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ABSTRACT 
 

Non-point sources (NPS) of pollution are non-discernable, diffuse sources of pollution that 

are often difficult to localize and in turn mitigate. NPS can include stormwater runoff, 

agricultural/aquaculture wastes and wastes from small decentralized wastewater treatment 

systems, such as conventional septic systems. The mitigation of these NPS is imperative to reduce 

their potential detrimental effects on the water environment. This dissertation addresses novel 

treatment technologies for the mitigation of nutrients, particularly nitrogen, in Recirculating 

Aquaculture Systems (RAS) and onsite wastewater treatment systems (OWTS). The removal of 

trace organics limiting RAS production and water reuse were also investigated. 

The first question this dissertation addressed is: Can the application of a UV-TiO2 reactor 

reduce the concentration of off-flavor compounds in RAS? In the UV-TiO2 reactor, spray-coated 

TiO2 plates were placed in an aluminum reactor and exposed to UV light. The process was applied 

in both a full-scale sturgeon RAS and a bench-scale RAS for the degradation of Geosmin (GSM) 

and 2-methylisoborneol (MIB). Improved performance on the removal of GSM and MIB was 

observed when the UV-TiO2 was applied as a batch reactor since it allowed for a longer treatment 

time without the effect of constant production of the compounds in the biological treatment 

processes. Treatment performance of UV-TiO2 was affected by GSM and MIB concentrations and 

dissolved oxygen. No harmful effects were observed on other water quality parameters when the 

UV-TiO2 reactor was operated as a batch or side stream process.



xi 

The second question this dissertation addressed is: Does the application of Tire-Sulfur 

Hybrid Adsorption Denitrification (T-SHAD) in RAS improve nutrient and off-flavor compound 

removal when compared to conventional heterotrophic denitrification? T-SHAD combines tire 

mulch as an adsorbent and sulfur oxidizing denitrification for the removal of NO3
--N from the 

aquaculture waters. Adsorption studies showed the tire has significant adsorption capacity for the 

off-flavor compounds GSM and MIB but can be limited by contact time and, possibly, the presence 

of competing organic matter in RAS. The application of T-SHAD as an effluent polishing step in 

RAS with a high empty bed contact time (EBCT) of 720 min removed 96.6% of NO3
--N and 69.6% 

of GSM. The application of T-SHAD within RAS as denitrification side treatment for NO3
--N 

removal resulted in lower EBCT (185 min) that limited NO3
--N removal to 21% and showed no 

significant removal of off-flavor compounds. The comparison between T-SHAD and a molasses 

fed heterotrophic upflow packed bed reactor (UPBR), showed no significant differences in N 

species concentrations as well as off-flavor compound removal. However, high production of 

SO4
2- resulted from sulfur oxidizing denitrification (SOD) processes was noted.  

Hybrid Adsorption and Biological Treatment Systems (HABiTS), is composed of two 

biofilters in series employing ion exchange (IX) and nitrification for removal of NH4
+ and tire 

scrap coupled with sulfur chips and oyster shells for both adsorption and SOD of NO3
-. The third 

question addressed in this dissertation is: What IX/adsorption media best balances both ammonium 

removal and cost effectiveness for application in OWTS? Adsorption isotherms performed with 

different media materials showed that the zeolite material, clinoptilolite, was the best medium for 

the nitrification stage of HABiTS due to its high IX capacity for NH4
+and cost. An adsorption 

capacity of 11.69 mg g-1 NH4
+-N when in competition with other cations present in septic tank 

effluents was determined by the IX model fit to the data. 
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 The cost of clinoptilolite is significantly higher than the other media materials tested. 

However, the high adsorption capacity would allow for low dosages that can be combined with 

non-adsorptive material reducing overall costs.  

The fourth question this dissertation addressed is: How is the BNR process within HABiTS 

affected by IX? Results from side-by-side biofilter studies with HABiTS and a conventional 

nitrification/denitrification biofilter showed that the combined IX and nitrification in HABiTS can 

allow for faster startup, sustain variable loading, and achieve over 80% removal of NH4
+ at a 

hydraulic loading rate of 0.34 m3 m-2-d-1 when compared to the conventional biofilter with 73% 

removal. Under lower loading rates the biological treatment was enhanced and dominated the NH4
+ 

removal processes in both columns. The addition of a denitrification stage decreased Total 

Inorganic Nitrogen (TIN) by 53.54% and 40.97%, for the HABiTS treatment and the control 

treatment, respectively, under loading rates of 0.21 m3 m-2-d-1. Further decrease of NH4
+-N loading 

rates results in high desorption of exchanged NH4
+ in the clinoptilolite, resulting in lower TIN 

removal efficiencies (28.7%) when compared to the conventional control treatment (62%). 

The final question addressed in this dissertation is: Does the proposed hybrid system 

enhance the removal of TIN in OWTS under transient loading conditions? Further studies with 

HABiTS and the conventional biofilter were performed to determine N removal performance on 

an hourly basis. It was found that the performance of HABiTS varies with daily and hourly loads, 

particularly when recovering from periods of very low loading to high loadings and vice versa. If 

recovering from low loading periods, IX is observed for HABiTS and the biofilter outperforms the 

conventional treatment in overall TIN removal. However, recovery from a high loading period 

results in release of NH4
+-N stored in the clinoptilolite and increased production of NO3

--N that 

could affect the performance of the denitrification stage.
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CHAPTER 1:!INTRODUCTION 
 
1.1 Non-Point Sources of Pollution 

Point sources of pollution have been the focus of the wastewater industry for decades, 

resulting in advances in the design, development, implementation and optimization of treatment 

technologies to mitigate them. More often than not these pollution sources (i.e. industrial and 

domestic wastewater) are mitigated with centralized wastewater treatment systems. These large-

scale systems, most common in the developed world, collect the wastewater from industry and 

large residential areas where it is treated to achieve minimum standards enforced locally and/or 

nationally depending on the country. In the United States, for example, effluents from centralized 

wastewater treatment systems must comply with National Pollutant Discharge Elimination System 

(NPDES) permits, which often have stringent limits on solids, fecal coliforms, organics (i.e. 

biochemical oxygen demand) and nutrient (e.g. nitrogen (N) and phosphorus (P) species) 

concentrations (USEPA, 2002). Non-point sources (NPS) of pollution, on the other hand, are much 

more challenging to regulate and control. NPS are defined as non-discernable, diffuse sources of 

pollution (USEPA, 2002) that are often difficult to localize and in turn mitigate. NPS can include 

stormwater runoff, agricultural/aquaculture wastes and wastes from small decentralized 

wastewater treatment systems (DWTS), such as conventional septic systems. This dissertation 

focuses on two of the above mentioned NPS, aquaculture wastes and conventional septic systems, 

and addresses novel treatment technologies for the mitigation of nutrients and trace organics 

produced by these sources. Although stormwater runoff has also been recognized to have 

significant impact on aquatic environments, technologies for control of stormwater runoff are 
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outside of the scope of this dissertation. Further review on these NPS as well as nutrient and trace 

organic removal processes within the technologies that address NPS is addressed in Chapter 2, the 

literature review. Chapters 3, 4 and 5 address technologies for the management and advanced 

treatment of these NPS. Chapter 6 of this dissertation presents conclusions and recommendations 

on the studied treatment technologies. 

1.2 Recirculating Aquaculture Systems 

Aquaculture is a form of agriculture that involves the farming of aquatic species, be it for 

decoration (such as tropical fish), animal consumption (shrimp) or human consumption (catfish, 

salmon, sturgeon, caviar) (FDAC, 2013). Farm level aquaculture has become popular worldwide 

due to the high demand for fish protein (Christianson and Summerfelt, 2014) and declining wild 

fish stocks. Sales from farm-level aquaculture were reported to be approximately $1.1 billion in 

the US in 2005 (USDA, 2005). In the state of Florida, total aquaculture sales were reported of 

approximately $69 million in 2012, of which $24.1 million were products for human consumption 

(FDAC, 2013). Conventional aquaculture systems involve constant fresh water inputs and high 

wastewater production (Hamlin et al., 2008). Recirculating aquaculture systems (RAS) treat and 

recirculate wastewater back to fish tanks, reducing fresh water inputs and wastewater discharges, 

while providing more environmental control and higher aquaculture product production rates 

(Gonçalves and Gagnon, 2011). Treatment processes in RAS include media or drum filters for 

solids removal and biological nitrogen removal (BNR). Typical RAS treatment is focused on 

ammonium (NH4
+) and subsequently nitrite (NO2

-) removal due to the high toxicity of these 

species for aquatic organisms at concentrations above 1 mg L-1 and 0.3 mg L-1, respectively 

(Timmons et al., 2002; Hamlin et al., 2008). Through BNR processes under aerobic conditions 

these compounds are oxidized to NO3
-, which accumulates in the RAS and often climbs to high 
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concentrations in low water exchange systems. Depending on the type of fish and desired water 

recirculation rates and quality, additional treatment units can be utilized including denitrification 

and ultraviolet (UV) light and/or ozone for disinfection. Prior studies indicate detrimental effects 

of high NO3
--N (>100 mg L-1) on fish health (Hamlin, 2006; Davidson et al., 2014) highlighting 

the importance of the mitigation of all inorganic N species in RAS. 

RAS are also challenged by their limited removal of trace organics, such as off-flavor 

compounds geosmin (GSM) and 2-methylisoborneol (MIB). These compounds are secondary 

metabolites of cyanobacteria and some actinomycetes (Guttman and van Rijn, 2008) that cause an 

earthy musty flavor that can be detected in water at extremely low concentrations (between 10 and 

20 ng L-1; Drikas et al., 2009). Additionally, GSM and MIB accumulate in the lipid-rich tissue of 

fish and can affect taste and quality of fish, particularly catfish, salmon and sturgeon (Howgate, 

2004). The current removal approach for these compounds is to purge them from the fish prior to 

harvesting, which requires large amounts of highly treated water (Burr et al., 2012). 

Multiple technologies have been studied for removal of GSM and MIB. Physical-chemical 

processes, such as activated carbon adsorption, have also been studied for the removal GSM and 

MIB. Activated carbon has been found effective at removal off-flavor compounds but require high 

dosing rates to achieve concentration levels below the detection threshold (Matsui et al., 2013) 

resulting in high cost of treatment (Bamuza-Pemu and Chirwa, 2012), and the need to regenerate 

or dispose of the spent material. The effect of other organic materials, such as humic acids, 

competing for the same adsorption space can also limit adsorption capacity and rate, further 

hindering the removal process (Matsui et al., 2013; Newcombe et al., 2002).  

Advanced treatment technologies for GSM and MIB include oxidation processes such as 

ultraviolet radiation (UV), ozonation, and advanced oxidation processes (AOPs) using different 
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catalysts (Srinivasan & Sorial, 2011) or a combination of two or more oxidation processes. AOPs 

rely on highly reactive hydroxyl radicals, which are non-selective and able to oxidize electron-rich 

organic compounds (Howe et al., 2012). In aquaculture, UV or ozonation are commonly used for 

pathogen control but the dosing is often insufficient for GSM and MIB removal (Schrader et al., 

2010). UV photocatalysis with titanium dioxide (TiO2) is an AOP that has been used in multiple 

applications and found to oxidize up to 99% of GSM and MIB (Lawton et al., 2003). The catalyst 

is typically applied as a slurry, which requires post treatment for the removal of the particles. The 

application of this method in aquaculture is problematic since the filtration method typically used 

cannot remove fine particles and the effect of TiO2 particles on fish health is unknown.  

Chapter 3 of this dissertation discusses the application of a novel UV-TiO2 photocatalysis 

reactor for the removal of GSM and MIB in RAS.  In the UV-TiO2 reactor, spray coated TiO2 

plates are placed in an aluminum reactor and submitted to UV light. The process was applied in 

both a full-scale sturgeon RAS and a bench-scale RAS for the degradation of GSM and MIB. The 

question this chapter aims to answer is: Can the application of a UV-TiO2 reactor reduce the 

concentrations off-flavor compounds in RAS? The specific objectives of this chapter were as 

follows: 

•! Investigate the performance of the UV-TiO2 treatment under batch and continuous flow 

reactor configurations for the removal of GSM and MIB in RAS. 

•! Evaluate and discuss the effect of the UV-TiO2 treatment on water quality parameters and 

the possible impacts on biological wastewater treatment processes in RAS. 

Chapter 4 of this dissertation discusses the application of a Tire Sulfur Hybrid Adsorption 

Denitrification (T-SHAD) reactor in RAS. T-SHAD combines tire mulch as an adsorbent and 

sulfur oxidizing denitrification for the removal of NO3
- from the fish water. This chapter aims to 
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answer the following question: Does the application of T-SHAD in RAS improve nutrient and off-

flavor compound removal when compared to conventional heterotrophic denitrification? The 

specific objectives of this study were to: 

•! Determine the adsorption capacity of tire mulch for GSM and MIB. 

•! Assess denitrification and off-flavor compound removal performance of T-SHAD in 

different reactor configurations in a bench-scale RAS. 

•! Compare T-SHAD to heterotrophic denitrification utilizing molasses as an organic electron 

donor and carbon source. 

1.3 Onsite Wastewater Systems 

Conventional septic tank systems, also known as onsite waste water treatment systems 

(OWTS), treat approximately one third of the wastewater in the US and in some states the use of 

these systems can exceed 40% (USEPA, 2002). In 2007, more than 26 million households 

employed a septic system for their wastewater treatment, with the majority located in rural and 

suburban areas (USEPA, 2008). Conventional OWTS consist of a septic tank for solids separation 

and biodegradation of organics and a soil infiltration system, or drainfield, to further remove solids, 

organics and pathogens.  There are many advantages tied to OWTS, such as simplicity of 

operation, reliability, low cost when compared to centralized treatment in rural and suburban areas, 

and low maintenance requirements (USEPA, 1999). Major challenges of conventional OWTS 

include: 

•! Application limitations due to water table elevation and proximity to drinking water 

supplies and environmentally sensitive areas (USEPA, 1999; FDOH, 2013; Gorman and 

Halvorsen, 2006). 
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•! Variable water usage within the household and long idle times (e.g. during vacations) 

result in highly variable loading rates, which in turn affect the biological treatment 

process (USEPA, 1999, 2002; Oakley, 2010). 

•! Little to no N removal (USEPA, 1999) causing contamination of groundwater and 

surface water (Howe et al, 2012; Liu et al, 2009). 

Reported water quality data for domestic wastewater in the US are shown in Table 1. Most 

of the total nitrogen (TN) entering OWTS is in the form of organic N and NH4
+ from urine and 

food wastes (Ahuja et al., 2014). Since anaerobic conditions persist in the septic tank, only 

pathogen inactivation and some organic matter degradation will occur. When the effluent is 

distributed over the surface of the drainfield, nitrification can occur as the wastewater percolates 

through the soil media surrounding the distribution system. The effluent of the drainfield, which 

is high in NO3
-, can eventually reach the groundwater and other water bodies (Gill et al., 2009) 

and potentially affect the quality of drinking water if the OWTS is close to drinking water wells. 

Table 1.1: Quality of domestic wastewater (modified from Siegrist et al., 2013). 

Constituent Units Lowe et 
al. (2009) 

USEPA 
(2002) 

Crites & 
Tchobanoglous  

(1998) 

Hirst et al. 
(2013) 

  Range Range Range Range 
TSSa mg L-1 22-1690 155-330 100-350 22-63 

cBOD5b mg L-1 112-1101 155-286 110-400 30-190 
CODc mg L-1 139-4584 500-600 250-1000 170-420 

TOCd mg L-1 35-738 Not 
reported 80-290 Not reported 

TNe mg L-1 9-240 26-75 20-85 71-97 
TPf mg L-1 0.2-32 6-12 4-15 6-11 

a Total Suspended Solids (TSS) 
b Carbonaceous Biological Oxygen Demand (cBOD5) 
c Chemical Oxygen Demand (COD) 
d Total Organic Carbon (TOC) 
e Total Nitrogen 
f Total Phosphorus 
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Passive OWTS are defined as systems that utilize only one pump, no artificial aeration for 

nitrification, and reactive media for denitrification (FDOH, 2013).  A number of prior studies have 

investigated passive N-removing OWTS. The majority of these studies enhanced treatment within 

the drainfield to allow for BNR and remove N species (Chang et al., 2010; Xuan et al., 2012; Kong 

et al., 2014). However, removal of N species was very variable requiring additional research into 

the subject.  

A combination of ion exchange (IX) and biological treatment has the potential to enhance 

passive nitrogen removal in OWTS. IX materials, such as the zeolite compounds chabazite and 

clinoptilolite, have the ability to adsorb positively charged ions, such as NH4
+ (Jorgensen and 

Weatherley, 2003; Rozic et al., 2000; Wen et al., 2006). Bioregeneration can be carried out by 

nitrifying bacteria (Lahav and Green, 1999), allowing the reuse of the material.  The combination 

of IX and biological nitrification has the potential to provide enhanced treatment of the variable 

NH4
+ loadings observed in OWTS.  During periods of high loading, NH4

+ loads in excess of the 

capacity of the nitrifying bacteria are adsorbed by the IX media.  During low loading periods, NH4
+ 

is desorbed and is utilized by the nitrifying population. A study by the Florida Department of 

Health (FDOH) and Hazen and Sawyer (H&S) showed that application of clinoptilolite in the 

nitrification stage of a two-stage passive OWTS resulted in 94% removal of Total Kedhjal 

Nitrogen (TKN; NH4
+-N + Organic N) entering the system (Hirst et al., 2013).  The use of the 

combined IX/nitrification process coupled with sulfur oxidizing denitrification (SOD) resulted in 

average effluent TN below 3 mg L-1.  The residual TN was mostly in the form of organic nitrogen 

and NH4
+ since NO3

- and NO2
- were reduced below 1 mg L-1 (Hirst et al., 2013). In a similar 

manner, scrap tire chips were recently shown in our laboratory to have a high IX capacity for NO3
- 

(Krayzelova et al., 2014; Lisi et al., 2004).  The tire chips can be bioregenerated by biological 
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denitrification.  Krayzelova et al. (2014) combined IX on scrap tire chips and autotrophic SOD in 

bench-scale studies with synthetic OWTS wastewater.  NO3
- removal efficiencies of 90%, 89% 

and 94% were achieved under steady state, variable flow and variable concentrations, respectively.  

Inspired by the studies of Hirst et al. (2013) and Krayzelova et al. (2014), Chapter 5 of this 

dissertation investigates Hybrid Adsorption and Biological Treatment Systems (HABiTS) for the 

removal of N in OWTS. HABiTS is composed of two biofilters in series employing IX and 

nitrification for removal of NH4
+ and tire scrap coupled with sulfur chips and oyster shells for both 

adsorption and SOD of NO3
-. This chapter aims to answer the following questions: 

1.! What IX/adsorption media best balances both ammonium removal and cost effectiveness for 

application in OWTS? 

2.! How is the BNR process within HABiTS affected by IX? 

3.! Does the proposed hybrid system enhance the removal of TIN in OWTS under transient loading 

conditions? 

The specific objectives for this chapter are as follows: 

•! Determine NH4
+ adsorption capacity, hydraulic properties, cost and availability of various 

IX media for application in HABiTS. 

•! Compare the performance of HABiTS enhanced OWTS with nitrification/denitrification 

biofilters without an adsorptive medium under transient loading conditions. 

•! Compare the hourly performance of HABiTS with nitrification/denitrification biofilters 

without an adsorptive medium under transient loading conditions.  
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CHAPTER 2:!LITERATURE REVIEW 
 
2.1 Non-Point Sources of Pollution 

A non-point source (NPS) of pollution is defined by the Unites States Environmental 

Protection Agency (USEPA, 2008) as a source that does not meet the legal definition of a point 

source. These sources are diffuse and non-discernable sources and are more difficult to control 

than point sources, and include agricultural and urban runoff and on-site wastewater treatment 

systems (OWTS). This dissertation will address problems with the control of Nitrogen (N) from 

two important NPS, recirculating aquaculture systems (RAS) and OWTS. The following 

subsections expand the literature review presented in the introduction to provide a more in depth 

background of the NPS and the efforts at mitigating those. Additional review of relevant literature 

can be found in the introductions of Chapters 3, 4 and 5. 

2.1.1 Recirculating Aquaculture Systems (RAS) 

Land based farmed fish production has increased as a response to the high demand for fish 

protein (Christianson and Summerfelt, 2014) and the decline of wild fish stocks due to over fishing 

and habitat elimination. Traditional fish farming involves outdoor fish ponds and constant fresh 

water inputs to account for water losses due to evaporation and seepage (Verdegem et al., 2006) 

as well as to improve the water quality within the pond. Recirculating aquaculture systems (RAS) 

provide a more controlled and water efficient process for fish farming (Hamlin et al., 2008; Martins 

et al., 2010; Gonçalves and Gagnon, 2011). In RAS, water is treated onsite and recirculated back 

to the fish tanks for reuse. Water savings in RAS varies depending on water exchange rates, which 

can range anywhere from 90 to 99% (van Rijn, 2006; Badiola et al., 2012). 
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Treatment processes within RAS vary greatly. The most common treatment unit is solids 

removal to remove any fish waste and uneaten food and reduce ammonium (NH4
+) production 

from decaying solids (Timmons et al., 2002). Fine particle removal is normally achieved using 

settling tanks, media filters, drum filters or foam fractionation (van Rijn, 2006; Martins et al. 2010, 

Timmons et al., 2002). Nitrification is another common treatment in RAS due to the toxicity of 

NH4
+ and nitrite (NO2

-) to aquatic species (Stickney et al., 2000; Timmons et al., 2002; Hamlin et 

al., 2008; Kuhn et al., 2010). Nitrification in RAS is often achieved using fluidized bed reactors, 

moving bed bioreactors (MBBR) or aerated media filters (Martins et al, 2010; van Rijn et al., 

Timmons et al., 2002) and requires high aeration rates to ensure complete nitrification.  

Denitrification in RAS is less common. In many systems nitrate (NO3
-) is managed through 

freshwater exchanges. In low water exchange systems, denitrification is achieved using reactors 

similar to those used for nitrification. Heterotrophic denitrification is most common in RAS and 

has been achieved in settling tanks due to anaerobic conditions in the sludge and utilizing the fish 

waste as the electron donor, fluidized media beds (Tsukuda et al., 2015, Kim et al., 2004) and 

upflow packed bed reactors (UPBRs) (Hamlin et al., 2008; Singer et al., 2008; Saliling et al., 2007).  

Fluidized media beds and UPBRs have been found to provide high denitrification 

efficiency with a small footprint when using media materials as carriers for denitrifying biomass 

(Tsukuda et al., 2015). Prior RAS denitrification studies with fluidized media beds and UPBRs 

involve the addition of an external carbon source since biologically available organic carbon is 

significantly removed in the sedimentation basin (Tsukuda et al., 2015) as well as the aerobic 

nitrification stage in RAS. Limited carbon availability can result in incomplete denitrification and 

release of NO2
- into the system causing toxicity. A variety of organic carbon sources and media 

materials have been studied. Saliling et al., (2007), for example, tested an UPBR with wood chips 
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and wheat straw and found NO3
--N removal rates of 1340 mg L-1d- with a flowrate of 15 mL min-

1 of synthetic aquaculture water. In the study by Hamlin et al., (2008) methanol, acetate and 

molasses were used as organic carbon sources in an UPBR with plastic carriers. Removal rates 

were found to be 670 mg NO3
--N L-1 d-1 for all three sources. Sulfur oxidizing denitrification 

(SOD) presents an alternative to heterotrophic denitrification by utilizing and inorganic solid phase 

electron donor, elemental sulfur (S0), and eliminating the need for an external organic carbon 

source. There have been limited studies investigating SOD in RAS. One example is the study by 

Christianson et al. (2015), where fluidized granular sulfur biofilters treating wastewater from a 

full-scale RAS achieved removal rates as high as 800 mg NO3
--N L-1-d-1 with a short empty bed 

contact time (EBCT) of 4 minutes. However, NO3
--N in the effluent remained high. Simard et al., 

(2015) on the other hand saw complete denitrification in sulfur granule columns connected in 

series with an EBCT of 640 minutes. Further research is needed for the application of SOD in 

RAS, with focus on optimization of EBCT and the effects of SOD as a denitrification unit within 

the RAS treatment loop.  

RAS systems often also employ disinfection processes. These processes aim to inactivate 

bacteria that could possibly be pathogenic to fish species. Conventional RAS disinfection 

processes include UV disinfection and ozonation (Timmons et al., 2002; Robertson et al. 2005). 

Other compounds of concern in RAS that have been the most reported issues are off-flavors 

(Badiola et al., 2012). These off-flavors impart and earthy musty odor and flavor to water and fish 

and can be detected in concentrations as low as 10 ng L-1 (Drikas et al., 2009). Off-flavors in RAS 

are typically managed by depuration which is achieved by placing the fish in clean water without 

or with very low levels of the off-flavor compounds so they can be purged from the fish. Although 

common, this practice is costly due to high water, chemical and energy usage as well as the loss 
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of fish biomass caused by starvation and stress during the depuration process (Burr et al., 2012). 

Advanced treatment technologies for off-flavor compound removal are discussed in Section 2.3.  

2.1.2 Conventional On-site Wastewater Treatment Systems (OWTS) 

Conventional OWTS typically refer to a septic system coupled with a subsurface drain 

field (Xuan et al, 2012). These systems are used rural and suburban areas with low population 

density where it is not economically feasible to construct the infrastructure needed to convey 

wastewater to centralized systems (Luostarinen et al., 2005; Gorman and Halvorsen, 2006). OWTS 

have the advantages of being low cost, simple to operate and maintain and providing in-situ 

treatment for domestic wastewater (USEPA, 1999). Regardless of these benefits there are still 

major challenges for OWTS applications. Factors that limit the location for application of OWTS 

include the depth to the water table (FDOH, 2013), which limits the use of the drain field and 

might require the use of a mound. A mound system results in increased construction costs and land 

use (USEPA, 2002). Space availability is another limitation, since OWTS require a considerable 

amount of land area for each residence. Local regulations may also limit OWTS applications by 

specifying distances between OWTS and water sources, such as drinking water wells (FDOH, 

2013). In Florida, for example, new OWTS cannot be installed within seventy five feet of a private 

potable well or a multi-family water well, one-hundred feet of a public drinking water well if such 

a well serves a facility with an estimated sewage flow of 2000 gallons or less per day and two-

hundred feet of a public drinking water well if such a well serves a facility with an estimated 

sewage flow of more than 2000 gallons per day (FDOH, 2013). 

The limited removal of nitrogen in OWTS is a critical challenge that needs to be addressed 

since it can limit applications of OWTS in sensitive ecosystems and cause overloading of N in 

both groundwater and surface water (Liu et al., 2009; Sahu et al., 2009). These issues are being 
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recognized and addressed in the state Florida, particularly for springsheds. For example, the 

Florida Department of Environmental Protection (FDEP) has determined the major contributors to 

nitrogen pollution in the Kings Bay springshed (Figure 2.1) and OWTS are recognized as the 

highest contributor to N pollution.  

 

Figure 2.1: Nitrogen inputs into the Kings Bay springshed in the state of Florida (data from 
FDEP, 2015). 

 
The treatment train in OWTS has two main components: the septic tank and the subsurface 

wastewater infiltration system or drain field (Figure 2.2). The primary purpose of the septic tank 

is for solids separation, anaerobic biodegradation of organics and ammonification of the organic 

N. The drain field acts as a media filter and intercepts solids while providing surface area for 

biofilm growth. Depending on the soil type, surface area and loading rate it may also promote 

other physical processes such as adsorption and/or ion exchange while also degrading organics 

and inactivating pathogens (USEPA, 2002). Distribution of the septic tank effluent to the drain 

field typically employs a perforated pipe, with either gravity or pumped distribution of the 







 161 

a)  

b)  
 

Figure B.4: N loading for Phase IV hourly studies for Stage 1 (a) and Stage 2 (b) for both Control and HABiTS biofilter treatment  



 162 

 
 
 

 
 

APPENDIX C COPYRIGHT PERMISSIONS 
 

Portions of the work presented in Chapter 5 have been previously published in proceedings 

in conferences from the Water Environment Federation (WEF) and the International Water 

Association (IWA). The papers have been cited where appropriate. 

 
 
 
 
 
 
 
 
 



 163 

 

 


