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Biodegradability
- IUPAC definition:

Degradation caused by
enzymatic process resulting
from the action of cells.

- = chemical dissolution of
materials by bacteria, fungi
or other biological means

- Generally organic material
that serves as a nutrient for
microorganisms = almost all
organic compounds are
subject to degradation.. The
question is HOW FAST!!

- Biosurfactants =
extracellular surfactants
secreted by
microorganisms, enhances
the biodegradation process

- Small molecules break
down faster

- Xenobiotics usually break
down slowly
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Time needed for biodegradation of
different compounds
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Aerobic and anaerobic biodegradation
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- Biodegradation can take place in aerobic or anaerobic
conditions

- Aerobic = presence of O2

- Anaerobic = absence of oxygen
- Biodegradation occurs as a result of microbial growth



Hydrolysis
- Hydrolysis is the breakdown

of a chemical bond by
addition of water.

- Hydrolysis takes place when
organic matter is in contact
with water.

- Many microorganisms
produce enzymes that
catalyse the hydrolysis, e.g.
proteases for proteins)

- These enzymes are
selective.
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Example of a biodegradation process
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Group discussion: Bioplastics and
biodegradable plastics?
Seach for information about
bioplastics and biodegradable
plastics
Discuss in groups what these
terms actually mean
Discuss about pros and cons
about both
(15 min)
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How do we measure organic matter

TOC = total organic carbon,
mgC/l
(most common method
catalytic oxidation)
DOC = dissolved organic
matter

(NOM = natural organic matter)

BOD = biological oxygen demand
(5 or 7 days)
mg O2/l
(incubation method)
COD = chemical oxygen demand
ThOD = theoretical oxygen
demand (mg O2/g)
SBCOD = slowly biodegradable
RBCOD = readily biodegradable
Etc.
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Organic matter contains all kinds of different organic
substances, also living cells but ≠ biomass
Organic matter = food, biomass = the ones who eat



Theoretical oxygen demand

- Theoretical COD is the
calculated amount of
oxygen needed to oxidize a
compound to its final
oxidation products.

- Note: some differences
between standard methods
on how nitrogen is dealt
with.

Steps:
1) Calculate the

carbonaceous oxygen
demand in moles(based on
the oxidation state of
carbon)

2) Calculate nitrogenous
oxygen demand in moles

3) Calculate ThOD (gO2/g)
using molar masses
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Example: Calculation of ThOD
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Examples of different oxidation states
of carbon
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Chemical oxygen demand COD
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Biological oxygen demand BOD

03/04/2021
Laitoksen nimi

14



Biological oxygen demand BOD –
Dilution method
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Biological oxygen demand BOD –
Manometric method
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Fractionation of COD
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Fractionation of organic matter
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Nitrogen



Phophorus



Why is influent quality important?
- Readily biodegradable

organic matter
- Oxygen demand pattern
- Determines process’s ability

to enhanced biological P
removal

- Is denitrification achieved
with wastewater’s own carbon
source

- Unbioderadable particulate
COD

- Affects the oxygen demand
- Affects the sludge yield

- Influent quality also affects
e.g. the performance of the
primary clarifier

- Biggest differences with
industrial wastewater



Effect of the influent constituents
 ORGANIC MATTER
 BIODEGRADABLE – forms

new biomass
 UNBIODEGRADABLE
 PARTICULATE – goes to sludge
 SOLUBLE – leaves with effluent

 INORGANIC MATTER
 PARTICULATE – goes to

sludge
 SOLUBLE – precipitable

- Biologically utilizable
- The rest escapes with effluent
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Toxicity and inhibition
- Biological processes deal

with living organisms 
affected by inhibitory or
toxic agents

- Inhibition = impairment of
the enzymatic system or
damage to cell structure

- Toxic effect = inhibition is
caused to a vital activity

- Inhibition can be caused by
pH, temperature, redox
limitations

- A medium is not either toxic
or non-toxic it’s a
continuum

- Acclimatisation can be used
to decrease the inhibitory
effects

- Ways of measuring toxicity:
- Respirometry
- Bioluminescence (Vibrio

fischeri)
- Many other bioassays
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BREAK 10 min
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Introduction to
biological
processes
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Metabolism of living cells
Catabolism = energy supply of
the cell (redox reaction)
Anabolism = synthesis of
cellular components from
carbon sources and other
nutrients

Main requirements
 Electron donor and acceptor

 Carbon source



How do bacteria obtain energy?

Main pathway for
energy production in
cells:
Glycolysis + Krebs
cycle or TCA cycle
Requires an electron
acceptor!

You can watch a video
of the TCA cycle
https://www.youtube.co
m/watch?v=ubzw64PQP
qM
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https://www.youtube.com/watch?v=ubzw64PQPqM


Classification of bacteria

04/03/202129

Carbon source Energy source Relationship to
oxygen

Temperature

- Autotrophs
- Heterotrophs

- Phototrophs
(Light)

- Lithotrophs
(inorganic)

- Organotrophs
(organic)
chemical
compounds

- Aerobic
- Anaerobic
- Facultative

- Psychrophilic
- Mesophilic
- Thermophilic

Auto= self, hetero = others,
photo = light, chemo = chemical,
troph = nourishment, litho =
inorganic, organo = organic



Examples of reactions
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Microorganismsin water and
wastewater treatment
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Ready for BACTERIA GAME?

- Groups of 2 – 3 in breakout
rooms

- Go to your group’s platform
in Miro

- Move the carbon sources
and electron donors and
acceptors in the game in
order to  create beneficial
conditions for each bacteria

- You can use the table in the
previous slide

4.3.2021
Laitoksen nimi

32



Game start
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How do the biological processes
work?

Requirements for a process:
1) Active microorganisms

have to be concentrated
within the system

2) Microorganisms need to
be removed from the
effluent before it leaves
the system
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Floc formation of bacteria
• The ”fat reserves” of bacteria are

stored on the outside of their bodies.
• This fat layer is sticky and is what

the organics adhere to.
• Once the bacteria have “contacted”

their food, a hydrolytic enzyme is
excreted and it breaks the organic
molecules into small units which are
able to pass through the cell wall of
the bacteria.

• This property of the bacteria is also
an asset in settling. The fat on
bacteria sticks together and causes
flocculation of the non-organic solids
and biomass.

• Filamentous bacteria and inert
particles form stronger structure for
the flocs.
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Well settling sludge
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Principles of biological processes
Suspended growth
Activated sludge process,
membrane bioreactor (MBR)
Sludge is separated in a
clarifier (or with a membrane)
Sludge recycle

Biofilm processes
Moving bed bioreactor (MBBR),
biological filters
No sludge recycle needed,
because bacteria are fixed on
the carrier material
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Most commonly only wastewater’s own microbes are enriched in
the process

Sometimes special kind of bacteria is added
Bioaugmentation is possible



Occurence of biological processes in
water and wastewater systems
Networks:
• Drinking water pipes

• Consumption of NOM
• Implications of e.g. dosing of

desinfectants
• Sewer system

• Biofilms allow longer
retention time in the sewer for
bacteria and for substrates

Drinking water:
• Some processes
• Removal of organic matter
• Removal of e.g. pesticides

• Wastewater treatment
• Most common and most

feasible process for removal
of soluble organic matter and
nitrogen

• Several different processes
and configurations
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Influent COD fractionation

• TCOD = XB +XU + CB + CU + SB + SU

• FCOD1.2µm = CB + CU + SB + SU
• ffCOD = SB + SU (ZnSO4 at 10 pH using NaOH)
• RBCOD = ffCODInfluent – ffCODFinal effluent
• OUR for OHO determination

Particulate Colloidal Soluble



Alternative for RBCOD: RBCOD
measurement by respirometry
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DEMO of COD fractionation
Following tests have been performed with
typical municipal wastewater:

Total COD = 913 mg/l
Soluble COD = 657 mg/l
Influent (filtered after flocculation with zinc
sulfate) ffCOD = 397 mg/l
Effluent (filtered after flocculation with zinc
sulfate) ffCOD =  103 mg/l

In order to estimate the biodegradable organic
matter in the sample, a mixture of activated
sludge from the plant (V=4,7l) and influent
water (V=3,3l) was aerated during 24 hours.
Total and soluble COD were measured before
and after the aeration. Following results were
obtained:

Total COD beginning = 1345 mg/l
Soluble COD beginning = 229 mg/l
Total COD end = 320 mg/l
Soluble COD end = 168 mg/l

NOTE! Zinc sulfate flocculates
colloids from the water. Thus, after
filtration only soluble COD remains
in the water.
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DEMO of COD fractionation
Calculate the concentrations and fractions (%)
in the influent water of:
readily (RBCOD) and slowly
biodegradable(SBCOD) COD
and
soluble and particulate unbiodegradable COD.

From ffCOD we can get the soluble COD
fractions (biodegradable and
unbiodegradable):
Soluble unbiodegradable = ffCOD effluent =
103 mg/l
Soluble biodegradable = ffCODinf – ffCODeff =
294 mg/l
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DEMO of COD fractionation
Calculate the concentrations and fractions (%)
in the influent water of:
readily (RBCOD)  and slowly
biodegradable(SBCOD) COD
and
soluble and particulate unbiodegradable COD.

To be able to continue we will calculate the total
biodegradable COD from the 24 h aeration test:
Particulate COD in the WW: CODtot – CODsol =
256 mg/l
Particulate COD after addition of sludge = 1116
mg/l COD of added sludge (in the mixture) =
860 mg/l
Then we can calculate the CODinfluent in the
mixture = 1345 – 860 = 485 mg/l
Of this 168 mg/l is unbiodegradable (=soluble
COD after 24 h aeration)  biodegradable (in the
mixture) = 485 – 168 = 317 mg/l
Taking into account the addition of sludge:
dilution of 2,4 (from 3,3 l to 8 l) Total
biodegradable 768 mg/l
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DEMO of COD fractionation
Calculate the concentrations and fractions (%)
in the influent water of:
readily (RBCOD)  and slowly
biodegradable(SBCOD) COD
and
soluble and particulate unbiodegradable COD.

Then we will calculate the SBCOD and
particulate unbiodegradable:

SBCOD = Total biodegradable – RBCOD = 768 –
294 = 474 mg/l

Total unbiodegradable = Total COD –
biodegradable = 913 – 768 = 144 mg/l

And finally particulate unbiodegradable = Total
unbiodegradable – soluble unbiodegradable =
144 – 103 = 41 mg/l
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Reading material

Biological wastewater
treatment:
Chapters
3.3 – 3.14
10.1 – 10.2 + 10.5
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