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Abstract:

The work describes the creation on the basis of thermodynamic calculations of the complex
approach for the simultaneous treatment of solid and liquid organic waste, obtaining of molecular
hydrogen and removal of metals based of the spatial succession of microorganisms in direct flow
installation. A complex system consisting of an anaerobic bioreactor for the degradation of solid
organic waste, an aeration tank for the oxidation of dissolved organic compounds and the reduction
of the concentration of microorganisms and an aquarium for the final purification of the filtrate was
created. Such installation provided simultaneous and accelerated waste treatment. Thus, the
proposed approach based on the thermodynamic calculations and spatial succession of
microorganisms provided simultaneous effective treatment of the wide range of hazardous
compounds such as solid and liquid organic waste, toxic metals as well as obtaining of green energy
molecular hydrogen.
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There are three worldwide problems requiring urgent effective solution. The first one is the
production of millions of tons of organic waste, causing landfill growth and environment pollution
by toxic products of waste decay [1, 2]. The second problem is obtaining of ecofriendly energy carrier
hydrogen for the development of Carbon free alternative energy [3]. The third problem is the removal
of toxic waste from industrial sewage to avoid the pollution of natural ecosystems [4].

In this regard, the goal of the work was to develop the complex approach for the simultaneous
treatment of solid and liquid organic waste, obtaining of molecular hydrogen and removal of metals
based of the spatial succession of microorganisms in direct flow installation.

Spatial succession is a gradual change of the physiological groups of microorganisms in space
under the condition of their simultaneous syntrophic functioning. As a result, a complex system
consisting of an anaerobic bioreactor for the degradation of solid organic waste, an aeration tank for
the oxidation of dissolved organic compounds and the reduction of the concentration of
microorganisms and an aquarium for the final purification of the filtrate was created. Such installation
provided simultaneous and accelerated waste treatment.
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At the first stage, the anaerobic bioreactor provided effective hydrogen fermentation of solid
organic waste. The effect took place due to the maintenance of optimal conditions pH = 7.0 and Eh
=-350...-250 mV established according thermodynamic calculations. Thus, the weight of waste 90-
fold decreased (Kd) during 4 days (7). Hydrogen yield (VH>) reached 80-90 L/kg of waste. Moreover,
hydrogen-synthesizing microorganisms create the lowest redox potential (Eo' = - 414 mV) in the
environment providing the reduction of high potential toxic metals such as CrO4* (Eo' = +555 mV)
to insoluble non-toxic Cr(OH)s.

At the second stage, the filtrate was purified from dissolved organic compounds in the aeration
tank. Along the length of the installation, a change of the dominant groups of bacteria from
copeotrophic to oligocarbotrophic, protozoa, etc. was observed. The concentration of dissolved
organic compounds 100-fold decreased from 500 mg/L to 5 mg/L counting to total Carbon.

At the third stage, the purified filtrate was fed to the model natural ecosystem of the aquarium,
where it was finally purified and did not reveal a negative impact on aquatic organisms.

Thus, the proposed approach based on the thermodynamic calculations and spatial succession of
microorganisms provided simultaneous effective treatment of the wide range of hazardous
compounds such as solid and liquid organic waste, toxic metals as well as obtaining of green energy
molecular hydrogen. This approach is promising for further improvement and industrial
implementation for environment protection and alternative energy development.
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AHoTanis

Pobota onmcye cTBOpEHHS Ha OCHOBI TEPMOJMHAMIYHUX PO3PaxXyHKIB KOMIUIEKCHOTO MiAXOIY 10
OJTHOYAaCHOT 00POOKH TBEPMX 1 PIIKUX OPTaHIYHUX BiXO/1iB, OTPUMAHHS MOJIEKYJISIPHOI'O BOJHIO Ta
BUJIAJICHHS METaJliB HAa OCHOBI MPOCTOPOBOI CYKIIECii MIKpOOPIaHi3MiB y MPSIMOTOYHINH yCTaHOBIII.
CTBOpeHa KOMIUIEKCHA CHCTEMa, IO CKJIAJaeThes 3 aHaepoOHOro Giopeakropa st 30poKyBaHHS
TBEPIUX OPraHIYHUX BIAXOJIB, ACPOTEHKA JUISI OKUCJICHHS PO3UYMHEHHMX OPTaHIYHUX CHONYK 1
3HMKEHHSI KOHIEHTpaIlli MIKpOOpraHi3MiB i1 akBapiyma Jjsl OCTQTOYHOTO OYHILIEHHS (QUIBTpaTy.
TakuM 4YHHOM, 3ampONOHOBAHUM MiJAXiJ, 3aCHOBAaHMHA HA TEPMOJMHAMIYHHUX pO3paxyHKax 1
MIPOCTOPOBIN CyKIecii MIKpOOpraHi3miB, 3a0€3MeUnB OJHOYACHY €(PEKTHBHY OUYUCTKY LIMPOKOTO
CIEKTPY HeOE3MEeUHUX CHOJYK, TAaKUX SK TBEpAl Ta PiAKI OpraHiyHi BiAXOJH, TOKCHYHI METajH, a
TaKOK OTPUMAHHS 3€JIEHOI EHEePrii MOJIEKYJIIPHOTO BOHIO.
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