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 Aerobic biodegradation
 basics

 Inoculation
 Bacteria strain

Main methods to measure biodegradation
 Used in own studies

Degree of biodegradation
 Calculations

 Condensing waters from wood drying and 
gasification
 Two very different wastewaters



 Bacteria use organic compounds as nutrients
 They consume oxygen and release carbon dioxide

CxHyOzNw;O2; Bacteria  CO2;H2O;NH3; Biomass

Some samples contain already the inocula
which is the bacteria strain

 Inoculation is done with wastewater from
wastewater treatment plant
 Contains ”as many bacteria as possible”
The comparative study has been made: WWTP, pulp and 
paper mill wastewater and commercial

K. Roppola, T. Kuokkanen, H. Nurmesniemi, J. Rämö, R. Pöykiö and H. Prokkola: Comparison Study of 
Manometric Respirometric Test and Common Chemical Methods in the Determination of BOD7 in a Pulp 
and Paper Mill´s Wastewaters, J. Autom. Meth. And Manage. Chem., 2006, ID 90384, 1-5.



 Bacteria are added into the sample almost in 
every measurement, standard conditions

Wastewater has to be filtered before use, 
the pore size is about 20-25 μm 

 Sizes of bacteria change usually between
0.2-2.0 μm



 The closed bottle method
 Oxygen consumption
 No airspace in the bottle
 Only water soluble samples

 The manometric respirometric method
 The pressure change
 Oxygen taken from the airspace
 BOD OxiTop

K. Roppola, T. Kuokkanen, J. Rämö, H. Prokkola and E. Heiska: Comparison study of 
Different BOD Tests in the Determination of BOD7 in Domestic Sewage. J.   Autom. 
Meth. and Manage. Chem., 2007, ID 39761, 1-4.



 In liquid phase the matrix is usually the 
standard solution
 OECD 301F standard for example oil samples
 Incubation time (28 days)
 Temperature 20 ºC ± 0.2 ºC
 Mineral solution used for dilution
 The amount of inocula (2 ml/l filtered with coarse

paper)
 The amount of the sample, 0.1 g/l
 Mineral solution is used also in dilution for example

wastewaters when the measurement is done with 
closed bottle method



 All dilutions are made in mineral solution

 Contains

 Phosphate buffer
 Iron
 Calcium
 Magnesium
 Bacteria strain

PROKKOLA, H., KUOKKANEN, T. & LASSI, U. (2012) Material-efficient utilisation of 
waste oils – biodegradability and other chemicals properties of vegetable recycling 
oils, Green and Sustainable Chemistry 2, 133-140.



 Also ground water and surface waters
 Sea, lake and river waters
 Circumstances can be taylored as wanted
 Time (1-99 d), temperature (10-35 ºC or little higher), 

matrix, sample amount, aerobic or anaerobic

 The wastewaters usually can be measured
without any additions (BOD OxiTop)

 Sometimes the allythiourea (ATU) is added to 
prevent the nitrification (consumes oxygen)

Nitrification is an important part of 
biodegradation in wastewater treatment
plant



 Based on the oxygen consumption during the 
7 days incubation

 The difference of oxygen content at the 
beginning and at the end can be only about 8 
mg/l O2 (at the end we have to be able to 
measure the remaining amount of oxygen)

 Large dilutions  big errors, especially with  
inhomogeneous samples

 Small amounts of solids cause problems
 Impossible to measure non-water soluble

samples or solid samples
 For example oils



 Possibilities to measure oxygen content
 Electrode
 Not very accurate
 No contamination from the air, because the 

measurement can be performed in the same vessel

 Titration (originally)
 Accurate
 The sample handling causes errors, because the 

sample has to be titrated in a separate flask

 The dilution coefficient may rise up to 10000 
 The inhibition cannot be tested, because of 

the dilute solutions, small areas



 Based on the pressure change in gas phase
Oxygen is consumed and formed carbon

dioxide is adsorbed into sodium hydroxide
pellets  pressure decreases  BOD value

 Largest measuring range is 0-4000 mg/l
 If the BOD value is larger, the sample has to 

be diluted
 Easy to measure for example oils or solid

samples, those cannot be measured with 
closed bottle method



 Equipments for BOD measurements

Liquid samples Solid samples
HighBio INFO 40 HighBio INFO 62



 The BOD-value is presented only for 
wastewaters
 Controlling purposes

 The degree of biodegradation can be
calculated if the carbon content is known

 The measured value is divided with the 
theoretical oxygen consumption

 Theoretical value is calculated from carbon, 
hydrogen and oxygen contents (+nitrogen and 
sulfur if the sample contains them)

Biodegradation degree [%] =BOD/ThOD*100%



 Possibility to study inhibition
 Usually non-toxic substances, slow down the reaction

 Other problems
 Oils: thin film formation, climbing to the walls

 Lower amount biodegrades and higher amount
does not

 For example sugars
 Easily biodegradable
 Higher amount is used as preservative
 Non-toxic
 Absorbs the water and this is why the bacteria are not

able to grow
H. Prokkola, T. Kuokkanen, U. Lassi, Material-Efficient Utilization of Waste Oils –
Biodegradability and Other Chemical Properties of Vegetable Recycling Oils, Green 
and Sustainable Chemistry, 2012, 2, 133-140.



 The composition of organic pollutants in 
wastewaters differ depending on the source

 Domestic and industry
 May have strong inhibition effect: industry
 This study includes the condensing waters from

wood drying and wood gasification
 Organic compounds from wood drying are easily

biodegradable, because the components are
mostly the extractives from wood

 Organic compounds from gasification are not
biodegradable and they have a strong inhibitive
effect



Different degrees of biodegradation
depending on the matrix

PROKKOLA, H., KUOKKANEN, T., VÄHÄOJA, P, KANGAS, T., LASSI, U. AND RÄMÖ, J. (2013) 
Characterization and biodegradation rate of tall oil soaps in different water and soil 
environments, submitted in Chemosphere



 The measuring temperature affects the BOD-
value
 Higher temperature increases the rate of 

biodegradation reaction up the to certain
temperature

 Too high temperature kills the bacteria
 The optimum temperature is dependend on the 

bacteria (under 60 °C)

 Freezing affects the BOD-value
 Freezing slows down the biodegradation reaction

after melting





Chemical study of wood chips drying: Biodegradation of organic pollutants in condensing 
waters from drying process, H. Prokkola, M. Kuokkanen, T. Kuokkanen, U. Lassi, submitted
for publication, 2013.



 TOC (total organic carbon)
DOC (dissolved organic carbon) 
 COD (chemical oxygen demand) 

TOC [mg/l C] COD [mg/l O2]
#1 156 226
#2 54 129
#3 39 95
#4 82 207
(river water CODCr = 33 mg/l ja TOC = 11 mg/l)
(out from WWTP: limit COD = 125 mg/l)



- The wastewaters examined in this study can be
disposed to the drainage without any treatments
- Heavy metal contents, determined by ICP-OES,
were also low



 The waters studied had very different
composition

 Biodegradation degree with dilution factor 10 
was about 20 % (TOC=1500 mg/l)

 TOC values ranged in the beginning between
800 – over 100 000 mg/l (29.7 %)

Different treatment methods were tested
 Oxidation: Peroxides, UV light, air
 Adsorption: ashes, activated carbon
 Electrocoagulation (EC)
 Precipitation with iron
 Extraction with different solvents



 The activated carbon took some of the 
organic material (30%)

 Purification efficiency was monitored with 
COD value

 Treatments increased the COD value
 Extraction: some of the solvent remained to 

water
 Probably the potassium dichromate was not

able to degrade the original pollutants
 BUT extraction lowered the dissolved organic

carbon
More measurements are needed



Thank you!


