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Wastewater Treatment

Why do we treat wastewater?

To Protect the health of the receiving area or
volume.

1 Water reuse

q Alternate water resources

1 Aesthetics

To protect the health of humans.

{ Pathways
1 Ingestion
1 Skin
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What are the characteristics of Wastewater?

Constituent Weak (mag/l) Strong (ma/l)

Alkalinity 50 200
BOD5 100 300
COD 250 1000
Suspended Solids 100 350
(mi/l)
TDS 200 1000
Total Nitrogen 20 80
Total Organic 75 300
Carbon

Total Phosphorou 5 20




Sewage Treatment -
Chemical Pollution

What is waste treatment?

Waste treatment is the conversion of organic materials to
inorganic forms by the process of mineralization or
stabilization. Waste treatment does not remove toxic
chemicals.

In fact, wastes that contain high levels of chemical
pollutants can dramatically alter the effectiveness of
waste treatment.

The chemicals can kill the microbes that form the
backbone of the process.




Sewage Treatment -
How Does Waste Treatment Work?

Waste freatment is divided into two or three phases:
Primary phase

A mechanical process that removes large objects through screening
and sedimentation.

secondary phase

Effluent from Phase 1 1s processed micrabiologically to decrease the
organic load. The effluent may be disinfected and dumped into a
waler source at this point or channeled to tertiary treatment.

Teriary Phase

Effluent from secondary treatment containg high levels of phosphates
and nitrates. |f expelled directly into a water source this can lead to
eutrophication. Tertiary freatment is performed to decrease the
phosphate and nitrate levels.
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Biological Treatment
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Biological Treatment
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Biological Treatment

Activated Sludge
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Sewage Treatment -
Let's Examine a Sewage Treatment Facility
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Sewage Treatment -
Primary Processing

1 Large items are removed by
sedimentation or screening.
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Sewage Treatment -
Anaerobic Digestion

2 Anaerobic sludge digester:
the sludge (sediment) from
the primary processing may
be partially digested in an
anaerobic sludge digester.

E See a video of a digestor

©




Sewage Treatment -
Metabolic By-Products of Anaerobic Respiration

These products such as acetate, H: and CO: can be converted by the methanogens to
methane.

The methane can in turn be used as fuel in the winter to warm the sewage and speed
metabolic digestion.

This same principle 1s used In some developing countries such as China and India where

methane is produced by the digestion of hurman and animal wastes in a buried anaerobic
chamber.

The methane is then channeled back 1o the household 1o be used as a source of energy
for cooking and lights.



Sewage Treatment -
Sludge Processing

The partially-digested material is

22 then dried and possibly incinerated
or returned directly to the
environment often o be used as
fertilizer.

Remember that burning the sludge
creates air pollutants and use for

fertilizer can only be accomplished if
the material is free of chemical ___.3 ‘
toxins, et T ——







Sewage Treatment -
Secondary Processing - Aeration

3 The effluent from primary treatment
enters secondary treatment and
undergoes biologic treatment.
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Sewage Treatment -
Secondary Processing - Aeration

The matenal is first aeraled.

This may be done by forced aeration or by tnckling the material onto a bed of rocks
(trickling filters).

The material is mineralized by a dense population of aerobic organisms including
bacteria, fungi, protozoa and nematodes.

One of the bacteria, Zoogloea ramigera produces a thick biofilm that traps other
organisms and solids.

This malerial is termed FLOC.
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Microorganisms

1 Important Organisms in Wastewater Treatment
‘BBacteria
BFungi
Balgae
BProtozoa
BRotifers

} Temperature Ranges
Bpsychrophiles (0 - 20 °C)
Bmesophiles (20 - 40 °C)
Bthermophiles (45 - 60 °C)
Bstenophiles (60 - 100 °C)
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Microbial decomposition

1+ Aerobic Decomposition

Microbes + O , + organic matter " CO, + NH ,
+More

Microbes

BMost types of organic matter
BENd Products stable

BHigh growth rates

BHigh O , demand
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Microbial decomposition

+ Anaerobic Decomposition

Microbes + (NO ;) + organic matter N ,+
NH, +More Microbes

Microbes + (SO ,) + organic matter H ,S+
NH, +More Microbes

Microbes + (CO ,) + organic matter Fatty

Acids+ NH , +More Microbes
BEnergy release low

BLow growth rate

BHigh odor production

BWhere do we utilize these reactions
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Sewage Treatment -
Secondary Processing - Settling

4 The floc is sedimented. Some of this
"activated sludge" can now be rechanneled
back to the aeration chamber and act as an
inoculum for the next batch of material.

The remaining sediment is channeled to the
anaerobic digester to be processed as in
Phase 1.
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Sewage Treatment -
Secondary Processing - Seftling

The sludge has been partially

processed and now has a high

microbial load that is active in
breaking down the organic matenal.




Sewage Treatment -
Tertiary Processing

5 Effluents from secondary treatment contain
high levels of phosphates and nitrales.

If these effluents are expelled into a local
waler source, eutrophication can occur,

Therefore, some sewage Ireatment facilities
are now performing Tertiary processing. This
may be a chemical, biological or combination

[rOCess.

Denitrifying bacteria such as Pseudomonas and Bacillus
species convert nitrates to nitrogen gas. Acinetobacter
species may be added to remave phosphales.

With highly sophisticated systems, a senes of charcoal
filters may be added to remove toxic chemicals.



Sewage Treatment -
Effluent Processing

6 The effluent is chemically disinfecled (e.qg., by
bubbling chlorine gas into the effluent) to
deslroy pathogenic baclena and viruses
before being diverled back to the environmenl
(river, lake, ocean).

Effluent may come directly from secondary
processing or after processing in tertiary
treatment.




Sewage Treatment -
Small Scale Treatment

Sophisticated sewage treatment facilities are extremely expensive fo build and
maintain,

Consequently, scaled-down processing procedures are often used in smaller
communities. One of the most commen methods i through the use of lagoons.

Sewage Is treated by channeling through a series of small ponds where It remains for
days to months. Settling remaves large debnis and the remaining material is stabilized
by a combination of aerobic and anaerobic microorganisms.

This process is mosl efficient in warm climates where the increased lemperalures
promole aclive microbial growth.



Treated Effluent
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Agricultural, landscape Multiple river rectiarge

and domestic irrigation
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