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IntroductionIntroduction

 Submerged AttachedSubmerged Attached
Growth BioreactorGrowth Bioreactor
(SAGB)(SAGB)
 Media submerged inMedia submerged in

FlowFlow

 Sand FilterSand Filter



IntroductionIntroduction

 Biochemical TransformationsBiochemical Transformations (Normalized mass based)(Normalized mass based)

 CH2O + 0.309 O2 + 0.085 NH4
+ + 0.289 HCO3

-  0.535
C5H7O2N + 0.633 CO2 + 0.515 H2O (aerobic)

 NHNH44
++ + 3.30 O+ 3.30 O22 + 6.708 HCO+ 6.708 HCO33

--  0.129 C0.129 C55HH77OO22N +N +
3.373 NO3.373 NO33

-- + 1.041 H+ 1.041 H22O + 6.463 HO + 6.463 H22COCO33 (aerobic)

 NO3
- + 0.324 C10H19O3N  0.226 N2 + 0.710 CO2 +

0.087 H2O + 0.027 NH3 + 0.274 OH- (anoxic)



IntroductionIntroduction -- BiofilmsBiofilms

 BiofilmBiofilm -- organic polymer gel attached to aorganic polymer gel attached to a
solid at solidsolid at solid--liquid interfaceliquid interface
 biopolymerbiopolymer building blocksbuilding blocks

 Comprised of:Comprised of:
 colonies of microorganismscolonies of microorganisms
 extra cellular polymeric substances (EPS)extra cellular polymeric substances (EPS)
 inorganic particlesinorganic particles
 dissolved compoundsdissolved compounds



IntroductionIntroduction -- BiofilmsBiofilms

 For analysis:For analysis:
 base filmbase film
 surface filmsurface film
 bulk liquidbulk liquid

 TransportTransport
 base filmbase film -- diffusiondiffusion
 surface filmsurface film -- convectionconvection

Surface
Film

Base
Film

Su
bs

tr
at

um

Bulk LiquidBiofilm



IntroductionIntroduction -- BiofilmsBiofilms

Substratum
Biofilm

Concentration
Substrate

Profile

Boundary Layer

Hydrodynamic
Boundary Layer

Flow Velocity
Profile

Diffusion

 Transport intoTransport into biofilmbiofilm
 fluid velocityfluid velocity
 substrate concentrationsubstrate concentration

Hydrodynamics and Kinetics in aHydrodynamics and Kinetics in a BiofilmBiofilm SystemSystem



IntroductionIntroduction -- BiofilmsBiofilms

Biofilm

Media
Autotrophic

Bulk Fluid

Bacteria

Bacteria
Heterotrophic

Nitrate

Ammonia
bCOD

 Multispecies biofilmMultispecies biofilm
 HeterotrophicHeterotrophic bacteriabacteria

 oxidation ofoxidation of organicsorganics
 aerobic & anoxicaerobic & anoxic

 AutotrophicAutotrophic bacteriabacteria
 nitrificationnitrification

 aerobicaerobic



IntroductionIntroduction -- NitrificationNitrification

 Parameters effecting nitrifyingParameters effecting nitrifying biofilmsbiofilms::
Dissolved oxygenDissolved oxygen
 Bicarbonate alkalinity & pHBicarbonate alkalinity & pH
Carbon to Nitrogen (C/N) ratioCarbon to Nitrogen (C/N) ratio

Simultaneous oxidation ofSimultaneous oxidation of organicsorganics and nitrificationand nitrification
occurs according to criterion:occurs according to criterion:
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Study ObjectiveStudy Objective

 Achieve simultaneous oxidation ofAchieve simultaneous oxidation of
carbonaceous matter and nitrogen removalcarbonaceous matter and nitrogen removal
in a single submerged attached growthin a single submerged attached growth
bioreactor (SAGB) reactor.bioreactor (SAGB) reactor.
 BODBOD55 & TSS < 30 mg/l& TSS < 30 mg/l
 Total Nitrogen (TN) < 10 mg/lTotal Nitrogen (TN) < 10 mg/l



Experimental DesignExperimental Design
 SAGB pilot plantSAGB pilot plant
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Experimental DesignExperimental Design

 ObjectivesObjectives
Quantify removal of organics (bCOD) & nitrogenQuantify removal of organics (bCOD) & nitrogen
Determine removal ratesDetermine removal rates
Determine concentration profilesDetermine concentration profiles

bCODbCOD, NH, NH33, NO, NO33
-- & TKN& TKN

 Examine kineticsExamine kinetics
Determine quantity of biomassDetermine quantity of biomass



Experimental DesignExperimental Design

 4 different flow conditions tested4 different flow conditions tested
 8.3 m8.3 m33/d/d (2,148(2,148 gpdgpd))
 4.5 m4.5 m33/d/d (1,191(1,191 gpdgpd))
 4.1 m4.1 m33/d/d (1,089(1,089 gpdgpd))
 3.2 m3.2 m33/d/d (840(840 gpdgpd))

Parameter TCOD BOD5 TKN Nitrate & Nitrite

Average (mg/l) 213.0 97.0 20.4 0.0191
STD 41.2 31.4 4.1 0.0096



ResultsResults -- Total Organic LoadingTotal Organic Loading
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ResultsResults -- Total NitrogenTotal Nitrogen
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ResultsResults -- Total Nitrogen LoadingTotal Nitrogen Loading
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ResultsResults -- Total Ammonia LoadingTotal Ammonia Loading
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ResultsResults -- Organics & NitrificationOrganics & Nitrification
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ResultsResults -- Organics & NitrificationOrganics & Nitrification

 Diffusion EquationDiffusion Equation

 Oxidant & ReductantOxidant & Reductant

 Established CriterionEstablished Criterion

 (Williamson and McCarty 1976, Gönenc and Harremoës 1985, Gönenc(Williamson and McCarty 1976, Gönenc and Harremoës 1985, Gönenc
and Harremoës 1990 and Henze et al. 2000)and Harremoës 1990 and Henze et al. 2000)
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ResultsResults -- OrganicsOrganics & Nitrification& Nitrification
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ResultsResults -- Organics & NitrificationOrganics & Nitrification
 Concentration ProfilesConcentration Profiles

 Organic LoadingOrganic Loading
 3.473.47 -- 5.18 kg/m5.18 kg/m33-- dayday

 Concentration ProfilesConcentration Profiles
 Organic LoadingOrganic Loading
 1.51.5 -- 2.18 kg/m2.18 kg/m33-- dayday
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ResultsResults -- DenitrificationDenitrification
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 Sufficient CarbonSufficient Carbon
 Excess DOExcess DO

ResultsResults -- DenitrificationDenitrification
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ResultsResults -- Biofilm KineticsBiofilm Kinetics

 Organics, ammonia and nitrateOrganics, ammonia and nitrate
 LogLog--log plot of removal rate per surfacelog plot of removal rate per surface

area as a function of concentrationarea as a function of concentration
 slope of line indicates reaction orderslope of line indicates reaction order

 (Harremoës 1976, Harremoës 1978, and Henze et al. 2000)(Harremoës 1976, Harremoës 1978, and Henze et al. 2000)



ResultsResults -- Biofilm KineticsBiofilm Kinetics

 Removal ofRemoval of organicsorganics
 first order kineticsfirst order kinetics

 NitrificationNitrification
 half order kineticshalf order kinetics

 DenitrificationDenitrification
 zero order kineticszero order kinetics

0.001

0.010

1.0 10.0

Effluent Concentration of bCOD (mg/l)

R
em

o
va

l
R

at
e

r
(k

g-
C

O
D

/m
2-

d
)

Slope = 0.98

0.0001

0.0010

0.1 1.0 10.0

Effluent Concentration of Ammonia (mg/l)

R
em

ov
al

R
a

te
r

(k
g

-N
/m

2-
d

)

Slope = 0.495

0.0001

0.0010

1.0 10.0

Effluent Concentration of Nitrate (mg/l)

R
em

ov
al

R
at

e
r

(k
g-

N
/m

2-
d)

Slope = 0.0



ResultsResults -- BiomassBiomass
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ConclusionsConclusions

 Simultaneous oxidation of organics andSimultaneous oxidation of organics and
nitogen removal achieved,nitogen removal achieved,

 Intermittent aeration created adequateIntermittent aeration created adequate
environment, but could be improvedenvironment, but could be improved
 control of aerationcontrol of aeration

 ORP or DO probesORP or DO probes
online analysis of nitrate and ammoniaonline analysis of nitrate and ammonia

 Determine optimum biofilm thicknessDetermine optimum biofilm thickness
may improve denitrificationmay improve denitrification

 Study backwash effects on biofilmStudy backwash effects on biofilm
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Thank You & QuestionsThank You & Questions

Nitrifying BacteriaNitrifying Bacteria



IntroductionIntroduction

 Previous applications ofPrevious applications of SAGBsSAGBs
 oxidation of carbonaceous matter (oxidation of carbonaceous matter (organicsorganics))
 nitirificationnitirification
 denitirificationdenitirification
 simultaneous oxidation ofsimultaneous oxidation of organicsorganics andand

nitrificationnitrification



Experimental DesignExperimental Design

Submerged Attached GrowthSubmerged Attached Growth BioreactorBioreactor
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Experimental DesignExperimental Design

 Environmental conditions within reactorEnvironmental conditions within reactor
were achieved by:were achieved by:
 Intermittent aerationIntermittent aeration
Alkalinity feedAlkalinity feed
Constant air and water velocitiesConstant air and water velocities



Experimental ResultsExperimental Results

 System characteristics of CMSTRSystem characteristics of CMSTR
 SAGB characteristics of plug flow reactorSAGB characteristics of plug flow reactor
 Location within filter where nitrificationLocation within filter where nitrification

occurred, related to organic loadoccurred, related to organic load
 TN < 10 mg/l was achieved in all casesTN < 10 mg/l was achieved in all cases



Experimental ResultsExperimental Results
 Flow 8.3 mFlow 8.3 m33/d/d

 organicsorganics removal in upperremoval in upper
portion of filterportion of filter

 flat ammonia & nitrateflat ammonia & nitrate
profile within mediaprofile within media

 nitrification in gravel layernitrification in gravel layer
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Experimental ResultsExperimental Results
 Flow 4.5 mFlow 4.5 m33/d/d

 organicsorganics removal in upperremoval in upper
portion of filterportion of filter

 flat ammonia & nitrateflat ammonia & nitrate
profile within mediaprofile within media

 nitrification in gravel layernitrification in gravel layer
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Experimental ResultsExperimental Results -- NitratesNitrates
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