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<=2  Wastewater from homes, industry, and sometimes

PRE storm water enter the WRP via mterceptors
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Microorganisms mixed with wastewater

(mlxed liquor) in the presence of oxygen, Primary tank floats oil &
consume biodegradable materials grease and removes

settleable solids
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waterbody.

Some secondary solids are wasted to
solids handling/processing.
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Activated Sludge

Fhe Activated Sludge process Is a
PIolegIcall ProCESS.

I3 GrAEN tor preperly, evaluate this Process
We: shouldiincorpoerate hivlegicall teols:

One ofi these biolegicall teels Is the
MICIOSCOPE.



Micrehiology: of Activated Sluage

Activated sludge: Isi a mixture of
MICIOeRAARISMS thal COME! IRl CONLACT Wiiti
and digest hie-degradanie: matenals; (foed)
I Wastewater:

Diiferent tyjpes: eff micreorganisn wWill
always grow. I the system. e
erganisms; that are hest suited to the
environment will'deminate.



Micrehiology: of Activated Sluage

Activated! Sltidge Micreorganisms
s Bactera (95%)

s Protezea (4%)

s Vetazoa (1%)



BACTERIA

Bactera are classified in many Ways

x ACIORIC — requirer oxygernior growii ana.
malilenance

x ARGErenIc — cannor to/erate oxygern

s Facultative — prefer oxygen Ut camve
WILHOULE L

Fhe most Important micreorganisms In the

activated sludge: system are tie aeronic

Pactena.



Bacteria

Single-celled microereanisms

Consume: the biedegradanie material
fiound IR Wastewater

Preteins, carponydrates, fats and many.
ether compoeunads



Bacteria

e primany role ef bacterna

Removal off BOD
Prodlce more: hacteria

=0lim hielogical fiec large eneugh anad
cCompPact eneugh tes settie.




Bacteria

Bactera can enly: consune selukle organic
material.

Iiaselukle erganics or particulates, must loe
converted te seluble form before they: can
Pe consumed By the: bactena.

“Like Pecans In the shell”



Bacteria: Aasorpton & ABSsorpnorn

Step 1

Step 2
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Bacteria: Growil Criaracter/stics

Wihen there is plenty: ofi feed: availakie;
Pacteria use the feod mostly fer growth
and seme: for energy.

x A grewing bacternun have: flagella (hair-like
stiuctures onl the: eutside: off the cell).

s [[he flagella makes it moetile, able ter move in
search off feod.



Bacteria: Growil Criaracter/stics

High Food Low Food

Influent

Return Sludge gﬁ jp
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Bacteria: Growil Criaracter/stics

When food hecomes limited, bacteria take
Steps: te) CONSERVE ENEKQ

s e bacternumileses It flagella andican no
IGNGEr SWin.

= [llhey begin te fiemm a thicker slime:layer:



Bacteria: Growil Criaracter/stics

High Food Low Food

Influent

Return Sludge ﬁa
£

Detention Time (Sludge Age)



Bacteria: Growil Chiaracter/stics

Sludge Age

x [he key tergoed
treatment Isi the
separation; ef the
pIelogIcal selids firem
treated water.




PROTOZOA

MGSt protezea are aeronic
MICrOBrganisms

Seme smaller pretozoa take inselulie
AULHERS throug the celllmembrane
Others have: specialized structures or
moeuth-like epenings and feed on
ethRer MICroereanIsms; suchas hacterna
and algae androether selid matter



Protezoa

Protozoa are classified based on how

ey move:
AmoeEebha
Elagellates

Ciliates
Eree-swimming ciliates
Crawlhinge| (grazing): ciliates
Sessile (stalked or attached) ciliates
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Protozoa: Nakea Amoena




Protozoea: Amioeba

he presence of large numibers; of
AMOBERA Nl the mixed liguer saniple
lRndicate:

s Shoek leading eff BOD

x [he presence of lange amounts of
particulate: matter

= [Lack of oxygen

x Low! levels of texicity or other
unfavorable conditions
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Pretezea: Fagel/ates







Pretezea: Fagel/ates

The presence: of large RUMIBErS, of
flagellates; inr the: mixeadHliguor sanple
ndicate:

x Incomplete treatment

x Shoeck loading ofi BOD

= e presence: of large amounts dead' o
decaying materal



Protozoa: Cl/iates

7,500 speciles of clliates - generally
classiiied lhaser on cllia ar@ngement, hut
oK the puUrpese: of studying activated
sludge, ciliates will' e classified! basead on
uhelr ability, to: compete for feed

s Eree-swimming ciliates
s Crawling (grazing) clliates
a Sessile (stalked! or attached) ciliates
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Pretezoa: Free Swimmilng: Cliates
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Pretozoea: Free Swimimiag: Clliates

The presence: of large RUMBbErsS of
firee-swimming ciliates indicate:

= Anjabundance of active hacteria
s Eanly/ inl the: treatinment pPrecess
= NUtrients have net been depleted



~.BACTERIA




Protozea: CrW//ng C///ate




Pretozea: Crawiing: Clliates

The presence: of large RUMBbErsS of
cliawling ciliates Inadicate:

s Vost of the' erganic material has; heen
removed

= Bacterna are clumping tegether 1o ferm
flec

s Adeguate detentien time



~.BACTERIA

Lawrence




Protozoa: Sid/ikea: Clliates







Protozoa: Staixed Cliates

Carchesium






Protozoa: Stalked Cliates
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Protozoa: Stalked Ciliates

The presence: of large RUMBbErsS of
stalked ciliates indicate:

s Vost of the' erganic material has; heen
removed

x AS sludge ages, the deminance ofi stalked
clliates changes frem; single stalks te
colenial Species

s [[e greater ther numer of heads, the
older the sludge™
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Protozoa: Atitachead Clliates
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Ex Mother-in-

~BACTERIA




Protozoa: Attacriea Clljates

Suctoria



Protozoa: Attacriea Clljates




METAZOA

Metazea include allsmulticellular
OliganIsms; IRCIUding! MIcKeorganisns.

Metazea have very littie terdoerwitihr the
removal eff erganic materal firon the
Wastewater:.

Vietazea dominate i leneger age
systems Including lageen treatment
systems.



Vietazoa

Mul=celltiar micreerganisms thai
fieed onrbacterna, algae and proiezoa.

= Rotifers
a Nematedes
s llartigradesy (Water pear)
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Rotifers

Vietazoa
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Vietazoa: Nematodes







NVietazoea: aterbear




Wiy Micronpielogy?

ARy Shifit IR the treatment system
envirenment willraffect the benavier of the
MICreorganisms either pesitively: or
Regatively.

Ohsenving thelr behavier will-helprmoenitor
e process andt help; predict treatment

System| Upsets, hefiere they hecome: a
preblem:.



Micrescopic Onpservations

Relativer Protozoa: Count
Nutnent Deficiency.

Texicity or Adverse/Uniaveranle
Conditions



Micrescopic Olhservations:

Protozoa ColarL
Relative Abundance

s [lhe relative numier of pretozoa In each
eff the protezea groupes
Amoena
Elageliates
Eree-swimming ciliates
Crawling| ciliates
Stalked ciliates
Roetifers, Nematedes; etc.



Micrescopic Olhservations:
Prolozoa. CouL

Relative Abundance

Inra Welll operating systen the three
deminant greups sheulal be:

a free-swimming ciliates

s crawling ciliates

s Stalked ciliates



Micrescopic Olhservations:
Nutrent: Deficiency

Ofteniin industrhal andtmunicipal
system| nutrent deficiency, nay: 6ecur

Nitregen andl PResphoerus are: the
AUtHents that are: usually: deficient:.

Nutrient ratio; 100:10:1 (BOD:N:P)






Micrescopic Olhservations:
Nutrient: Perficiency/

Gram negative

ipopolysaccharide

“Slime Layer”

Phospholipid

Cell Wall

Gram negative

|_ipopolysaccharide
“Slime Layer”

Lipid

Lipid

Cell Wall

Cell Membrane

Cell Membrane



Microscopic OBServations:
Nutrient: Perficiency/

&




Nutrient Deficiency: Slime Bulking

S3322



Micrescopic Olhservations:
- NUtiient Periciency




Micrescopic Onpservations:
NUHHERL DEricIerc),




Micrescopic Olhservations:
- NUtiient Periciency

NORMAL NUTRIENT DEFICIENT



cess Control: S/ime BuIking




~ Protozoa: Stajked Ciliates.
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Micrescopic Olhservations:
Nubrent Deficiency/




Micrescopic Olhservations:
Nutrent Dericiency,




Micrescopic Onpservations:
Uravorapier Conaiiois

Under tunfaveranle conaditions, Pactera,
PretoZea and metazoa develop protective
characteristics.



Micrescopic Olservations:
Unpiavoramle Conaiions

Bacteria

s Encasements
s Ellaments

x Dispersed



Filamentous Bacteria Identification

When tnfaverable conditions, 6ecur, filamentous
pacteria Willfvegin te; deminate In| the: treatment
system.

x |Insufificient disselved oxygen

s Excess olls & grease

x [Longl siudee age

s [Low foed:micreoganism ratior (net enough foed)

a |nsufficient nutrients



Filamentous Bacteria Identification

Diiferent tyjpes of filamenteus hactera
dominate under different conditions.

ldentify/ the filament, then you: can Identiiy,
the condition

Then corrective actions; cani be taken.






Unfavoerable Conditions: Protozoa

Under adverse: or unifavoerakle cenditions,
Pre10Z0a develep a varety of pretective
MEchanisms Including the fermaten: of
“shells* and “tubes™*
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Protozoa: 7estate Amoeba
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otozoa: Stalked Ciliates
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Protozoea: [upe Pwellers .
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Metazoa: Snelled Rotifers







