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Presenter
Presentation Notes
Commercial-scale marine aquaculture has the potential to close the gap between an increasing demand for high quality seafood products and marine fisheries near maximum sustainable yields.  In marine recirculating aquaculture systems (RAS) and/or large “public” aquariums, high nitrate levels are toxic to many species and even low levels are suspected of causing stress in broodstock and larvae.  Additionally, even in flow through freshwater aquaculture systems, the release of nitrate to nearby streams and lakes can be detrimental to the ecology of the receiving water body.  Therefore, the reduction of nitrate by denitrification is of major concern to many in the aquaculture industry.  The development of a low tech, cost effective denitrification technology has become a high priority in the industry as interest in marine aquaculture (land based and offshore) continues to grow and aquaculturist continue to identify new candidate species for culture..  With the increasing use of recirculating aquaculture systems (RAS) and especially in marine RAS systems, there is an increasing demand for highly effective denitrification units in the aquaculture, commercial aquarium, and zoo industries. 

Denitrification has traditionally been achieved by adding methanol or a similar chemical to act as the necessary carbon source in the denitrification reaction in which nitrate is converted to nitrogen gas.  Furthermore, the use of traditional carbon sources such as methanol requires sophisticated computer monitoring and control systems to prevent the production of toxic by-products such as hydrogen sulfide.  This project investigated the potential for using Polyhydroxyalkanotes (PHAs), a biodegradable biopolymer, produced from sugar fermentation, as an alternative organic carbon source for denitrification in RAS  Under anaerobic conditions PHAs degrade releasing carbon.  Three experimental denitrification units with PHA pellets were installed on a 500 L sump tank.  The three experimental denitrification units were operated under varying flow regimes and backwash frequencies.  Low concentrations of nitrate-nitrogen (5 to 25 mg/L-N) were pumped through the experimental units and daily influent and effluent samples taken.  These samples were analyzed for dissolved oxygen, alkalinity, pH, temperature, ammonia-nitrogen, nitrite-nitrogen, and nitrate-nitrogen.  
 
Previous investigations showed that the denitrification units displayed a zero order reaction rate when the nitrate-N levels were above 50 mg-N/l.  The reaction rate is expected to transition to a first order reaction rate as the nitrate-N level falls below some lower limit.  In order to examine the kinetics of operation under the low substrate regime, a set of experiments were conducted with the three lab-scale PolyGeyser® denitrification bioreactors operated at the optimum backwash frequency and flow.  Ebeling and Wheaton (2006) developed a simple procedure for estimating reaction rate kinetics for nitrification through a series of batch reaction rate experiments.  This same procedure was used to estimate the kinetic reaction rate parameters for denitrification using PHAs, i.e. maximum reaction rates and half-saturation constants for the Monod kinetics model.  Based on this information, removal rates can be determined for the various tropic levels: oligotrophic (severely nutrient limited), mesotrophic (moderate nutrient limitation), or eutrophic (nutrient enriched) with respect to their degree of nitrogen and biodegradable organic carbon levels.
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Introduction

Increased Density + Higher Nitrates 
• Nitrate Toxicity (Marine Systems)
• Nitrate – Environmental Impact

Change thinking from conversion of nitrogen to removal of nitrogen!

Presenter
Presentation Notes
Commercial-scale marine aquaculture has the potential to close the gap between an increasing demand for high quality seafood products and marine fisheries near maximum sustainable yields.  Intensive recirculation systems are recognized as one critical component of a commercially viable marine aquaculture development program, whether as supporting systems for offshore cage culture, as broodstock and nursery facilities serving pond production sites, or as autonomous growout facilities.  Intensive recirculation systems can potentially avoid many of the land use and environmental problems, especially those involving the development of marine aquaculture facilities in proximity to coastal wetlands and lowlands.  Recirculating aquaculture systems are also well suited for maintenance of valuable broodstock, off-season spawning, and the production of specific pathogen free fry and fingerlings.  

Historically, nitrate (NO3), the end product of nitrification, has not been of major concern in RAS due to its low toxicity to freshwater organisms (Lee et al., 2000).  However, with the high degree of water reuse that is inherent in both freshwater and marine recirculating aquaculture systems, NO3 reduction becomes more important, since accumulations as high as 100-1,000 mg NO3-N are not uncommon.  Tucker (1999) suggested nitrate nitrogen levels be maintained lower than 20 mg/L for marine larval and juvenile fish and 50 mg/L for older fish.  Of great significance is the toxicity of nitrate to marine organisms due to its inhibitory effect of the animal’s osmoregulatory ability (Russo and Thurston, 1991).  The osmoregulatory stress can manifest itself in the form of inhibition of reproductive cycles, poor egg development, delayed hatching times and higher mortalities and/or inhibition of growth rates of animals of all ages (Shimura et al., 2002).  In marine species, the concentration at which nitrate is toxic, lethal or sub-lethal effects have been detected can vary from 2.2 to more than 5,000 mg/L-N.  Additionally, nitrate is very stable in the natural environment and can be a source of pollution on the receiving waters, causing eutrophication and algal blooms and the resultant high dissolve oxygen consumption as the algae dies off.  The US EPA has limited the nitrate and nitrite concentration in potable water to 10 mg/L-N and 1 mg/L-N respectively and has placed its control on the priority list.  While denitrification may be expensive, it will be mandatory for facilities with either limited water supply or stringent discharge requirements.
 
          
 
 
Currently, a wide variety of aquatic organisms are being grown in recirculating aquaculture systems (RAS), including tilapia, striped bass, eel, turbot, marine shrimp, cobia, artic char, atlantics salmon fry and fingerlings, trout, and many more.  However, the application of recirculating technology to the production of marine organisms has lagged behind freshwater applications.  Economics has been the main obstacle to the widespread adoption of recirculating aquaculture technology by both the freshwater and marine community (Timmons and Ebeling, 2007).  This barrier is slowly yielding, as more experience in commercial size recirculating systems are accumulated and as research and development of more cost-effective systems are moved from the laboratory to the commercial sector.  AST believes that development of a low-tech, cost effective denitrification technology is of critical importance, as aquaculturists continue to identify new candidates for culture and push the carrying capacity limits in recirculating aquaculture systems. 
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Denitrification

Engineering Overview 
• Fundamentals of Denitrification

• Stoichiometry & Kinetics

• Tertiary Denitrification
• Exogenous electron donor

• One-sludge Denitrification

• Other Options
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Denitrification

• Facultative aerobic bacteria
• Shift to NO3

- or NO2
- when O2 limited

• Chemotrophic 
• Heterotrophic – organic electron donor

• Autotrophic – H2 or reduced sulfur

(Bacteria widespread in the environment)
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Heterotrophic Denitrification

• Low BOD treated wastewater – external carbon source

• methanol, acetate, glucose, ethanol, starch – cheap, bulk quantities

• High BOD wastewater – endogenous respiration

Presenter
Presentation Notes
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Denitrification
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Nitrate (NO3
-) ⇒ Nitrite (NO2

-) ⇒ Nitric Oxide (NO) ⇒ Nitrous Oxide (N2) ⇒ Nitrogen Gas (N2)

Presenter
Presentation Notes
	Denitrification is the process in which nitrate is oxidized, ultimately, to nitrogen gas and removed from the water.  This process can be optimally mediated by denitrifying bacteria under specific conditions, such as low redox potential, low oxygen levels, availability of an organic carbon source (BOD) used as an electron donor, a nitrate source as an electron acceptor, a pH range of 7.0-8.5 and a temperature range of 25-32 C (Park 2000).  Electrons released by the oxidation of organic carbon are transferred to the nitrogen atom within the nitrate molecule through a series of steps until inert nitrogen gas is produced as shown in Equation 1.  This denitrification process (Equation 1) is a traditional tool used to reduce nitrogen pollution in agricultural, domestic, and industrial waste streams that threaten eutrophication of surface waters.  If the system is not controlled properly, low redox conditions can develop, which encourage the production of toxic hydrogen sulfide concentrations.  The lethal concentration of sulfide for red drum has been reported 2,600 – 2,800 µg/L.
					
	In the waste water treatment industry, water soluble carbon sources (typically methanol, ethanol, or acetic acid) have been used as electron donors for denitrification.  However, sophisticated and costly computer control systems are often required to regulate the carbon dosage to prevent overdosing of carbon.  An excess of carbon in the absence of nitrate in an anaerobic environment can reduce the redox potentials promoting the reduction of sulfates and the production of toxic sulfides.  These methods also require multiple treatment components, further increasing the overall cost.  Finally, there are certain risks associated with conventional denitrification technologies, such as failure of the process control system, which can lead to overdosing of the carbon source and/or the production of hydrogen sulfide.
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Denitrification

Optimal Conditions 

• Low redox potential

• ORP > -200 mV incomplete denitrification NO2
-, NO2 and N2O

• ORP < 400 mV production of hydrogen sulfide (H2S)

• Low Oxygen Levels (anoxic)

• High DO ⇒ accumulation of intermediates, NO2
-, NO2 and N2O

• pH: 7 to 8

• Alkalinity 3.57 g CaCO3/ g NO3
—N consumed
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Denitrification Classifications

• Tertiary – external carbon source

• methanol, acetate, glucose, ethanol, starch – cheap, bulk quantities

• One-sludge / single sludge - BOD

Wastewater Treatment Industry
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Tertiary Treatment

High VSS
High BOD
High TAN
Low NO3-N

Solids 
Removal

BOD Oxidation
Nitrification

Denitrification
NO3

-⇒ N2

Production
Tank

Aerobic Reactor
Anoxic Reactor

BODs
In VSS

Organic
carbon

Primary Secondary Tertiary

Presenter
Presentation Notes
	Postanoxic design with exogenous external carbon addition, usually methanol.  The anoxic zone is mixed an a short aeration time follows to strip nitrogen gas bubbles from the floc and to provide aerobic conditions for the effluent.  Methanol is a commonly used carbon source due to its lower cost per unit of nitrate removed and low biomass yield.  Typical ratios of methanol to nitrate removed are 3.0 to 4.0 g/g, depending on the amount of DO in the influent wastewater and the anoxic system SRT.  
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Tertiary Treatment

• Organic donors ⇒ heterotrophic denitrification

• “Methanol” – historical, cheap, readily available

• Inorganic donors ⇒ autotrophic denitrification

• hydrogen gas – H2

• Reduced sulfur – SO4
2-

NO3
- + 1.07 CH3OH + H+ ⇒ 0.061 C4H7O2N + N2 + 2.42 H2O + 0.76 CO2

H2 + 0.35 NO3
- + 0.05 CO2 + 0.35 H+ ⇒ 0.01 C4H7O2N + 0.17 N2 + 1.14 H2O

S + 1.2 NO3
- + 0.4 H2O ⇒ SO4

2- + 0.60 N2 + 0.80 H+
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Tertiary Treatment

• Activated Sludge
• SRT = 5 days

• 0.75 g VSS/g NO3-N removed

• Biofilms
• Submerged Fixed Films

• Fluidized Media

• MBBR

• Membrane Bioreactors
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Single-sludge Denitrification
(preanoxic denitrification)

High VSS
High BOD
High TAN
Low NO3-N

TAN  ⇒ NO3

BOD Oxidation

Denitrification
NO3

-⇒ N2

carbon from
BOD

Production
Tank

Aerobic ReactorAnoxic Reactor

Aeration

High TAN

Low NO3

Low BOD

Low TAN
Low NO3-N

Advantages: direct use of influent BOD, faster kinetics, low TAN discharge

Recycle 400%

Presenter
Presentation Notes
	The influent wastewater is fed first to an anoxic zone, followed by an aerobic zone.  The nitrate formed in the aerobic zone is returned by internal recycle to the anoxic zone.  The internal recycle flow ratio (recycle flowrate divided by influent flowrate) typically ranges from 2 to 4.  With sufficient influent BOD and anoxic contact time, these recycle ratios result in an average effluent nitrate concentration from 4 to 7 mg/L.  A BOD/TKN ratio of 4:1 in the influent wastewater is usually sufficient for effective nitrate reduction by preanoxic processes.  
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Single-sludge Denitrification
(biomass storage & decay or postanoxic denitrification)

High VSS
High BOD
High TAN
Low NO3-N

TAN  ⇒ NO3

BOD Oxidation

(partially)

Denitrification
NO3

-⇒ N2

carbon from
VSS carryover

Production
Tank

Aerobic Reactor Anoxic Reactor

Aeration

NO3-N

VSS

endogenous 
respiration
releases
TAN

Low BOD

High TAN
Low NO3-N

Problems: slow kinetics of endogenous respiration, release of TAN from decaying sludge

Presenter
Presentation Notes
	To achieve high nitrate removal efficiency, a long detention time is required in the postanoxic tank because the denitrification rate is proportional to the endogenous respiration rate.  
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Single-sludge Denitrification

• BOD supplies organic carbon source

• Integrated into biofilter
• Aerobic: oxidation of BOD & nitrification

• Anoxic: denitrification

• Advantages
• No chemicals – reduces cost, danger of under /overdosing

• BOD removed as part of denitrification process

• High percentage of nitrogen removed
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Presentation Notes
	



Aquaculture Systems Technologies, LLC

AST Research Areas

preanoxic denitrification –single sludge

postanoxic denitrification – Tertiary treatment

PolyGeyser® Bead Filter

PolyGeyser® Bead Filter
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DOC/NOAA Phase I SBIR

Phase I Technical Objectives

Characterize the volumetric denitrification capacity, using captured 
solids, in AST’s drop filter configuration

Determine the effects of the sludge retention time and backwash 
frequency on the denitrification process within these filters

Conduct basic reactor modeling to project PolyGeyser denitrification 
performances for a variety of applications

Concurrent Clarification and Biological Nitrification/Denitrification in 
a Single Floating Bead Bioclarifier to Simplify Nitrogen Management 
in Recirculating Aquaculture Systems

Presenter
Presentation Notes
Phase I Technical Objectives
Characterize the volumetric denitrification capacity, using captured solids, in AST’s drop filter configuration
Determine the effects of the sludge retention time and backwash frequency on the denitrification process within these filters.
Conduct basic reactor modeling to project denitrification performance for a variety of applications
Investigate market opportunities for these units and project production costs.
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PolyGeyser® Bead Filter

High BOD
High TAN
Low NO3-N

TAN  ⇒ NO3

BOD Oxidation

Denitrification
NO3

-⇒ N2

carbon from
BOD

Aerobic Reactor

Anoxic Reactor

Low NO3

Low BOD

Low TAN
Low NO3-N

High NO3

preanoxic denitrification

Presenter
Presentation Notes
	The PolyGeyser® Bead Filter are the newest addition to Aquaculture Systems Technologies’ line of commercially available Bead Filters.  Under development for several years, the technology exploits the biofilm protection provided by Enhanced Nitrification (EN) Bead Media.  These technologies were refined under earlier USDA and Department of Commerce SBIR grants (Proposal No. 9804523 and Proposal No.DOC-97-1).  PolyGeyser® bioclarifier offer a very high degree of reliability and are virtually resistant to clogging and caking by virtue of the fact that they backwash automatically using no moving parts or electronics.

	Under normal operation as a bioclarifier, a packed bed of floating media occupy region (D) in the figure to the left.  During this time, water from the tank, containing both TAN, BOD, nitrate and particulate matter, enters the filter through pipe (A&B).  The influent water passes through the media bed, where biological activity removes TAN and BOD and generates NO3-N, while concurrently trapping solids within the packed bed media.  At the same time, air flows into a separate chamber (C), air charge chamber.  When the air volume within the air charge chamber (C) reaches a critical value, the trigger (G) automatically and violently, releases the air through the bead bed.  The release of air physically abrades the media particles against each other and causes the media to fall into chamber (H), the drop zone.  When the bed expands, the solids trapped within the bed fall into the sludge storage chamber (I) where they are stored until the sludge requires removal via spigot (J).  
	In summary, AST believes that we are on the verge of a massive expansion of marine aquaculture and that recirculating systems will have a major role to play in supporting this expansion.  The use of saltwater and the placement of these facilities in sensitive coastal environments will increase the potential for environmental conflict, driving pressures for extending water reuse.  High production densities will be inhibited by nitrate accumulations in low exchange marine recirculating systems.  This will drive an increased demand for denitrification units in the market.  AST proposed a “passive” denitrification strategy that will reduce the level of onsite management (or process control) as an alternative to the existing denitrification technologies.  AST believes that the proposed denitrification system using settled solids will be simple to operate, and combine serial unit operations into one simple system, that they would be highly competitive in the market.
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Anoxic Conditions in the Sludge Zone

Dissolved Oxygen concentrations across the drop zone and in sludge zone of the 
DF-3 PolyGeyser® at backwash intervals of 1.9, 5.5, and 9.1 hrs.

Presenter
Presentation Notes
	The denitrification process requires anoxic conditions, or dissolved oxygen conditions less than 1.0 mg/L.  Even with no modification in the sludge zone for the DF-3 PolyGeyser™, there still exist the required anoxic conditions within a 6 inch layer in the sludge zone as shown in Figure 10. 
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Water Quality across DF-3 PolyGeyser®

Nitrate-nitrogen concentrations across the drop zone and in sludge zone of 
the DF-3 PolyGeyser® at backwash intervals of 1.9, 5.5, and 9.1 hrs. 

Presenter
Presentation Notes
The above figure shows the nitrate-nitrogen concentration in the sludge zone drops significantly more the longer the backwash interval and has more impact on the nitrate concentration in the zone immediately above it. 
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Water Quality across DF-3 PolyGeyser®

Alkalinity concentrations across the drop zone and in sludge zone of the DF-3 
PolyGeyser® at backwash intervals of 1.9, 5.5, and 9.1 hrs 

Presenter
Presentation Notes
The above figure shows the alkalinity concentration across the drop zone and in the sludge zone and demonstrates even more clearly the impact above the sludge zone.  Thus, even without any mixing of the sludge zone and drop zone, there is substantial nitrate-nitrogen removal in the sludge zone and immediately above, depending upon the backwash interval. 
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USDA Phase I SBIR

Phase I Technical Objectives

• Characterize the volumetric denitrification capacity of floating PHA 
pellets in AST’s PolyGeyser® configuration

• Determine the effect of hydraulic loading rates on denitrification 
performance

• Conduct basic reactor modeling to project PolyGeyser® denitrification 
performances for a variety of applications

Passive Self-Regulating Denitrification Technology for 
Aquaculture

Presenter
Presentation Notes
Phase I Technical Objectives
Characterize the volumetric denitrification capacity, using captured solids, in AST’s drop filter configuration
Determine the effects of the sludge retention time and backwash frequency on the denitrification process within these filters.
Conduct basic reactor modeling to project denitrification performance for a variety of applications
Investigate market opportunities for these units and project production costs.
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PolyGeyser® Bead Filter

A

J

Denitrification
NO3

-⇒ N2

carbon from
PHA’s

Anoxic Reactor

NO3-N

VSS

Low BOD

High TAN
Low NO3-N
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	The PolyGeyser® Bead Filter are the newest addition to Aquaculture Systems Technologies’ line of commercially available Bead Filters.  Under development for several years, the technology exploits the biofilm protection provided by Enhanced Nitrification (EN) Bead Media.  These technologies were refined under earlier USDA and Department of Commerce SBIR grants (Proposal No. 9804523 and Proposal No.DOC-97-1).  PolyGeyser® bioclarifier offer a very high degree of reliability and are virtually resistant to clogging and caking by virtue of the fact that they backwash automatically using no moving parts or electronics.

	Under normal operation as a bioclarifier, a packed bed of floating media occupy region (D) in the figure to the left.  During this time, water from the tank, containing both TAN, BOD, nitrate and particulate matter, enters the filter through pipe (A&B).  The influent water passes through the media bed, where biological activity removes TAN and BOD and generates NO3-N, while concurrently trapping solids within the packed bed media.  At the same time, air flows into a separate chamber (C), air charge chamber.  When the air volume within the air charge chamber (C) reaches a critical value, the trigger (G) automatically and violently, releases the air through the bead bed.  The release of air physically abrades the media particles against each other and causes the media to fall into chamber (H), the drop zone.  When the bed expands, the solids trapped within the bed fall into the sludge storage chamber (I) where they are stored until the sludge requires removal via spigot (J).  
	In summary, AST believes that we are on the verge of a massive expansion of marine aquaculture and that recirculating systems will have a major role to play in supporting this expansion.  The use of saltwater and the placement of these facilities in sensitive coastal environments will increase the potential for environmental conflict, driving pressures for extending water reuse.  High production densities will be inhibited by nitrate accumulations in low exchange marine recirculating systems.  This will drive an increased demand for denitrification units in the market.  AST proposed a “passive” denitrification strategy that will reduce the level of onsite management (or process control) as an alternative to the existing denitrification technologies.  AST believes that the proposed denitrification system using settled solids will be simple to operate, and combine serial unit operations into one simple system, that they would be highly competitive in the market.
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Polyhydroxyalkanotes (PHAs)

Family of bioplastic polymers, produced 
from sugar fermentation

• Low Maintenance
• Cost effective
• Carbon source
• Substrate for Bacteria

Presenter
Presentation Notes
Polyhydroxyalkanotes (PHAs) are a family of bioplastic polymers, produced from sugar fermentation.  The biodegradation of PHA’s in the presence of nutrients releases organic carbon, which makes them an ideal substrate for a self-regulating, passive denitrification reactor.  PHAs offer a potential low maintenance, cost effective method to achieve denitrification, since they act as both an organic carbon source and substrate for denitrifying bacteria to attach to (Boley et al., 2000).  This in turn, eliminates the need for sophisticated control systems and handling of hazardous chemicals, required by the conventional methods of treatment (Boley et al., 2000, Lee et al, 2000).
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Denitrification – PHA Stoichiometry

NO3
- +  0.39  C4H6O2 → 0.088  C5H7O2N + 0.456  N2

+ HCO3
- + 0.121  CO2 + 0.363 H2O
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Polyhydroxyalkanotes (PHAs)

• excessive biofloc formation at high 
Nitrate-nitrogen loading & high BOD

Presenter
Presentation Notes
	In 2002, Metabolix, Inc funded a small project at Louisiana State University Department of Civil and Environmental Engineering’s Institute for Ecological Infrastructure Engineering Laboratory in an effort to confirm the feasibility of utilizing PHA pellets as a carbon source for the denitrification process.  These studies, conducted by our consultant, Dr. Ronald F. Malone, demonstrated that within the reactor environment the PHAs are a rich source of carbon.  Peak denitrification rates observed in simple fixed bed reactors operated under short-term batch reaction approached 2 kg/m3-d.  Comparatively, other authors have reported denitrification rates of 0.452 kg/m3-d and 0.14 kg/m3-d, using methanol as a carbon source.  One of the major problems encountered with earlier studies was excessive biofloc formation from the heterotrophic bacteria using the carbon released that biofouling of the columns limited the process. 
	The successful results from these initial studies led AST researchers to hypothesize that the problems associated with clogging and short circuiting of the PHA filter bed could be addressed by utilizing the newest patented bead filter technology as a denitrification platform.  The PolyGeyser® bioclarifier promotes a healthy thin biofilm due to its characteristic frequent, gentle backwashing, which eliminates the clogging problem observed with packed beds.  Additionally, the ability to manipulate backwash frequency allows the biofilm abrasion rate to be tuned.  Excessive abrasion was a problem with fluidized denitrification beds operated at LSU.
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Construction of Lab-Scale Experimental 
PolyGeyser®

Presenter
Presentation Notes
Three lab-scale bioreactor units (Figure 1) utilized the same design criteria used for the 3-ft3 commercial PolyGeyser® were constructed out of 15.24 cm (6 inch) diameter acrylic tubing.  The bioreactors were constructed in four separate sections to allow for modifications of the sludge zone, drop zones, media chamber and discharge reservoir as needed.  Water inlet, water outlet, air inlet and sludge outlet ports were drilled and tapped into the acrylic to facilitate connection to standard PVC plumbing fittings.  Water enriched with nitrate (sodium nitrate) was pumped from the sump using a MasterFlex pump Model 7524-50 in an upflow configuration through the media bed (3 L) and returned to the sump.  This allowed the flow rate to be adjusted from 4 mL/min to a maximum flow rate of 280 mL/min.  The sump was a polyethylene tank, 110 cm in diameter and 50 cm deep, painted black to minimize algae growth.  As aerobic then facultative bacteria oxidize the organic rich PHA substrate, dissolved oxygen was depleted in the bottom 25-33 % of the bed.  The need to provide oxygen removal in the lower reaches of the bed defines the upper flow rate limit.  Prior experiments conducted at LSU (Gutierrex-Wing, 2006) indicate that this flow rate is in the range of 0.07 to 0.11 liters per minute per liter of PHA media, or 210 to 330 mL/min for 3 L of PHA media.
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Construction of Small-Scale Experimental 
BioReactors



Aquaculture Systems Technologies, LLC

Water Quality Sampling

Parameter Method / Range
DO / Temperature YSI Model  58 Dissolved Oxygen Meter

Salinity / Conductivity YSI Model  33 S-C-T Meter

Nitrogen – Ammonia Hach Method 8038 Nessler Method   
0 – 2.50 mg/L NH3-N

Nitrogen –Nitrite Hach Method 8507 Diazotization Method 
0 – 0.300 mg/L NO2

- -N

Nitrogen -Nitrate Hach Method 8039 Cadmium Reduction Method   
0.0 – 10.0 mg/L NO3

- - N

Alkalinity Standard Methods 2320B as CaCO3

Presenter
Presentation Notes
Water quality sampling protocols consisted of the daily collection of a 250 mL sample from the inlet and outlet of each bioreactor.  These were immediately analyzed for pH, ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen, and alkalinity.  Dissolved oxygen and temperature were also measured in the effluent of each bioreactor and the sump tank with a YSI Model Y55 DO meter.  Standard methods were used (APHA 2005) and where appropriate, primary standards were analyzed along with the samples for quality assurance.  Table 1 summarizes the laboratory methods used for analysis.  
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PolyGeyser® - Backwash
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Solids Removal
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Acclimation of Experimental Denitrification 
Units at High Nitrate-nitrogen

Nitrate-nitrogen: Influent & Effluent
Three Bioreactors

NO3-N = -4.38 mg/L day
R2 = 0.952
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Acclimation of Experimental Denitrification 
Units at High Nitrate-nitrogen

Alkalinity : Influent & Effluent
Three BioReactors

Alkalinity = 16.5 mg/L day
R2 = 0.98
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Acclimation of Experimental Denitrification 
Units at High Nitrate-nitrogen

Dissolved Oxygen: Influent & Effluent
Three Bioreactors
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Marine Lab-Scale BioReactors

• Salinity – 10 to 32 ppt
• Low BOD
• Low TSS
• Nitrate – 50 to 250 mg/L-N
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Nitrate-nitrogen Across BioReactors
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Alkalinity Across BioReactors
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Volumetric Nitrification Removal Rate
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Conclusions

• Three lab-scale denitrification BioReactor were 
designed, constructed and operated

• Three lab-scale PolyGeyser® denitrification unit was 
designed, constructed and are operating

• “proof – of-concept” 

Presenter
Presentation Notes
A lab-scale PolyGeyser® denitrification unit was designed and three units constructed utilized the same design criteria used for the 3-ft3 commercial PolyGeyser® Bead Filter.  Numerous replicated tests were conducted to quantify the denitrification capacity of the PHAs and the impact of backflushing on performance.  For each test, water quality samples of influent and effluent were analyzed for pH, ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen, and alkalinity. Dissolved oxygen and temperature were also measured in each bioreactor and the production tank.  The results of the Phase I research showed a removal rates for nitrate by the lab-scale bioreactor units surpassed 2.0 kg/m3-day with no clogging or short circuiting of the media bed.  Backwash frequency to maintain the biofloc was found to be once every one to two days.  Excess biofloc settled quickly to the bottom of the bioreactors and was drained from the system on a daily basis. Test results, showing constant removal of nitrate over a 5 day period at an average removal rate of 2.06 kg NO3-N/m3-day. 
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Questions?

Presenter
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