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Goal.  Investigate the dynamics of the interaction of the association of spore-forming soil microorganisms 

with Fe (III) compounds.  Methods.  Microbiological, potentiometric, colorimetric methods and gas 

chromatography were applied.  Results  The dynamics of the interaction of the association of spore-forming 

soil microorganisms with Fe (III) compounds was investigated.  It has been established that the natural 

microbial group maintains the stability of the function of introducing Fe (III) compounds.  It was found that the 

efficiency of reduction of Fe (III) in 74 years was 65%, and precipitation efficiency - 35%.  Conclusions  The 

ability of an association to interact with Fe compounds indicates its significant role in the biogeochemical 

cycles of the transformation of Fe in the genus.  The assessment of the effectiveness of the interaction of the 

natural soil association with Fe compounds creates the basis for the development of effective 

biotechnologies for purifying water from Fe, as well as the removal of its compounds from depleted deposits. 
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In the earth's crust, Fe compounds are the most common among heavy metals.  Fe (II) and Fe (III) 

compounds are part of insoluble minerals: hematite (Fe2O3), magnetite (Fe3O4), goethite (α-FeO (OH)), 

lepidocrite (γ-FeO (OH)), pyrite  FeS2), siderite (FeCO3), and others.  [2, 3].  In the process of their 

destruction, Fe is mobilized and involved in the biological cycle [1].  Fe compounds are present in all soils, 

marine and freshwater ecosystems [7, 10, 11].   

Thermodynamic calculations of the interaction of microorganisms with Fe compounds [8] show that the 

microbial transformation of Fe (III) and Fe (II) compounds has a significant effect on the redistribution of 

vector flows of carbon and Fe in nature.   

The purpose of the work is to investigate the dynamics of the association of spore-forming soil 

microorganisms with Fe (III) compounds.   

Spores of microorganisms are very common in the soil.  Their livelihoods can significantly affect the 

redistribution of vector flows C (carbon) and Fe in ecosystems.   

Investigation of the interaction of the spore-forming association Soil microorganisms with Fe compounds 

give an opportunity to evaluate their influence on the biogeochemical cycles of Fe transformation in nature.  

 In addition, the use of spore-forming microorganisms in the study of interaction with Fe compounds is 

promising from the point of view of biotechnology.  Benefits of soil spore-forming association of 

microorganisms: common in nature;  the simplicity and ease of obtaining such an association;  possibility of 

long-term storage;  a wide range of substrates;  high speed of their digestion, etc.   

That is why the association of spore-forming soil microorganisms was chosen as a model for studying the 

laws of interaction with Fe compounds [5].  

 The model substrate was potato, since starch is one of the most commonly used polymers in nature [5, 

12].  Its destruction by soil microorganisms creates conditions for the effective restoration of Fe (III) to Fe (II) 

compounds.   

Materials and methods.  Objects of research were spore-based microorganisms, Fe (III) and Fe (II) 

compounds, as well as potatoes as a model substrate (natural polymer).   

To obtain the association of spore-forming soil microorganisms, 50 g of potatoes cut into cubes (0.5-1 cm 

in length) were transferred to a 250 ml vial and filled with 120 ml of tap water.  To select spore bacteria, the 



vial was boiled in a water bath for 10 minutes under a cotton-marl stopper.  After cooling, the bottle was 

sealed with a rubber stopper and a metal clamping device.  The cultivation was carried out for 7 days at a 

temperature of 28 ° C.  The development of microorganisms was indicated by turbidity of the environment, 

potato destruction, active foam formation, oxygen concentration reduction, hydrogen and carbon dioxide 

synthesis, changes in pH and Eh. 

To investigate the dynamics of the interaction of bacteria with Fe (III) compounds, the resulting 

association of spore-forming soil microorganisms was used.  The cultivation was carried out in a plastic 

cultivator measuring 9 × 15 × 10 cm, which was tightly sealed.  The cultivator is equipped with two fittings: for 

selecting samples of the gas phase and the culture fluid.  The sterilized cultivator was washed with 35% 

hydrogen peroxide solution.  Sliced potatoes (50 g) were filled with 500 ml of tap water and boiled in a glass 

vial under a cotton gauze plug in a water bath for 10 minutes.  Heat-treated potatoes and water were 

transferred to a cultivator and added 2 ml of a culture fluid containing spore-forming soil association.  The 

cultivation was carried out at 28 ° C.  One day after its beginning, after reduction of the redox potential to 

negative values and the beginning of the synthesis of hydrogen, the Fe (III) citrate was added to the vial at a 

concentration of 0.25 g / L by iron cation. 

The following metabolic parameters were monitored: pH and Eh, hydrogen concentration, Fe (III) and Fe 

(II).  The pH and Eh indices were measured by a thin-watt metric method.  The pH meter-milivoltmeter "pH-

150 MA" with the measuring electrode ESK-10603/4 was used to determine the pH.  The redox potential was 

measured using a pH-meter-millivoltmeter "pH-150 MA" and a measuring electrode EPB-1.  Comparison 

electrode - chlorine silver electrode EVL-1M3.   

The concentration of hydrogen was determined according to the standard method on the gas 

chromatography LHM-8-MD [4] equipped with two steel columns - one (I) for the analysis of H2, O2, N2 and 

CH4, the second (II) - for the analysis of CO2.  Parameters of columns: I - l = 3 m, d = 3 mm, with molecular 

sieve 13X (NaX);  ІІ - l = 2 m, d = 3 mm, with porapak-Q carrier;  the temperature of the columns - + 60 ° C, 

the evaporator - + 75 ° C, the detector - + 60 ° C, the current of the detector - 50 mA.  The gas carrier is 

argon, the gas duct velocity is 30 cm3 / min.  Volume of gas samples: on column I - 2,5 cm3, II - 1 cm3.   

The H2 content in the gas mixture (%) was calculated according to the standard method in terms of the 

area of the peaks of the components of the gas phase. 

The concentration of Fe (III) and Fe (II) was determined by the colorimetric method [6].  Prior to 

determining Fe content, 6 ml of culture fluid was centrifuged at 2655 g for 15 min.  The supernatant was 

poured out and used to determine the concentration of Fe compounds. 

Determination of the concentration of Fe (II) is based on the formation of reddish colored Fe (II) 

compounds with o-phenanthroline.  To measure, 1.5 ml of supernatant was taken and 0.75 ml of a 0.25% 

solution of o-phenanthroline was added.  The presence of Fe (II) was evidenced by the appearance of a red-

orange color.  The amount of Fe (II) was determined using a photocoupler KFK-2MP at λ = 490 nm and an 

optical path length of 0.5 cm.  

The concentration of Fe (III) was determined by the method based on the formation of colored Fe (III  ) 

with potassium rhodanide in acidic media.  To this end, 1.5 ml of supernatant was taken, 0.25 ml of a 1.5 M 

solution of KSCN and 0.75 ml of concentrated HCl were added.  The presence of Fe (III) was evidenced by 

the appearance of a red color.  The amount of Fe (III) was determined using a photoelektocolorimeter KFK-

2MP at λ = 490 nm and an optical path length of 1 cm. 

Research results.  The dynamics of the association of spore-forming soil microorganisms with Fe 

compounds was studied at an iron cation concentration of 0.25 g / l.   

An important characteristic of the microbial association is the ability to maintain a stable functioning of the 

introduction of Fe (III) in high concentrations.   

At the time of the introduction, the Association actively fermented the potatoes (Fig. 1).  This was 

evidenced by a decrease in the pH of the nutrient medium from 7 to 5, and Eh - from +380 up to - 120 mV.   

10 minutes after the introduction of Fe (III) redox, the potential of the culture fluid was increased from -20 

to +20 mV and fluctuated within 2 hours in the range from -7 to +20 mV.  Over the next 2 hours, the Eh 

dropped sharply to-140 mV.  In the further 70 years, the redox potential decreased to-180 mV.  That is, 

within 4 years the association adapted to the Fe introduced and restored the output of the redox potential. 



The pH after the introduction of Fe (III) increased from 5 to 5.1 and subsequently remained within the 

range of 5.1 - 5.2.   

The removal of Fe (III) did not inhibit the synthesis of hydrogen by association (Fig. 2).  The concentration 

of synthesized hydrogen at the time of iron introduction was 31.5%.  After 1 year, the concentration of H2 

increased by 5%, and subsequently remained within the limits of 33 - 35%.  After 74 years of cultivation, the 

final concentration of hydrogen was 38.5%.   

The obtained results indicate the association ability to maintain the stability of the function of introducing 

Fe (III) at a concentration of 0.25 g / l.  The rate of recovery of baseline metabolic rates, in particular Eh, 

suggests that the concentration of Fe (III) studied is not lethal for microorganisms and can be used to 

simulate their interaction with Fe compounds.  Low redox potential, lack of oxygen and the presence of 

hydrogen in the gas phase by thermodynamic calculations [8] should contribute to the rapid and effective 

reduction of Fe (III) to Fe (II).  The recovery of Fe (III) to Fe (II) began immediately after the introduction of 

Fe (Fig. 3).  After 10 minutes, 0.5% of the introduced Fe (III) was restored.  For 74 years, the efficiency of Fe 

(III) reduction by microorganisms was 65%.  Reduction of the concentration of Fe (III) and the accumulation 

of Fe (II) in the culture liquid is not arose in the stoichiometric relationship.  Therefore, we assume that the 

restoration of Fe (III) by microorganisms was non-specific due to the accumulation of exombetabolites, 

reduction of the redox potential, as well as the functioning of low-potential redox enzymes, as evidenced by 

the active synthesis of hydrogen. 

The final total concentration of dissolved Fe (III) and Fe (II) compounds was 0.19 g / L.  The remaining Fe 

compounds could be immobilized by microorganisms in the form of insoluble Fe hydroxides or sorbed with 

biomass.  The efficacy of precipitation of Fe (III) and Fe (II) compounds was 35%.   

The high efficiency of the non-specific reduction of Fe (III) to Fe (II), which is not adapted to Fe by the 

association of spore-forming soil microorganisms, the effectiveness of precipitation of Fe, a significant 

proliferation of such microbial natural groups, as well as the distribution of Fe compounds in ecosystems at 

concentrations up to several grams per 1 kg of soil [9], indicate that such microorganisms have a significant 

effect on the redistribution of vector flows of carbon and iron in nature.   

The ability of the association of spore-forming soil microorganisms to quickly adapt to the increase in the 

concentration of Fe (III) and to interact with it, restoring or sediment, creates the basis for the development of 

effective biotechnologies for water purification from Fe compounds and increasing the efficiency of its 

removal from impoverished deposits. 

 

Conclusions 

The dynamics of the interaction of the association of spore-forming soil microorganisms with Fe 

compounds has been investigated.  The ability of the microbial group to maintain the stability of the 

functioning of introducing Fe (III) at a concentration of 0.25 g / L and to interact with Fe compounds is 

established.  It is believed that such an association with the compounds of Fe (III) and Fe (II) can 

significantly affect the biogeochemical cycles of the transformation of Fe in nature.  The obtained laws of the 

interaction of the spore-forming soil association with Fe compounds can become the basis for the 

development of effective biotechnologies for purifying water from Fe (III) and Fe (II) and increasing the 

efficiency of extraction of Fe from impoverished deposits. 

 

Bibliography 

1. Аристовская Т.В. Микробиология процес сов почвообразования/Т.В. Аристовская. – Л.: Наука, 

1980. – 187 с. 

2. Водяницкий Ю.Н. Оксиды железа и их роль в плодородии почв/Ю.Н. Водяницкий. – М.: Наука, 

1989. – 160 с. 

3. Глинка Н.Л. Общая химия/Н.Л. Глинка. – К.: Вища шк., 1976. – 624 с. 

4. Другов Ю.С. Газохроматографический аналіз загрязненного воздуха/Ю.С. Другов, В.Г. Березкин. 

– М.: Химия, 1981. – 256 с. 

5. Образование молекулярного водорода ассоциацией спорообразующих микроорганизмов/ 
Н.А. Матвеева, А.С. Левишко, И.Р. Притула и др.//Мікробіологічний журн. – 2011. – Т. 73, № 1. – С. 

36 — 43. 



6. Сендел Е. Колориметрические методы определения следов металлов/Е. Сендел. – М.: Мир, 

1964. – 899 с. 

7. Слободкин А.И. Термофильные железовосстанавливающие прокариоты: автореф. дис. на соиск. 

науч. степени д-ра биол. наук/А.И. Слободкин. – М., 2008. – 35 с. 

8. Справочник химика; под ред. Б.П. Никольского. – Т. 3. – М., Л.: Химия, 1965. – 1008 с. 

9. Becker M. Iron toxity in rice-conditions and management concepts/M. Becker, F. Asch//J. Plant Nutr. 

Soil Sci. – 2005. – 168. – P. 558 — 573. 

10. Lovley D.R. Organic matter mineralization with the reduction of ferric iron: a review/ 
D.R. Lovley//Geomicrobiology J. – 1987. – V. 5, № 3 — 4. – P. 375 — 399. 

11. Nealson K.H. Microbial reduction of manganese and iron: new approaches to carbon cycling/ 
K.H. Nealson, Ch.R. Myers//Applied and Environmental Microbiology. – 1992. – V. 58, № 2. – P. 439 — 

443. 

12. Tashyreva A. The Novel Comprehensive Approach for Agricultural and Landfill Biomass Microbial 

Fermentation and Biogas Production/A. Tashyreva, O. Tashyrev, I. Prytula//Biotechnology and Plant 

Breeding Perspectives, Eds., R.K. Behl and Ed. 

Arseniuk, Agrobios (International) Publishers, 2014. – Р. 347 — 356. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


