
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

(http://www.niaid.nih.gov/topics/biodefenserelated/biodefense/

publicmedia/pages/image_library.aspx) 

Escherichia coli –bacteria which thrives in the intestines. 

 

The structure of bacteria 
 

In anaerobic biodegradation measurements you 

measure the decomposition caused by bacteria. 

The structure of the bacteria is much simpler than 

that of eukaryotic cells. Also the size of these is 

much smaller or about one micrometer, whereas 

the eukaryotic cells are about 1000 times bigger. 

The most important difference is the absence of a 

nucleus. The single cell property induces an 

aggressive behavior of the bacteria, which is 

targeted also on the own cells of the species. 

Usually the bacteria succeeds best if surrounded 

by its own species. The competition between the 

bacteria is also marked by the efforts to use as 

much as possible of the surrounding sources of 

nutrition, as well as the aim to harm the living 

conditions of other bacteria.   

 

Implementation of the measurements 
 

Glove bags (see the picture below) are used for the 

measurements so that the work can be done in 

oxygen free conditions. Nitrogen atmosphere is 

used in the glove  bags, when the sample is 

packed and the water is bubbled.  

 

 

 

 

 

 

 

 

 

By measuring anaerobic biodegradation you can 

find out the biodegradation rate of different 

biomasses and the methane production potential. 

The decomposition process is an important area in 

the treatment of organic waste. The product gas 

which you get from the process, methane, is a 

pure fuel. 

 

The most important conditions for the 

measurements 

 

 Oxygen free dilution water, which can be 

achieved by cooking and bubbling water with 

nitrogen gas (tap water can be used) 

 A functional sludge from the decomposition 

reservoir  

 A non-toxic sample 

 Constant measurement temperature 

 

First acid production takes place in the system, 

after which methane starts forming. For this you 

need oxygen free conditions, since the methane 

producing bacteria are sensitive to the oxide, 

peroxide and super peroxide producing acidic 

bacteria. 
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DETERMINATION OF ANAEROBIC BIODEGRADATION BY THE 

BOD OxiTop METHOD 

 

BOD OxiTop equipment for anaerobic 

measurements. 

http://www.niaid.nih.gov/topics/biodefenserelated/biodefense/publicmedia/pages/image_library.aspx
http://www.niaid.nih.gov/topics/biodefenserelated/biodefense/publicmedia/pages/image_library.aspx


  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Hanskapussi, johon voidaan luoda typpi-ilmakehä

 (Sigma Aldrich) 

 

 

 
 

 

 

 

 

 

 

The glove bag which is used in air sensitive experiments 

(Sigma Aldrich). 

 

equipment is packed into the airbag and it is closed 

in an airtight way. The glove bag is sluiced several 

times with nitrogen in order to get an oxygen free 

nitrogen atmosphere. The sample, the sludge and 

the dilution water is put into the bottles and 

thereafter the bottles are closed and put into the 

incubator, where the measurement temperature 

could be between 35 and 42°C. Higher 

temperatures than this have not been used, since 

there is not information about the thermal 

resistance of the measuring heads. 

    

The working temperatures of the bacteria 

 
Anaerobic bacteria work at three specific 

temperature ranges: the psychrophilic at the range 

0 - 15 °C, the mesophilic at 30 - 35 °C and the 

thermophilic at 55 °C. Of these two temperature 

ranges are most suitable for research, the ranges 

30 – 40 °C and 50 - 60 °C. 

 

Removal of carbon dioxide 
 

The removal of carbon dioxide happens through 

binding it to a potassium hydroxide solution. The 

carbon dioxide reacts with the potassium hydroxide 

forming potassium carbonate. Also sodium 

hydroxide can be used for this purpose. 

 

  CO2↑ + 2KOH → K2CO3↓ + H2O 

 

The BOD OxiTop measuring equipment gives 

the pressure values, from which the 

biodegradation rate can be calculated with the 

following equations: 

 

The amount of total carbon in the gas phase 

 

The combined amounts of CO2 and CH4 which 

have been formed following the degradation of the 

sample describe the gas phase total carbon 

content. 

  ntot(CO2 + CH4) = (ΔpVg/RT)*10-4 

 

The required amount of sludge from the 

decomposition reservoir is added to the BOD 

OxiTop bottles. The amount to use depends on the 

suspended matter in the sludge.  Generally the 

amount varies between 2 to 20 ml. The volume of 

the bottle is 617 ml and  200 – 400 ml of dilution 

water is added. So much air space should be left 

that the addition of reagents does not become 

more difficult and also the airspace is needed that 

the pressure change can be monitored. To leave 

space for air in the bottle is in anaerobic 

measurements otherwise not needed, since no 

gases from the surrounding air is used in the 

process. The volume of the water is needed to be 

taken into account when the biodegradation rate is 

calculated.  

 

    For example, if the sample is glucose 0.2 – 

0.075 mg/l of it can be added to the dilution water. 

The addition can be made already in the glove bag 

as a solid or as a liquid through the bottle neck. 

The blank sample is made in the same way as the 

real sample but instead of adding sample to the 

bottle the same amount of water as that of the 

sample liquid is added. The pH of the sample 

should be close to neutral.   

 

     When the measurement has been initiated the 

measurement time can be adjusted from a couple 

of weeks to three months. Generally anaerobic 

measurements are slower than decomposition 

reactions happening in aerobic conditions. For 

example in the measurement of waste water is 

usually used a seven day BOD measurement. For 

this reason anaerobic degradations need a longer 

incubation time. The measurement time can also 

be over three months, depending on the raw 

material to be degraded.  

 

     The measuring bottle is put into the incubator 

so that a constant temperature can be guaranteed. 

The impact of the temperature on the pressure is 

big, so it is impossible to analyze the results if the 

bottles are not under constant  temperature. In the 

end of the measurement 1 ml of strong 

hydrochloric acid is added to the sample liquid in 

order to drive away the carbon dioxide in the 

liquid. The incubation is continued during 4 hours 

after which 1 ml of strong KOH liquid is added from 

the septum of the bottle neck to the rubber cork. 

The idea is to adsorb the carbon dioxide that has 

been formed during the reaction from the air space 

of the bottle.  

 

Use of the glove bags 

 

The bottles are filled in the glove bags which are 

showed in the picture. All the needed 

 

 

 



  

 

 

 

 

If the molecular formula of the substance is not 

known the carbon content of the sample can be 

determined through elementary analysis. 

 

 nC, teor = (mS/MS) * XC  

 

where ms = weight of the sample [g] 

     Ms = molecular weight of the sample  

                     [g/mol] 

     Xc = the number of carbon atoms in the  

                   structural formula   

 

Anaerobic biodegradation rate 

 

Biologic anaerobic degradation rate (degradation to 

the end products CO2 and CH4)): 

 

Dbiol = [(nCO2 (g) + CH4)/nC teor]* 100 % 

 

Total degradation rate after the addition of KOH: 

 

Dtot = [(nCO2(g) + CH4 + nCO2,(aq))/nC,teor]*100 % 

 

 

Where n = the amount of gas formed [mole] 

            Δp = pressure change of the      

                   measuring bottle [hPa] 

            Vg = gas phase volume of the measuing  

                   bottle [ml] 

            10-4 = conversion factor 

             R = gas constant 8.301 [J/molK] 

 

The carbon content in the liquid phase 

 

The carbon of the solution is principally inorganic 

carbon. When acid is added to the solution 

inorganic carbon is driven out from the liquid to the 

gas phase whereby the pressure rises. 

 

 n(CO2(aq)) = [p2*(Vg – VHCl) – p1 Vg]/RT * 10-4 

 

  where n = amount of material carbon [mol] 

             p1 = pressure before the addition of HCl  

                   [hPa] 

             p2 = pressure after  the addition of HCl         

                   [hPa] 

             Vg = the volume of the gas phase [ml] 

             VHCl= volume of the added HCl solution [ml] 

             T = measurement temperature [K] 

 

The separation of methane gas and carbon 

dioxide 

 

The addition of KOH to the septum  brings about 

the absorption of CO2 to the alkali. The amount of 

carbon dioxide: 

 

ntot(CO2) = {[p3*(Vg – VHCl – VKOH) – p2 * (Vg – 

VHCl)]/RT}* 10-4 

 

 where n = the amount of material carbon [mol] 

            p2 = pressure before the addition of KOH  

                    [hPa] 

            p3 = pressure after the addition of KOH  

                     [hPa] 

            Vg = the volume of the gas phase [ml] 

            VHCl = volume of the added HCl solution [ml] 

            VKOH = volume of the added KOH solution 

                        [ml] 

            T = measurement temperature [K] 

 

The total amount of carbon transformed into 

gas 

 

     nC = n(CO2 (g) + CH4) + n(CO2) (aq) 

 

Where n = the amount of material carbon [mol] 

 

The carbon content can be calculated from the 

molecular formula according to the below equation 
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The production of methane 

 

n(CH4) =( p3*Vg/RT)*10-4 

 

where p3 = final pressure [hPa] 

           Vg = volume of the gas phase [ml] 

           T = measurement temperature [K] 

Cows, for example, are big producers of methane. Their 

manure can be degraded anaerobically  and the methane 

that is formed can be recovered. 

(http://opetus.ruokatieto.fi) 
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