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• Biochemical oxygen demand (BOD), is the 
amount of dissolved oxygen needed (i.e., 
demanded) by aerobic biological 
organisms to break down organic material 
present in a given water sample at certain 
temperature over a specific time period. 



• Biological oxygen demand  (BOD) is the most 
commonly used parameter to define the 
strength of a municipal or organic industrial 
waste water. 

• Widest application is in measuring waste loading 
to treatment plants and in evaluating the 
efficiency of such treatment systems. 



• In addition, the BOD test is used to determine 
the relative oxygen requirements of treated 
effluents and polluted waters. 

• BOD can be used as a gauge of the effectiveness 
of wastewater treatment plants. It is listed as a 
conventional pollutant in the U.S. Clean Water 
Act.



• The BOD value is most commonly expressed in 
milligrams of oxygen consumed per litre of sample 
during 5 days of incubation at 20 °C and is often 
used as a surrogate of the degree of organic 
pollution of water. 

• BOD is similar in function to chemical oxygen 
demand (COD), in that both measure the amount 
of organic compounds in water. However, COD is 
less specific, since it measures everything that 
can be chemically oxidized, rather than just levels 
of biodegradable organic matter.





Coliform Bacteria 

• Coliforms are bacteria that are always present in 
the digestive tracts of animals, including humans, 
and are found in their wastes. They are also 
found in plant and soil material. 

• "Indicator" Organisms” of water pollution 





• Water pollution caused by fecal contamination is 
a serious problem due to the potential for 
contracting diseases from pathogens (disease 
causing organisms). 

• Frequently, concentrations of pathogens from 
fecal contamination are small, and the number of 
different possible pathogens is large. 



• As a result, it is not practical to test for 
pathogens in every water sample collected.

• Instead, the presence of pathogens is 
determined with indirect evidence by testing 
for an "indicator" organism such as coliform 
bacteria. 

• Coliforms come from the same sources as 
pathogenic organisms. 



• Coliforms are relatively easy to identify, are 
usually present in larger numbers than more 
dangerous pathogens, and respond to the 
environment, wastewater treatment, and water 
treatment similarly to many pathogens. 

• As a result, testing for coliform bacteria can be 
a reasonable indication of whether other 
pathogenic bacteria are present.



• There are three groups of coliform bacteria. 

• Each is an indicator of drinking water quality  and 
each has a different level of risk. 

• Total coliform is a large collection of different 
kinds of  bacteria. Fecal coliform are types of 
total coliform that exist in feces. E. coli is a 
subgroup of fecal coliform. Labs test drinking 
water samples for total coliform. If total coliform 
is present, the lab also tests the sample for E. coli.



Total Coliforms, Fecal Coliforms, and E. Coli

• The most basic test for bacterial 
contamination of a water supply is the test 
for total coliform bacteria. Total coliform 
counts give a general indication of the 
sanitary condition of a water supply.



1.Total coliforms include bacteria that are found in 
the soil, in water that has been influenced by 
surface water, and in human or animal waste. 

• Total coliform bacteria are common in the  
environment (soil or vegetation) and are  generally 
harmless. 

• If a lab detects only total coliform bacteria in 
drinking water, the source is probably 
environmental and fecal contamination is unlikely. 



• However, if environmental contamination 
can enter the system, pathogens could get 
in too. It is important to find and resolve 
the source of the contamination.



2. Faecal coliforms are the group of the total 
coliforms that are considered to be present 
specifically in the gut and feces of warm-blooded 
animals. 

• Because the origins of fecal coliforms are more 
specific than the origins of the more general total 
coliform group of bacteria, fecal coliforms are 
considered a more accurate indication of animal or 
human waste than the total coliforms.



3. Escherichia coli (E. coli) is the major species in 
the fecal coliform group. Of the five general 
groups of bacteria that comprise the total 
coliforms, only E. coli is generally not found 
growing and reproducing in the environment. 
Consequently, E. coli is considered to be the 
species of coliform bacteria that is the best 
indicator of fecal pollution and the possible 
presence of pathogens





Treatment of Water for Potable Purpose



• The most common water treatment processes 
used for treatment of raw water from a surface 
source are: 

•Coagulation 

• Rapid mixing 
• Flocculation
• Sedimentation

• Filtration 

• Disinfection



1. Coagulation 

• Chemical coagulation (in a mixing tank): 

Addition of chemicals (coagulant) in a  mixing tank 
to encourage the small and non-settleable solids 
(suspended solids)  to coagulate into large 
particles (chemical flocs) that will more easily 
settle.



• The coagulant chemical neutralizes the 
electrical charge on the surface of the small 
particles, resulting in destabilization of the 
colloidal suspension.

• Coagulation and flocculation occur in successive 
steps intended to overcome the forces 
stabilizing the suspended particles, allowing 
particle collision and growth of floc



• Coagulation neutralizes the forces; once the 
repulsive forces have been neutralized these 
particles can stick together (agglomerate) when 
they collide. 

• The force which holds the floc together is called 
the Van der Waals force.



Primary Coagulants: 

• Purpose is to aid in the removal of nonsettleable
solids from water. 

• Used to cause particles to become destabilized 
and begin to clump together. 

• Suspended particles in water normally have a 
negative (-) charge. Since these particles all 
have the same charge, they repel each other, 
keeping each other from settling. 



Types of Primary Coagulants

 Metallic salts 

o Aluminum Sulfate (Alum) – Al2(SO4)3 • 14 H2O
o Ferric Sulfate - Fe2(SO4)3 • 9 H2O 
o Ferric Chloride - FeCl3 • 6 H2O

 Synthetic inorganic polymers

o Polyaluminum Chloride - Aln(OH)mCl(3n-m) • H2O



Coagulant Aids - Chemicals used to add density to 
slow-settling floc and to strengthen floc formation. 

• Coagulant aids are added to the water during the 
coagulation process to: 

1. Improve coagulation 
2. Build a stronger, more settleable floc
3. Overcome slow floc formation in cold water 
4. Reduce the amount of coagulant required





2.  Rapid Mixing 

• The purpose of rapid mixing is to disperse 
coagulant chemicals uniformly throughout  the 
raw water as rapidly as possible in order to 
destabilize the colloidal particles (i.e.  neutralize 
the negative charges around the colloid surface) 
present in water. 

• Theoretical  and experimental studies have shown 
that the contact between coagulant and colloidal 



particles should occur before the hydrolysis reaction 
with alkalinity-causing  components of water is 
completed. 

• This requires very rapid dispersion of coagulant in  
the mass of water within a few seconds. 

• To facilitate the rapid dispersion, the water is  
agitated vigorously with the aid of mixing devices 
and the coagulant is added at the  most turbulent 
zone. Effective rapid mixing can basically be 
accomplished either hydraulically or mechanically. 



• Following rapid mixing/coagulation the 
flocculation process occurs; this is done through 
a continuous agitation of the coagulated water 
with less intensity but a longer duration. 

• This gentle mixing stage is where the microflocs
formed during coagulation are brought into 
contact with each other. 

3. Flocculation



• Collisions of the microfloc particles cause them 
to bond and produce larger, visible flocs called 
pinflocs. 

• The floc size continues to build through 
additional collisions and interaction with inorganic 
polymers formed by the coagulant or with the 
addition of coagulant aids. 



• Macroflocs are then formed and once the floc
has reached its optimum size and strength, the 
water is ready for the sedimentation process. 

• The goal of flocculation is to promote growth 
of flocs to a size that can be removed by 
sedimentation and filtration





Floc formation is controlled by three factors: 

• The effectiveness of coagulation, 

• The effectiveness of collisions in promoting 
attachment between particles. Stable colloidal 
suspensions will not floc well, and 

• The rate at which collisions occur. 



• To increase the size of floc particles, collision of 
floc particles is necessary. This is achieved 
through: 

Proper stirring time (detention time). 

Proper stirring intensity. 

Properly shaped basin for uniform mixing. 

Having a means of creating the stirring action. 



4. Sedementation

• After flocculation, the water and floc moves 
slowly through large basins known as 
sedimentation or settling basins. 

• The water moves very slowly through these basins 
due to their large size. 

• This allows the floc to settle to the bottom of 
the basin. 



• The floc that falls to the bottom of the basins is 
collected into a hopper by large rotating 
scrapers where it is removed several times daily 
by the plant operators. 

• Clear water above the floc layer (referred to as 
treatment residuals) flows out of the 
sedimentation basin and to the filters. 



• Removal of particles in the sedimentation basin 
improves the operation of the filters that 
comprises the next treatment process after 
sedimentation. 

• The sedimentation process removes many 
particles including clay and silt based turbidity, 
natural organic matter, and other associated 
impurities. 



• These impurities include microbial contaminants, 
toxic metals, synthetic organic chemicals, iron, 
manganese and humic substances. 

• Humic substances come from soil are produced 
within natural water and sediments by chemical 
and biological processes such as the decay of 
vegetation. 



• Removal of humic substances from drinking 
water is desirable since they form 
disinfection byproducts when chlorine is 
added to the water. 

• At high concentrations, disinfection by-
products such as trihalomethanes are a public 
health concern.



5. Filtration

• The last step in purifying the water is 
accomplished by passing water through a bed of 
sand and gravel. 

• As water filters through the sand, the remaining 
particles of suspended matter are trapped in 
the sand bed. 



• In the filtration process, water flows on top of 
the sand bed and travels through the bed until it 
is collected at the bottom in underdrains. 

• Filtered water flows from the underdrains into 
clearwells or filtered water reservoirs. The rate 
of filtration is regulated using controllers. 

• The filters must be cleaned periodically as 
material becomes trapped in the filter and 
reduces the rate of filtration. 



6. Disinfection or chlorination: 

• To disinfect the filtered water so that all 
pathogenic bacteria will become killed. 
Chlorination using chlorine gas (Cl2), sodium 
hypochlorite (NaOCl) or calcium hypochlorite 
[Ca(OCl)2] is the most commonly used method 
of disinfection. 



 Prechlorination: to add a relatively large dose 
of chlorine (3 to 5 ppm) to water to oxide the 
taste- and odor-causing chemicals which are 
produced by the presence of algae, and to kill 
algae cells. 

 Fluoridation: Normally groundwater (or well 
water) is particle free, thus not requiring for 
coagulation & flocculation process. 


