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Wastewater Characteristics 

Physical Chemical Biological 

solids, temperature, color, 
turbidity, salinity, odor 

• Organic : carbohydrates, fats, proteins, 
toxins… 

• Inorganic: alkalinity, N, P, S, pH, 
metals, salts… 

• Gaseous : H2S, CH4, O2 … 

• plants (algae, grass, etc.),  

• microorganisms (bacteria, 
viruses) 



Settleable solids Sample Total solids 
TS 

Total suspended 
solids (TSS) 

Total dissolved solids 
(TDS) 

Total volatile solids 
(TVS) 

Ash 

Volatile SS 
VSS 

Non-volatile SS 

1 Settling (cylinder/cone) 
 
2 Evaporation (105ºC) 
 
3 Filtration (glass fibre filter) 
 
4 High temp. oxidation (550ºC) 

Solids Fractions 

1 2 

2 

2 

3 
4 

4 



Example: In solids analysis, the following measurements were obtained: 

• Sample size: 50 mL 

• After filtration/evaporation: 12 mg filter cake, 2.5mg solids in filtrate 

• After high temperature oxidation: 2.0 mg filter cake 

 

What is TSS, VSS and TS in the sample? mg/ml 

Answer 

TSS : 12 mg / 50 ml = 0.24 mg/ml  

VSS : (12 – 2.0 mg) / 50 ml = 0.2 mg/l 

TS :  (12+2.5) mg /50 ml = 0.29 mg/l 



Odor:  very small amounts cause nuisance (eg. H2S approx. 10 ppb) 

Anaerobic Respiration: Organics + SO4
-2 * = H2S + odorous organics 

Fermentation: Organics + Reduced Organics * = odorous organics 

Temperature:  

Affects treatment performance of many treatment systems. 

Optimum temperature for bacterial activity is in the range of 25°C to 35 

Aerobic digestion and nitrification stop when the temperature rises to 50 o C.  

When the temperature drops to about 15°c, methane producing  bacteria become in active. 

Nitrifying bacteria stop activity at about 5°c 

Gas eg. O2 solubility is lower at higher temperature 

Salinity: 

Affects ecosystems in receiving waters 

Reduces O2 solubility 

Restricts reuse applications (eg. irrigation) 



• Colour of WW & biological treatment: 

– light brown-gray => fresh, aerob 

– dark brown-black => old, anaerob 

• Soluble dyes (stains) also cause coloring, very difficult to remove (e.g textile) 

• Turbidity measures light-transmission 

– Caused by colloidal or suspended matter 

– Can be correlated with suspended solids 



Organic Matter 

60- 75 % of TSS 25-40 % of TDS  

carbohydrates proteins oil & grease organic toxins (priority 
pollutants, eg. pesticides) 

Surfactants 
and dyes  

Mostly biodegradable, some very slowly 



Inorganic Matter 

Nitrogen: from protein and urea. 

NH2, NH3, NH4
+ forms ammonia and organics 

An essential nutrient for growth of bacteria. 

Oxygen Demand: NH4
+ + 2O2 = NO3

- + 2 H+ + H2O
 

Phosphorous:  phosphate (PO4
-3) 

Trace nutrients:  S, Fe, Mn, Mg, Ca, K, Zn, 

Mo, ……….etc 

An essential nutrient for growth of bacteria 



starches, cellulose, fibers 

Carbohydrates 
 

C, H, O 

Soluble 

sugars, alcohols, acids (VFA) 

Insoluble 

rapidly biodegradable slowly biodegradable 



Proteins 
C, H, O, N (16%), S, P 

Solubility varies with protein type and ww conditions (eg pH, salt conc. ) 

Quite rapidly biodegradable to amino acids except when insoluble 

Anaerobic degradation creates H2S and other sulphur components => odor 

Hydrophobic substances: grease, fat, oil 

Mostly insoluble, floating, easily adsorbed on surfaces 

Slowly biodegradable, even when hydrolysed to glycerol and fatty acids 

Oil and Grease 
C, H, O 



Toxics (Priority Pollutants) 

Normally very low effluent limits 

Organic toxic chemicals Inorganic substances  

pesticides, herbicides, solvents, etc. Heavy metals (Cd, Cr, Pb, Hg, Ag etc.) 



  
 

Measurement of Organic Content in Wastewater 

Total organic carbon 

 TOC 
Biochemical oxygen demand 

BOD 
Chemical oxygen demand 

COD 

Measures oxygen required for biological oxidation of 
organics 

BOD: oxygen uptake by microorganism during 
aerobic growth in ww sample 

Standard BOD: 5 day incubation @ 20°C 

Also measures oxygen required, but for 
chemical oxidation of organics 

COD: chemical oxidants used for oxidation of 
organics to CO2, H2O & NH3 

Standard COD: K2Cr2O7 
2- /H2SO4 @ 145°C 

spectrophotometrically to determine oxidant 
used 

Only partial degradation of organics 
Cannot be used for mass balancing 
Industrial wastewater can contain inhibitors, leading to low 
BOD results 



Calculation of BOD, 

 

 

 

 

Where 

 

BODt =  biochemical oxygen demand, mg/L 

 

DOi =  initial DO of the diluted wastewater  

               sample about 15 min. after preparation, mg/L 

 

DOt =  final DO of the diluted wastewater sample  

              after incubation for five days, mg/L 

 

P  =  dilution factor 

 

P
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Biochemical Oxygen Demand 

(BOD) 

 

Organic matter + O2                                    CO2 + H2O + new cells 

 

 

 

microorganism 

carbonaceous oxygen demand nitrification oxygen demand 

 

 

  
NH3 + O2                       Nitrate-Nitrogen (nitrification) 

microorganism 



1       2       3        4       5       6        7       8       9        10 

Ultimate Carbonaceous BOD,Lo 

BOD (mg/L) 

Day 

5-day BOD 

Carbonaceous BOD 

Nitrogenous BOD 

BOD Curve 

COD = UBOD only when the 

organic compound is 

assumed to be completely 

biodegradable  



The ultimate BOD (Lo) is defined as the maximum BOD exerted by the waste.  

The carbonaceous oxygen demand curve can be expressed mathematically as: 

              

BODt = L 0(1-e-kt)  

    

BODt  = biochemical oxygen demand at time t, mg/L 

 Lo     = ultimate BOD, mg/L 

 t     = time, days 

 K     = reaction rate constant, day-1  (0.23d-1 at 20oC) 

The relationship for the change in the reaction rate constant (K) with temperature is 
expressed as  

KT = K20 (1.047)T-20 

 

KT   =  reaction rate constant at temperature T, per day 

K20 =  reaction rate constant at 20oC, per day 

Ø   =  temperature coefficient = 1.047 

T   =  temperature of biological reaction, oC 



Chemical Oxygen Demand (COD) 

In practice, to avoid 5 days delay between sampling and obtaining result: 

COD: Chemical Oxygen Demand; oxidation by strong chemical oxidant, usually 

K2Cr2O7 (potassium dichromate) in the presence of sulfuric acid at elevated 

temperatures (~ 150 ºC), during 2 hours 

 

 
Organic matter + Cr2O7

2- + H+          CO2 + H2O + 2Cr3
+ 

          

The recovery of organic material is usually >95% (meaning that also most non-

biodegradable substances are taken into account) 

For various types of (waste) waters, there is usually a more or less constant ratio 

between BOD and COD: 

• domestic wastewater: BOD/COD = 0.65 

• surface water: BOD/COD = 0.40 



Relation between BOD and COD 

BOD biodegradable organic matter within 5 days and at 20oC 

COD biodegradable and most non-biodegradable organic matter 

 
BOD (mg/l) COD (mg/l) 

Medium-strength domestic wastewater 

Metcalf & Eddy (2003) 

190 430 

Textile wastewater (Rwanda) 

Sekomo (2006) 

197 2497 

Paper mill wastewater (Kenya) 

(Abira, 2008) 

93 - 633 571 – 3085 

Landfill leachate 

Kjeldsen et al. (2002) 

20 – 57,000 140 – 152,000 



Theoretical Oxygen demand (ThOD). It is only when the Organic material is known 

 

Example: Calculate the Theoretical Oxygen Demand (ThOD) for sugar C12 H22 O11 

dissolved in water to a concentration of 100 mg/L. Calculate "TOC". 

Solution:-  

 C12 H22 O11 + 12O2   12 CO2 + 11 H2O  

ThOD =   
sugar

sugar

ggO
g

gO
/123.1

342

3212
2

2 


ThOD =  

sugar

sugar

sugar

sugar

mg

g

gO

mgO

g

gO

L

mg
3

2

2

3

2

10

1

1

10123.1100


ThOD = 112.3 mg O2 / L 

TOC = 144 g carbon/ 342g sugar = 0.42 gc/ gs 

TOC = 0.42 x 100 = 42 mg carbon/L 



Personal equivalents (PE) and Personal Load (PL)  

Personal equivalents (PE)  
 

The wastewater from inhabitants is often expressed in the unit Population Equivalent (PE).  

PE can be expressed in water volume or BOD. The two definitions used worldwide are:  

  

1 PE = 0.2 m3/d  

1 PE = 60 g BOD/d  

  

These two definitions are based on fixed non changeable values.  

Personal Load (PL)  
 

The actual contribution from a person living in a sewer catchment, so-called the Person 

Load (PL), can vary considerably.  

 

The reasons for the variation can be working place outside the catchment, socio-economic 

factors, lifestyle, type of household installation etc. 



Variations in person load (Henze et al., 2001) 

Range Unit Parameter 

25-200 g/cap.d COD 

15-80 g/cap.d BOD 

2-15 g/cap.d Nitrogen 

1-3 g/cap.d Phosphorus 

0.05-0.40 m3/cap.d Wastewater 

Person load in various countries in kg/cap.yr (based on Henze et al., 2002) 



Main groups of Microorganisms:- 

The main microorganisms of concern in wastewater treatment are 

Bacteria, Fungi, Algae, Protozoa, Viruses, and pathogenic 

microorganisms groups. 

Bacteria:- 

Types: Spheroid, rod curved rod, spiral, filamentous. Some 

important bacteria:-  

Pseudomonas:- reduce NO3 to N2, So it is very important in 

biological nitrate removal in treatment works.  

Zoogloea:- helps through its slime production in the 

formation of flocs in the aeration tanks.  

Sphaerotilus natuns:Causes sludge bulking in the aeration 

tanks.  

Bdellovibrio: destroy pathogens in biological treatment.  

Acinetobacter: Store large amounts of phosphate under 

aerobic conditions and release it under an – anaerobic 

condition so, they are useful in phosphate removal.  

Biological Characteristics 
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Nitrosomonas: transform  NH4 into NO2
- 

Nitrobacter:    transform  NO2
- to NO3

- 

Coliform bacteria:- The most common type is E-Coli or Echerichia Coli, 

)indicator for the presence of pathogens).  

E-Coli is measured in (No/100mL) 

Fungi:  

• Important in decomposing organic matter to simple forms.  

Algae: 

• Cause eutrophication phenomena. (negative effect)  

• Useful in oxidation ponds.               (positive effect) 

 • Cause taste and problems when decayed. (negative effect) 

Protozoa: 

•Feed on bacteria so they help in the purification of treated waste water.  

•Some of them are pathogenic.  
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Viruses:  

 

Viruses are a major hazard to public health. Some viruses can live as long as 

41 days in water and wastewater at 20 oC. They cause lots of dangerous diseases. 

  

Pathogenic organisms: 

 

The main categories of pathogens are:- 

Bacteria, Viruses, protozoa, helminthes 



Appendix 



Infectious agents potentially present in raw domestic wastewater  

Organism  Disease  Remarks  

Bacteria  

Escherichia coli  Gastroenteritis  Diarrhea  

(enter pathogenic) 

Legionella pneumophila  Legionellosis  

Leptospira (150 spp.)  Legionellosis Jaundice, fever (weil's disease)  

Salmonella typhi  Typhoid fever  High fever, diarrhea, ulceration of 

small intestine.  

Salmonella (- 1700 spp Salmonellosis  Food poisoning  

Shigella (4 spp)  Shigellosis  Bacillary dysentery  

Vibrio cholerae  Cholera  Extremely heavy diarrhea, 

dehydration 

Yersinia enterolitica  Yersinosis  Diarrhea  

Viruses  

Adenovirus (31 types) Respiratory disease  

Enteroviruses (67 types,  Gastroenteritlis, heart 



e.g. polio, echo, and coxsackie viruses)  Anomalies, meningitis 

Hepatitls A  Infectious hepatitis  Jaundice, fever  

Norwalk agent  Gastroenteritlis  Vomiting  

Reovirus  Gastroenteritlis  

Rotavirus  Gastroenteritlis  

Protozoa  

Balantidium coli  Balantidiasis  Diarrhea, dysentery 

Cryptosporidium  Cryptosporidiosis  Diarrhea  

Entamoeba histolytica  Amebiasis (amoebic dysentery)  Prolonged diarrhea with bleeding, 

abscesses of the liver and small 

intestine  

Giardia lamblia  Giardiasis  Mild to severe diarrhea, nausea, 

indigestion  

Helminthsb  

Ascaris lumbricoldes  Ascariasis  Roundworm infestation  

Enterobius vericularis  Enterobiasis  Pinworm  

Fasciola hepatica  Fasciollasis  Sheep liver fluko  

Hymenolepis nana  Hymenolepiasis  Dwart tapeworm  

Teenia saginate  Taeniasis  Beef tapeworm  

T. solium  Taeniasis Pork tapeworm  

Trichuris trichiura  Trichuriasis  Whipworm  



Typical Wastewater Composition 

Concentration  

Contaminants Unit Weak Medium Strong 

Solids, total (TS)  mg/L  350 720 1200 

Dissolved, total (TDS)  mg/L  250 500 850 

Fixed  mg/L  145 300 525 

Volatile  mg/L  105 200 325 

Suspended solids (SS)   mg/L  100 220 350 

Fixed  mg/L  20 55 75 

Volatile  mg/L  80 165 275 

Seatlable solids mg/L  5 10 20 

Biochemical oxygen demand, 5-

day, 20  ْ  C (BOD5,20  ْ  C)  

mg/l:  

mg/L  110 220 400 

Chemical oxygen demand (COD) mg/L  250 500 1000 



Nitrogen (total as N)  mg/L  20 40 85 

Organic  mg/L  8 15 35 

Free ammonia  mg/L  12 25 50 

Nitrites  mg/L  0 0 0 

Phosphorus (total as P)  mg/L  4 8 15 

Organic  mg/L  1 3 5 

Inorganic  mg/L  3 5 10 

Chlorides mg/L  30 50 100 

Sulfatea  mg/L  20 30 50 

Alkalinity (as CaCO3) mg/L  50 100 200 

Grease  mg/L  50 100 150 

Total coliform no/100 ml  106 - 107 107 – 108 107 – 109 

Volatile organic compounds (VOCs)  Mg/L <100 100 - 400 > 400 



Organism Concentration (per ml) 

Total coliform 105 - 106 

Fecal coliform 104 - 105 

Fecal streptococci 103 - 104 

Enterococci 102 - 103 

Shigella present 

Salmonella 100 - 102 

Clostridium perfringens 101 - 103 

Giardia cysts 10-1 - 102 

Cryptosporidium cysts 10-1 - 101 

Helminth ova 10-2 - 101 

Enteric virus 101 - 102 

Types and numbers of microorganisms typically found in untreated 

domestic wastewater 



Industrial wastewater 

• The characteristics of industrial wastewater depend mainly on the type industry it self 

•  To discharge industrial wastewater to the public sewer it needs special control 

requirements 

pH 6-10 

Temperature 40 C 

Suspended solids 400 mg/l 

Total toxic metals 10 mg/l 

Cadmium 0.1 mg/l 

Cyanide 2 mg/l 

Sulphate 1000 mg/l 

Oil, grease 100 mg/l 



Medical wastewater characterization in the Gaza Strip: Al-shifa medical complex 

Husam Al-Najar, Aya Ghourab, Reham Eid, Hanady Farhouda 

Health scope Journal 

Samples locations from each individual department from Al-Shifa medical complex 





Indicator 

pH 7.1 

EC 3300 µsm 

DO 1.95 mg 

BOD 2350 mg/L 

COD 4502 mg/L 

Ammonia Nitrogen  231 mg/L 

TKN 154 mg/L 

Slaughterhouse wastewater characteristics- Gaza central 

slaughterhouse 
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