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Wastewater (and sludge) characterisation 

. 
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Source: Wastewater Engineering, Metcalf & Eddy, 2002 

• composed of:  

 carbon (C),  

 hydrogen (H),  

 oxygen (O)  

 sometimes (N) 

 

• consists of: 

 proteins (40-60%),   

 carbohydrates (25-50%)   

 oils and fats (8-12%) 

 urea 

 many synthetic org. molecules 

 

•  

  

C18H19O9N 

Organic matter in WW 
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Source: Wastewater Treatment, Henze et al., 1996 

Analyses for organics in wastewater  

and their inter-relationship 

 



Expressed as amount of oxygen required for chemical oxidation of organic 

matter by a strong oxidant (permanganate or dichromate) in acid solution.  

 

Unit mg O2/L  

(consumption of permanganate or dichromate is converted into 

An equivalent oxygen demand (amount of oxygen which will be consumed if the 

oxidation would have taken place by using oxygen) 

 

COD 



Measuring organics: COD  

• Bi-chromate as oxidizing agent 

• High T 

• Sulphuric acid 

• All C oxidized to CO2 

• Actually: organics expressed as g oxygen, or g COD, 

which is required for oxidation 

• COD of a compound can also be calculated (thOD) 
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Expressed as amount of oxygen required by the micro-organisms  

for oxidation of organic matter and ammonia 

 

Unit mg O2/L
 

 Used to determine: 

 

• the appr. amount of O2 to biologically stabilize the organics in wastewater 

• the size of wastewater facilities 

• efficiency of some treatment processes 

• compliance with wastewater discharge permits 

 

 

BOD 



Portion of the organics is 

oxidized to end products 

to obtain energy for cell 

maintenance and the 

synthesis of the new cell 

tissue 

 

 
Oxidation: catabolism 

CHONPS + O2 + bacteria -> CO2 + H2O + NH3 + end products  + energy 

Synthesis: anabolism 

CHONPS + O2 + bacteria + energy -> new cell tissue 

Endogenous respiration 

new cell tissue + 5O2 -> 5CO2 + 2H2O + NH3  

Carbonaceous BOD: The oxygen needed for oxidation of only carbon 

present in the wastewater is called 

When organics 

become exhausted, the 

new cells begin to 

consume their own cell 

tissue to obtain energy 

for cell maintenance. 

 

Some of the organics are 

converted into new cells 

using part of the energy 

released during oxidation 

 

 

Principles of BOD test 
CBOD 



Conversion of ammonia to nitrite (by Nitrosomonas) 

2NH4
+ + 3O2 -> 2NO2

- + 4H+ + 2H2O + energy 

Conversion of nitrite to nitrate (by Nitrobacter) 

2NO2
- + O2 -> 2NO3

- + energy 

Overall conversion of ammonia to nitrate 

NH4
+ + 2O2 -> NO3

- + 2H+ + H2O + energy 

 

 

 

 

 

Nitrogenous BOD: 

The oxygen needed for oxidation of ammonia  

present in the wastewater to nitrate. 
Source: Wastewater Engineering, Metcalf & Eddy, 2002 

•  

•2 moles of O2 for nitrification of 1 mole of N  

• NCOD = 4.57 gO2 per 1gN 

• 2 moles of H+ produced: reduced sewage pH 

 

NBOD 



Source: Wastewater Engineering, Metcalf & Eddy, 2002 

 

BODt = BOD5 (1-e-k·t) 

    

k = k 20°C · et-20°C  

 

k = 0,12 - 0,46 d-1 

(typical 0,23 d-1) 

 

Standard BOD test at 20°C and 5 days 

BOD5 = BODt (1-e-0,23·5) = 0.68 BODt  

Typical CBOD and NBOD curve 



Measuring organics: BOD 

• No oxidizing agent, conversion by bacteria 

• Need inoculum 

• 5 days or 20 days test 

• Add ATU (Allyl-thio-ureum) 

• EU: BOD/COD ratio WW is 0.5 
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Amount of oxygen needed for oxidation of organics at a high 

temperature and use of suitable catalyst 

 

Unit mg O2/L 

 

TOD > COD for the same sample 

TOD 



The difference between the carbon dioxide 

concentration obtained before and after oxidation of 

organics by heating. 

 

Unit mg C/L 

 

• TOC does provide the amount of carbon atoms 

• TOC does not give information on the state of 

oxidation of C atoms 

• TOC does not give information on how much 

oxygen should be used for oxidation 

TOC 



 



Alkalinity 

Conductivity 

Temperature 

Odor and color 

Pathogens 

… 

 



•  

•Not used for the day-to-day management control and operation of WWTPs 

• Used for : design,  operational tests, optimization, modeling 

• Soluble = Dissolved 

• Particulate = Suspended 

COD fractionation 



COD, N and P fractionation 

COD 

P 

N 



Fraction of N and P in municipal ww (g/gCOD) 



Source: Wastewater Engineering, Metcalf & Eddy, 2002 

Classification of solids found in wastewater 

 



 

SVI represents the volume occupied millimeters by 1 g of settled 

sludge 

 

•  SVI provides some information on flocculation and settling 

 characteristics of the activated sludge 

•  The lower the SVI is, the better flocculation and settling of 

 sludge 

•  SVI of 100 mL/g usually satisfactory indicator of good 

 performance of activated sludge system 

•  Sludge density index (SDI) is the sludge concentration in the 

 sludge phase after settling of 30 min (= X0,5) 

 

SVI 



The oxygen consumption (in g O2) by the microorganisms (in kg VSS) per 

hour  

Unit gO2/kgVSS.h 

• Provides information on sludge condition 

 

 OUR of 20-40 gO2/kgVSS.h:  

 sludge is activated (many living organisms) 

 sufficient substrate (organic matter) is presen 

 

 OUR of 5-10 gO2/kgVSS.h: 

 the sludge is poisoned 

 no easily degradable organic matter is present 

 the sludge has been stabilized 

 

OUR 
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