NP Pa3inyHU
YCIIOBUSI Ha aepaimus, 3a KOWTO Ca H3MEPEHH CHhOTBETHUTE CTOWHOCH Ha KoepHUIMEeHTa Ha
maconpenacsine mo kuciopon (Kia). Ilpocrmenena e nuHamMukata Ha OCHOBHHM TEXHOJOTMYHU
nmapamMeTpH: Temreparypa, pH, e1eKTpornpoBOIMMOCT W Jp., TApaeTHO C KOHIICHTpAIUATa Ha
pPa3TBOPEH KHUCIIOPOJ. YCTaHOBEHO € BIHUSHHETO BBPXY CTOMHOCTTA Ha KOoe(pHUIMEeHTa Ha
Macomnpeaasane no kucinopoy (Kia), kakro npe3 paznuunute $azu Ha (OTOCHHTE3aTa, TaKa U MPeE3
Pa3NUYHUATE €TaIH OT KyJITUBUPAHETO HAa POTOTPOGHUTE MUKPOOPTAaHH3MH.

I11.42. Bratkova S., Angelov A., Zheleva E., Todorova E., Stamenov S., Kozhuharov E.,
Delov P., Valova E., Vasilev Z., A multi-disciplinary approach to rehabilitation of historically
disturbed lands, XIII International Mineral Processing and Recycling Conference Belgrade,
Serbia, 8-10 May, 2019.

II1.42. bpatkoBa C., AuresioB A., Kejaena E., Tonoposa K., Ctramenos C., Koxkyxapos E.,
Heqon II., Boaea E., Bacune K., Myrmuoucyuniaunapen nooxoo 3a 6v3cmanogsséane Ha
napywienu ¢ munaiomo mepenu, XIII MexaynapoaHa koHdepeHuusi mo mnpepadorka u
o0orarsiBaHe Ha MoJie3HU u3konaemu benarpaa, Crpous, 8-10 Maii, 2019.

Pestome: [Innau Ilpemrsc Meranc Yenoneu EA/Jl npoBeae My aTUIUCHUIIIIMHAPHO TPOYUBAHE
B PAMKHUTE Ha CBOSITA MpOorpaMa 3a pexabuiuTaius Ha TepeHH, HapyIlIeH! OT cTapa MUHHOJ0OOMBHA
neitHoct. M3crmeaBaHero oOxBamia: ISUIOCTHA XapaKTePUCTHKAa HAa MUHEpaTHHUS cyOcTpart,
XHUJIPOJIOTUYEH U XUPOTEOIOKKH MPOPIIT HA pallOHa, Ka4eCTBO Ha MOBBPXHOCTHUTE U MOI3EMHHUTE
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BOJHM, aHAJIN3 HA I1o4YBaTa U CCAUMCHTHTC. L[enTa Ha MYJITUIUCHUIUIMHAPHOTO MPOYUBAHE Oerre Ja
ce C"b6epaT U CUCTEMATU3UPAT AOMNBIHUTCIHW JaHHU WU Ja CC Ha0eexar KOHKPETHU MCPKHU 3a
l'lO}lO6p5lBaH€ Ha OKOJIHATa Cpc/ia U Bb3CTAHOBABAHC HA HAPYIICHUTC TCPCHU B IIbPBOHAYAJIHOTO UM
CbCTOSHHUEC, JOKOJIKOTO € BB3MOXHO. B crarusra ca OpCACTaBCHU HAYYHUTC MCTOAU, ITIPHUJIOKCHU ITPHU
IMPOBEACHOTO IAJTOCTHO IMMPOYYBAHE U CHbOTBETHUTC I[eﬁHOCTH, H3BBPIIBAHU KbBM MOMCHTA.

Abstract: Dundee Precious Metals Chelopech EAD conducted a multi-disciplinary survey
within the framework of its program for the rehabilitation of lands disturbed by historical mining.
The survey covered: a comprehensive characterization of the mineral substrate, a hydrological and
hydro-geological profile of the area, surface and groundwater quality, soil and sediment analysis. The
purpose of the multi-disciplinary survey was to collect and systematize additional data and identify
specific measures for environmental improvement and restoring disturbed lands, as much as possible,
to their original state. The article presents the scientific methods applied during the conducted
comprehensive survey and respective activities carried out at present.

I11.43. Bratkova S., Alexieva Z., Angelov A., Nikolova K., Genova P., Ivanov R., Gerginova
M., Peneva N., Efficiency of microbial fuel cells based on the sulphate-reduction by ethanol,
Sustainable Extraction and Processing of Raw Materials Journal, Vol 1, pp. 21-26, 2020, ISSN
2738-7100 (print) ISSN 2738-7151(online) DOI: 10.5281/zenod0.4270025.

I11.43. BparkoBa C., AnexcueBa 3., AurenoB A., Hukososa K., I'enoa Il., UBanos P.,
I'eprunoBa M., IleneBa H., Edpexmusnocm na mukpoonu 2opueéHu Kiemku, Oa3upanu Ha
cynpam-pedykyua na emanon, Cnucanue: Sustainable Extraction and Processing of Raw
Materials Journal, Tom 1, cTp. 21-26, 2020, ISSN 2738-7100 (print) ISSN 2738-7151(online)
DOI: 10.5281/zenod0.4270025.

Abstract: The influence of hydraulic retention time (HRT) on the rate of sulphate-reduction
and electricity generation of microbial fuel cell fed with ethanol was studied. The experiments were
performed in the laboratory installation, consisting of an anaerobic fixed-bed reactor and a microbial
fuel cell with air-cathode. An effective sulphate removal was achieved at hydraulic retention times
44 and 66 h. The effectiveness of COD removal raises with increasing the hydraulic retention time.
The highest maximum power density of 258 mW/m? was obtained at 22 h HRT. The use of ethanol
as an electron donor had a great impact on the composition of the microbial community. The
metagenomic data obtained showed that the most abundant phylum in bacterial community was
Proteobacteria — 87.8 %, and particularly Gammaproteobacteria — 53,1%. The sulphate reducing
bacteria that can incompletely oxidise organic compounds usually with acetate as an end product
were presented in the microbial community in anodic chamber. The dominant microbial species
among sulphate reducing bacteria was Desulfomicrobium mexicanus (19,79%).

Pe3iome: M3cneaBaHo e BAMSHUETO HA KOHTAKTHOTO BpEME BBPXY CKOPOCTTa HA MUKpOOHATa
cyndar-peiyKius MpH 3axXpaHBaHE C €TaHOJ W TeHepupaHeTo Ha enekTpoeHeprusi ot MIK.
ExcniepumenTHTe ca OCHIECTBEHH 4pe3 JabopaTopHa HMHCTaNalMs, ChCTOSAIA Ce OT aHaepoOeH
peakTop ¢ (UKCHpAaHO JIEri0 U MUKpOOHa TOpHMBHA KJETKa ¢ BB3AylIeH katoj. IlocturHaro e
eeKTUBHO OTCTpaHsiBaHE Ha cyn(arH NpU MOJIbpPKAHE HA KOHTAKTHOTO Bpeme 44 u 66 u.
EdexruBHOCTTa Ha OoTcTpansBane Ha XIIK HapacTBa ¢ moBHUIIaBaHETO HA KOHTAKTHOTO Bpeme. Haii-
BHCOKA MaKCHMaJlHa IIBTHOCT HAa MOMIHOCTTAa OT 258 mW/m? e momyuena npu 22 4. KOHTaKTHO
BpeMe. M3mon3BaneTo Ha €TaHO KaTo JJOHOP Ha eJIEKTPOHU 0Ka3Ba TOJISIMO BIHMSIHHE BHPXY ChCTaBa
Ha MHKPOOHOTO CbhoOImIecTBO. [logydeHWTe METareHOMHM JIaHHM IIOKa3BaT, 4Ye Hai-
Pa3NpOCTpaHCHUST TUIl B OakTepuaiiHata oOIIHOCT e Proteobacteria — 87,8 %, W Mo-crenuaiIHO
Gammaproteobacteria — 53,1 %. B anognarta kamepa npucbcrBaxa cyidar-pegyunpaiiy OakTepuu,
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KOMTO OKHCJISBAT HEMBJIIHO OPraHMYHUTE ChEAWHEHHUS C KpacH MPOAYKT arerar. JJoMUHHpaIIusT
MUKPOOCH BUJI cpell cyidaT-peaynupamure oakrepuun oe Desulfomicrobium mexicanus (19,79%).

I11.44. Nikolova, K., Bratkova S., Angelov A., Genova P., Ivanov R., Stefanova A.,
Treatment of sulphates-rich solutions through ettringite precipitation with industrial reagents,
Sustainable Extraction and Processing of Raw Materials Journal, Vol 1, pp. 74-78, 2020, ISSN
2738-7100 (print) ISSN 2738-7151(online) DOI: 10.5281/zenodo.4270121.

I11.44. HuxousioBa K., bpaTtkoBa C., AuresioB A., I'enoBa II., UBanos P., Ctepanona A.,
Ilpeuucmeane na 602amu na cyngpamu 600u upes empunumHa NPEeYURUMAUUA ¢ UHOYCIMPUATIHU
peazenmu, Cniucanue: Sustainable Extraction and Processing of Raw Materials Journal, Tom
1, crp. 74-78, 2020, ISSN 2738-7100 (print) ISSN 2738-7151(online) DOI:
10.5281/zenodo0.4270121.

Abstract: Mine wastewaters are often characterised with high concentrations of sulphates,
heavy metals and increased electrical conductivity. It is mandatory for the industry to implement
convenient treatment methods in order to reduce these parameters. The aluminium precipitation with
the simultaneous formation of ettringite was chosen for laboratory testing as it is appropriate when
the concentrations of sulphates have to be reduced— up to 300 mg/l according to the Bulgarian
regulatory framework. In the present study synthetic waters were treated, as their composition was
similar to that of typical mining effluents. Initially, the pH of the solutions was adjusted to 9.0 with
Ca(OH)2 and thus the heavy metals precipitated in the form of hydroxides. Then, an aluminium
source was added as Al-cement, industrial Na-aluminate or aluminium oxychloride. The best results
in terms of sulphates and electrical conductivity decrease were obtained with Al-cement (69 — 100 %
sulphates removal rate), but the quantities of the generated sludges were large, which raises the
question of their proper disposal. With the industrial Na-aluminate the rate of removal of sulphates
was very low and with AIOCI it was 96%. However, the use of both reagents showed an increase in
the electrical conductivity of the treated solutions.

Pe3lome: MuHHUTE OTHAIBUYHU BOAM YECTO C€ XapaKTEPU3UPAT C BUCOKH KOHIIEHTPAIIMH HA
cyndaru, TeKKHA METAIHM ¥ TIOBUIIEHA EJIEKTPOIPOBOAMMOCT. 3a J1a C€ TIOHM)KAT CTOMHOCTHTE Ha TE3U
MOKA3aTeN! € 3aIbJDKUTEHO € HHIYCTPHUATA Ja Ipuiara MOJXOASI METOAH 3a MPEYnCTBaHe. 3a
HaMaJsiBaHEe Ha KOHIICHTPAIIMUTE Ha CyndaTuTe cropes Obarapckara HopmaTuBHaA ypenda g0 300
mg/l, B mtabopaTopHU U3CIIEBaHUS € PUIIOKEH U3TOYHUK Ha alyMUHHIA 32 JOPMHUpaAHE Ha €TPUHTHUT.
B HacTosAmoOTO M3cienBaHe ca TPETUPAaHW CHUHTETHYHU BOIU CHhC CHCTaB, MOJOOEH HAa TO3M Ha
TUMMMYHATE MUHHH OTNIAAb9HU BoAd. [IspBoHavantno pH Ha pasrBopuTte e kopurupano ¢ Ca(OH)z no
9,0, mpy KOETO TEKKHUTE METAIN ce yTasBar moj (gopmara Ha xuapokcuau. Cien ToBa € q00aBsH
M3TOYHHMK Ha alyMHHUHN mox (gopmata Ha Al-nmMmeHT, mpoMunuieH Na-aJyMUHAT WIA ATyMHHUEB
okcuxjopua. Haii-moOpu pesynratu Mo OTHOIICHHWE HA HAMaJsiBAHETO HA KOHIICHTpAIMsITa Ha
cyindarure M eICKTPONPOBOAMMOCTTAa ca mojaydeHu ¢ Al-mument (69 — 100 % creneH Ha
OTCTpaHsiBaHe Ha CyJ(aTH), HO KOJIMYECTBaTa Ha TEHEPUPAHUTE YTAWKH ca TOJIEMHU, KOETO TOCTaBs
BBIPOCA 32 TAXHOTO jAenoHupane. [Ipu mpunarane Ha npomunuieH Na-alyMHUHAT CTENEHTa Ha
oTcTpaHsiBaHe Ha cyndarute € MHOTO HHcKa, a pu AIOCI e 96%. M3non3BaneTo Ha [BaTa peareHra
o0aue BO/IM JI0 MOBHUIIIABAHE HA €TIEKTPOMPOBOAUMOCTTA HA TPETUPAHUTE PA3TBOPH.

I11.45. Anatoliy Angelov, Maria Georgieva., Microbial electrolysis cells - a new approach
to wastewater treatment with high sulphate content, XVI International Conference of the Open
and Underwater Mining of Minerals, 06 - 10 September 2021, Varna, Bulgaria, pp.223-229.
ISSN 2535-0854.
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I11.45. Anatoliy Angelov, Maria Georgieva. MUKPOOHH €J1eKTPOJM3HH KJICTKH — HOB
MOAX0/A 32 MpeYHCTBAHE HA OTHAABYHHM BOAU € BHCOKO ChAbp:KaHue Ha cyiadaru, XVI
MexnyHapoana KoHdepennus ,,OTKPUT U NMOABOAEH J00MB HA MoJie3HN u3komaemu*, 06—-10
centemBpu 2021 r., Bapna, bbarapus, crp. 223-229. ISSN 2535-0854.

Abstract: An experimental installation of a microbial electrolytic cell for desalination of
wastewater with high sulfate and heavy metals content was designed and implemented. The potential
of the investigated method for treatment of high sulphate mining wastewater in laboratory conditions
was established, investigating two variants of the bioelectrochemical system operation - in microbial
fuel cell (MFC) mode and in microbial electrolysis cells (MEC) mode. Prospective results have been
obtained for further technology-optimized reduction of the copper ion concentration in the cathode
area, where the MEC - variants reaches better results (for Cu -37,1% and 35,2°/0 for SO4), compared
with MFC-options reaches (for Cu - 4,6% and 32.2%O0 for SO4) for the 10-day period.

Pesiome: [IpoekTupana u peanusupaHa € CSKCIEPUMEHTAIHA HWHCTANaluds Ha MHKPOOHA
EJIEKTPOJIMTHA KJIETKA 32 00e3CosiBaHe Ha OTIMAbUHU BOJU C BUCOKO ChJbpXKaHHE Ha CyJidaTH U
TEXKKHA METalh. YCTaHOBEH € MOTCHIMAThT Ha M3CICJBAHUS METOJl 3a TPEeTUpaHEe Ha MHUHHH
OTIIaJbUHU BOJIM C BUCOKA CyJI(paTHa KOHIICHTPAIIHSI B IA0OPATOPHH YCIOBHSI, KATO ca MPOyYEHH /1B
BapraHTa Ha paboTa Ha OMOENEKTPOXUMHYHATA CUCTEMA — B PEKUM Ha MUKPOOHA FOPUBHA KIIETKA
(MFC) u B pexxum Ha mukpoOHa enektpoiu3Ha kierka (MEC). Ilonydenu ca mepcreKTHBHU
pe3yJITaTH 3a MO-HATAThIIHA TEXHOJIOTUYHO ONTUMHU3UPAHA PEIYKIUS Ha KOHIIEHTPAIUsATA HA METHH
MoHM B KaTroaHata 30Ha, kato BapuaHThT MEC moctura no-g06pu pesynraru (3a Cu — 37,1% u 3a
S04 —35,2%) B cpaBuenue ¢ BapuanTa MFC (3a Cu —4,6% u 3a SO — 32,2%) 3a nepuos ot 10 qau.

I11.46. Bratkova S., Nikolova K., Genova P., Angelov A., Use of Plant Growth-Promoting
Bacteria and Humic Acids for Phytostabilization of Acid-Generating Mining Wastes, Earth &
Environmental Science Research & Reviews, Vol. 5(3), pp. 51-60, 2022, ISSN: 2639-7455
DOI:10.33140/EESRR.05.03.01.

BbparkoBa C., HukosoBa K., I'enoBa Il., AnrenoB A., Ilpunoscenue na cmumynupawju
pacmerica Ha pacmenHusma OaKkmepuu U XyMUHOBU KUCETUHU 34 (umocmaduiuzauyus Ha
Kucenununo-zenepupauiu munnu omnaovyu, Cnucanue: Earth & Environmental Science
Research & Reviews, Tom 5(3), cTp. 51-60, 2022, ISSN: 2639-7455
DOI:10.33140/EESRR.05.03.01.

Pesiome: [lpoBeseHO € WMHTEPAUCHUILUIMHAPHO TPOYYBaHE Ha edeKTa OT MpHiIaraHe Ha
CTUMYJIMpAIIH pacTeka Ha pacTeHUsITa OAKTEPUHM U XyYMHUHOBH KHCEIVHH TIPH PEKYJITUBAIUATA HA
KHCEJIMHHO TEeHEepHUpalll MHUHHU OTHAAbLM Ype3 3arpeBsiBaHe. J[peHaKHUTE BOOUM OT MUHHHTE
OTIA IBIIN ce Xapakrepusupar ¢ pH 3,58 v BUCOKHM KOHIIEHTpAIIUK HA CYI(paTH, MEJI, MAaHTaH U [IUHK.
[Ipunoxenu ca mamoBe oT poaoBere Bacillus u Pseudomonas n XyMHUHOBH KWCEIWUHU, TOTyICHH
gype3 OmoTpaHcopmanus Ha JUTHUT. M3MOI3BaHETO HA CTUMYJHUpAIIM PAacTeka Ha PacTCHUSATA
0aKTepuM W XYMHUHOBU KHCEIIMHU IIPU PEKYJITHUBAIUATA HA KUCEIMHHO-TCHEPUPAIId MHHHU
OTHAIBI MMalle HIKOIKO Toie3Hu edekra. KoMOMHMpAaHOTO WM TPHIOKEHHE J0BENE [0
3HAYHUTEIHO HaMaJsiBaHe Ha KoHIeHTpanuuTe Ha Cu, Fe, Zn u cyndaTtu B IpeHaXHUTE BOIU, TOPaIU
MOTHCKaHE Ha OKUCIISIBAHETO Ha nupuTa. KakTo 6akTepuuTe, CTHMYJIHPAIIHU PacTeka Ha PACTCHHSTA,
Taka M XYMHUHOBHUTE KHCEIIMHM IOA0OpSABAT pacTeka Ha PACTEHMsITAa, KOraTO C€ H3I0J3BarT
nootaenHo. Haif-Bucok 1o0uB Ha cBexa (Mexay 22% u 43% Haj KOHTposaTa) U cyxa Ouomaca Ha
pactrenusrta (mexnay 31% u 41% nHan koHTponaTa) ce HaOIr01aBa MPU KOMOMHUPAaHE Ha JIBaTa BUA
TpeTupaHe, KaTto e(eKThT CHUIHO 3aBUCH OT Jo03aTa Ha npuioxkeHwe. [Ipu KOMOMHHMpPAHOTO
NpuJIoXKeHne, ToOOMBBT Ha CBEXKa M cyXa OMomaca ce MOBHINABa MPH TPETUPAHE HA PACTEHUSATA C
xymuHoBu kucenuHu 0,42 g/kg moyBa, HO HaMalsiBa 3HAYMTENHO NPH TIAXHOTO IpHUJAaraHe B
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kounenrpanust 0,84 g/kg mousa. TpeTrupaHero ¢ MUKPOOHM KyINTypd W XyMHHOBH BEIIECTBa
MOBHIIIABA 3HAYMTEITHO YCBOSIBAHETO Ha a30T, ¢dochop m kammii oT pacteHusita. OCBeH TOBa,
IpuUJIaraHeTo Ha OakTepuu Ot p. Bacillus n p. Pseudomonas B KOMOMHAIMS ¢ XyMHHOBH KUCEIUHHU B
OeJlTHY TIOYBH, M3MOJI3BaHH 32 PEKYJITHBAIMS, HamallsiBa moemManeTo Ha Cu u Zn OT pacTeHHSATA.

Abstract: An interdisciplinary study was conducted on the effect of application of plant growth-
promoting bacteria and humic acids in the reclamation of acid-generating mining wastes through a
vegetation cover. The drainage water from the mining waste was characterized by a pH of 3.58 and
high concentrations of sulfate, copper, manganese, and zinc. Strains of the Bacillus and Pseudomonas
genera and humic substances produced by biotransformation from lignite were applied. The usage of
plant growth promoting bacteria and humic acid in the reclamation of acid-generating mining wastes
produced several beneficial effects. The combined application resulted in a significant decrease in
Cu, Fe, Zn and sulfate concentrations in a variety of drainage water samples, due to the suppression
of pyrite oxidation. Both plant growth-promoting bacteria and humic acid improve plant growth,
when used separately. The highest yield of fresh (between 22% and 43 %) and dry biomass of plants
(between 31% and 41 %) was observed after combining both treatments, but the effect depended
strongly on the dose of application. Yields of fresh and dry biomass in the combined application
increased by treating plants with 0.42 g/kg humic acids, but decreased significantly when applying
humic acids in a concentration of 0.84 g/kg soil. The treatment with a microbial consortium and humic
substances enhanced significantly the uptake of nitrogen, phosphorus, and potassium by the plants.
Furthermore, the addition of Bacillus and Pseudomonas bacteria in combination with humic acids to
poor soil for reclamation reduced the Cu and Zn uptake.

I11.47 Popova, M., Velichkova, P., & Angelov, A. (2022). Increasing methane yield during
anaerobic digestion by an outside integrated microbial electrolysis cell. Annual of the
University of Mining and Geology “St. Ivan Rilski”, volume 65, pp. 42—45, ISSN 2738-8808
(print, ISSN 2738-8816 (online).

Abstract: An integrated anaerobic reactor-microbial electrolysis cell system has been created,
which has been moved out of the reactor volume. This has several advantages over the one integrated
inside the anaerobic reactor: it does not disturb the working volume and is easier to operate and
control. The kinetics of biogas production was monitored by comparing the data obtained from the
hybrid system and the stand-alone anaerobic reactor. The results show an increased methane yield
(from 75 to 88 %), better biodegradability of organic matter (from 66 to 89 %), and purification of
ethanol stillage from sulphates in the integrated system (from 860 mg/1 to <1 mg/l). In addition, the
process of generating biogas in the hybrid system is more stable.

Pestome: Cob3pazneHa e MHTErpUpaHa CUCTEMa aHAEPOOCH PEaKTOP-MHUKPOOHA EICKTPOJIM3HA
KJIETKa, KOSITO € M3HEeCeHa U3BbH o0ema Ha peaktopa. [IpemumcrBaTa mpen mHTErprpana B ooema Ha
aHaepOOHUS PEaKTop ca HAKOJIKO - He Ce HapyIlIaBa padOTHUAT 00eM, TPOIECHT € TO-JIECEeH 3a paboTa
u ynpasienue. Knnetnkara Ha mpou3BOACTBOTO Ha Ouora3s Oerre HaOIro1aBaHa Ype3 CpaBHSABAHE HA
JTaHHUTE, TIOJIy9eHH OT XHOpHIHATA CHCTEMa U CAMOCTOSITETHHS aHaepoOeH peaktop. PesynraTure
MOKAa3BaT MOBHUIIEH J00MB Ha MeTaH (0T 75 10 88 %), mo-106pa GuopasrpaguMoCT Ha OpraHuYHaTa
matepus (0T 66 10 89%) u npedncTBaHe Ha ciMpTHaTa nuiemna ot cyidatu (ot 860 mg/l no <1 mg/l)
B MHTerpupanara cucremMa. OCBeH TOBa MPOLECHT HA TeHEpUpaHe Ha Ouoras B XMOpUAHATA CUCTEMA
€ Mo- CTa0MJICH.

I11.48. Genova P., Nikolova K., Angenov A., Bratkova S., Mirdzveli N., Barite precipitation
for treatment of mine waters with high sulphate concentrations, Sustainable Extraction and
Processing of Raw Materials Journal, Vol 4, pp. 32-36, 2023, ISSN 2738-7100 (print) ISSN 2738-
7151(online).
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I11.48. I'enosa I1., Huxosnosa K., AuresioB A., bpatkoBa C., IIpeuucmeane na Mmunnu 6oou
€ 6UCOKO cyahamno cvOvprcanue upez dapumno ymasneane, Cnucanue: Sustainable Extraction
and Processing of Raw Materials Journal, Tom 4, cTp. 32-36, 2023, ISSN 2738-7100 (print) ISSN
2738-7151(online).

Abstract: One of the commonly used methods for removing sulphates from mine waters is the
precipitation. The classical approach for the treatment of acid mine drainage (AMD) rich in heavy
metals and sulphates at about of 2000 mg/L is based on using Ba added in different forms - Ba(Cl)a,
Ba(OH),, BaCO3, BaS. In the present study, barite precipitation with the use of BaS was implemented
in a laboratory installation in continuous mode. The scheme of the installation includes series
connected chemical reactors and settlers, which allows the sequential implementation of three
processes - liming, barite precipitation and recarbonation. Real AMD containing high concentrations
of sulphates and heavy metals has been effectively treated by the laboratory installation. The
application of BaS effectively reduces the concentration of sulphates below 200 mg/L and the
electrical conductivity of the treated waters is significantly reduced.

Pestome: Enun OT uecTo M3MON3BaHUTE METOJIM 332 OTCTPAHSABAHE HA CYJI(PaTH OT PyTHUIHHUTE
BOJIM € TAXHOTO yTasiBaHe. KimacuueckusT moaxo/l 3a TperupaHe Ha kucenu pyaaudnu Boju (KPB),
ChIIbPKAIIM TEKKU MeTainu U cyndatu oxono 2000 mg/L, ce ocHOBaBa Ha M3MONI3BaHeTO Ha Ba,
nob6aser B paznmmunu Gopmu - Ba(Cl),, Ba(OH),, BaCOs, BaS. B Hacrosmoro usciieBaHe B
nabopaTopHa WHCTANAIUS B HEMPEKbCHAT PEXKUM € U3BBPIICHO OAPUTHO yTasiBAaHE C M3MOI3BaHEe Ha
BaS. Cxemarta Ha WHCTananusTa BKJIOYBA IOCJIENIOBATEIHO CBBbP3aHUM XMUMHYECKH DPEAKTOPU U
yTauTeIH, KOETO MO3BOJISIBA MOCIIEOBATEITHO OCHILECTBSIBAHE HAa TPH Tpolieca - BapyBaHe, OapuTHa
IpenunuTanys 1 aekapoormsanus. Ypes maboparopHara WHCTaNAMs €()EeKTUBHO ca MPEUYUCTEHU
peannu KPB, chabpprkaiy BUCOKM KOHIEHTpauuu cyidaru u Texxku meranu. [Ipunaranero na BaS
CHIKaBa KOHIEHTpanusATa Ha cyndarure noq 200 mg/L, kato ChIIo Taka 3HAYUTEITHO C€ HAMAJISIBA
U €JIEKTPONIPOBOIUMOCTTA HA TPETUPAHUTE BOJIH.

II1.49. Angenov A, Nikolova K., Genova P., Bratkova S., Efficient treatment of real acid mine
drainage by bioelectrochemical system with anodic microbial sulfate reduction, Proceedings of the

XVII International conference of the open and underwater mining of minerals, 18 — 22 September
2023, Varna, Bulgaria, pp. 176-183, ISSN 2535-0854

I11.49. AnresioB A., HuxosoBa K., I'enosa Il., bparkoBa C., E¢pekmueno mpemupane na
peannu Kuceau MUHHU 600U Upe3 Ouo0eneKmpoXuMuiHa CUcmema ¢ aHOOHA MUKPOOHA
cynpamua-pedykyun, Coopunk noxaagu ot XVII Mexknynapoana kondepeHnusi 1o OTKPUT U
MOABO/IeH 100MB Ha TMOoJe3HH u3konaemu, 18 — 22 CenremBpu 2023, Bapna, bwarapus, crp.
176-183, ISSN 2535-0854.

Abstract: The efficiency for the treatment of real acid mine drainage (AMD) from sulfates and
heavy metals was investigated in a bioelectrochemical system (BES). In a batch mode, two
operational options of the BES were investigated — as a microbial fuel cell (MFC) and as a microbial
electrolysis cell (MEC). It was found that the rates of sulfate removal and metal reduction in the
cathodic area were achieved to different extents in the two BES modes of operation. In a MFC mode
for a time of 96 hours, the rate of removal of sulfates from AMD reached 27.7 %, while in the MEC
mode it was 47.8%. Regarding Cu?" - in both modes as MFC and MEC the rate of reduction was
69,0% and 95,7 % respectively.

Pesome: EdexTuBHOCTTa Ha NpedyUCTBaHE HA peanHu kucenu pyanudau Bogu (KPB) or
cyndaru u Texxku meranu Oeme u3cieaBana B ouoenekrpoxumudaa cuctema (BEC). /IBe paboTHu
onunu Ha BEC — karo MmukpoOHa ropusHa kietka (MI'K) u kato MukpoOHa eleKTpoiIn3Ha KIeTKa

CtpaHuua 40149



(MEK) ca u3cnenBanu B IepuoiMyeH PeKUM. Y CTaHOBH ce, Ye IIPH JiBaTa pexxnma Ha pabora Ha BEC
OTCTpaHSIBAHETO Ha CyN(aTh U METaIM B KaTOJ[HATA 30HA € B pa3jMyHa CTeneH. 3a 96 yaca B pesxuM
MI'K, crenenTa Ha otctpansiBane Ha cyndaru ot KPB e 27,7%, nokaro B pexum MEK e 47,8%.
OTcTpaHsIBaHETO Ha Cu?" or BomuTe B JBara pexxuma, kato MI'K u MEK e crotBetHO 69,0% 1
95,7%.

IIL.50. Angelov A. and Lecheva M., (2023). “Impact of light wavelength on the
performance of an algae-assisted microbial fuel cell”’, Annual of the University of Mining and
Geology “St. Ivan Rilski”, Vol. 66/2023. ISSN 2738-8808 (print) ISSN 2738-8816 (online).

IIL1.50. Angelov A. u Lecheva M. (2023). ,,Bausinne Ha IbJKMHATA HA CBETJIMHHATA BhJIHA
BbPXYy pa0oTraTa HAa MHUKpPOOHA TOPHBHA KJeTKa, MOANOMArara OT MHMKPOBOIOPacIu®,
I'ognmnnk Ha MUHHO-Te0/10:KKHUsI yHUBepcuTeT ,,CB. UBan Puiicku®, Tom 66/2023. ISSN 2738-
8808 (meuatno uznanue), ISSN 2738-8816 (onnaiin nznanme).

Abstract:. In a combined system of the photobioreactor (PBR) and microbial fuel cell support
(MFC), studies have been carried out to establish the influence of the light's wavelength on the fuel
cell's performance. LED light sources have been used for this purpose at 5 different wavelengths,
with maximum - blue (469 nm), green (520 nm), yellow (604 nm), orange (629 nm), and red (659
nm), respectively. The influence of the dissolved oxygen concentration in the cathode zone of MFC
has been detected, depending on the wavelength of the aerobic photosynthesis process of microalgae
dominated by Scenedesmus sp. The growth curves of the micro-algae are established by the change
in optical density and biomass quantity, at different wavelengths, while also tracing the influence on
the electrochemical parameters of MFC. The maximum power density values established (26.5
mW/m?) and current density (78.3 mA/m?) in the fuel cell show a clear correlation between dissolved
oxygen concentration, cathode potential, and wavelength of the light source.

Pestome: B kxomOunupana cucrema Ha Qoroduopeakrop (PBP) m moamomornara ot
MHUKpoalru MukpoOHa ropusHa kierka (MI'K), ca mpoBeneHu u3ciieiBaHus 3a yCTaHOBSIBAaHE Ha
BIIMSTHAETO Ha JBJDKMHATA Ha BBIIHATA HA CBETIIMHATA BHPXY €(PEKTHBHOCTTA HA TOPUBHUS €JICMEHT.
3a menra ca m3nom3Banu LED n3TOuHMIM HA CBETNIMHA MPU S5 Pa3NuYHH JHDKUHU HA BBIHATA, C
MaKCHUMyMH CbOTBETHO - cuHs (469 nr), 3enena (520 nr), xxbara (604 nr), opanxkesa (629 nt) u
yepBeHa (659 nr). YcraHOBEHO € BIMAHMETO HAa KOHLIGHTpAaLMITa Ha Pa3TBOPEH KHUCIOPOI B
karonHara 3oHa Ha MFC B 3aBucumocT OT IBbJDKMHATA Ha BbJHATAa NpU IMpolieca Ha aepoOHa
(hoTocuHTE3a HA MUKPOAJTH, JOMUHUPaHU 0T Scenedesmus sp. PacTexxHuTe KpUBH HA MUKPOAITHTE
Ca YCTAHOBCHHU UYpPC3 MPOMAHATA Ha OINTUYHATA IUIBTHOCT M KOJIMYCCTBOTO Ha 6u0MacaTa, Ipu
pa3jiniyHu AbJDKUHHU Ha BBJIHATA, KaTO €AHOBPEMCHHO C TOBAa € NPOCICACHO U BJIUAHHUCTO BBPXY
enexkTpoxuMuuHuTe napamerpu Ha MI'K. MakcumanHuTe CTOWHOCTH Ha IJIBTHOCTTA Ha MOIIHOCTTA
(26.5 mW/m?) u Toka (78.3 mA/m?) B ropuBHAaTa KJIETKa, TIOKAa3BaT SICHO M3pa3eHa KOpENIaIys,
MCEXKAY KOHLOCHTpAUHWATA Ha PAa3TBOPCH KUCIIOPOA, KATOJAHUSA IMOTCHIUAI U AbJDKMHATA Ha BbJIHATA
Ha CBCTJIMHHUA U3TOYHUK.

IIL.51. M. Georgieva, A. Angelov., (2023), Treatment of acid mine drain-age in a two-
chamber microbial fuel cell, Coopank ¢ goxaagu or XX HANMOHAIHA MJIA/IEKKA HAYYHO-
npakTuyecka koHgepenuus-2023, 53-59, ISSN 1314-8931

III.51. M. I'eoprueBa, A. AHre/oB., (2023). I[IpeyncTBaHe HAa KUCeJH PYAHUYHU BOIH B
ABYKaMepHAa MHUKPOOHA ropuBHa Kj1eTka, CoopHHK ¢ fokjaaau oT XX Haumnonaina Miagexka
HAyYHO-IpaKkTHYecKa KoHGepenuus — 2023, cTp. S3-59, ISSN 1314-8931.

Abstract: Model wastewater with a high sulfate content was treated in the cathodic zone of a
microbial fuel cell (MFC). A two-section MFC with an anion exchange membrane (AEM) separating
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the anodic from the cathodic zone was used. In the anode zone, a process of microbial sulfate
reduction has been implemented, and waste organic substrate from the distillery industry was used as
an electron donor in the process. Effective removal of the migrated sulfates from the cathode to the
anode zone and their subsequent reduction to H2S is established. At different initial concentrations
of sulfates and in the presence of copper ions in the catholyte, the change in the electrochemical
parameters of MFC and the removal efficiency of the target pollutants were tracked.

Pe3iome: MonenHu OTImagbYHUTE BOJIA € BUCOKO ChIbpPKaHUE Ha CyJ(aru, ca TpeTUpPaHU B
KaTojHATa 30HAa Ha MUKpoOHa ropmBHa kietka (MI'K). Msmom3Bana e nByceknmonHa MI'K ¢
aniioHoOMeHHa MemOpana (AOM), pa3zmensiia aHOAHATa OT KaToAHATAa 30HA. B aHomHaTa 30Ha €
peanu3upaH mpoiec Ha MUKPOOHA CcyndaTpeayKius, KaTo 3a TOHOP Ha €IEKTPOHU TPH TMpoIleca €
M3MOJI3BaH OTHaJAbU€H OPTaHW4YeH CyOCTpaT OT CIHUpPTOBapHATA MPOMHUIIIICHOCT. Y CTaHOBSIBA CE
e(heKTUBHO OTCTpaHSIBaHE HA MUTPUPAIUTE CyI(aTH OT KaTOHATA B aHOTHATA 30HA M TTOCJIe[BAIaTa
M penykius 1o H2S. [lpu pa3nuyay HavatHU KOHIIEHTPAIUH Ha CyI(aTH U B TPUCHCTBUE HA METHA
HOHM B KaTOJIMTA, € IPOCJCACHA IpOMsSHATa B EJICICKTPOXUMUYHHUTE mnapameTpu Ha MI'K wu
e(heKTUBHOCTTA Ha OTCTPaHsSIBaHE Ha IICJICBUTE 3aMbPCHTEIIN.

II1.52. M. Lecheva, A. Angelov., (2023), Algae-assisted microbial fuel cell for treatment of
wastewater with a high sul-phate content, CoopHuK ¢ fokaaa1 0T XX HAIHOHAJTHA MJIAJEKKA
HAYYHO-NPAKTH4YeCcKa KoH(pepennua-2023, 139-145, ISSN 1314-8931

II1.52. M. JleueBa, A. AuresioB (2023)., MukpoOHa ropuBHa KJeTKa, MOANOMAraHa ot
MHUKPOBOA0OPACIIN, 32 MPeYUCTBAHE HA OTNAAbYHU BOIU C BUCOKO ChAbp:KaHUe HA cyJadartu,
Coopnuk ¢ gokaaau or XX HamuonanaHa mJjajekka HAyYHO-PaKTHYECKA KOH(pepeHUMus —
2023, ctp. 139-145, ISSN 1314-8931.

Abstract: The anode zone of microbial fuel cell (MFC) was used to treat artificial wastewater
with a high sulphate content. To increase the oxygen content within the cathodic area of MFC was
used aerobic microalgae from Scenedesmus spp. A system of MFC and a bioreactor for microbial
sulphate reduction (MSR) were connected to the anode zone and a photobioreactor was connected to
the cathode zone. Microalgae's influence on dissolved oxygen concentration in the cathodic zone of
MFC was examined. The microbial fuel cell's electrochemical parameters, the degree of sulphates
removal, the influence of microalgae on the cathodic potential, and the main electrochemical
parameters at different technology modes were determined.

Pe3iome: MojiennHH OTHaIb4HA BOAM C BHUCOKO ChABP)KAaHWE Ha cyidarH, ca TPETHUPaHU B
aHoJHATa 30Ha Ha MHKpoOHa ropuBHa kietka (MI'K). 3a yBennuaBaHe Ha ChABPKAHHUETO HA
KUCIOPOJ B KaTtoaHata 3oHa Ha MFC ca n3non3Banu MHKpoBojaopaciu oT poj Scenedesmus. [Ipu
M3CIe/IBaHUsATA € M3MOJ3BaHa KomOuHupana cuctema Ha MI'K, cBbp3aHa ¢ aHoaHara 30Ha KbM
OouopeakTop 3a MuKpoOHa cyidarpenykius (MCP) u ¢oToOnopeakTop CBbpP3aH KbM 30HaTa Ha
KaToja. M3crneaBaHo € BIMSHUETO HA MUKPOAITHTE BbPXY KOHIIEHTPAIUITA HAa Pa3TBOPEH KHCIOPOT
B KatogHara 30Ha Ha MI'K. YcTaHoBeHU ca cTeneHTa Ha OTCTpaHsiBaHe Ha CydaTUTe, BIUSHUETO Ha
MHUKPOAITUTE BBPXY KaTOJHWS TMOTCHUMAT W OCHOBHUTE €JNEKTPOXUMHYHU TapaMeTpu Ha
MHUKpOOHaTa TOPUBHA KJIETKA MTPH PA3IMYHU TEXHOJOTHYHU PEKUMHU.

IIL.53. Kraychev, E., Plochev, S., Angelov, A., & Grozdanov, S. (2024). Research and
experimental determination of the oxygen mass transfer coefficient kLa of a new type of stirring
device with a planetary mechanism. Annual of the University of Mining and Geology “St. Ivan
Rilski”, 67(67), 105-109. ISSN 2738-8808 (print), ISSN 2738-8816 (online),
https://doi.org/10.5281/zenodo.13760873
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I11.53. Kpaiiues, E., Ili1oueB, C., AnresioB, A., u I'po3ganos, C. (2024). U3ciaenBane u
e€KCIEePUMEHTAJHO OTpeaesisiHe Ha KoeHIMeHTa Ha MaconmpeHoc Ha kucjopoa klLa Ha HOB THII
Pa30obpPKBaINI0 YCTPOWCTBO ¢ IMJIaHeTapeH MexXaHH3bM. ['oAMINHAK Ha MHHHO-TEOJIOKKHS
ynuBepcurer ,,Cs. UBan Pusicku®, 67(67), 105-109. ISSN 2738-8808 (nmeuat), ISSN 2738-8816
(onaaiin), https://doi.org/10.5281/zen0do0.13760873

Abstract:. The article presents the results regarding a research work and the experimental
determining of the coefficient of mass transfer of oxygen KLa, for a new type of stirring device with
a planetary mechanism. The stirring device is implemented in a laboratory reactor with a horizontal
copper coil and a construction representing a planetary mechanism on which three energy-saving
stirring KS 3.1 PJI4 devices are mounted. Three different stirring and aeration modes were studied in
a bioreactor for deep cultivation of aerobic microorganisms. The results obtained for the Kra value
showed the highest values under combined aeration. The application of the studied stirrer is expected
to be in the field of wastewater treatment and in aerobic bioreactors for the biotechnology industry.

Pe3lome: B nHacrosimiata myOuuKanusi ca MpeACTaBeHU PE3yiTaTh OTHOCHO H3CIe[ABaHE M
OMUTHO OIpeNesiHe Ha Koe(duIMeHTa Ha MacompeHacsiHe 1o Kuciaopopon kla 3a HOB Tum
pa30bpKBAIIO YCTPOWCTBO C IUIAHETAPEH MeXaHU3bM. Pa30ObpKBaHETO ce€ OCHIIECTBSIBA B
n1abopaTopeH peakTop C XOPU30HTATHO HABUTA METHA CEPIICHTHHA ¥ KOHCTPYKIIUSI TIPE/ICTaBIIsIBaIa
TIaHATapeH MEXaHW3bM Ha KOUTO ca MOHTUPAHU TPH eHeprocrectsBaimu 0bpkauku ,,KC 3.1 [IM*.
N3cneasanu ca 3 pas3idyHU peKMMa Ha pa30bpKBaHE W acpamus B OMOpPEaKkToOp 3a ABJIOOYMHHO
KyJITUBUpaHe Ha aepoOHM MukpoopranuzMu. [lomydenute pesynratu 3a croitHocTTa Ha Kla
MOKa3BaT Hall BHCOKM CTOWHOCTH TpuW KoMmOumHHUpaHa aepamms. OuakBa ce MPUIIOKEHHETO Ha
u3cienBaHaTa Obpkauka ja ObJe B o0nacTTa Ha MPEYHCTBAHE HAa OTMAbUHU BOJU U B aepoOOHU
OropeakTopH 3a OMOTEXHOJIOTHYHATA TPOMHILLIICHOCT.

II1.54. Velichkova, P, Bratkova, S, Angelov, A, Nikolova, K, Genova, P and Ivanov, R.
(2025) Utilization of Distillery Wastewater in a Microbial Fuel Cell Based on Microbial Sulfate
Reduction, J Ecol & Nat Resour 2025, 9(1): 000410, pp. 1-9, ISSN 2578-4994, DOI:
https://doi.org/10.23880/jenr-16000410

II1.54. BeauukoBa, I1., bpaTtkoBa, C., Aurenos, A., HukoJioBa, K., I'enoBa, Il. u UBaHoB,
P. (2025). Onosn3oTBOpsiBaHe HA OTHAIbYHH BOAM OT AeCTUIEPHUsI B MUKPOOHA rOPMBHA KJIETKA,
0asupana Ha MukpoOHa cyjadartna penykuus, J Ecol & Nat Resour 2025, 9(1): 000410, cTp. 1-9,
ISSN 2578-4994

Abstract:_Simple electron donors (such as lactate, ethanol, glucose, etc.) in the process of
microbial sulfate reduction are well studied. In search of new substrates for sulfate-reducing bacteria,
multicomponent organic products were investigated. The application of distillery wastewater (vinasse
and ethanol stillage) as electron donors in a microbial sulfate reduction process with an integrated
microbial fuel cell was studied. The results were compared with those of lactate as a control. The
influence of the rate of volumetric sulfate loading on the rate of microbial processes was studied using
six different hydraulic retention times: 14, 18, 22, 26, 30 and 34 hours. During the process, sulfate-
reducing bacteria incompletely oxidize organic matter in the used distillery wastewater and generate
large amounts of acetic acid, and propionic acids as a product of other microbiological processes. The
rates of sulfate and organic removal for all three substrates increase with increasing retention time.
In the case of vinasse and stillage at the 34th hour, sulfate removal was 98%, and organics removal
was 48 and 44%, respectively. The open circuit voltage values for both fuel cells with wastewaters
were highest at the 22nd hour. The results showed that vinasse and ethanol stillage were suitable
electron donors in the process of microbial sulfate reduction and the resulting metabolites can be a
substrate for other anaerobic processes.
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Pe3wme: [IpocTute 1oHOPH HA €IEKTPOHM (KaTO JIAKTAT, €TaHOJI, TJIFOKO3a U JIp.) B Mpolieca Ha
MHUKpOOHa cyndar-penykiusi ca n00pe mpoydeHu. B ThpceHe Ha HOBU cyOcTpaTu 3a cyndar-
peaynupany 6akTepuu, 0s1xa U3cieBaH MHOTOKOMIIOHEHTHH OPraHUYHU NMPOIyKTH. M3cnensano
€ TIPUJIOKEHUETO Ha OTIAAbYHU BOJM OT JECTHIICpHs (BUHACA U CIUPTHA IIJIeMIIa) KaTo JOHOPU Ha
EIeKTPOHH B TIPOIIEC Ha MUKPOOHA CyI(aT-peayKIus ¢ HHTeTprUpaHa MUKpOOHA TOprUBHA KJIETKA.
Pe3ynrarure ca cpaBHEHHU ¢ Te3W Ha JaKTaT KaTo KOHTpoja. BimsHuero Ha cremneHTa Ha 00€MHO
HATOBapBaHe ChC Cy(aTu BbPXY CKOPOCTTa HA MUKPOOHUTE MPOLECH € M3CJIEABAHO C MMOMOLITA Ha
IeCT PAa3JInYHU XUIPAaBINYHU KOHTakTHU Bpemena: 14, 18, 22, 26, 30 u 34 uaca. Ilo Bpeme Ha
mporeca, cyndar-peaynupaiute OaKTepUH HEMBJIIHO OKUCIISIBAT OpraHWYHATa MAaTepHsl B
M3MOJI3BAHUTE OTNAABbYHH BOJU OT IECTHIIEPHUSTA U T€HEPUPAT I'0JIEMU KOJIMUYECTBA OLIETHA KHCEIMHA
¥ TPOTHOHOBH KHUCEIWHH KaTO MPOAYKT HA APYTHM MHUKpoOWONOrH4HH mporecu. (CrereHTa Ha
OTCTpaHsIBaHE Ha cya(aTh W OpPraHWYHM BEIEeCTBA M 3a TpUTE cyOcTpara ce yBelIuuaBa C
yBennYaBaHe Ha KOHTAaKTHOTO Bpeme. [Ipu BuHacara u niemmnaTa Ha 34-us 9ac, OTCTPaHSIBAHETO Ha
cyindaru 6e cboTBeTHO 98%, a OTCTpaHsABaHETO Ha OPraHMYHU BEIICCTBA CHOTBETHO 48 u 44%.
CTOIHOCTUTE HA HAITPEIKEHUETO HA OTBOPEHA BEPUTa U 3a JBETEC TOPUBHH KIIETKU C OTMAIbYHU BOJIH
Osixa Hail-BHUCOKM Ha 22-usi yac. Pesynrarute mokaspar, 4ye BUHCATa W CIHMPTHATA NLIEMIa ca
MOJIXO/SIIIM JIOHOPH Ha EJIEKTPOHHM B Ipolleca Ha MUKpPOOHA cyndar-pelyKius U IMOJTyYCHUTE
MeTa0OJUTH MOTaT Ja ObAaT cyOCTpaT 3a APYrd aHaepoOHU MPOIIECH.

IT1.55. Nikolova, K., Bratkova, S., Angelov, A., Genova, P., Ivanov, R., Velichkova, P.
(2025). Screening and analysis of the applicability of various technologies for reducing sulfate
concentration in waters influenced by the mining and processing industry, SEPRM, vol. 6, pp.
68-75, ISSN 2738-7100 (print), ISSN 2738-7151(online)

IIL.55. HukomaoBa, K., bparkoBa, C., Aurenos, A., I'enoBa, I1., UBanos, P., Beinukosa,
I1. (2025). CKpUHUHT ¥ aHAJIH3 HA NPUJIOKUMOCTTA HA Pa3JIMYHU TEXHOJIOTHM 32 CHUKABAHe
HA KOHUEHTPalusTa Ha cyJ(daTH BbB BOAU, NOBJIUSIHH OT MMHHATA M NpepadoTBaTe]HATA
unaycrpus, SEPRM, u3n. 6, ctp. 68-75, ISSN 2738-7100 (print), ISSN 2738-7151(online)

Abstract: The complexity and specificity of the problem with the release of high concentrations
of sulfates from mining sites characterized by sulfide ores requires the application of an adequate
selection of existing treatment technologies. The proposed screening is based on three steps -
preliminary screening based on the rate of development and commercialization of the technology and
the ability to achieve a certain threshold of sulfate removal; screening of technologies based on
productivity, costs and other factors; and screening based on the rate of removal of other important
pollutants. The purpose of the proposed analysis is to highlight the advantages and limitations of each
approach and to identify the most applicable water treatment technologies for the purpose of reducing
sulfates in wastewater, using a unified methodology for evaluation and ranking. The result is a list of
technologies classified by their applicability, which can be used as a guide or starting point for further
study and a detailed review of the possibilities for sulfate removal from wastewater. For the sulfates
removal from EWIW, limestone/lime treatment (as a pre-treatment process), the SAVMIN process,
the GYP-CIX process and the biological sulfate reduction in bioreactor seem to be the most applicable
treatment process, as among the treatment processes that use biological sulfate-reduction, the
bioreactors are the most effective.

Pesrome: CrioxxHocTTa U crienudurkara Ha mpodsieMa ¢ U3MyCKaHeTO Ha BUCOKM KOHLIEHTPALUU
cynadaT OT MUHHU OOEKTH, XapakTepu3Upalld ce CbC CyI(UIHN Py, Hajara MpUJIaraHero Ha
a/IeKBaTeH MOJ00p Ha CHIIECTBYBAILINUTE TEXHOJOTMHU 3a TpeTupaHe. [IpennokeHusiT CKpUHUHT €
0asupaH B TPU CTBIKHU - NPEIBAPUTEICH CKPUHUHI Bb3 OCHOBA HAa CTEIEHTAa HAa Pa3BUTHE U
KOMEpCHaIn3alusi Ha TEXHOJIOTHUATA M BB3MOXKHOCTTA Ja C€ IIOCTUTHE J0 OIpEeleieH Ipar Ha
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OTCTpaHsBaHE Ha CyJ(aTUTe, CKPHMHUHI Ha TEXHOJOTMHUTE Ha 0Oa3aTa Ha IMPOU3BOJUTEIHOCTTA,
pasxoauTe U Ipyru pakTOpH M CKPUHHUHT Ha 0a3aTa Ha CTCICHTA Ha MPEYUCTBAHE OT JIPYTd BaXKHH
3aMbpcuTend. Llenra Ha npeaokKEeHus aHalr3 € Ja C€ U3BeAaT NPeAUMCTBAaTa U OTPAHUYEHUATA Ha
BCEKH ITOJXOJ] M JIa C& UJCHTU(DHUIMPAT HAaH-TIPUIIOKMMHUTE TEXHOJIOTHH 32 TPETUPAHE Ha BOJH C LIEJI
HaMaJsiBaHe Ha CyidaTH B OTHATBUYHUTE BOJM, KATO CE M3IOJI3BA €AMHHA METOIOJIOTHS 32 OT[EHKA 1
Ki1acupane. Pe3ynrarhT € CUChK OT TEXHOJIOTHH, KIACH(PUITUPAHH 10 TTPHIIOKUMOCT, KOUTO MOXKE
Jla C€ M3IOJI3Ba KaTo PHKOBOJCTBO WMJIM OTIIPaBHA TOYKA 3a MO-HATATBITHO MPOyYBaHE U TOAPOOCH
TIperJie]] Ha Bh3MOXKHOCTHTE 32 OTCTpPaHsIBaHE Ha CyJI(aTw OT OTIaI-YHHI BOJIH.

IIL.56. Ivanov, R. Genova, P., Nikolova, K., Angelov, A. (2025). Integration of SMFC-
based biosensor in constructed wetland for real time monitoring and bioremediation of heavy
metals contaminated waters, SEPRM, vol. 6, pp. 29-33, ISSN 2738-7100 (print), ISSN 2738-
7151(online)

II1.56.. UBanoB, P., I'enoBa, IlI., HukosoBa, K., Aurenon, A. (2025). Uuterpupane Ha
CMI'K-6a3upan 0M0CeH30p B KOHCTPYHPaHA BJIAKHA 30HA 32 MOHUTOPHHI U OHopeMeauanuns
HA 3aMBbPCEHHU € TeKKU MeTaau Boau, SEPRM, u3na. 6, ctp. 29-33, ISSN 2738-7100 (print), ISSN
2738-7151(online)

Abstract: Water contaminated with heavy metals is one of the most serious environmental
problems in the world. Their timely detection and removal is of key importance for human health and
ecosystems. The possibility of simultaneous real-time monitoring and bioremediation of waters
contaminated with heavy metals has been established. Constructed wetlands with integrated sediment
microbial fuel cells have been proposed for this purpose. Through them, four types of water
contaminated with heavy metals - copper, chromium, nickel and zinc - were examined. All four types
of water showed a sudden voltage peak when the contaminant entered the cell and a gradual decrease
in voltage corresponding to decreasing of the concentration of the contaminant. Chromium ions were
removed the fastest - 28 hours. The introduction of heavy metals into the constructed wetland led to
a sudden spike in voltage between 150 and 200 mV. The soil played the role of a protective layer for
the electroactive microorganisms in the anode area, adsorbing the heavy metals in its upper layer and
ensuring the efficient operation of the system. The studies showed an increase in the concentration of
heavy metals in the surface soil layer between 5 and 35 mg.kg™!.

Pe3lome: Bonaute, 3aMbpceHN C TEKKH METalH, ca €IWH OT Hal-CEPHO3HUTE EKOJIOTWYHH
npobiemMu B cBeTa. HaBpeMEHHOTO MM OTKpWBaHE W OTCTPaHSBAaHE € OT KIIOYOBO 3HAYCHHE 3a
3[IpaBETO Ha XopaTa U €KOCHCTEMHTE. Y CTaHOBEHA € Bb3MOXKHOCTTA 3a €IHOBPEMEHHO HAOII0ICHUE
B peaJIHO BpeMe 1 OnopeMeualns Ha BOJU, 3aMbPCEHH C TEXKHU METaIU. 3a Ta3! LeJl ca IPEATI0KEHN
KOHCTPYHMpaHH BJI&KHU 30HU C MHTETPUPAHHU CEIMMEHTHH MUKPOOHU TOPUBHH KIETKU. Upe3 Tax
65{X3 U3CJICABAHN YCTHPHU THUIIA BOAH, 3aMBPCCHHU C TCXKKH MCTAJIU — MCEO, XpOM, HHUKECI W IHUHK.
BceuukuTe yetupw THNA BOJA TOKa3axa BHE3aleH MUK HA HAMPEKEHHETO MPH HaBIM3aHETO Ha
3aMbpPCUTECIA B KICTKATa M IMOCTCIICHHO HaMalIIBaAHC Ha HAIPCKCHUETO, CHOTBCTCTBAILIO Ha
HaMaJIsIBAHCTO HAa KOHUOCHTpAlUUWATa Ha 3aMbpPCHUTCIIA. I\/JIOHI/ITC Ha Xpoma 65{X3 OTCTPAHCHUC Ha-
Obp30 — 3a 28 yaca. BbpBexk1aHeTo Ha TEXKKH METalld B KOHCTpyHpaHaTa BiIaXKHA 30Ha JIOBEJE 110
BHE3aleH CKOK B Hampexxennetro Mexay 150 u 200 mV. TTouBara urpaeiie possita Ha 3alIUTEH CIIOH
3a eJIEKTPOAKTUBHUTE MUKPOOPTaHU3MHU B aHO/IHATA 30HA, aJICOPOUPANKN TEKKHUTE METAIH B TOPHUS
CH CIIOH M OCUTYpsBaliku e(hekTuBHATA paboTa Ha cucTemara. 3cienBannsra mokasaxa yBeqIudaeHUE
Ha KOHIIEHTPAIIUATA HA TEXKKM METaJIU B TIOBLPXHOCTHHUS MOYBEH CiI0i Mexay 5 u 35 mgkg .

IIL.57. Polina Velichkova, Anatoliy Angelov., (2025). Influence of bioelectrochemical
system on biogas production, Proceedings of the XVIII International Conference of the Open
and Underwater Mining of Minerals, 8 — 12 September 2025, Varna, Bulgaria, ISSN 2535-0854.
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II1.57. Tloaimna BeanukoBa, AmHatonuii  AHrejmon. (2025). Buusinue Ha
0MO0eJIeKTPOXMMHUYHA CHCTeMa BBPXY NPOU3BOJACTBOTO Ha Omora3, COOpPHHUK C JOKJAIH OT
XVIII Mexnynapoana koHpepennus ,,OTKPUT U MOABO/IEH T00MB Ha MOJIE3HU M3KOMaeMH*,
8-12 centemBpu 2025 r., Bapna, boarapusi, ISSN 2535-0854.

Abstract: Integrating a bioelectrochemical system (BES) into an anaerobic reactor enhances
methane yield, improves organic matter decomposition, and stimulates the growth of electroactive
bacteria within the consortium. The present study investigated the impact of an integrated BES on a
vinasse biomethanation reactor in more depth. The type of separator strongly influences biogas yield
and the decomposition of organic matter. An analysis was made of 6 AD-BES variants, with different
types of membranes and without a membrane, in two operating modes - as a microbial electrolysis
cell (MEC) and as a microbial fuel cell (MFC). The obtained data on the kinetics of biogas production
and its composition, the rates of chemical oxygen removal, and the degradation of lactic and acetic
acid were compared under different regimes. For 12 days, the daily biogas yield almost doubled, and
the biomethane content increased from 60 % to 70 % in the AD-MEC variant without a membrane.
The values of Coulombic Efficiency (CE) and Methane Recovery Efficiency (MRE) were
determined, and in the most favourable variant (MEC- without a membrane), they were 16.6% and
4.4% respectively.

Pe3iome: Murterpupanero Ha OmoenekTpoxumudna cuctema (BES) B anaepoben peaktop
noBHIIIaBa 0OMBa Ha METaH, MOI00PsBA pa3rpPaKAAHETO HA OPTaHUYHOTO BEIIECTBO U CTHUMYJIHpPA
Pa3BUTHETO Ha EJEKTPOAKTHBHU OaKTepUM B MUKpPOOHHUsS KOHcoOpumyM. HacTosimoro n3cneaBane
pasriexaa B To-rojsiMa abiI00ovMHa BB3JCHCTBHETO Ha uHTerpupana BES BBbpxy peaktop 3a
OnoMeTaHMpaHe Ha BUHMAca. TUIIBT HA cemaparopa OKa3Ba ChIIECTBEHO BIUSHUE BHPXY 100MBa Ha
Ouora3 M CTeleHTa Ha pa3rpakAaHe Ha OpraHMYHaTa Marepus. AHANIM3UPaHU Osxa 6 BapuaHTa Ha
AD-BES ¢ paznnanu BugoBe MeMOpaHu u 0e3 MeMOpaHa, B IBa peKUMa Ha padoTa — KaTo MUKpPOOHa
enekrponusHa kierka (MEC) u xato mukpoOHa ropusHa kierka (MFC). Ilonyuyenure nannu 3a
KHHETHKaTa Ha oOpa3yBaHe Ha OWOra3 W HETOBHsI CHCTaB, CKOPOCTUTE Ha OTCTpaHSIBaHE Ha
XUMUYHATa TOTpeOHOCT OT Kucaopo (COD), kakTo u pa3rpaxiaHeTo Ha MledHa 1 OI[eTHA KACEINHA
0sixa CpaBHEHHM IIPH Pa3IHYHU PeXUMHU. B mpomabmkenne Ha 12 nHU AHEBHUST 100WMB Ha Oworas
IOYTH C€ YJBOH, a ChABPKaHUETO Ha OnomeTan ce yBenauuu oT 60 % na 70 % npu Bapuanta AD-
MEC 6e3 memOpana. bsxa ompenenenu croiiHoctuTe Ha KysioHoBata edexktuBHocT (CE) nu
edexkTuBHOCTTA Ha Bb3cTaHOBsiBaHe HAa MeTaH (MRE), karo npu naii-6naronpusataus Bapuant (MEC
— 06e3 MeMOpaHa) Te JOCTUTHAXa ChOTBETHO 16,6 % u 4,4 %.

IT1.58. Anatoliy Angelov, Rayno Popov, (2017), Correlation analysis of biogas process
from sludge in urban waste water treatment plants, The V International scientific and technical
conference "Geology and hydrocarbon potential of the Balkan-Black Sea region", 18 - 22
September 2017, Varna, Bulgaria, pp 145-150., ISBN 978-619-90939-0-0.

I11.58. Anarosmii AuresioB, Paiino Ilonos, (2017), Kopeiauuonen anajau3s Ha npoieca Ha
NMPOU3BO/JCTBO HA OMOTa3 OT YTAIKHU B IPA/JICKU MPEYNCTBATETHH CTAHIIUM 32 OTHAHYHH BO/IH,
V MexayHapoaHa Hay4YHO-TeXHMYecKa KoHdepeHuus ,l'eooruss M BBIVICBOJOPOACH
noreHnuaja Ha bankancko-Uepnomopckusi peruon®, 18 - 22 cemremBpu 2017 r., Bapua,
Bovarapus, crp. 145-150., ISBN 978-619-90939-0-0.

Abstract: Studies conducted at the biogas installation of the wastewater treatment plant in Sofia
demonstrated the feasibility of applying correlation analysis to identify relationships between
different objective functions and technological parameters of the biomethanation process. Data were
obtained on the input and output characteristics of sludge under various values of technological
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parameters. By applying the correlation method, the values of the correlation coefficients were
determined. For the two selected objective functions—biogas yield and degree of mineralization—
the dependence of the remaining parameters on these two target indicators was established. The
results confirm the experience from international practice and demonstrate the influence of the main
technological processes on anaerobic degradation. This provides grounds to conclude that correlation
analysis can be successfully applied to the investigation of processes in installations producing biogas
from liquid organic sludge.

Pesiome: Ilpu mpoBeieHM TpOydYBaHUS B HMHCTANANMATA 332 OWOTa3 Ha TpeUYrCTBAaTEIHATA
CTaHIMs 3a oTHaIbyHu Boau B Codus, ce J0Ka3a Bb3MOKHOCTTA 3a MpUilaraHe Ha KOpelalliOHeH
aHaJIM3 3a YCTAHOBSIBAHE HA KOpENalMH IO OTHOIICHWE Ha PAa3JIMYHHUTE IEJIeBH (YHKIUU U
TEXHOJOTHYHU TapaMeTpu Ha mporeca Ha OuomeraHanus. [loiydeHu ca JaHHH 3a BXOJHUTE U
M3XOJIHUTE MMOKA3aTelu Ha yTaWKUTE MPH Pa3IMYyHU CTOHHOCTH HAa TEXHOJIOTMYHUTE MapameTpH.
M3non3Baliku MeTOJAa HAa KOpeJalMs ca YCTAaHOBEHM CTOMHOCTUTE HA KOPEIAUUOHHUTE
koepunmenTr. [lpu w3OpaHuTe JaBE IEJICBH (QYHKIMH - JOOMB Ha OWora3 W CTENCH Ha
MUHEpaIU3aIus, € onpesielieHa 3aBUCUMOCTTa Ha OCTaHAJUTE MOKa3aTey MO OTHOIIEHUE Ha TE3H
JIBa IIeJICBU MapaMeThpa. Pesynratute moTBbpKAaBaT OMUTa OT CBETOBHATA MPAKTHKA, U JIOKa3BaT
BJIMSTHUETO HAa OCHOBHUTE TEXHOJIOTMYHU MTPOIIECH BHPXY Ipolieca Ha aHaepoOHO pasrpaxkaane. Tosa
JlaBa OCHOBaHHUE Jla C€ CMsTa, Y€ KOPEJIAMOHHMST aHalli3 MOXE YCIICNIHO Jla Ce W3IMON3Ba 3a
u3cje/BaHe Ha MPOIIECH B MHCTAJAINH, TPOU3BEKIAIN OMOra3 OT TeUHU OPraHUYHH yTalKH.

II1.59. Svetlana Bratkova, Rosen Ivanov, Alexandre Loukanov, Anatoliy Angelov, 2013,
Potential for selective precipitation of copper ions by biogenic hydrogen sulfide from mine
waters containing high concentrations of iron, Sustainable Development 6 (2013) 56-60, ISSN:
1314-4138.

I11.59. CBetaiana bparkoBa, Pocen UBaHoB, Ajiekcanabp JlykanoB, AHATOJIMIT AHTe/10B,
2013, IMoTeHuMad 3a CeJEeKTHBHO yTasiBaHe HA MeIHHM iOHM 4ype3 OHOreHEH CepPOBOJIOPO]I B
MUHHH BOJH, ChABbP:KAIIU BUCOKH KOHIIEHTPAIMU HA KeJIA30, YCcToiiunBo pa3purtue 6 (2013)
56-60, ISSN: 1314-4138

Abstract: The present study explores the potential for selective precipitation of copper from
synthetic mine water, containing copper and iron, respectively in concentrations 100 and 1000 mg/1,
by microbial generated hydrogen sulfide. The hydrogen sulphide was obtained through biofilm of
sulphate- reducing bacteria, which is immobilized to the natural zeolite in anaerobic sulphidogenic
bioreactor. The selective precipitation of copper is possible due to the different chemical properties
of the metal sulphides, and because CusS is characterized by the low solubility under acidic conditions.
In order to acount the quantity the precipitated metals in the various conditions was performed
chemical analysis of the liquid phase after the formation of sludge. The following sulfide minerals of
the copper were identified by X-Ray diffraction: covellite (CuS), chalcocite (CuzS), anilite (CusSa),
djurleite (Cuz;Si¢). In the sludge also present mineral callaghanite (Cu-Mg2(COs)(OH)s-H20) and
elemental sulfur.

Pestome: HacrosimoTo nscnenBane pasriiex/ia Bb3MOXKHOCTTA 32 CEJIEKTUBHO yTasiBaHE Ha MeJl
OT CUHTETHYHA PYJIHUYHA BOJA, ChAbpKAIIAa MEJ U JKeJsA30 B KOHIeHTpauuu cboTBeTHO 100 1 1000
mg/l, upe3 MUKpPOOHO reHepupaH cepoBoopol. CepoBOIOPOIBT € MOJIyUeH OCPEICTBOM OHOPHIM
oT cyndaT-penyuupand OakTepuu, HUMOOMIM3MpPAH BBPXY €CTECTBEH 3€0JIUT B aHaepoOeH
cynduaorenen 6uopeaktop. CeneKTUBHOTO yTasBaHE Ha MEATA € Bb3MOYKHO MOPAaU Pa3IMuyHUTE
XMMUYHU CBOWCTBA Ha METAJHUTE cyl(puau, KakTo u nopaau akra, ye CuS ce xapakrepusupa c
HHCKa Pa3TBOPUMOCT IPU KUCEH YCIOBHsL. 32 KOJIUYECTBEHO ONPEAEIIHE HAa YTACHUTE METaJIU PU
pa3nuyHM ycnoBHs Oelle M3BBPIICH XMMHYCH aHA W3 Ha TeYHaTta ¢asza ciex oOpa3yBaHETO Ha
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yTaiikata. Upe3 penrreHodazo anamm3 (XRD) 0Osxa waeHTUUIUPAHU CIEIHUTE CYIPUIHH
mMuHepanu Ha MeAra: koBenuH (CuS), xanko3uH (CuzS), anunut (CusS4) u mxypaent (CusiSis). B
yTaiikaTa Oellle YCTAaHOBEHO ChIIO HaIW4YreTo Ha MuHepaia kamaranut (Cu:Mg:(COs)(OH)s H20),
KaKTO U eJIEMCHTapHa cspa.

My6nukyBaHa CTyaus Uy rnaBa OT KONEKTUBHA MOHOI'Da(bVIFI

II1.60. 3aneBa-/lo0panoBa, E., JIbomos, IIl., Aurenon, A., “HexoHBeHIIMOHAJHU
W3TOYHUIIH HA BHIJIEBOJAOPOAHHN PECYPCH, TEXHOJOTHH H €KOJOTHYHH NMpPeAN3BUKATEICTBA”,
HN3narteactBo u mpoussoactso - Codpus : UK "Cs. UBan Puickn'', 2012, ISBN - 978-954-353-
191-2, COBISS.BG-ID - 1251579108.

II1.60. Zaneva-Dobranova, E., Lyomov, Sht., Angelov, A., “Unconventional Sources of
Hydrocarbon Resources, Technologies and Environmental Challenges”, Publishing House and
Production — Sofia: Publishing House "St. Ivan Rilski", 2012, ISBN 978-954-353-191-2,
COBISS.BG-ID 1251579108.

Pe3iome: 3a MoCIeHOTO CTOJIETHE OTPEOIIEHNETO HAa €HEPTHUs PSA3KO CE yBEITMYaBa, MPH TOBA
NEeN’bT Ha TOPJMBHUTE HW3KOMAEMU 3HAYUTENHO MPEBUINABA TO3M HA OCTAHAIUTE EHEPrHMHU
n3ToyHULM. OCBEH KaTO €HEPrOHOCUTEINN Te3U MPUPOAHN IPOAYKTH HAMHUPAT IIUPOKO MPUIIOKECHHE
W B JPYyrd BaKHU OTPAacId Ha HMKOHOMHKATa, Karo HePTOXMMHUYECKaTa MPOMHIILICHOCT,
CTPOMTEJICTBOTO, TEXKaTa METAIyprusi u ap. BerieBomopoanure pecypeu ca n3ueprnaeMu ropusa,
KaTo TEHICHIUATA € KbM HaMajsiBaHEe HAa OTHOCHUTETHHS O0eM Ha OTKPHTUTE U BBHBEJCHUTE B
eKCIUIoaTallusl MPUPOJHH OOEKTH. BHUMaHHMETO Ha CHEUMATUCTHTE CE€ HAacoyBa KbM IO-TOYHA
KOJIMYECTBEHA OIICHKA HA €KCIIOATHUPAHUTE HAaXOMAHWIIA, ThPCEHE HA Bb3MOXHOCTH 32 ITOBHUIIABAHE
M3BJICKAEMOCTTa Ha (QUIYHIAWTE M ThPCEHE HA HOBH, QITEPHATHBHU (HEKOHBEHIIMOHAJIHHM)
BBIVIEBOJOPOAHM INPUPOJHM H3TOYHMIM Ha €HEprus. 3a LEeNTa Ce Cbh3laBaT U IpuiaraT HOBH
TEXHOJIOIMYHU IIOAXOAM WU CBBPEMEHHM TEXHUYECKHU PELICHHs, OCUTYpsBallld IO-IIBIHOTO U
0e30macHO U3BIMYAHE HA MTOJIE3HUTE U3KoMaeMu. EMHOBpeMeHHO ¢ TOBa Ipe]] BUCOKUTE TEXHOJIOTUH
Ce IOCTaBAT U3UCKBAaHUS 3a IIPEJOTBPATABAHE HA ONACHOCTTA OT €KOJOIMYHU BB3JIEHCTBUS BBPXY
OKOJIHaTa Cpejia U yIpaBJeHUe Ha pucKoBUTe cuTyaruu. I[IlpoyuBaneTo u 1o61Ba Ha MPUPOIEH ra3 1
HE(T OT HEKOHBEHIMOHAJIHU M3TOYHHUIIM, €PEKTHMBHO W HMKOHOMHUYHO, € CJIOKEH HH)KEHEpEeH
npo6iem. Lgn0cTHUAT npoliec npeMUHaBa Mpe3 pa3IuyHU €Taly ¢ y4acTHETO Ha MOATOTBEHU EKUITN
OT €KCIIEPTH U u3cienoBareny. Upes u3ydyaBaHe Ha CBETOBHUS ONUT M HA IPUMEpa Ha KOHKPETHH
00EKTH, aBTOPUTE ca C€ IMOCTapaiM Ja MHOKaXaT IepcleKTUBUTe B bbarapus um npuiaraHute
TEXHUYECKH CPENICTBA U TEXHOJIOTUU 3a POKAPBAHE HAa COHAAXKU C L€ YCBOSIBAHETO HA PECYPCUTE
OT IPUPOJIEH ra3 0T HEKOHBEHUMOHAIHU u3TOuHUIM. MMa nu B bbarapusi peanna nepcnekTusa 3a
MPOYYBAHETO W YCBOSIBAHETO HA HEKOHBEHLMOHAJTHUTE HW3TOYHHLM HAa MIPHUPOJEH Tra3, 4pe3
MPUJIATAHETO HA CBETOBHUTE MPAKTUKU U MPH CTPUKTHOTO OMa3BaHE Ha OKojHara cpexa? Ha to3u
BBIPOC aBTOPUTE ca Ce MOCTapalH Ja 1aaT OTTOBOP U Jja BHYIIAT Ha YUTATENsI, HEOOXOJUMOCTTA OT
IIMpOKa OOIECTBEHA MHUIMATHBA 3a peajlHa OLlEHKa Ha KOHKPETHHUTE TI'EOJ0XKKH IaJeHOCTH B
CTpaHaTa.

Abstract: Over the past century, energy consumption has increased sharply, with the share of
fossil fuels significantly exceeding that of other energy sources. In addition to their role as energy
carriers, these natural resources are widely used in other important sectors of the economy, such as
the petrochemical industry, construction, heavy metallurgy, and others. Hydrocarbon resources are
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finite fuels, and the trend shows a decrease in the relative volume of discovered and commercially
developed natural deposits. Specialists are focusing on more accurate quantitative assessment of
exploited fields, searching for ways to improve fluid recovery, and exploring new alternative
(unconventional) hydrocarbon energy sources. For this purpose, new technological approaches and
modern technical solutions are being developed and applied to ensure more complete and safe
extraction of mineral resources. At the same time, high technologies are required to prevent
environmental impacts and to manage risk situations.

The exploration and production of natural gas and oil from unconventional sources in an
efficient and economically viable manner is a complex engineering problem. The entire process
passes through different stages involving teams of qualified experts and researchers. By studying
global experience and analyzing specific case studies, the authors aim to demonstrate the prospects
for Bulgaria and the technical tools and technologies applied in drilling operations for the
development of unconventional natural gas resources.

Is there a real prospect in Bulgaria for the exploration and development of unconventional
natural gas sources through the application of global best practices and strict environmental
protection? The authors attempt to address this question and emphasize the need for broad public
initiative to realistically assess the country’s specific geological conditions.
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