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Wastewater:
Historical Perspective

A A major problem since the earliest cities

A Most went down roads to the nearest stream

A 1370: First underground sewers
A 1867: First wastewater treatment (London)

%A 1908: The first large municipal wastewater treatmer
plant to use Trickling Filters began operation in
Columbus, Onhio.

A 1914: First Activated Sludge Plant (England)
A 1916: First Activated Sludge in U.S.(San Marcbs)



Sprayers at the Filteration Plant,
Columbus, Ohio.
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PRIMARY SEDIMENTATION

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.




Rate of settling in pure, still water (temp=10°C, sp. gravity of particles=2.65, shape of

particles=spherical) (Welch, 1935)

Material Diameter Hydraulic subsiding value || Time required to settle
(mm) (mm/sec) 1 ft.
Gravel 10.0 1000.0 0.3 sec
Coarse sand 10 100.0 3.0 sec
Fine sand 0.1 8.0 38.0 sec
Silt 0.01 0.154 33.0 min
Bacteria 0.001 0.00154 55.0 hr
Clay 0.0001 0.0000154 230.0 days
ot 0.00001 0.000000154 63 years

particles




Many factors influence settling
characteristics in a particular clarifier
A few of the more common ones are
temperature,

short circuits,

detention time,

welir overflow rate,

surface loading rate,

solids loading.



Primary Sedimentation
Using Ten States StandardsVOR: greater than 1 MGD, 30,0g0d1in. Ft.
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PROCESS CONTROL EQUATIONS FOR SEDIMENTATIC

DETENTION TIMEOLUME
FLOW

SURFACE OVERFLOW RGPEELONS PER DAY
SURFACE AREA (&i2)

WEIR OVERFLOW RAIALLONS PER DAY [
LINEAR FEET

% Efficiency: In - Out= %
In







Which of the following is how the
effluent weir of a clarifier should look?




PRIMARY CLARIFIER

The expected range for percent removal in a prinr

clarifier Is:

A 90%95% settleable solids + e 977
A 40%60% suspended solids" > ESUILs 74
A 25%50% total BOD
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Microbial Flora

' he natural microflora i1s allowed to become enriched as toallow

astewater activated sludge is made up of approximately:

decomposition of organic contentys, orwoo.
«Organisms include: oetazoa

oHeterotrophic bacteria: Actinomycetes and Fungi, Protozoa

cAutotrophic Bacteriaalthough incapable of organic matter
decompositionOxidizethe ammonia and sulfur to nitrate and sulfate.
wAnaerobic Bacteria

cMethanogensutilize metaboliteproduced byanaerobic bacteria
producing carbon dioxide and methane.




There are flve major groups of microorganisms generally fou
In the aeration basin of the activated sludge process:

1. BacteriaAerobic bacteria remove organic nutrients

2. ProtozoaRemove & digests dispersed bacteria and
suspended particles

3. MetazoaDominate longer age systems including lagoons
4. Filamentous bacterroulking sludge (poor settling & turbid
effluent)

5. Algae and Fungs present with pH changes & older sludge



Protozoaplay a critical role in the treatment process by removing and digestin
free swimming dispersed bacteria and other suspended particles. This impro\
the clarity of the wastewater effluent. Like bacteria, some protozoa need oxyg
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. Amoebaellittle effect on treatment & die off as amount of food decreases
2. FlagellatesFeed primarily on soluble organic nutrients

3. CiliatesClarify water by removing suspended bacteria

4. Ciliates FreeswimmingRemoves frealispersed bacteria

5. Ciliates Crawling (grazing)ominate activated sludge/good treatment

6. Ciliates Stalked (sessild)ominates at process end




Metazoaare multtcellular 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 domin
of metazoais usually found in longer age systems; namely, lagoon treatment
systems.Although their contribution in the activated sludge treatment system |
small, their presence does indicate treatment system conditions.

Three most commometazoafound in the activated sludge treatment system.
1. RotifersClarify effluent & are first affected by toxic loads

2. NematodesFeed on bacteria, fungi, small protozoa & other nematodes

3. Tardigradeqwater bearjSurvive environmental extremes & toxic sensitivity



Oxygen Usage Hierarchy & Alkalinity
The Three Majo¥Zones in WW

Free Dissolved Oxygemerobicor Oxic
reatment

Little or No Free Anoxic

Oxygen, But NQ Treatment

Present

Sulfate, SQIs the next
choice of the Bugs

Anaerobicconditions
are beginningodors

forming, H,S

ALKALINITY

7.14mg/L l

I 3.57 mg/L

17.86 mg/
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Parameter

Range

Food

Hwydraulic Flowr
Rate

OxyEeEen

Temperature

50 -77

Nutrients

P H
Aldlkalinity

Proper amount of food to
Mmicroorganisms

WVWithinmn plant design capacity. Excessive
flows canmn result in suspended solids
wvwashout

MNMany of the bacteria in wastewvwater
require betweeh[—l mg/L to 3 mg}'a or
more of dissolved oxygen

MNMost Mmiicroorganismis 1N wastewvwater
grow best between[ 10 anmnd 25]degrees
C. At =35 to 40 degrees C,

thermophilic bacteria will take owver
Conventionallya BOD N ogen:
Phosphorus ratio of is
recommended in addi = To proper

miicronutrients such as irom amd other
trace miinerals

Between 6.5-8.5|is recommended

There needs to be enough buffering
capacity to maintain the pH. Typically

60 Mmg/L|lor more alkalinity at the end

of treatrmentis desired




pH: (6.5¢ 8.5) The enzymes which regulate many of the

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

DO .(2 mg/Lc 4 mg/L) To know that a system is fully mixed and
aerobic, dissolved oxygen of 2.0 mg/L is a good target.

CsH,0,+0,=——— 6CO, +6H ,0+ ENERGY
(glucose) (Oxygen) (Carbon Dioxide)



Nutrient Ratio needed tstimulate
growth

Carbon : Nitrogen : Phosphorous
100:5:1

How to Calculate



Using the 100:5:1 Calculation
Raw DataCBOD 170 mg/L ; NB5 mg/L ; PQ10 mg/L

CBOD: 170/100=1.7
N |‘E (14/17 x 25 = 23 mg/L as NitrogeZ)g [1.7=135
PQl (31/95 x 10 = 3.3 mg/L as Phosphorod)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 betwe#n 7.0 and

/.5 for the

proper activated sludge microorganisms

to dominate



Howthe Enzyme Process Works !

o The substrate, sucrose, Glucose
consists of glucose and
fructose bonded together.

e substrate binds to the . o
enzyme, forming an
Y 4

Fructose

En:yrme-suhstrate complex.

Bond Products are released,
and the enzyme is free
A to bind other substrates.
Active site - I

The binding of the
substrate and enzyme

places stress on the

Enzyme glucose-fructose bond
and the bond breaks.

This is why pH Is so important



Wastewater

New Cells

Oxygen
olysaccharide

(Absorption)

Soluble Organics Adsorbed
Particle




| Floc forming bacteria contain a polysaccharide
6daftAYSEéEy t1@SNE (y26y |a |
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carbohydrates and helps to cement the bacteria
together

91 This occurs at low F/M around 2 and lower

{ To form irregularly shaped flocs with a strong 5
ol O102ySé¢s | ayvyltf | odzyRIY
bacteria are desirable.

1 It is possible for both strong and weak flocs to
exist without fillaments



Need Food to create Polysaccharide so they can stick together
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CcH,L,O,+ O, e 6CO, +6H ,0+ ENERGY
(glucose) (Oxygen) (Carbon Dioxide)

RESPIRATION PROCESS
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Nitrogen Constituents in wastewater:
The principal forms of nitrogen found In wastewater a
Organic Nitrogen (OrgangcN)
Ammonia Nitrogen (Nt N)
Ammonium Nitrogen (N N)
Nitrite Nitrogen (NQ¢ N)
Nitrate Nitrogen (NQ-N)




NITROGEN CYCLE

&

Total Kjeldahl

Two species Riirogen
bacteria are (TKN)

Involved In the
processg
Nitrosomonas and
Nitrobacter.

These bacteria are 3
collectively known ‘ ‘ =
as nitrifiers and are .

autotrophic, i.e.

they get their
carbon source from 78%- N
21%- O,

Inorganic carbon i

(carbonates,
bicarbonates) or ‘

carbon dioxide. @Q ; F@Q ,@Q



