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Wastewater: 

Historical Perspective
ÅA major problem since the earliest cities

ÅMost went down roads to the nearest stream

Å1370: First underground sewers

Å1867: First wastewater treatment (London)

Å1908: The first large municipal wastewater treatment 
plant to use Trickling Filters began operation in 
Columbus, Ohio.

Å1914: First Activated Sludge Plant (England)

Å1916: First Activated Sludge in U.S.(San Marcos, Tx.)
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External Fed Fine Screen

INTERNAL FED FINE SCREEN
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FT3/Sec.

FT2 FT/Secx

VELOCITYFLOW

AREA VELOCITY

To Find

1.55 Ft3/sec. = 1 MGD

REMEMBER ?

THIS MAKES IT 
EASY !



[ŜǘΩǎ  

5.0 MGD x 1.55 = 7.75

7.75 Ft3/sec. = 1.0 Ft/sec.

X = 7.75 FT2

όǿŀǎǘŜǿŀǘŜǊ ƘŜƛƎƘǘ ƛǎ мрέύ

7.75 Ft2 / 1.25 Ft. = 6.2 Ft. or 6 feet, 2.4 inches WIDE    

όΦн Ȅ мнέ Ґ нΦпέύ

Build a grit chamber
ŦƻǊ рΦл aD5Τ мрέ IǘΦ



PRIMARY SEDIMENTATION



Walkway



The most important function of the primary 
clarifier is to remove as much settle-able and 
suspended material as possible. Removal of 
organic settle-able solids is important because 
they cause a high demand for oxygen (BOD) in 
subsequent biological treatment units in the 
treatment plant or receiving waters.

PRIMARY SEDIMENTATION





Many factors influence settling 
characteristics in a particular clarifier .    
A few of the more common ones are 
temperature, 
short circuits, 
detention time, 
weir overflow rate, 
surface loading rate, 
solids loading. 



Minimum

10 feet

WOR: greater than 1 MGD, 30,000 gpd/lin. Ft.

SOR:  800 to 1,200 gpd/Ft2

Detention time 1-2 hrs.

Primary Sedimentation
Using Ten States Standards





PROCESS CONTROL EQUATIONS FOR SEDIMENTATION

DETENTION TIME:  VOLUME
FLOW

SURFACE OVERFLOW RATE:   GALLONS PER DAY
SURFACE AREA (Ft2)

WEIR OVERFLOW RATE: GALLONS PER DAY
LINEAR FEET

% Efficiency:     In  - Out =  %
In



TROUBLESHOOTING SHORT CIRCUITING





PRIMARY CLARIFIER 

The expected range for percent removal in a primary 
clarifier is: 
Å 90%-95% settleable solids
Å 40%-60% suspended solids
Å 25%-50% total BOD5.
ω 5ŜǘŜƴǘƛƻƴ ǘƛƳŜ ƻŦ м - 2 hrs;
ω {ǳǊŦŀŎŜ ƻǾŜǊŦƭƻǿ ǊŀǘŜ ƻŦ όулл ς1200 gpd/ft2) for average flow
ω όнллл ς3000 gpd/ft2) for peak flow;
ω ²ŜƛǊ ƻǾŜǊŦƭƻǿ ǊŀǘŜΣόмл ллл ς40 000 gpd/ft)

Are You Seeing 
these results ???
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Microbial Flora

ωThe natural microflora is allowed to become enriched- so as to allow 

decomposition of organic content.

ωOrganisms include: 

ωHeterotrophic bacteria: Actinomycetes and Fungi, Protozoa

ωAutotrophic Bacteria: although incapable of organic matter 

decomposition.Oxidizethe ammonia and sulfur to nitrate and sulfate.

ωAnaerobic Bacteria

ωMethanogens-utilize metabolites produced by anaerobic bacteria 

producing carbon dioxide and methane.

Wastewater activated sludge is made up of approximately:
Å4% Protozoa
Å1% Metazoa
Å95% Bacteria



There are five major groups of microorganisms generally found 
in the aeration basin of the activated sludge process:
1. Bacteria-Aerobic bacteria remove organic nutrients
2. Protozoa-Remove & digests dispersed bacteria and 
suspended particles
3. Metazoa-Dominate longer age systems including lagoons
4. Filamentous bacteria-bulking sludge (poor settling & turbid 
effluent)
5. Algae and Fungiis present with pH changes & older sludge



Protozoaplay a critical role in the treatment process by removing and digesting 
free swimming dispersed bacteria and other suspended particles. This improves 
the clarity of the wastewater effluent. Like bacteria, some protozoa need oxygen, 
some require very little oxygen, and a few can survive without oxygen.
The types of protozoa present give us some indication of treatment system 
performance which are classified as follows:

1. Amoebae-Little effect on treatment & die off as amount of food decreases
2. Flagellates-Feed primarily on soluble organic nutrients
3. Ciliates-Clarify water by removing suspended bacteria
4. Ciliates; Free-swimming-Removes free-dispersed bacteria
5. Ciliates; Crawling (grazing)-Dominate activated sludge/good treatment
6. Ciliates; Stalked (sessile)-Dominates at process end



Metazoaare multi-cellular organisms which are larger than most protozoa and 
have very little to do with the removal of organic material from the wastewater. 
Although they do eat bacteria, they also feed on algae and protozoa. A dominance 
of metazoais usually found in longer age systems; namely, lagoon treatment 
systems.Although their contribution in the activated sludge treatment system is 
small, their presence does indicate treatment system conditions.

Three most common metazoafound in the activated sludge treatment system.
1. Rotifers-Clarify effluent & are first affected by toxic loads
2. Nematodes-Feed on bacteria, fungi, small protozoa & other nematodes
3. Tardigrades(water bear)-Survive environmental extremes & toxic sensitivity



Oxygen Usage Hierarchy & Alkalinity

Anaerobicconditions 

are beginning, odors

forming, H2S

Sulfate, SO4 Is the next 

choice of the Bugs

Anoxic

Treatment

Little or No Free 

Oxygen, But NO3

Present

Aerobicor Oxic

Treatment

Free Dissolved Oxygen

ALKALINITYThe Three Major Zones in WW
7.14mg/L

3.57 mg/L

17.86 mg/L



TOTAL ALKALINITY

MULTIPLY DROPS BY 10 ςRECORD AS mg/L



50  -77



pH: (6.5 ς8.5) The enzymes which regulate many of the 

biochemical reactions in bacteria are pH dependent. The optimum pH 
should be between 7.0 and 7.5 for the proper activated sludge 
microorganism to dominate.

D.O.: (2 mg/L ς4 mg/L) To know that a system is fully mixed and 

aerobic, dissolved oxygen of 2.0 mg/L is a good target.

C6 H12 O6 + O 2 6CO 2 + 6H 2O + ENERGY
(glucose)   (Oxygen)    (Carbon Dioxide)



100 : 5 : 1

Nutrient Ratio needed to stimulate 
growth

Carbon : Nitrogen : Phosphorous

How to Calculate

100 : 5 : 1



Using the 100:5:1 Calculation
Raw Data: CBOD 170 mg/L ; NH3 25 mg/L ; PO4 10 mg/L

CBOD: 170 / 100 = 1.7

NH3 (14/17 x 25 = 23 mg/L as Nitrogen) 23 / 1.7 = 13.5

PO4 (31/95 x 10 = 3.3 mg/L as Phosphorous)3.3 / 1.7 = 1.9 

Did We meet the requirements ?
DAP (Di Ammonium Phosphate) can be added in aeration tank if Nitrogen and Phosphorus value is less in the CNP 

ratio.



The Effects of pH

The enzymes which regulate many of 

the biochemical reaction in bacteria are 

very pH dependent.  The optimum pH 

should be between 7.0 and 7.5 for the 

proper activated sludge microorganisms 

to dominate.



How the Enzyme Process Works !

This is why pH is so important
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¶Floc forming bacteria contain a polysaccharide 
όάǎƭƛƳŜέύ ƭŀȅŜǊΣ ƪƴƻǿƴ ŀǎ ŀ ƎƭȅŎƻŎŀƭȅȄΦ 
¶¢ƘŜ άǎƭƛƳŜέ ƛǎ ƳŀŘŜ ǳǇ ƻŦ ǇǊƻǘŜƛƴ ŀƴŘ 

carbohydrates and helps to cement the bacteria 
together 
¶This occurs at low F/M around 2 and lower 
¶To form irregularly shaped flocs with a strong 
άōŀŎƪōƻƴŜέΣ ŀ ǎƳŀƭƭ ŀōǳƴŘŀƴŎŜ ƻŦ ŦƛƭŀƳŜƴǘƻǳǎ 
bacteria are desirable. 

¶It is possible for both strong and weak flocs to 
exist without filaments 

¶Real Science. Trusted Process. Proven Success. 



Å  

Biomass   400X                   7200X

Need Food to create Polysaccharide so they can stick together

These are Heterotrophs another name Organotrophs



C6 H12 O6 + O 2 6CO 2 + 6H 2O + ENERGY

(glucose)   (Oxygen)    (Carbon Dioxide)

Carbon Source

RESPIRATION PROCESS



INFLUENT 

CBOD

CO2 & H2O
NH3

PO4

SO4

LǘΩǎ ōŜƎƛƴƴƛƴƎ ǘƻ ƭƻƻƪ ƭƛƪŜ ǘƘƛǎΗ
BUT WHAT ABOUT

NH3 ???







Nitrogen Constituents in wastewater:
The principal forms of nitrogen found in wastewater are:

Organic Nitrogen (Organic ςN)
Ammonia Nitrogen (NH3ςN)

Ammonium Nitrogen (NH4ςN)
Nitrite Nitrogen (NO2ςN)
Nitrate Nitrogen (NO3 -N)



Total Kjeldahl 

Nitrogen

(TKN) 

NITROGEN CYCLE

78% - N
21% - O2

Two species of 
bacteria are 
involved in the 
process ς
Nitrosomonas and 
Nitrobacter.
These bacteria are 
collectively known 
as nitrifiers and are 
autotrophic, i.e. 
they get their 
carbon source from 
inorganic carbon 
(carbonates, 
bicarbonates) or 
carbon dioxide. CO3 ; HCO3 ; CO2


