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Wastewater Microbiology

The wastewater treatment
orocess Is a biological process

n order to properly evaluate this
orocess we should incorporate
niological tools.

One of those biological tools Is
the microscope.




Tool: The Microscope

The Objectives:

A 10 X objective (magnifies 100 times)
A 20 X objective (magnifies 200 times)
A 40 X objective (magnifies 400 times)

A 100 X objective (magnifies 1000 times)
oil immersion lens
This objective must be used with immersion oil




Introduction to Microscopy

Brightfield lllumination

A Light rays pass through the condenser which
directs the rays through the specimen.

A Not good for observing live samples. There Is
little contrast between the water and the
microorganisms.
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Introduction to Microscopy

Phase Contrast lllumination

A Uses a special condenser that allows certain
structures to stand out from other less dense

parts of the cell and from the surrounding
fluid.

A Cell shape and structure are more visible.

A Phase contrast is more suitable for observing
live microorganisms.



Introduction to Mlcroscopy
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Introduction to Microscopy

Darkfield HHlumination

A The light does not pass through the specimen
but hits only the sides of the microorganisms.

A Displays the background as black and the
organisms as white






Introduction to Microscopy

Differential Interference Contrast (DIC)

A Specially designed prisms recombine split
beams of light

A Glves a 3dimensional appearance



Introduction to Microscopy

DIFFERENTIAL INTERFERENCE CONTRAST ILLUMINATION
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Introduction to Microscopy

Darkfield




Introduction to Microscopy

Electron Microscopy
A Uses beams of electrons instead of light.

A Used to examine smaller objects such as
viruses or internal structures of cells.






Introduction to Microscopy

ELECTRON MICROSCOPY




Introduction to Microscopy
Slide Preparation

Wet Mount

A Allows living organisms to be observed as
they appear in the wastewater environment.

A Cell measurements can be taken and cell
shape Is more accurately determined.



Introduction to Microscopy
Slide Preparation
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Introduction to Microscopy
Slide Preparation
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Introduction to Microscopy
Sample Collection

The sample should be collected from the
discharge end of the aeration basin.

Slides should be made from a fresh
sample of mixed liquor

If the sample Is collected and can not be
examined right away, the sample should
be aerated.



Microbiology of Activated Sludge

Activated sludge Is a mixture of
microorganisms that come in contact with
and digest bio-degradable materials (food)
In wastewater.

Some type of microorganism will always
grow In the system. The organisms that
are best suited to the environment will
dominate.



Microbiology of Activated Sludge

Bacteria (95%)
Protozoa (4%)
Metazoa (1%)




Bacteria

Bacteria are amazing complex and are among
the most abundant organisms on Earth.

They can be found on our skin, in our mouths,
INn our intestines, in our food and drinks, in the

air, in water, and in soill.

Bacteria are introduced into the treatment
system via surface runoff, wash water and

feces.



Bacteria

Bacteria are small, simple, one-celled
microorganisms.

They have one of three basic shapes
A Coccus (spherical)

A Baclllus (rod-shaped)

A Spirillum (spiral or corkscrew shaped)






Bacteria

Bacteria are classified in many ways

A Aerobic 1 require oxygen for growth and
maintenance

A Anaerobic1 cannot tolerate oxygen

A Facultative 1 prefer oxygen but can live
without it

The most important microorganisms in the

activated sludge system are the aerobic

bacteria.



Bacteria

All types of bacteria enter the wastewater
treatment system.

The floc-forming bacteria are rod shaped.

|t 1 s the operator o0s
environment that will favor the floc -
forming bacteria



Bacteria




Bacteria

Single-celled microorganisms

Consume the biodegradable material
found In wastewater

Proteins, carbohydrates, fats and many
other compounds



Bacteria

Bacteria can only consume soluble organic
material.

Insoluble organics or particulates must be
converted to soluble form before they can
be consumed by the bacteria.



Bacteria: Adsorption & Absorption

Step 1

Step 2

Step 3



Bacteria: Enzymes

Enzymes are very efficient proteins that
trigger biochemical reactions in living
organisms.

Under favorable conditions, they can
Increase the rate of biochemical reactions
10 billion times more rapidly than
reactions without enzymes.



Bacteria: Enzymes

Enzyme function can be altered by
changes In the environment in the
wastewater treatment system.

Nutrients, temperature, pH, toxic
chemicals etc. can all affect enzyme

function.



Bacteria: Enzymes

Without enzymes, microorganisms cannot
break down organic material or perform
cellular processes.

Enzymes are strange compounds that only
work when the conditions are right.

Watch out f or t hhe nert



Bacteria: Enzymes

Commercial enzymes are available for use
the wastewater treatment systems.

They can be useful when the wastewater
IS rich In a certain substance from a
particular source

A Proteinase can be used to help break down

protein-rich waste from meat packing
iIndustries.



Bacteria: 7 Super Bu

Selectively or genetically engineered to do
one thing better than normal bacteria.

Genetically altered bacteria can
significantly expedite the breakdown of
certain substances.

A Genetically altered bacteria are available for
use in oll spills.



Bacteria: 7 Super Bu

No super bug alone can breakdown all the
substances found in wastewater.

They are only useful when dealing with
extremely difficult to treat waste products.

Most municipal systems do not need
enzyme supplements or
under normal operating conditions.



Bacteria: Growth Characteristics

Wastewater is mixed with the

microorganisms In the return sludge at the
beginning of the aeration basin.

At the beginning, because an abundance
of food Is available, bacteria are growing,
motile, and extremely active.



Bacteria: Growth Characteristics

As long as enough nutrients are available,
bacteria will use the nutrients mostly for
growth and will multiply very rapidly by
splitting into two identical cells.

Bacteria have flagella, which enables them
to swim to find available food.



Aeration Basin
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