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Nitrification Kinetics

H oo Ni4 . S0
Kg+ Sygs Ko+ S0,

,u:

where

U = Maximum specific growth rate, h-1
Ks = half saturation coefficient for ammonia, mg/L as NH,-N
Ko = half saturation coefficient, mg/L as O2

Yield = mg biomass formed/mg ammonia utilized



Nitrification Kinetics

Ks 0.06 - 5.6 1.0 0.06 - 8.4 13

Ko 03-1.3 0.5 03-1.3 0.68
Yield 0.04-0.13 0.1 0.02 - 0.07 0.05

Optimum pH for nitrifiers is around 8.0, range 7.5 - 8.5 (higher than for most other biological
processes).




Nitrifiers are sensitive to
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Effects of Temperature

¢ derivation off the
* A equation




Typical Theta Values

1.029-1.104 1.029-1.104




Calculating Theta

¢ given the following measured data,
calculate the theta value




DENITRIFICATION

1. A nitrate reduction:
NO3-" > NH44+ nitrate is incorporated into cell
material and reduced inside the cell

2.D nitrate reduction
(denitrification)

— NO3- servesias the t
e 3 - a -
aNeXIicl (anaerobic) envircRment

(TEA) IR an

nitrate reductase nitrite r. nitric oxide r. nitrous oxide r.
NO; - NO," - NO - N,O - \

summarized as:
NO; - NO, - N,



DENITRIFICATION

¢ reguires o
m (example:
methanol)




DENITRIFICATION

6NO;” + 5CH,OH = 3N, +5CO, + 7H,0 +6OH
¢ calculate COD of methanol:

y Calclliaiteralial iy




Nitrogen Removal in VWWastewater

Treatment Plants

¢ Total Kjeldahl Nitrogen (TKN) =
0 n +
a

¢ (measured by digesting sample with: sulfuric acid
te convert all nitrogen te ammonia)

o ITKIN ~ 55 may/L in influent

*p G FEMOVES
approximacely: 5%

¢ additionall removal With biomass
W,




Methods for Nitrogen Removal

1. Biological
=l
— d
- ANAMMOX: ammonium is the electron donor, nitrite is the TEA

NH,* +# NO; = No + 250
Sultable; for highr ammoenia loads: (typically: greater than 400
may/LL) and I[ow! organiic carbon

2. Chemical/Physical
. alr' s
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. loné

. reverse o
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Concerns for nitrogen discharge:

1. T

2. D of DO

3. E

4., Nitrate in d Water —

causes methemoglebinemiar (bite baby)
exidizes hemoealebin ter methemoeglenin



System Configurations

o Completely mixed activated sludge
(CMAS)

¢ Conventional activated sludge (CAS)
» Sequencing Batech Reacter (SBR)

¢ Extended aeration, oxidation: ditch,
OLhENRs
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Completely Mixed Activated
Sludge (CMAS)

S

aeration basin
A

O

air or
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RAS

to tertiary treatment

— or surface discharge




Completely Mixed Activated

Sludge (CMANS)




Conventional (plug flow)
Activated Sludge (CAS)

larifier




Conventional Activated
Sludge
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Conventional Activated
Sludge
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Step Feed Activated Sludge




CMAS with Selector
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Contact Stabilization
Activated Sludge




Sequencing Batch Reactor
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Phosphorus

¢ limiting n In algae
(at approximately: 1/5 the nitrogen
requirement)

¢ 15% of population in US discharges to
|

¢» Wastewater discharge contains
approeximatelN: 7= 10rmg/Ic asy P

¢ 0
& | S Orthephesphate




Removal off Phosphorus

¢ Chemical precipitation:
— traditional p reactions

Al3 + PO, = AlPO,,
Fas -+ PO}~ — FePO,,

— gSs| S (Mmagnesium
ammonium phosphate, MAP)

Mgt2 + NH,t + PO,= = MgNH,PO,




Struvite as a problem

¢ Scale build-up chokes A
pipelines, clogs aerators, & &

y Canned KNGl crabiinGUStRy,

y IKIANEY SLONES



Struvite as a Fertilizer

» Nonburning and long lasting source of:
nitregen and phosphorus

¢ Found in natural fertilizers such as guano

¢ Heavy applications have not burned crops
Or depressed seed germination (Rothbaum,
1976)

¢ Usedifier high-Valle crops

For ISU study on removing ammonia from hog waste see:
www.public.iastate.edu/~tge/miles and ellis 2000.pdf
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Biological P Removal
¢ Discovered in plug flow A.S.
systems

¢ Reguires anaerobic (low: DO and
NO5 ) zone and aerobic zone

¢ Bielegicall battery”

¥ GrrowW! phosphate acclmulating
erganismst (PAG) Withh 7% P
CONtENT

o Need ter remove 1SS



Key Reactions in Anaerobic
Environment

¢ Uptake, of acetic acid
¢ Storage polymer (PHB) is fiormed

¢ Polyphosphate; granule; 1s
constimed

¢ Pliosphatelis released m -




Key Reactions in Aerobic
Environment

o Energy (ATP) is regenerated as
bacteria consume BOD

¢ Phosphorus is taken into the cell and
stered as poly-P granule

o \When BOD! s depleted, PAO continue
[0 grow: on: storedrreserves (PHBE)
ahdl continte ter store; poly-P



Anaerobic Zone (initial)

H,CCOOH




Anaerobic Zone (later)




Aerobic Zone (initial)

substrale ——>  CO, + NAD
ADP+P —




Aerobic Zone (later)

CO, +



Bio-P Operational
Considerations

¢ Need adeguate supply: of acetic acid

¢ Nitrate recycled in RAS willl compete
[Or acetic acia

o May needl al trim dose of coadulant te
MEEL PEFMIT

¢ SpDsequUeEnt sliudge: treatment may,
retlrR; seltple phReSphRerUS te! ALS.



A/O EBPR

air —— Alum, Fe™ (optional)
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Combined N and P Removal

» Competition between bio-P and
denitrification

¢ BOD becomes valuable resource
— required: for both N and P removal
¢ Operation depends on treatment goals

¢ One reaction will-liimit
— difficult ter eliminate all"BeD);, N, andf P

» Commercial modelst (Bie\Win, ASIM}
etic,) USEtINtor predict periermance
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¢ inorganic: SO2 SE H,S
¢ Organic: =10 — S0) =

four key: reactions:

al Julmr
< fnuJ 2

-J/'_). 02

CLron donor
flamentous, sulitiFbacteria oxidize H,S tor SSnFSUlitiE
girenUlESINEEG I Lo, INIIOLIX




Sulfur

. Oxidation of E Sulfur (Thiobacillus thiooxidans at
low pH)

2S° + 30, + 2H,0 = 2 H,SO,

. A sulfate reduction: proteolytic; bacteria
breakdown erganic; matter containing sulfur (e.qg. aminor acids:
methioning, cysteine, cysting)

. D sulfate reduction: URder anaerobic

conditions

— S I o) (SR

SO,% + Organicss = Si2 +  H,O0 + CO;
52 -+ 215 = H,S

Desuivibriorand ethers
Siulfiate) s usedt as al TEA & M W
Orgdanics SeErVve as the electronrdonors
[SewrGcellRy
2 off SRB depends on COIDES ratioy
parkticUlarIVArEadiiVAGEGraeabIEN(Ena:,  VIEA) COID
SR Compete Wit ferstbstrate: high

COIDES faversimethanegenS oW CODES favors SRB



Crown Sewer Corrosion

Corrosion

FIGURE 15.3 Cross section showing microbial involvement in the

corrosion of a concrete sewer pipe. (Adapted from Sydney et al., 1996.)




