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MEDIA BED FOR WASTE STREAMS AND SYSTEMS EMPLOYING THE SAME

RELATED APPLICATIONS

[66061] This application claims the benefit of, and priority to, U.S. Provisional Patent
Application No. 62/434 848 filed December 15, 2016, which is hereby incorporated by

reference in 1S entirety.
FIELD

[30302] The present invention is generally direcied to methods and systems for treating
waste streams and more particularly to methods and systems for treating wasie streams

employing a media bed.
BACKGROUND

6G03] Agquaculture 1s currently the fastest growing sector in food production around
the world. Waste discharge is a key hurdle to the growth of the aguaculture industry and the
adaptation of new production facilities. The development of an apparatus that allows for the
safe, internal processing of solid waste within a recirculating aquaculture system allows for
the controlled production of various aquatic species without concern of accidental release of
specimens or harmful waste products, opening the door for aguaculture development across

the globe.

[B0304] Waste water from aquaculture generally contains high levels of suspended
solid wastes and amimonia. Solid wastes degrade into ammonia under anoxic conditions, and
they can use up much of the dissolved oxygen in the water when degrading under aerobic
conditions. Both high levels of ammonia, regardless of dissolved oxygen level of the water,
and low levels of dissolved oxygen are harmiful to the aquatic species and plants being

cultivated.

HLHEE] Prior systems for solid waste management require solid waste, and associated
waler, to be separated with solids collected and removed from the system, resulling in an
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increased loss of water, loss of mutrienis in the solid waste, as well as a discharge of ammonia
wasie into local environments, which can be harmful o local biota. One current system
emplovs a multi-valve, 4-tank svstern and uses a vertical bead filter commonly found on
swinuning pools. This svstem, however, requires significant training and is energy intensive.
Addriionally, these sysiems are not truly zero-discharge, as the system requires that excess

solid waste build-up be removed from the system peniodically.

(6006} o addition, Dr. James Rakocy, one of the leading experts in aquaponic system
design, in 2012, in the book Aguacuiture Produciion Systems, by Tidwell, pp 344-386,
delivered a paper titled, Aguaponic-Integrating Fish and Plant Culture. In this paper, Dr.
Rakocy noted the difficulties of using media beds in commercial aquaponic systems,
specifically pointing out that these beds are prone to clogging, the formation of anaerobic
zones, and potentially producing methane and hydrogen sulfide, which are highly toxic to

fish.

[B087] Furthermore, Leonard and Lennard, in their paper, 4 comparison of three
different hvdroponic subsystems: gravel bed, floating and nutrient film technigues, in an
aguaponic test system, in Aguaculture International, Vol 14, Issue 6, pp. 539-530, note the
problems with ufilizing media beds in an aquaponic system, citing the need to clean svstem

media, and flush excess accumulated solid waste from the beds.

[6608] Therefore, there exists aneed to provide an aguaponics system that removes harmful
amamonia, maintains high levels of dissolved oxvgen internally, and prevents accumulating

solid waste from the beds, without discharging solid waste from the system.
SUMMARY

[[EERY! In some aspects, presented herein is an apparatus comprising a media bed
comprising a biomass, wherein (i} the biomass comprises water and worms, (i) the
worms are submerged in the water, and (i) the water comprises an oxvgen content of at
least 3 ppm. In certain embodiments, the water further comprises un-ionized ammonia at
an amount of 5 ppm or less. In certain embodiments, the biomass comprises oxidizable
waste. In some embodiments, the water comprises oxidizable waste. In certain
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embodiments, the media bed further compnising media {e.g., aggregates, fibers or
particles). In some embodiments, a media bed comprises a mintmurn average, mnimum
mean or minimum absolute worm density of at least 100 worms/m’, at least 500
worms/m’, or at least 1000 worms/nt’, or at least 10,000 worms/m”.

G616 In some embodiments, a media bed comprises a container, a waste
mlet, and a treated waste outlet and various conduits, pumps, valves and fittings

configured to introduce aqueous waste into a media bed through the waste inlet and

extract treated wasted from the media bed through the waste ouilet.

6611} In some aspects, presented herein, 1s a waste ireatment sysiem or aquaponics
system comprising an apparatus or media bed described herein. Certain embodiments are
directed 1o a closed aquaponics system that eliminates the need for discharging solid waste
from the systern and prevents accumulating solid waste from the beds, while removing
harmiful ammonia from the svstem that is converted into nitrates, which along with other
nutrients resulting from oxidation of waste, can be absorbed by planis grown in one or more
parts of the system, thus providing a true zero-discharge system. In some embodiments, the
results are achieved through the combination of a media bed that emplovs the culture of
annelid worms, the active aeration of the media beds, and the media bed being a continuous

flow type.

[6312] In certain embodiments, a waste treatimeni system or aquaponics system
comprises a fish tank, a separating tank, and a media bed. The fish tank comprises fish and
water. In some embodiments, a fish tank comprises untreated, or partially treated aqueous
waste. In certain embodiments, a separating tank is fluidly connected and/or operably
coupled to the fish tank, and the media bed s fhadly connected and/or operably coupled to
the separating tank thereby forming a closed fluid circuit. In some ernbodiments, one or

more big-reactors are fluidly connected in the system.

[3G313] In some aspects, a method of ireating solid and/or liguid waste is provided. In
some embodiments the method comprises the use of a media bed or apparatus described
herem. [n certain embodiments, the method comprises the use of a system described herein.

In some embodiments, a method includes the steps of providing a fish tank containing a fluid,
3.
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providing a separating tank, providing a media bed, delivering the fiuid {o the separating
tank, separating the fuid mio sohids and liguids in the separating tank, delivering the solids to
the media bed and, the liquids to a bioreactor, converting anumonia in the quids to nitrite,
and nitrite into nitrate, delivering nitrate-rich liguids to the media bed, filtering the solids and
nitrate-rich iquids through the media bed, removing nitrates and other nutrients from the
water and delivering filtered liquids back to the fish tank. In certain ernbodiments, an

aquaponics svstem is a closed system.

BRIEF DESCRIPTION OF THE DRAWINGS

2

6614} Fig. 1 shows a schematic embodiment of a waste treatment system {aquaponics

sy stemt),
[0015] Fig. 2 shows an enlarged view A of Fig. 1.
{6616} Fig. 3 shows a top perspective view of an embodiment of a media bed 105,

[6617] Fig. 4 schematically illustrates an embodiment of a waste treatment system for the

remediation of water containing animal waste.
6018} Fig. 5 schematically dlustrates another embodiment of a media bed.

(6619 Fig. 6 schematically illustrates an embodiment of g waste {reatment system for the

remediation of water from an aquaculture facility.

3320 Fig. 7 schematically illustraies an embodiment of a waste treatment system for the

remediation of run-off waler from an agriculiural field.
[3621] Fig. 8 shows a cross section of an embodiment of a media bed.
[3622] Fig. 9 shows a cross section of an embodiment of a bulkhead assembly.

[36323] Fig. 10 shows a cross section of a portion of an aquaponics system showing a

cross section of a media bed and a surop tank.
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16G24] Fig. 11 shows a cross section of a portion of a waste treatment svstem or
aguaponics systermn showing a cross section of a media bed and a sump tank. The system

shown comprises a waste intake system {(e.g., comprising 244, 251, 252, 247, 246, and purp

245), mlet 107, and waste conduits.
3025} Fig. 12 shows an embodiment of a waste inlet supply assembly.
DETAILED DESCRIPTION

[3326] The process of using worms in composting is sometimes referred to as
vermicomposting. Systerss, apparatuses and methods described herein emplov the use of
worms for the treatment of waste. However, the systems, apparatuses and methods described
herein differ significantly from vermicomposting in several aspects and provide substantial
advantageous over vermicomposting methods. First, vermicomposting is limited 1o the use of
relatively thin layers of worms, tvpically himited to a depth of less than 5 inches. Second,
vermicomposting is conducted on relatively dry compost material with a munimal moisture
content. This is because the worms typically die in worm beds that are too thick or too moist.
Systems, apparatuses and methods described herein comprise novel media beds comprising a
high density of viable worms, often greater than 5 inches in depth, where the earthworms are
submerged in water and/or aqueous waste. The systems, apparatuses and methods described
herem unexpectedly allow for huigh-density worm populations to maintain high lfevels of
viability and high levels of activity while completely submerged in water, while also
providing high-volume waste treatment that is orders of magnitude faster and more efficient

than methods employing vermicomposting.

363271 The inventors have determined that a media bed described herein can
unexpectedly permit earthworms (o survive, eat, and reproduce, all in an aquatic
environment, thus expanding the utility of the earthworms fo effectively remediate large
volumes of biological wastes in a media bed without any dewatering of the waste. Annelid
oligochaete earthworms and their associated gut microbes have the ability {o reduce the
particle size of waste and eliroinate human pathogen contamination of waste. The worms can

also chelate plant nutrients in the waste stream to make them more bioavailable to plants. In
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some embodiments, a system, apparatus or method described herein also uses heterotrophic
microbes (including bacteria and archaea) (o oxidize carbonaceous wastes that are reduced in
size and increased in surface area by worms. fn some embodiments, a system, apparatus or
method described herein also uses chemotrophic microbes {inchuding bacteria and archasga) to
reduce the chemical oxvgen demand and biological toxicity of waste by oxidizing ammonia
to nitrites, and mitrites to mitrates. Carbon dioxide from the waste oxidation process
ultimately leaves the sysiem as a gas which may also be taken up by the plants, or
mcorporated into microbial biomass. In some embodiments, treated waste is converted into
plant nutrients which can be directly concentrated into a plant fertilizer solution for use
elsewhere. In some embodiments, nutrients from treated waste can be taken up by plants in a
media bed bioreactor or other apparatus or system, non-limiting examples of which include
floating beds, asroponic towers, hydroponic systems, and soil growth beds operably coupled
(e.g., fluidly connected) to a media bed bioreactor. Plant biomass (e.g., seeds, fruits, portions
of plants or whole plants) is sometimes removed from a system for use elsewhere. Processed
agueous waste obtained {rom a system, apparatus or method described herein can be
recirculated in a system, such as for use 1n aquaculture, or can be discharged from a system
nto the environment (e.g., after certain legal standards for nutrient and human pathogen

removal are met).
Biomass

[3328] In some embodiments a system or apparatus comprises a madia bed. In some
embodiments, a media bed comprises a biomass and/or media. In certain embodiments, a
biomass coraprises water and worms. In certain emboduments, a biomass comprises nucrobes
and/or plants. In certain embodiments, a biomass comprises worms, water, microbes and/or
planis. In some embodiments, a biomass comprises nuirients and dissolved gases suntable for
survival and viability of the worms in a biomass. In some embodiments, a media bed and/or

hiomass comprises waste {e.g., aqueous waste, oxidizable waste).

[3029] A biomass may be any suitable size or shape. In some embodiments, a biomass
comprises a volume in a range of 5 to 10,000,000 liters, 5 to 1,000,000 liters, 5 to 104,000
liters, 5 to 10,000 liters, 5 to 5,000 liters, or 5 to 1000 liters. A biomass often adopts the size
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of the container, reservoir, tank or basin that it is contained in. In some embodiments, the
depth of a biomass 1s at least 15 om, at least 20 cm, at least 30 om, at least 40 cm, at least SO
crm or at teast 100 cm. In some ernbodiments, the depth of a biomass is in arange of 15 cm to

50 meters, 15 cm 10 25 meters, 15 cm o 10 meters, 15 cm to ¢ meters, or 15 cm {0 3 meters.

G636 In some embodiments, a biomass comprises a water content of about 30% to about
90%. Accordingly, in certain embodiments, a biomass is at least 20%, at least 25%, at least

(%, at least 40%, at least 50%, or at least 60% water (vol/vol). In some embodiments, the

]

water content of a biomass is in a range of 25-90% water, 30-90% water, 35-90% water, 40-
0% water, 25-80% water, 30-80% water, 35-80% water or 40-80% water {vol/vol}.
[6631] In some embodiments, a media bed or biomass comprises fresh water having a
salinity of less than 10, less than 8, less than 7, less than 6 or less than 5 parts per thousand
{ppt). In some embodiments, the aquecus content of a media bed or biomass comprises a
salintty of less than 10, less than &, less than 7, less than 6 or less than 5 parts per thousand
{ppt). In some embodiments, a media bed or biomass corprises brackish water or salt water
having a salinity of greater than 6, greater than 7, greater than 8, greater than 10, greater than
15, or greater than 20 ppt. In some embodiments, the aqueous content of a media bed or
biomass comprises a salinity greater than 6, greater than 7, greater than 8, greater than 10,
greater than 15, or greater than 20 ppt.

Worms
[3332] A media bed or biomass often comprises worms. In some embodiments, a media
bed comprises a biomass comprising worrns. A media bed, or biomass of a media bed can
comprise a worm density in a range from about 100 to abowt 100,000 worms per my’.
Accordingly, in certain embodiments, a media bed, or biomass comprises a minimm
average, minimum mean or minimum absolute worm density of at feast 100 worms/m’, at
least 200 worms/m?®, at least 300 worms/m’, at least 400 worms/m, at least 500 worms/m®, at
feast 1000 worms/my’, at least 2000 worms/m®, at least 4000 worms/m’, at least 6000
worms/nt, ai least 8000 worms/oy, or at least 10,000 worms/m®. In certain embodiments, a
media bed, or biomass comprises an average, mean or absolute worm density of about 100
worms/m’ to about 100,000 worms/m’, about 1000 worms/m? to about 100,000 worms/m’,

about 100 worms/ny’ to about 10,000 worms/m’, about 500 worms/m’ to about 10,000
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worms/ny’, or about 1000 worms/m’ to about 10,000 worms/m’. In some embodiments, an
optumal worm density is determined so that worms can traverse the pore space of the media

beds without clogging the media bed and iropeding the flow of water and oxygen.

16633 In some embodiments, worms {(e.g., a plurality of worms) in a media bed or
biomass are substantially or completely submerged in water. In some embodiments, worms
of a media bed or biomass are substaniially or completely submerged within the agueous
content of a media bed or biomass. In some embodiments, worms of a media bed are
substantially or completely under the surface of a biomass, and/or are under the surface of the
aqueous confent of a media bed or biomass. In some embodiments, the aqueous content of a
media bed or biomass comprises water and/or agueous waste, or a mixture thereof
Accordingly. in certain embodiments, worms of a media bed or biomass are 1o constant
contact with water and/or are in constant contact with the aqueous portion of a media bed or
biomass. In some embodiments, worms of a media bed or biomass are substantially or
completely under water. In some embodiments, worms of a media bed or biomass are
substantially or completely immersed in water and/or are immersed in the agqueous content of
a media bed or biomass. Accordingly, worms (e.g., a plurality of worms) that are
substantially submerged, substantially immersed, substantially in contact with, or
substantially under water may have brief and/or intermittent contact with air on the surface of
a media bed or biomass which brief or intermittent contact may last for a period of seconds or
fess. Accordingly, in some embodiments substantially all of the worms of a media bed or
biomass described herein are corapletely submerged in water, or are completely submerged in
the aqueous content of a media bed or biomass, at anv one time {e.g., as determined at any
one point in time)}. For example, at feast 80%, at least 90% or at least 95% of the worms in a
media bed or biomass are completely submerged in waler, or are completely submerged in

the aqueous content of a media bed or biomass at any one ime.

[6634] Any suitable earthworm can be used for a svstem, apparatus or method described
herein. A media bed or biomass may comprise any suitable earthworm. In some
embodiments, an earthworm 1s an annelid ohigochaesie worm. A media bed or biomass may
comprise a single species of earthworm or a mixture of two or more species of worms. In

some embodiments, an earthworm is selected from the family of Acanthodrilidae,
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Ailoscolecidae, Almidae, Benhamiinae, Octochastidae, Criodrilidae, Diplocardiinae,
Acanthodrilidae, Enchytraeidae, Eudrilidae, Exxidae, Glossoscolecidae, Haplotaxidae,
Hormogastridae, Kynotidae, Lumbricidae, Lutodrilidae, Megascolecidae, Microchaetidae,
Montligastridae, Ocnerodrilidae, Octochastidae, Octochaetinae, Sparganophilidag, or
Tumakidae. In some embodiments, a media bed or biomass comprises one or more species
of earthworrns, non-limiting examples of which include 4lloborpha callignosa, Eisenia
fetida, Fisenia andrei, Dendrodrilus rubidus, Dendrobaena hortensis, Dendrobaena veneta,
Lumbricus rubellus, Lumbricus terretris, Drawida nepalensis, Eudrilus eugeniae, Perionyx
excavates, Polvpheretima elongate, and Lampito mauritti and related families. Other
worms, such as flat worms, pot worms (e.g., Enchyiraeidae and related fanuly, including
both terrestrial and aquatic), tubifex worms (e.g., Tubificidae and related family, generally
considered aquatic) may also be used. In certain embodiments, a media bed or biomass
comprises worms of the species Fisenia fetida. Farthworms are generally preferred for
freshwater applications, while other types of worms may be more readily employed in waters
containing elevated salinity, such as saltwater and/or brackish water applications. In some
embodiments, worms uitlized in saltwater applications of this invention are a variety of
marine annelid worros and include roud worms of the genus Poludora and clam worns of the
family Nereididae. Mud worms aid in breaking down organic waste in the system, while
clam worms aid in decreasing the buildup of algae and other solids within the svstem. In
addition to marine annelid worms, marine environment worms of the family Naididae
{(formerly Tubificisae) are contemplated for use, which can aid in the breakdown of waste
within the beds. In some embodiments, an earthworm of a media bed or biomass described
herein is a terrestrial worm. In certain embodimenis, an earthworm of a media bed described

heremn is not an aquatic worm,
Oxygenation & Growth Conditions

[6G35] In certain embodiments, a svstem, apparatus or media bed described herein is
aerated or oxygenated. In some embodiments, a media bad, a biomass, or the aqueous
content thereof 1s aerated or oxygenated. In some embodiments, water of a media bed or

biomass 15 aerated or oxygenated. In some embodiments, aqueous waste is agrated or
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oxvgenated. In some embodiments, a method described herein comprises aerating or

oxygenating a media bed or biomass.

6636} Accordingly, in some embodiments, a media bed, a biomass, water in media
bed or biomass, or the aqueous content of a media bed or biomass comprises an oxygen
content {1.e., dissolved oxygen content) of at feast 3 ppm, at least 3.1 ppm, 3.2 at least
ppm, at teast 3.3 ppm, at least 3.4 ppm, at least 3.5 ppm, at least 3.6 ppm, at least 3.7
ppm, at least 3.8 ppm, at least 3.9 ppm, at least 4.0 ppm. at least 4.3, at least 5 ppm, at
least 5.5, at least 6 ppm, at least 7 ppm, at least 8, at least 9 or at least 10 ppm. In some
embodiments, a media bed, a biomass, water in a media bed or biomass, or the aqueous
content of a media bed or biomass comprises an oxygen content (i.e., dissolved oxygen
content) of at least 3 ppm, at least 3.1 ppm, 3.2 at least ppro, at least 3.3 ppm. at least 3.4
ppm, at least 3.5 ppm, at least 3.6 ppm, at least 3.7 ppm, at least 3.8 ppm, atleast 3.9 ppm
or at teast 4.0 ppm. In some embodiments, a media bed, a biomass, water in media bed
or biomass, or the agueous content of a media bed or biomass comprises an oxygen
content in a range of about 3 ppm to about 12 ppm, about 3.5 ppm to about 12 ppm,
about 4 ppm 1o about 12 ppm, about 4.5 ppm to about 12 ppm, aboui 5 ppm to about 12
ppm, about 5.5 ppm to about 12 ppm, about 6 ppm to about 12 ppm, about 3 ppm to
about 15 ppm, about 3.5 ppm to about 15 ppm, about 4 ppm to about 15 ppm, about 4.5
ppm to about 15 ppm, about 5 ppm to about 15 ppm, about 5.5 ppm to about 15 ppm,
about 6 ppm fo about 15 ppm, about 3 ppm to about 10 ppm, abowt 3.5 ppm to about 10
ppm, about 4 ppm to about 10 ppm, about 4.5 ppm o about 10 ppm, about 3 ppm to
about 10 ppm, about 5.5 ppm to about 10 ppm, or about 6 ppm to abowt 10 ppm. In
certain embodiments, a media bed, a biomass, water in media bed or biomass, or the
aqueous content of a media bed or biorass comprises an oxygen content in a range of
about 3 ppro to about 12 ppru, or about 3.5 ppro to about 12 ppm. In some embodiments,
a biomass or the aqueous content of a biomass comprises an oxygen content in a range of

about 3 ppm to about 12 ppm, or about 3.5 ppm {o about 12 ppm.

(36371 Most earthworms have an optimal temperature range for viability of about 15-
25°C, an optimal pH range of 6.5 to 8.6, and thrive when C:N ratios in their food are between

5.1 and 25:1. C:N rations, temperature and/or pH of a media bed or biomass can be adjusted
=10~
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1o a suitable level to optimize for worm viability and/or biological activity within a media bed

or biomass.

[6G38] In some embodiments, a C:N ratio of a media bed or biomass 1s increased or
decreased to allow for optimal worm and/or microbe activity. In some embodiments, a media
bed comprises a C:N ratio between 5:1 and 25:1 or between about 10:1 and 20:1.

Accordingly, in certain embodiments, a method described herein comprises adjusting,

increasing, decreasing and/or maintaining the C:N ratio of a moedia bed or biomass to a range
of about 5:1 10 25:1, &:1 10 25:1. 8:1 t0 27:1, or about 10:1 to about 20:1. The C:Nrationfa
media bed or biomass can be adjusted and/or maintained using any suitable method. In some
embodiments, the C:N ratio of a media bed or biomass 15 adjusted and/or maintained by
controlling mnfluent of carbon into a media or a combination thereof. In some embodiments,
the C:N ratio of a media bed or biomass is increased, adjusted and/or maintained by
controlling influent of carbon and/or adding a carbon source inlo a media. Non-limiting
examples of carbon sources that are used to increase or maintain the C:N ratio of a media bed
include vegetable waste (e.g., potato waste and oat straw waste), shredded paper, the like or
combinations thereof In some embodiments, the C:N ratio of a media bed or biomass is
decreased, adjusted and/or maintained by conirolling influent of nitrogen and/or adding a
nitrogen source into a media. Non-liroiting examples of nitrogen sources that are used to
decrease or maintain the C:N ratio of a media bed include swine waste, dairy waste, protein
{e.gz., whey protein, offal, egg albumin}, ammonia, urea, urine, the like or combinations

thereof

[3339] In some embodiments, a temperature of a media bed or biomass 1s increased or
decreased to allow for optimal worm and/or microbe activity. Accordingly, in certain
embodiments, a method described herein comprises adjusting, increasing, decreasing and/or
maintaining the temperature of a media bed or biomass to a range of about 15-30°C, about
15-25°C, about 20-30°C, about 20 to about 27°C, or to a range of about 25-30°C.
Temperature of a media bed or biomass can be adjusied and/or maintained using any suitable
method. In some embodiments, the temperature of a media bed or biomass 15 adjusted and/or
maintained by insulating a media bed or container thereof (e.g., by placing a media bed or

container in the ground, or by use of suitable insulating materials}). by use of an in-line
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ting system or heat ex y natu eans {e.g., by ev ation), by use of ¢
heaiing system or heat exchanger, by natural means {(e.g., by evaporation), by use of a

suttable cooling system, or a combination thereof.

[6G4G] In some embodiments, a pH of a media bed or biomass 15 increased or decreased
to allow for optimal worm and/or mucrobe activity. Accordingly, in certain embodiments, a
method described herein comprises adjusting, increasing, decreasing and/or maintaining the
pH of a media bed or biomass {0 a range of about 6-9, about 6.5-8.6, about 6.5-8.2, ortoa
range of about 6.5-8.0. The pH of a ruedia bed or hiomass can be adjusted and/or maintained
using any suitable method. In some embodiments, the pH of a media bed or biomass is
increased and/or maintained by addition of calcium carbonate, calcium biocarbonate,
potassium carbonate, or a combination thereof. In some embodiments, the pH of a media bed
or biomass is decreased and/or maintained by addition of mitric acid, muriatic acid,
phosphoric acid, or a combination thereof. In some embodiments, the pH of a media bed or
biomass 15 decreased and/or maintained by use of a reverse osmosis filter to pull carbonates

from the water to lower the pH.
Waste

{0041} Presented herein, in certain embodiments, are systems and/or an apparatus, or
portions thereof, for use in treating waste having a relatively high water content. In some
embodiments, a media bed or biomass comprises waste. In ceriain embodiments, waste i3
agueocus waste. In some embodiments, the water content of aqueous waste is at least 30%. at
least 40%, at least 50%, at least 60%. at least 70%, at least 0%, or at least 90% water
(vol/vel). Aqueous waste may comprise particulate waste and/or soluble waste. Aquecus
waste may comprise particles {e.g., sohid particles of waste, solid particles of oxidizable
waste) having an average, mean, or absolute diameter of less than less than 10 mam, less than
5 mm, less than 2 mm, less than 1 mm, less than 500 nm, less than 100 nm, less than 10 nm,
less than | nm, less than 500 microns or less than 100 mucrons. In some embodiments,
agueocus waste comprises particles {(e.g., sohid particles of waste, solid particles of oxidizable
wastes) having an average, mean, or absolute diameter of less than less than 10 mm, less than
5 mm, less than 2 mm, or less than 1 mm. In some embodiments, aqueous waste comprises
particles {e.g., solid particles of waste, solid particles of oxidizable wastes) having an

-12-



WO 2018/112343 PCT/US2017/066675

average, mean, or absolute diameter in a range of about 10 mm to I um, 5 mim to 100 pm, or
Smmto I om  In some ernbodiments, aqueous waste has a viscosity at 25 "C of less than 10
Pa/s, less than 1 Pa/s, less than 100 mPa/s, or less than 10 mPa/s. In some embodiments,
aqueous waste has a viscosity at 25 "C n a range of about 10 Pa/s to about 0.7 mPa/s, 1 Pa/s
to about 0.7 mPa/s, 100 mPa/s to about 0.7 mPa/s, 50 mPa/s to about 0.7 mPa/s, or about 10
mPa/s to about 0.7 mPa/s. In some embodiments, aqueous waste comprises oxidizable waste
and/or biodegradable waste. In some embodiments, aqueous waste comprises at least 50%, at
teast 75%, at least 80%, at least 90% or at least 95% oxidizable waste and/or biodegradable
waste. In some embodiments, aqueous waste comprises about 90% (o 100% oxidizable waste
and/or biodegradable waste. Non-hmiting examples of oxidizable waste include organic
biological waste derived from animals or humans (e.g., excretions, urine and/or feces; e.g.,
fish feces, livestock manures, human sewage, sewage shudge, the like or combinations
thereof), waste from food processing of animals or plants, and plant matenal (e.g.. compost,
and the like). In some embodiments, oxidizable waste comprises oxidizable chemical wastes,
non-limiting examples of which include particular or soluble ammonia, nitrite, nitrate,
phosphorous, and phosphates. In some embodiments, oxidizable waste comprises oxidizable

and/or biodegradable carbohvdrates, fatty acids, proteins and lipids.

16642] In some embodiments, aqueous waste 1s obtained directly from a suitable waste
source {e.g., from a river, stream, aqueduct, reservoir, a lake, agricuitural run-off, sewage
stream, and the like). Aqueous waste may comprise unireated, partially treated or filtered
waste. In some embodiments, wasie is pre-processed by a suitable method comprising
grinding, blending, and/or filtering to obtain aquecus waste of a suitable water content, a
suitable particle content and/or viscosity for use in a system, apparaius or method described
herein. In some embodiments, agueocus waste is derived or obtained by a process that does
not require filtering. Non-limiting exaroples of a waste source include a river, a stream, an
aqueduct, a reservoir, a lake, agricultural run-off, a sewage siream, a sewage reservoir or
holdimg tank, farm run~-off, water from a fish hatchery, commercial or industrial waste,
housshold waste, street run-off, brackish water, the like or combinations thereof. Additional
non-limiting examples of a waste source include a fish tank, a separator tank, a holding tank,

a bioreactor, a sump tank, and the like,
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{6043 In some embodiments, aquecus wasie, a media bed, biomass, or aqueous conient
thereof comprises a low amount of un-ionized ammonmia. Un-ionized ammonia is the fraction
of total ammonia nitrogen (TAN} in an agueous environment that is highly toxic to many
aquatic organisms. NH3z is the principal form of toxic ammonia. WNH3 has been reported foxic
to freshwater organisms at concentrations ranging from 0.53 to 22.8 ppm (mg/L). Toxic
tevels are both pH and temperature dependent. Toxicily increases as pH increases and as
temperature increases. Accordingly, in certain embodiments, a media bed, hiomass or
agqueous content thereof comprises less than S ppm, less than 1 ppm, or fess than 0.5 ppm un-
tonized ammonia. In some embodiments, aqueous waste that 1s infroduced into a media bed
or biomass comprises a content of un~-ionized ammonia that is less than 5 ppm, less than 1

ppm, or less than 0.5 ppm.
Microbes

6644 In some embodiments, a media bed, biomass or bioreactor comprises one or more
species of microbes. In some embodiments, a media bed, biomass or bioreactor comprises
heterotrophic microbes (including bacteria and archaea). Heterotrophic microbes can oxidize
carbonaceous wastes made small and of a high surface area to volume ratio by worms. This
reguires dissolved oxygen, without which other competing microbes inherent in the
environment and many waste strearns will become dominant i the system and convert
hiosolids to methane. Chemotrophic microbes (including bacteria and archaea) reduce the
chemical oxygen demand and biclogical toxicity of the waste stream by oxidizing ammonia
o mitriles and nitrites to nitrates. They are generally considered 1o be chemohithotrophs-
meaning they live on substrates (like rocks, gravel, etc.) in a sheet like coating. These
bacteria use inorganic carbon (such as C0O2) as their carbon source to consiruct organic

molecules.

[6G45] Examples of bacteria that can convert ammonia 1o nitrite include, but are not
himited to, Nitrosomonas, Nitrosospira, Nitrosococeus, and Nitrosolobus. Examples of
archaea that can convert ammonia fo nitrite include, but are not limited to, Nirrosopumilus,
and Nitrososphaera. Examples of bacteria that convert nitrite to nitrate, include, but are not
timited to, Nitrobacter, Nitrospina, and Nitrococcus. Accordingly, in some embodiments, a

-14-
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media bed 105, biomass or bioreactor {103 or 104) desciibed herein comprises one or more
genus of microbes selected from Nitrosomonas, Nitrosospira, Nitrosococcus, Nitrosolobus,
Nitrosopumilus, Nitrososphaera, Nitrobacter, Nitrosping, and Nitrococcus.  In some
embodiments, a media bed, biomass or bioreactor comprises bacteria of the species
Nitrosomonas europaca (ATCC 25978), which can be used to oxidize ammonia 1o nitrite,
and/or Nitrobacter winogradskyt (ATCC 25391), which can be used m oxidizing mitrite to
nitrate. In some embodiments, a separate bioreactor located upstream of a media bed may
comprise the microbes or bacteria described herein. Accordingly, in some embodiments, one
or more microbes present in an upstream bioreactor may be introduced mto a downstream

media bed 103,
Container

6046] In some embodiments, an apparatus comprises one or more media beds. In some
embodiments a media bed comprises a container 2, a waste inlet and/or an outlet, whergin the
container often comprises worms. In some embodiments a container comprises the biomass
and/or media. In some embodiments, a container comprises a waste inlet 107 and an outlet
106. In some embodiments, a media bed 105 includes a container 2 constructed to provide
comtainment of the bed contenis, e.g.. the media and water being remediated, agueous waste,
as well as the worms and other living orgamisms cultivated therein. In some embodiments a
media bed and/or container comprises media, plumbing, and/or other components. In some
embodiments, the container 2 mav be fiberglass reinforced polypropviene. In some
embodiments, the container 2 mayv be formed by hining an excavated trench with an
impermeable liner, such as, but not limited to a rubber liner, a sealed woven liner, a plastic

line and/or a concrete hiner.

16647} A container can be made of any suitable material, non-limiting examples of which
include concrete, block, stone, rubber, glass, wood, plastics, fiberglass, earth (e.g., dirt), the
hike and combinations thereof In some embodiments, a container 20 is made of, or
comprises fiberglass-reinforced polvpropyvlene. A media bed 105 may be constructed for any
suitable volume, shape and geometry. Accordingly, a coniainer can be any suitable shape
(e.g., round, rectangular, asvrometrical). In some embodiments, a contamer comprises one or

-15-
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more sidewalls and a bottom. A botiom may be contiguous and substantially coextensive
with one or more sidewalis of the container. In some embodiments, a container comprises
one sidewall, for example when a container is circular or cylinder shaped. One embodiment
of a rectangular media bed 105 comprising a container 2 is shown in Fig. 3. In certain
embodiments a container 2 comprises four side walls (10 and 11) arranged in a substantially
rectangular shape and a bottom 13 substantially coextensive with the container sidewalls. In
some embodiments, a container comprises a op, for example a sealed top. In some
embodiments the four sidewalls are coextensive and secured to a botiom 13 thereby forming
an open box-like configuration {e.g., a box with 4 sides, a bottom and no top}. Sometimes a
sidewall and/or a bottom of a container 1s substantiallv rectangular in shape. In some
embodiments a container comprises two opposing sidewalls 11 and two opposing sidewalls
10 (eg., 10A and 10B). Sometimes a container sidewall and/or container botiom is
substantially flat and/or substantially planar. Sometimes a container sidewall and/or
container bottom comprises ribs {e.g., interior ribs or supports, exterior ribs or supports) or
one or more supporting buttresses 12. Sometimes a container sidewail and/or container
bottom comprises no nibs {e.g., interior 1ibs or supports, exterior ribs or supporis) or
buttresses. In some embodiments two sidewalls of a contamner (e.g., 10 and 11) are joined at
ajunction 7. Sometimes a container comprises 3 or more junctions. Sometimes a
substantially rectangular container comprises four junctions. Sometimes a junction

comprises a curve and/or 4 corner.

[B048] In some embodiments a container is substantially round or circular. In some
embodiments a container sidewall or bottom is substantially curved. In some embodiments a
container comprises a single sidewall that is substantially curved and substantially concentric.
In some embodiments a contaimer resembles the shape of a cylinder. Tn some embodiments, a
container 15 substantially asyrometrical resembling the shape of a naturally cccurring or

manmade pond, lake, pool, basin or trough.

[6649] The term subsiantially planar means that a surface lies in a plane and that some
portions of the surface, {e.g., less than about 20%, less than about 15%, less than about 10%,
tess than about 5%, less than about 4%, less than about 3%, less than about 296 or less than

about 1% of the surface} may lie outside of a plane. The term substantially flat means that a
-16-
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surface is flat and may comprise some imperfections and/or deviations. For example a
surface that 1s substantially flat may comprise bumps, fexture, embossed indicia, divols, a
slight bow, a slight curve, the like or combinations thereof. Sometimes a surface that is
substantially flat may comprise a slight bow comprising an arc with a height of about T mm

or less.

[BGSG] Sometimes a container sidewall and/or a container bottom 1s not flat. For example
somelimes a container sidewall and/or a container botfom comprises 1ibs {e.g., nterior ribs,
supports}. Sometimes a container sidewall and/or a container bottom is textured or comprises
projections (e.g. ridges, grips, knobs, wells, bumps, steps). In certain embodiments a
container stdewall and/or a container bottom comprises a curve or a bow, {e.g., a convex or

concave bow}.

[3051] In some embodiments one or more sidewalls of a container are perpendicular to
the container bottom. In certain embodiments a container sidewall is not perpendiculario a
container botlom. In some embodiments a contamer sidewall 1s oriented at an angle from

about 30 to about 110 degrees relative to a container bottom.

[8052] In some embodiments a container 1s configured to contain a hquid. In some
embodiments a container is a basin. In some embodiments a container bottom and container
sidewalls are sealed and can contain a liquid {e.g., without teaking}. In some embodiments a
container is substantially water tight (e g., with the exception of integrated drains, waste inlet
and outlet plumbing}. In some embodiments a container is substantially air tight (e.g.. fora
completely closed system}. In some embodiments an interior surface of a container botiom
13 comprises features {e.g., wells, shallow wells, air mlets, depressions, ndges or troughs)
that can be used to assist 1o flnd handling (e.g., fluid transport, draining) or to mcrease
surface area. In some embodiments a container bottom comprises one or more features

arranged in a suitable array.

[6G53] In some embodiments a container sidewall comprises a buttress 12, In some
embodiments a container comprises 1 or more buttresses. A buttress, without being linted

1o theory, often provides nigidity and/or strength (e.g.. compressive strength, lateral strength)
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to awall (e.g., asidewall}. In some embodimenis a butiress reinforces a wall. Sometimes a
buttress provides a point of engagement for machine {e.g., a modified fork 1ift) to move a
container, or position and/or hold a container within a media bed. In some embodiments a
container comprises at least four buttresses. In some embodiments a container comprises 2 1o
30 butiresses. Sometimes a container comprises 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19 or 20 buttresses. [n some embodiments a container comprises 10 buttresses. In
some embodiments a sidewall comprises one or more buttresses and sometimes 2 or more
buttresses. In some embodiments a sidewall comprises T to 10 buttresses. Sometimes a
sidewall comprises 1,2, 3,4, 5,6, 7, 8,9, 10, 11, or 12 buttresses. In certain embodiments a
sidewall comprises 2 to 4 buttresses. In certain embodiments, a container comprises 8
buttresses where each sidewall of the container comprises 2 buttresses. Sometimes buttresses
are on adjoining sidewalls and sometimes are al or near a wall junction 7. In some
embodiments a container comprises one or more clasping, clamped, diagonal, angled,

setback, and/or “French”™ butiresses.

16G54] In certain embodiments, a container comprises aridge 8 and/or alip 9. In some
embodiments a ridge or a lip are configured for storage and handling of a container. In some
embodiments a ridge and a lip are configured 1o direct overflow away from a container
sidewall. In some embodiments, a ridge and/or lip provide an attachment site for vanous

hardware (e.g , hardware used to secure plumbing fixtures to a media bed).

HHESK)] A media bed or container of a media bed mav comprise any suitable volume,
width, length or diameter. In some embodimenis a media bed and/or container comprises a
depth of at least at least 15 cm, at least 20 ¢, at least 30 omy, at least 40 com, at least 50 cm, at
teast 100 cm or at least T meter. In some embodiments, the depth of a container is in a range
of 15 cm {0 60 meters, 15 cm to 40 meters, 15 cm to 30 meters, 15 cm {0 25 meters, 15 cmio
20 meters, 15 cmto 15 meters, 15 cmto 6 meters, or 15 cm to 3 meters. In some
embodiments a media bed and/or container comprises a depth of about 6 inches to 50 feet,
about 10 inches to 50 feet, about 1 foot to 50 feet, about 1.5 feet to 50 feet, about 2 feet to 50
feet. In some embodiments a media bed and/or contaimer comprises a depth of about 6 inches
to 50 feet, about 6 inches to 40 feet, about 6 inches to 20 feet, about 6 inches o about 10 feet,

about 10 inches to 50 feet, about 10 inches to 40 feet, about 10 inches to 20 feet, about 10
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inches to 10 feet, about 1 foot to 50 feet, about 1 foot to 40 feet, about 1 foot to 20 feet, about

foot to about 10 fest, or about 1 foot to aboul 4 fest,

[6656] In some embodiments a media bed or container of a media bed comprises a
suitable volume. In certain ernbodiments a container comprises a volume of 3 liters to
1,000,000 liters, 5 liters to 100,000 liters, 5 liters 1o 10,000 liters, 5 liters to 5,000 liters or 3
liters to 1,000 liters.

HES In some embodiments, a container comprises a suitable aeration means configured
to mtroduce air and/or oxygen into the contents of a container. In certain embodiments, an
aeration means is configured to introduce air and/or oxygen 1o a media bed, biomass or
agueous contert thereof In some embodiments, an aeration means is configured to iniroduce
air and/or oxygen into the water of a media bed.  Any suitable aeration means can be used. In
certain embodiments, an aeralion means comprises one or more punips operably coupled to
one or more air inlet conduits and/or 10 one or more air inlets. In certain embodiments, an air
inlet and/or an air inlet conduit comprises a suitable pipe or tube. In some embodiments, an
air mlet, or portion thereof, comprises a port, hole or opening. An air inlet may comprise one
or more air inlet holes or ports integrated in the bottom or sidewalls of a container. In certain
embodiments, an aeration means comprises one or more tanks comprising compressed air
operably coupled (o one or more air inlet conduits which are operably coupled to one or more
air inlets. Accordingly, a container may coroprises one or more air inlets {e.g., holes or
ports). In some embodiments an air mlet condwit comprises a first end operably coupled to
an air source or oxygen source {e.g., a pump or pressurized tank) and a second open end
submerged in media bed, biomass or agueous content thereof. In some embodiments an air
idet conduit, or a portion thereof is perforated or comprises a plurality of holes. In some
embodiments an air inlet conduit comprises a first end operably coupled to an air source or
oxygen source (e.g., a pump or pressurized tank) and a portion of the conduwit and/or g second
end of the conduit is submerged in a media bed, biomass or aqueous content thereof. In some
embodiments, the portion of the air inlet conduit that is submerged is perforated or comprises
a plurality of holes. In some embodiments an aeration means 15 configured to introduce air or
concenirated oxygen into a media bed, a biomass or aqueocus content thereof. Tn some

embodiments, an aeration means comprises an air inlet 32 operably coupled to an air inlet
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conduit 32, where the air inlet conduit 32 is perforated thereby allowing air or oxygen to
escape the conduit and enter into the contents of the container {e.g., the biomass). In certamn
embodiments, an aeration meads comprises stones, disc diffusers, diffuser air lines, mixers,
the like or combinations thereof. In certain embodiments, oxygenation is accomplished
through active aeration {floating beds where roots hang down inio oxygenated water},
nutrient film technology (NFT) gutiers {(where water flows 1n a shallow sheet and is
oxygenated by diffusion from the atmosphere), dutch buckets (where water is pulsed through
buckets that drain between fillings), or spraying the water {causing a mist of nutrient rich

water i an air environment}.

[6G58] In some embodiments, a media bed or container comprises a waste inlet {e.g.,
107). In certain embodiments, a media bed or container thereof comprises one or more waste
inlets. A waste inlet is often configured to provide aqueous waste to a media bed or container
thereof. In some embodiments, a waste inlet 13 operably coupled to one or more waste
conduits located n the interior of a container or media bed. Non-linuting examples of a
conduit includes a pipe, tube, channel, the like and combinations thereof. Accordingly, in
certain embodiments, a waste conduit comprises one or more pipes or tubes. A waste conduit
can have any suitable dimensions. In some embodiments, a wasie conduit {e.g.. a pipe or
tube} has an inside diameter of at least 1 ¢ro, or in a range of 1 cm to about | meter. In some
embodiments, a waste conduit is operably coupled to one or more valves {e.g., a ball valve,
e.g., 208y and/or fittings (e.g,. adapters, T-fittings, elbows, clamps, and the like).
Accordingly, a waste conduit often comprises one or more valves. In some embodiments, a
waste conduit comprises one or more manifolds {e.g., 206). A manifold often comprises a
plurality of perforations or holes configured to release oxidizable waste from the conduit imto

the media bed or container.

6659} In some embodiments, an inlet 32 1s operably coupled (o one or more conduits,
one or more waste moarafolds 206, one or muore valves and one or more fittings. fn certain
embodiments, a waste condwt comprises a first end comprising an opening, optionally
coupled to a valve {(e.g., 208) and second end operably coupled to an inlet {e.g., 107).

wherein the opening has an inside diameter of at least | cm, or in a range of 1 cmto about 1
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meter. In some embodiments, a waste conduit comprises one or more regulators, and/or

gauges.

[GG66] In some embodiments, a waste inlet {e.g., 107) 1s operably coupled to a waste
take system located exterior to a media bed or container thereof. A waste intake system can
comprise a pump (e.g., a waste pump, e.g., 245), various conduits, fittings, regulaiors, valves,
gauges and the like, all operably coupled and configured to remove waste from a waste
source and deliver the waste to the waste inlet 107, which mtern delivers the waste to the
media bed or container. Accordingly, in certain embodiments, a waste inlet is operably
coupled to a waste pump configured to introduce waste into a media bed or container through
one or more waste conduits. In certain embodiments a wasie pump comprises an input port
301 and an output port 300, where a waste inlet of a media bed is operably coupled {o an
output port of a waste pump. In some embodiments, an input port of a waste pump is
operably coupled to a waste intake conduit (e.g., 246} located exterior to a container or media
bed. In some embodiments, a waste intake conduit cornprises a first end {(e.g., an open end,
e.g., 305) located at or in a waste source and a second end operably coupled to an input port
{e.g., 301) of awaste pump (e.g., 245). A wasie pump and/or a waste intake system is
configured to transport waste from a waste source to a media bed, or from a waste source {0
an interior of a contaier (e.g., a container of a media bed). In some embodiments, a waste
pump {e.g.. a waste intake pump; e.g., 245) is operably coupled to a return conduit (e.g., 303)
having a first end operably coupled to an output port (e.g., 300} of a waste pump and a
second end (e.g., an open end, e.g., 304) located at or in a waste source {e.g., surap tank 230).
In some embodiments, a second end of a return conduit comprises an opening. A retun
conduit can comprise one or more fittings, valves, regulators, or gauges operably coupled to
the returm conduit. In some embodiments, a wasle intake system comprises an intake conduit,

a retumn conduit and optionally, one or more fiftings, adaptors, valves, regulators or gauges.

6661 In some embodiments, a media bed or container comprises a treated waste outlet
106 configured for removal of treated wasted from a media bed or container. In certain
embodiments, a ireated waste outlel comprises a bulkhead assembly {e.g., see Fig. 9)
comprising a bulkhead 223 operably integrated mto a sidewall or bottom of a container. In

certain embodiments a treated waste outlet 15 operably coupled to one or more ireated waste
-
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outlet conduits {e.g., 207) located in the interior of a media bed or container. In certain
embodiments, a bulkhead comprises an interior side located inside a container, and an
exterior side located outside a container, and the interior side of the bulkhead 15 operably
couplad to one or more treated waste outlet conduits. A freated waste outlet conduit can be
any smitable condwnt configured to transport aqueous material. In some embodiments, a
treated waste outlet conduit comprise pipes or tubes. A treated waste conduit may have any
suitable diameter. In some embodiments, a treated waste outlet conduit has an inside
diameter of at least 1 cm, or in a range of about 1 cm to about 1 meter, or larger. In certain
embodiments, a treated wasle outlet conduit comprise one or more valves, regulators, gauges,
and/or fittings (e.g., T-fittings, elbows, adapters, clamps, and the like). Tnsome
embodiments, a treated waste outlet conduit comprises a manifold or filter. In some
embodiments, a manifold comprises a plurality of perforations or holes. In some
embodiments, a treated waste outlet conduit comprises an overflow drain or stand pipe {e.g.,
28 or 227) comprising a first end comprising an opening, wherein the opening has an inside

diameter of at least 1 cm, or in a range of 1 cm {0 about 1 meter.

16662] In some embodiments, a {reaied waste outlet is operably coupled to a treated waste
retum conduit (e.g., 232 & 233). In some embodiments, a treated waste retum conduit is
located outside of or exterior 1o a media bed or container thereof, and is configured to
transport treated wasted from the waste outlet to a waste source or holding tank or reservoir,
Accordingly, in some embodiments, a treated waste return conduit terminates at a waste
source. A ireated waste retum conduit can be operably coupled to one or more pumps,
valves, fittings, regulators, gauges, and the like. In certain embodiments, a treated waste
return comprises a stand pipe (e.g., 235) operably coupled to, or terminating at or in a waste
source {(e.g., sump tank 230}, In certain embodiments, a waste relwm comprises one or more
pumps, valves {e.g., 236), fittings, regulators, gauges, and the hike. In some embodiments, a
treated wasted retum conduit comprises an open end terminating at a waste source. In some
embodiments, a treated waste return conduit in configured to release or direct treated waste
nto the environment.  In some embodiments, a treated waste return conduit is operably
coupled to a discharge conduit ferminating with an open end, optionally coupled to a valve

configured for discharge of treated waste into an external environment.
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{6663 In some embodiments, an apparatus described herein comprises a homogenizer,
blender, grinder and/or blender pump. In certain embodiments, a media bed or container
thereof comprises a homogenizer, blender, grinder and/or blender purnp. In some
embodiments, a waste source comprises a homogenizer, blender, grinder and/or blender

pump.

[30364] In some embodiments, a media bed or container comprises one or more water

inlets for introducing water into a media bed or container.
Media

[B065] In some embodiments a media bed, or a container of a media bed, comprises
media. Without being limited to theory, media allows for the free flowing of the aqueous
waste siream, water and oxvgen. The coarse structure of the media in the media bed can
provide a stable structure through which the worms can move, eat, anchor and reproduce. In
the absence of a suitable media, the worms can be washed from the media bed. The physical
structure of the media can further provide a high surface area for chemotrophic microbes that
can oxidize ammonia (o nitrite and nitrite 1o nitrate. The worms, In furn, can eat excess
bacteria and biological wastes between and on the media that, in tum, allows for free flow of
oxvgenated and waste rich water throughout the bed. Additionally the media bed can provide
a physical structure for plants and their supporting roots to anchor, if they are employed in
the system. Thus, media beds in accordance with exemplary embodiments that include the
presence of worms allow the flow of nutrient rich, oxvgenated water that can then be
intercepted by plant roots for incorporation mto plants and removed from the system. In use,
the media bed 105 contains one or more types of biclogically imert, non~-soil media (omitted
from Fig. 3 for clanty of illustration of the plumbed connections). In some embodiments, the

media is suitable for supporting plant life to accomplish nuirient uptake.

6G66] In some embodiments, media comprises aggregates, fibers or particles. In some
embodiments, media particle size may range from as small as about 10 microns {e.g., in the
case of sand) up to about 5 cm (e.g. gravel), or more. In certain embodiments, media

comprises particles, fibers and/or aggregates, each individually. or collectively, having a
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MinimMum mean, minimum average or minimum absolute diameter of at least 5 microns, at
least 10 microns, at least 100 microns or at least 1 mm. In certain embodiments, media
comprises particles, fibers and/or aggregates, each mdividually, or collectively, having a
mean, average or absolute diameter of 5 microns to 100 cm, 10 microns to 100 cm, 5 microns
to 50 cmy, 10 microns to 50 cmy, 100 mucrons to 50 cm, 5 microns 1o 25 om, 10 microns to 25
cm, 100 macrons to 25 cm, S nucrons to 10 ¢m, 10 microns 1o 10 cm, or 100 nucrons to 10
cm In certain embodiments, media comprises particles, fibers and/or aggregates, each
individually, or collectively, having a mean, average or absolute diameter of 5 microns to 100
e, 10 microns to 100 om, 3 microns o 50 cm, 10 mucrons to 5¢ cm, 100 mucrons to 50 ¢m, 5
mierons to 25 cm, 10 nucrons to 25 cm, 100 microns 1o 25 om, 5 microns to 10 em, 10
nicrons to 10 em, or 100 microns to 10 cm. Non-limiting examples of media include
activated carbon, granular activated carbon {GAC), pelietized activated carbon, polymeric
fibers, crushed stone, pumice, sand, plastic media, gravel, recycled glass, expanded

lightweight aggregate, the like, and combinations thereof.

[6G67] While a media bed 103, or contents thereof, is flooded with water and the worms
are thus submerged, that actual volume of water in a media bed depends at least partially on
the particular media employed and the resulting pove space. Generally the content of water in
a media bed may be as low as 10% up to about 90% by volume water, more typically about
10% to about 70% by volume water, and in some embodiments is about 30% to about 70%
by volume water, such as about 40% by volume water. In some embodiments, the water
content of a media bed is at least 30%, at least 40%, at least 30%, at least 60%, at least 70%,
at least 80%, or at least 20% water (vol/vol}. In some embodiments, the water content of the
contents of a media bed or conients of a media bed container {e.g., a mixture heterogensous
mixiure comprising one or more of media, water, worms and aqueous waste) i3 at least 30%,
at least 40%, at least 50%, at least 60%, at feast 70%, at least 80%, or at least 90% water

(vol/vol).

{6068 In some embodiment, the amount of agueous waste infroduced into a media bed is
limited by the amowunt of ammoma (dry weight) in the waste, which should not exceed the
mass (wi) of worms 1n the media bed by more than a factor of 2. Accordingly, in some

embodiments, the amount of ammonia itroduced into a media bed per day has aratio of
S
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ammonia to worns {ammonia worms {wt/wt)) of less than about 2:1, less than about 1.7:1,

less than about §.5:1, less than about 1.2:1, tess than about 1:1, or less than about 0.9:1.

[6G69] In some embodiments, the flow of agueous waste into a media bed 1s less than
about 100,000 hiter/kg/day (vol. agueous waste/wt. of worms in media bed/tirne), less than
16,000 hter/kg/day, 1000 liter/kg/day, or less than about 1000 liter/kg/day. In some
embodiments, the amount of aqueous waste introduced into an apparatus or media bed
described heremn is in a range of 100,000 hiter/kg/day (vol. aqueous waste/wt. of worms in
media bed/time) to about 1 liter/kg/day, 10,000 liter/kg/day to about 1 liter/kg/day, 1,000

liter/kg/day to about 1 liter/kg/day, or abowt 100 liter/kg/day to about 1 liter/kg/day.
Plants

[6G70] In some embodiments, a media bed or biomass comprises plants. A wide varniety
of plants may optionally be cultivated in a media bed 105, The cultivation of plants results in
the uptake of nitrates and other nutrients resulting from the oxidation of animal or plant
waste. The plants remove nitrates and other nuirients that would be harmful {0 the
surrounding envivonment if directly discharged. Alternatively, the media bed may be free of
plants such that the effluent in the media bed discharge stream 1s high in nitrate content and
oxidized waste that can then be directed for use in fertilizer applications outside of the media
bed, either in other vessels fluidly connected within the waste treatment system (float beds,
towers, mitrient film technology (NFT) and float beds, for example) and/or fo provide a
mitrient rich water for use outside the waste treatment svstem that can be concentrated for use
as fertilizer or for direct use on terrestrial plant crops in more traditional growing settings

{e.g., greenhouses, irrigation of fields, etc.).

[B671] Plants in media beds can be species that are considered terrestrial (such as lettuce
and tomatoes) but the oxygenation of the media beds allows their roots to thrive in an
aqueous environment. Any suitable plant can be used in a media med or biomass described
herein, non-limiting examples of which include bananas, tomatoes, beets, brassica family
species (mustard fanuly), fruting crops, sunflowers, Ipomea aquatica {water spinach), Tvpha

spp. {cattails), Juncus spp. {rushes), Scirpus spp. (club rushes and bull rushes), and Hydrilla
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vercilata (water thyme}. In certain embodiments for waste remediation, hyper-accumulators
of metals such as sunflowers, Tpomea aquatica (water spinach), Tvpha spp, (cattails), Juncus
spp, (rushes), Scirpus spp. (club rushes and bull rushes), Hydnlla vercilata (water thyme), and

others can be used fo usad to maximize the uptake of waste and contaminates from the beds.

Sysiems

{00721 In some embodiments, a waste treatment system or aguaponics system is a frue
zero-discharge system; bio-solids and oxidizable anunonia are hazardous to sustaining
cultivated fish and plant life in the sysiem but are so effectively remediated to levels below
those which are toxic to the fish and plant species within the svstem that no periodic

discharge 1s required to reduce toxin levels.

16073} A fish tank 101 may be any kind of tank or pool that contains fish or other
cultured aquatic life in a life-sustaining hquid, typically fresh-water. The fish tank may
further include liquid waste and solid wastes excreted by the fish or other aquatic life. The
fluid, ncluding the waste product, flows from the fish tank 101 to a separating tank 102. The
separating tank 102 mav be any suitable separation apparatus to separate sohd wastes from
the liquid. Suitable apparatus for the separating tank includes. but is not limited to, sand
filiers, bead flters, baffled clarifiers, membrane filters, settling tanks, or combinations
thereof In some embodiments, the separating tank 102 is a collection tank or a settling tank,

in which solids fall out of the liquid by gravity.

[36374] The separated solids or solid wastes may be directly delivered to the media bed
103, Sumilarly, the separated liquud 1.e., water containing ammonta and other liquud waste (as
well as suspended solid waste) may also be directed to the media bed 105 without removal of
the solid waste from the water, providing 1t is well mixed and can penetrate the spaces
between media in the bioreactor bed. As illustrated in Fig. 1, the separated liquid is directed
10 one or more bioreacior(s} 103, 104 in which the separated fiquid undergoes further
treatment to oxadize the waste in each stream, such as converting armomonia to niirite, and

nitrite to nitrate in the lquid stream.
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{6G75] In one embodiment, a first bioreactor 103 contains bacteria that converts ammonia
1o nitrite, while a second bioreactor 104 receives flow from the first bioreactor 103 and
contains bacteria that convert nitrife o nitrate. In one embodiment, bacteria in bioreacior 103
may be the same kind as bacteria in bioreactor 104. In another embodiment, bacteria in

bioreactor 103 may be dissimilar {0 bacteria in bioreactor 104,

[BG376] Although shown as two separate vessels to form two separate bioreactors, it will
be appreciated that a single bioreactor may be employed with both classes of bacteria (those
converting from ammonia to nitrite and those converting from nitrite to nitrate) both present
in the same bioreactor. Likewise, 1t will further be appreciated that more than two bioreactors
may be emploved in series. The number of bioreactors may depend in part on the levels of
impurity contained in the fluid as well as the size of the bioreacior, which may be provided as

any vessel that can contain a suitable volume of liquid to host the bacteria.

[BG77] In some embodiments, the bioreactors may inchude a large volume of net-like
elements such as net, wire, grid, guide wire grid, or combinations thereof, providing high
surface area to facilitate bactenial growth. Different types of net-like elements mav be used

for each bioreactor, depending on the kind of bacteria contained in it.

[6G78] As illustrated, anymonia in the liguid leaving the separating tank 102 is converted
1o nitrite n the bioreactor 103, and formed mitrite is converted to nitrate in turn in the
bioreactor 104, A high conversion of ammonia to nitrate 1s desired because plants (such as
those grown in a madia bed) consume only nitrates, while ammonia and nitrite are harmful to
most plant life, although some conversion of ammonia to nitrates occurs throughout the entire
system, particalarly within the coluron of media within the media bed 105, However, it will
be appreciated, as discussed previously with respect to the media bed, that in some
embodiments, the bioreactor(s) may be omitted entirely. with all of the bacteria necessary to
convert ammonia to nitraie present directly in the media bed. Generally, the use of
sohid/liquad separator 102, such as a darifying, swirl filter, or other equipment, to supply
fiquid waste to bioreactors 103, 104 for conversion to nitrates and usable nutrients is most
advantageous when it is destred to direct nutrient rich water to other growing equipment other
than or in addition to media beds; for example, NFT gutters, vertical towers, float beds, duich
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buckets, etc. When enough plants are cultivated in the media bed to absorb all nutrients {or
the mutrients are discharged for fertilizer), the use of separate bioreactors 103, 104 may be

omutted.

16679 Referring still to Fig. 1, from the bioreactor(s), the water, now rich in nitrates,
flows to the media bed 105, in which it is remediated by the presence of the filiration media
and worms as already described. In this closed system, exemplary embodiments achieve a
balance of removing fish waste that would be harmful to plants by converting it info nitrates,
while the plants i the media bed 105 (and/or in other growing apparatus that might be
included and to which the nutrient rich water is direcied within the closed-loop system)
remove nitrates that would be harmfud to the fish and/or the surrounding environment if

directly discharged.

[30G80] Fig. 2 shows a more detailed schematic of an embodiment of a portion of a system
100 relating to the media bed 105 s shown. In this embodiment, a pump 203 15 in
comnunication with an incoming waste stream which is either a primarily solid waste stream
released from the separating tank 102, a flow of water containing the liquid leaving the
bisreactor 104, or a combined flow. Supply of the waste stream to the pump is preferably
and advantageously controlied by a single valve 202. Simularly, the operation of the pump
203 may also be controlled by a single swiich 204, Generally, the valve 202 is positioned so
that the waste stream is flowing from the second bioreactor 104, with periodic operation fo
feed accumulated solid waste from the separating tank 102 {with which will also flow some

ncoming Hquid from the separating tank).

[B0381] Fig. 4 shows another embodiment of a system illustrating that a phurality of media
beds 105 mav be used in parallel within a waste treatment systerm. Fig. 4 illustrates the
ability of the media bed(s) as described herein to be used in other types of waste treatment,
such in terrestrial animal waste reduction. One or more agriculture facilities, such as animal
houses 410, provide a waste source of animal waste that may be 1n the form of raw manure
and/or waste-laden numoff from cleaning operations within the animal houses 410, for

example.
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{6682] Depending on the source of the animal wasie, it may be desirable or necessary for
the manure to undergo one or more preluminary treatment steps prior to introduction into the
waste treatment cycle. For example, when treating chicken or other animal waste, a

drier/pelietizer 411 may be emploved to first sanitize the raw mamwwe source.

[3383] The waste can then be introduced into the recircuiated water stream, which may
advantageously be accomplished in a mixing tank 412 to homogenize the waste and
recirculation strearns into a puropable fluid. The cornbined stream is then directed to pump
203 for introduction into the media bed(s} 105 in the manner previously described. It will be
appreciated that in some embodiments, the pump 203 may be a blender pump and that the
waste and recirculation sireams may be combined and homogenized directly in the purop

apparatus without the need for a separate ruixing tank.

[30:84] From the media beds, at least a portion of the remediated water can be directed
back to the mixing tank 412 or pump 203 as part of the circulation stream. It will be
appreciated however, that while the system may be closed, some or all of the remediated
water may instead be removed from the cycle via a discharge port 414 controlled by a valve
413 The water may be sufficiently remediated to a level that is safe to discharge into the
environment, such as a stream or municipal water supply, or may be remediated to a desired
elevate nitrate level for subsequent use in fertilization in applications exiernal the waste

treatment system.

6085} The embodiment illustrated in Fig. 4 shows four separate media bads 105 n
parallel. The use of multiple media beds in parallel may be useful for accommodating large
volumes of water while also providing for different media and/or the cultivation of different

crops in each of the beds 103

[G086] Alternatively, large volumes mav be also accommodated using a single, large
basin 500 as the media bed with multiple, paralle! inlet and outlet plumbing in order to still
efficiently distribute the flow throughout the bed, as illustrated in Fig. 5. Fig. 5 also shows an
example of the single basin 500 having an aesthetic, irregular geometry that 1s more pond-

fike. Although media bed containers can generally be situated above or below ground, the
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basin 500 illustrated in Fig. 5 can be formed using a pool or pond liner for in-ground settings,
helping to give the appearance of a wetland. The basin 500 may even be cultivaled with
native wetland plants instead of crops 1o aid in the aesthetic and to decrease the operational

expense of the bed.

6087} Although primarily discussed thus far in the context of freshwater systems, some
embodiments also pertain (o the processing of biodegradable or oxidizable organic and/or
chemical waste streams in applications in which wastewater contains high levels of salinuty,

such as salt-water aquaculture or the remediation of waste from sal{-water sourges.

EHERY The microbes in such applications are generally still of the same fanuly
Nitrobacteraceae as those in freshwater application, particularly species of Nitrosomonas and

Nitrobacter. However, while the freshwater bactenia thrive in levels of sabinity ranging from

{0-6 ppt, saltwater nitrifving bacteria in these families thrive in salinity levels of 6-44 ppt.

[(303:89] Dissolved oxvgen levels within beds for saltwater applications should be
maintained to the same levels as in freshwater applicaiions to facilitate the colonization of
microbes for the oxidation of ammonia to nitrite and nitrate. Withouot maintaining proper
oxygen levels, the anwoonia becomes nitrogen gas which nitrogen fixing bacteria use to form

toxic hydrogen sulfide.

{6090} Fig. 6 shows vet another embodiment in which the source of the waste stream is
the effluent of an aguaculture facility 610 that uses aguaculiure raceways 612 that employ a
constant flow-through of fresh water, such as those found in many trout farm environments,
for example. As illustrated, the ageregate flow leaving the aguaculture facility 610 is passed
through the media beds 105 for remediation. While the remediated water may be re-circulated
for additional embodiments, the media beds 105 described herein have been demonstrated to
accomplish sufficient remediation in a single pass such that the remediated water 1s suitable
for discharge 414 back mio the environment. It will be appreciated that not all aguaculture
facilities 610 use raceways and that regardless of whether the aquaculture facility uses

raceways, tanks, or some combination thereof, the discharged water may be recirculated back
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to the aquaculture facility 610. In the case of a raceway set up, the water may be re-

mtroduced upstream of the raceways 612,

16091} Fig. 7 schematically illustrates vet another apphication {or exemplary
embodiments in which an agricultural field 715 having tile-drainage or other collection
means resulting in waste-rich run-off that is collected at a svstem outlet 716 and directed by
one or more pumps 203 to the media beds 103 for remediation. In embodiments in which the
source of the waste stream 15 agriculture field run-off, it may be desirable to use a setthing
tank or other vessel (not shown} to prevent introducing excess amounts of soil into the media

bed(s) 105.

[6692] Accordingly, embodiments of the present invention allow for the safe processing
of a variety of sohid and hiquid biological wastes from a host of agricultural sources.
Furthermore, exemplary embodiments can be constructed in a manner that is easy to operate

and energy efficient.

[6093] In some embodiments, a waste treatment system or an aguaponics system 106 includes a
fish tank 101, 3 separating tank 102, and a media bed 103 that are fluidly connected in a continuous
manner. The system 100 is a closed syvstem without discharge to surroundings as part of regular

operations, thereby providing a true zero-discharge systern.

[0094] The fish tank 101 may be any kind of tank or pool and contains fish or other cultured
aquatic life in a hfe-sustainimg higuid, typically fresh-water. The fish tank may further include bquid

waste and solid wastes excreted by the fish.

[6095] The flmd, including waste product, flows from the fish tank 101 {o the separating tank
102, The separating tank 102 mayv be any suitable scparation apparatus to scparate solid wastes from
the iquid. Suitable apparatus for the separating tank includes, but 1s not hmited to, sand filters, bead
filiers, baffled clarifiers, membrane filters, setthing tanks, or combinations thereof. In some
embodiments, the separating tank 102 1s a collection tank or a settling tank, in which solids fall out of

the liquid by gravity.

130961 The separated solids or solid wastes may be directly delivered to the media bed 105,

Stratlardy, the separated Bogwd te., water containing anunonia and other Lquid waste (as well as small
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amounts of suspended solid waste) may also be directed to the media bed 105, Alternatively, in one
embodiment, as illustrated in Fig. 1, the separated liquid may first be directed to one or more
bioreactor(s) 103 and 104. In cither case, the scparated solids and separated liquids cach undergo
further treatment to oxidize the waste in cach stream, such as converting ammonia to nifrite, and

aitrite to nitrate in the hgud stream.

130971 In one embodiment, a first biorcactor 103 may contain bacteria that convert ammonia (o
nitrite including, but not himited to, Nitrosomonas, Nitrosospira, Nitrosococcus, and Nitrosolobusand,
while a second bioreactor 104 may receive flow from the first bioreactor 103 and contain bacteria that
convert mitrite to nitrate, incloding, but not limited to, Nitrobacter, Nitrospina, and Nitrococcus, In
some embodiments, bioreactor 103 may contain Nitrosomonas, and Bioreactor 104 may contain
Nitrobacter. In some embodiments, bioreactors 103 and 104 may include at least two kinds of
bacteria. In an embodiment, bacteria in 103 may be the same kind as bacteria in 104, In another

embodiment, bacteria 103 may be dissimilar to bacteria in 104

[60938] Although shown as two separate vessels to form two separate bioreactors, it will be
appreciated that a single bioreactor may be emploved with both classes of bacteria (those converting
from ammonia to nitrite and those converting from nitrite to nitrate) both present i the same
bioreactor. Likewise, it will further be appreciated that more than two bioreactors may be employed
in series. The number of bioreactors may depend in part on the levels of impurity contained in the
fluid as well as the size of the biorcactor, which may be provided as any vessel that can contain a

suitable volume of liguid to host the bacteria.

(3399 In some embodiments, the bioreactors may include a large volume of net-like clements
such as set, wire, grid, guide wire gnd. or combinations thereof, providing high surface area to
facilitate bacteria growth., Different tvpes of net-like elementis may be used for cach bioreacior,

depending on the kind of bacteria contained in it

[G0100]  As illustrated, ammonia in the liquid leaving the separating tank 102 is converted to
nitrite 10 the bioreactor 103, and formed nitrite is converted to nitrate i turn in the bicreactor 104 A
high conversion of ammonia to nitrate is desired because plants (such as those grown in the media

bed) consume only nitrates, while ammonia and nitrite are harmful to most plant life.

[G0161]  From the bioreactor(s), the water, now rich in nitrates, flows to the media bed 105, The

media bed 103 generally includes one or more types of non-soil media that can support the plant Life
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used in the system to accomplish nutrient uptake. Suitable media includes, but is not limited to,
activated carbon, granular activated carbon (GAQC), pelletized activated carbon, polymeric fibers,

crushed stone, pumice, sand, plastic media, gravel, and combinations thereof.

[B0102]  As with the cultivation of fish-life in the fish tank 101, a wide variety of plants may be
cultivated in the media bed 105, The cultivation of plants results in the uptake of nitrates and other
nutrients resulting from the oxidation of the fish waste. Thus, exemplary embodiments achieve a
balance of removing fish waste that would be harmful to plants by converting it info nitrates, while
the plants remove the nitrates that would be harmful to the fish. The resulting system, by efficiently
eliminating both solid and liguid waste at high conversion rates, resulis in a closed, zero-discharge
system that does not require any regular, periodic flushing to remove build-up of excess waste or

nutrients.

[331863]  Plants may be grown directly in the media bed 105, Alternatively, or 1n addition to plant
hife cultivated m the media bed, the nutrient rich water containing nitrates and other oxidized waste
may also be used with one or more other vessels flidly connected to the media bed as part of the
closed system configured 1o support plant life. Any suitable vessel or other arrangement that does not
interfere with the closed nature of the system may be emploved for additional plant cultivation.
Exemplary arrangements include, but are not limited to, float beds, towers, nutrient film technology

(NFT) and pounds.

[B6184] According to an exemplary embodiment, the media bed 103 further includes the presence

of worms cultivated in the media bed.

[6G18S] The presence of annclid wonms in the media bed 105 accomplishes several tasks. The
worms in the bed continuously break down incoming solid waste delivered from the separating tank
102, helping to prevent the accumulation of solid waste in the media. This helps ensure that water
casily passes through the media, and reduces the chances for clogging. Additionally, the worms
create passages in the media for the movement of air throughout the bed so that all portions of the
beds can contain high enough levels of dissolved oxy gen to decrease the potential for anaerobic zones

i the beds.

[B0166]  The presence of annelid worms in the media bed(s) also has the advantage of chelation of
nuirients. Much of the nutrients in incoming solid waste is not chelated and s, thercfore, not water

soloble. Ag the annelid worms break down the incoring solid waste and pass it through their
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digestive tract, the nutnients are chelated, making them water scluble, and therefore more readily

available for uptake and usc by plants growing in the media bed.

[38187]  In another embodiment, the media bed 103 is the subject of active acration. Active
acration may be performed by any suitable mechanism, including, for example, a regenerative blower,
air pump, compressor, other mechanical equipment, or combinations thereof. The acration allows for
controlling the dissclved oxygen in the media bed 103, The active acration helps prevent the beds

from developing anacrobic arcas that are harmful to fish health and plant growth,

[60168] It will be appreciated that in embodiments in which the media bed is sufficiently acrated,
acrobic ammonia- and nitrate-converting bacteria may be cultured directly 1o the media bed, thriving
to perform thewr function of converting liquid waste to nutrients without the need to employ any

additional vessels to act as separate bio-reactor(s).

(68109}  Active aeration also aids in the safety of worm populations and surprisingly allows them
o survive in a water rich environment. Additionally, active acration decreases the incidences of

various plant root infections and diseases.

[60118] Excmplary embodiments preferably employ the use of media beds 1035 of the continuous
flow type. In comparison to passively aerated, ebb-flow systems, the use of a continuous flow bed
decreases the incidence of clogging in the bed, as the stones or other media remain sufficiently wetied
to decrease the accumulation of algae and bacteria on the stones. This continucus movement further

aids in decreasing the development of anacrobic areas in the beds.

[6Giii] Twningto Fig 2, a more detailed portion 106 of the system 100 surrouanding the media
bed 105 1s shown. A purop 203 is i comuunication with ag ncoung waste sireara 107 which is
either a solid waste stream released from the separating tank 102, a flow of water containing the liquid
leaving the bioreactor 104, or a combined flow. Sopply of the waste stream to the pump 1s preferably
and advantageously controlled by a single valve 202, Sinularly, the operation of the pump 203 may
also be controlled by a single switch 204, Generally, the valve is posttioned so that the waste stream
107 1s flowing from the sccond bioreacior 104, with periodic operation to feed accumulated solid
waste from the separating tank 102 (with which will also flow some incoming liguid from the

separating tank),
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[B61%12] The pump 203 delivers the incoming waste stream into the media bed 103 at the waste
mlet 107 via the supply manifold 206. To aid in ¢lean, ongoing operation of the system, cleanout
valves 208 may be located on cach supply manifold 206. As the pump 203 delivers the solid waste
and asscciated Fqoid to the bed, the sohd waste is deposited in the media, filtering the associated
fiquid, while nutrients in the liquid are absorbed by the plant life in the media bed 105, The filtered
figuid is displaced back into the fish tank 101 through a drain line {e.g., freated waste outlet conduit

207), eliminating the need for discharging waste from the closed system.

[60113] The present fnvention may also comprise a method of treating a solid and fguid waste in
an agquaponics system 100, In an embodiment, the method includes the step of providing a fish tank

101 containing a fluid, a separating tank 102, and a media bed 105.

[33184]  The method further includes the step of delivering the fluid in the fish tank 101 to the
separating tank 102. The separating tank 102 separates the fhuid wito solids and lguids. lnone
embodiment, the separating tank 102 delivers the solids to the media bed 103, and the liquids to the
bioreactors 103 and 104, Bacieria in the bioreactor 103, such as Nutrosomonas, Nitrosospira,
Nitrosococcus, and Nitrosolobus, convert ammonia in the fiquids to miirite. Bacteria in the bioreacior
104, such as Nitrobacter, Nifrogpina, and Nitrococcus, convert mitrite into nitrate. In one embodiment,
nitrate-rich liquids are delivered to the media bed 1035 although conversion to nitrate may also occur
directly in the media bed as previously described. Nitrate-rich liquids and the solids may form a
mixed stream before they are delivered to the media bed 105, The media bed 105 filters the solids
and nitrate-rich Liquids, nitrates absorbed by cultivated plant life, and filtered Jiguid is then returned

back to the fish tank 101

[00115] The media beds, apparatus and systems described herein provide a sustainable living
ecosystem never before achieved, where submerged worms, microbes and plants can thrive and
biodegrade large quantities of aqueous or oxidizable waste. The media beds, apparatus and sysiems
described herein also provide for many advantages and increased efficiency over prior art methods.
For example the media beds, apparatus and systems herein prevent clogging. Traditional
biomediation systems systems are particularly susceptible to clogging over time. They require
periodic backflushing to maintain flow, periodic excavation to remove carbonaceous wastes by
physical removal, or cleaning to remove by oxidizing carbonaceous waste build up. This tvpe of

maintenance is costly, often due to labor costs, reduces the time that a system can be active.



WO 2018/112343 PCT/US2017/066675

[60116] The media beds, apparatus and systems described herein eliminates this labor and down-
time cost. In some embodiments, a media bed, apparatus or system described hereia can be operated
continuously for more than a year without down time, and without requiring removal of solid waste
build up or cleaning. During this time the media bed, apparatus or system can maintain amounts of
nitrifving bacteria required to remediate all the anunonia wastes generated by and introduced mto the
system, and maintained the worm population through reproduction. By comparison, vermicomposting
{on land) fails 1o remediate all of the aramorda waste, rauch of the nitrogen is ¢jected into the
atmosphere as N2 gas and nitrates (plant nutrienis) arc derived from worm castings alone. Svstems,
media beds and apparatuses described herein mainiain continuous acrobic conditions and ultimately
returns almost all of the nitrogen as nitrate, a plant nutrient. This is due to acrobic nitrdving microbes
converting ammonia to nitrate. In systems described herein nitrate is produced n the walter at
approximately 350 ppm, but the concentration can be vaned from zero to greater than 1000 ppm
based on waste loading fo the system. Worm castings alone have very low N concentrations (1.8%)
and it would reguire dissolving 33 .3 kg of worm castings in 2000 L water per day to give a nitrate
concentration 330 ppm. Therefore a system described hercin also provides a major savings 1o nitrate
provision compared to deriving the nitrate from worm castings alone. Our media bed systems, by
including nitrfying bacteria that oxidize arnmonia and provide a primary nitrate source, and worms

that keep the system from clogging, is much more cfficient than cither alone.

[B0117] Traditional biofilters using nitrifving bacteria fixed to the media without worms have
ammonia reduction rates that vary strongly with surface arca of the media; the smaller the media the
higher the surface area and the higher the nitrification rate. However hydraulic flow declines with
media size making the filier less efficient at passing water through it. Further, these filters require
backflushing as they clog with dead bacteria, and the inevitable carbon rich wastes that comes with
them, and must be cleaned or backflushed. Therefore these biofilters are seidont used at a large scale
or for waste streams that have not had the biosolids removed n some other fashion. The efficiency of
such filters at removing ammonia from waste sireams declines by 70% at N ratio as low as 1.0-2.0.
The media beds described herein do not decline i efficiency of ammonia removal at C/N ratios as
high as 25:1 with sufficient dissolved oxygen because the worms consume the organic carbon, supply
additional aminonia to the water from their respiration (which enhances activity of nitrifying
bacteria), enhance the heterotrophic nucrobial activity of the whole system by exudates,
polysaccharide slime, and eazymes, and reduce the overall system population of heteroirophic
bacteria by eating them. The ingesting and consumption of heterotrophic bacteria not only keeps the
beds from clogging, it greatly reduces their nurber. This reduction m number is important as
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heterotrophic bacteria used in waste treatment can increase their populations five times faster than
nitrifying bacteria, greatly limiting their efficacy in nitrification. In one example, a media bed system
can biodegrades 10 kilos of dried, solid, pelieted chicken waste producing ammonia levels of 26 ppm
of ammonia (6 ppmn Nitrate) thereby reducing ammonia levels to 6.0 ppm and nitrates to greater than

1000 ppra i six days,

130118} Additionally, the media beds, apparatus and systems presented herein prevent formation
and subscquent release of mcthane and reduces the contribution of organic waste and manure
digestion to global climate change. Accordingly, the media beds, apparatus and systems present
herein allow for the safe and efficient processing of solid and figuid avunonia waste from aguaculiure

systems. Furthermore, the present invention is casy to operate, and is encrgy cfficient.
Methods

[066119]  In some embodiments, presented herein 1s a method of treating waste comprising
(a) providing a media bed compnsing a biomass, wherein the biomass comprises water and
worms, the worms are submerged in the water, and the water comprises an oxygen content of
at least 3 ppmy; and (b) contacting the biomass with oxidizable waste, thereby forming a
mixture. In certain embodiroents, a roethod further comprises (¢} removing a portion of the
mixture, wherein the portion of the mixture comprises treated waste. In some embodiments,
the water further comprises un-tonized ammonia at an amount of 5 ppm or less, or 0.5 ppm or
less. In some embodiments, the roedia bed and/or biomass comprises oxidizable waste. In

some embodiments, the media bed comprises media.

[66120]  In some embodiments, the contacting of {a) and the removing of (¢} comprises
continually introducing the oxidizable waste into the media bed while continually removing a

poriion of the maxture there providing a constant stream or current through the media bed.

[6012%]  In certain embodiments, the method further comprises aerating or oxygenating the
media bed, water or biomass {0 an dissolved oxygen concentration of at least 3 ppm, at least
3.1 ppmy, 3.2 at least ppm, at least 3.3 ppm, at least 3.4 ppm, at least 3.5 ppm, at least 3.6

ppm, at least 3.7 ppm, at least 3.8 ppm, at least 3.9 ppm or at least 4.0 ppm.
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66122} Insome embodiments, the method comprises generating a horizontal flow of the
agueocus waste stream {oxidizable waste} through the media bed. Continuous or often
repeated horizontal flow through the media bed avoids formation of anoxic pockets where
bacteria that generate toxic hydrogen sulfide form. It also avoids formation of filamentous
bacteria that will clog the media and disperses wastes evenly throughout the media bed. In
certain embodiments, a media bed s not be allowed to dry out or fully drain. In some

embodiments, a media bed or biomass is continuousiy aerated.

[66123] In some embodiments, keeping a media bed aerobic by aeration avoids the
gasification of nifrogen as N2 gas in anaerobic environments. In some embodiments, a media
bed 1s continuously aerated from beneath by a perforated pipe, hose or air stones. In some
embodiments, ambient air 1s used for aeration. In some embodiments, aeration or
oxXygenation comprises infroducing oxygen gas from tanks, or oxygen produced by gasified
Liquid oxygen, into a media bed or biomass. In certain embodiments, aeration is applied at a
rate to maintain dissolved oxvgen at a concentration of at least > 3.0 ppm. While some fish,
earthworms and many nucrobes can tolerate dissolved oxygen below this fevel, 3.0 ppm is
often a lower threshold for microbial conversion of ammonia to nitrite. I dissolved oxygen
goes below 3 ppm, ammonia often builds rapidly and becomes toxic to hiving orgamsms in
the system. If dissolved oxygen drops below 0.5 ppm the earthworms will leave the system if
at all possible. Further, dissolved oxygen > 3.0 ppm aerates plant roots and thus allows for

cultivation of plants, both aquatic and terrestrial, directly in the media beds.

EXAMPLES
Example §

[00124] Fig. 3 shows an embodiment of a media bed 105 prior to the introduction of
media, water, and other bed contenis. Waste enters the media bed 105 via the waste inlet 107
which in the illustrated embodiment distributes the waste on either side of the bed via waste
nlet manifolds 206, which may be a continuation of the waste inlet conduit having holes
along the length of the bed for the waste to escape into the bed. The waste manifolds 206
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also optionally include valves 208 positioned 1o be accessible above the media and which
may aid in servicing any clogs that might occur within the manifolds 206, In some
embodiments eroploying a continuous flow arrangement, an additional water inlet 26 may
optionally be provided to maintain a constant volume of water flow by introducing water free
of solid wastes (for example, overflow from a fish tank in the context of an aquaponics
svstem). The use of an additional water inlet 26 may be particularly advantageous for
embodiments in which solid wastes are periodically introduced to the media bed 105 under

pressure via the manifolds 206.

661257 While the embodiment in Fig 3 shows the waste input 107 and wasie manifold
206 constructed of rigid PV, these components, as well as other plumbing components
within the invention can be constructed of a variety of materials, including but not lumted to
polypropviene, polyethylene, reinforced rubber hose, metal piping, etc. In one embodiment,
the interior plumbing components are constructed of reinforced flexible rubber hose. This
may help reduce the possibility of damage due to freezing water, shifting of the roedia bed

105 or 1is contents, plant root growth, or other potential problems.

[66126] Remediated water leaves the media bed via the treated waste outlet 106, The
remediated water is coliected by a perforated drain pipe {(e.g., treated waste outlet conduit
2073, An overflow drain 28 may also be connected to the treated waste outlet 106; the
overflow drain 28 protects the media bed 1035 from overflowing should there be a clog in the

outlet conduit 207.

{66127} In some embodiments, the waste inlet 107 is situated at a predetermined height
above the cutlet. Tt will be appreciated that the greater the distance between the waste inlet
and outlet, the greater the distance that the water passes through the media, which may reduce
the number of cycles water needs to be circulated before the desired level of remediation is

achieved.

66128} Insome embodiments, the media bed 105 includes microbes {i.e. bacteria and
archaea} that convert anymonia to nitrite, as well as those that convert from mitrite (o nitrate.

The carbon dioxide gas in the waste water and carbon compounds in the solid and liquid
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waste siream aid this process by providing carbon sources for biomass construction to the

bacieria, particularly those involved in the oxidation of ammonia.

[66129]  Aclive aeration 15 used in the media bed 105 such that the water surrounding the
worms 1s oxygenated to 3.0 ppm dissolved oxvgen or greater. Thus, because the media bed is
flooded with water and the worms may thus spend much or even all of their time in the media
bed completely submerged in waler, the oxygen content is maintained at such a high level
that worms, mcluding ordinarily terresirial earthworms, can nonetheless still breathe. Because
the media bed and the water within it 1s rich in waste, the worms have a sufficient supply of
available food that also sustains life. Although the worms can withstand periodic short term
conditions of lower dissolved oxvgen, the bacteria that oxidize ammonia to nitrite generally
cannot and constant aeration 1s thus generally desired. The presence of bacteria within the
media bed helps control ammonia levels and the ammonia levels in the media bed should be
less than 5 ppm un-tonized ammonia, such as fess than 1 ppm un-tonized ammonia and in

sorne embodiments the media bed contains about 6.7 ppm or less of un~ionized ammoma.

[G0130] With the dissolved oxygen, the worms 1o media beds in accordance with
exemplary embodiments are capable of obtaining enough oxvgen through their skin to

survive, eat, and even reproduce despite the media bed being flooded with hiquid water.

[66133] Conventional media beds without worms eventually build up bacteria and wastes
and cease (o function; they are prone to clogging, the {ormation of anaerobic zones, and
potentially producing methane and hvdrogen sulfide, which are highly toxic to fish. These
bioproducts have been a serious problem himiting use of media beds in aguaponics systems.
The presence of annelid oligochaete worms in the media bed 105 in accordance with
exemplary embodiments accomplishes several tasks and overcomes problems in conventional

media beds.

[66132] As previously noted. 1t will be appreciated that because the media bed is
sufficiently aerated, aerobic ammonia- and nitrite-converting microbes may be cultured

directly in the media bed, thriving to perform their function of converting hiquid waste to
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nutrients withowt the need to employ any additional vessels to act as separate bioreactor(s)

upsiream of the media bed.

[66133] In comparison to passively aerated, ebb-flow systems, the use of a continuously
flooded media bed decreases the incidence of clogging in the bed, as the stones or other
media remain sufficiently wet to decrease the accumulation of filamentous algae and bacteria
on the stones. This continuous movement further atds in decreasing the development of
anaerobic areas in the beds. These media beds may also be used with periodic wastewater
flow, provided that the oxygen and moisture levels are maintained within the media bed

sufficient to sustain the bacteria and worms beiween and during periodic flow.
Example 2

66134} In one embodiment, the media bed is constructed as a lined earthen pool (e g, see
Fig. 8). This embodiment allows for the rapid, economic deplovment of beds in a wide range
of locations. While the dimensions of this tvpe of bed can vary greatly, in some embodiments
the bed is constructed with a width in a range of about 2 feet o about 8 feet wide. In some
embodiments, the depth of the bed 15 1n a range of about 1 foot deep to about 8 feet deep.
The length of a bed can vary greatly. It should be noted that the above dirmensions of width
are to establish optimal distances between the waste input tines (206} and the outlet conduit
{207). Tn embodiments where a larger containment basin 1s desired, such as in the creation of
a more natural appearing constructed wetland, multiple sets of waste input lines and

coliection lines can be utilized in paraliel.

[66135]  When a desired location has be selected for the instaliation of a media bed, the
fand should be cleared of debris and lfeveled. The total area of the earth excavated is
determined by the desired exterior dimensions of the bed being consiructed. This is calculated
by adding the wall dimensions of the beds to the desired interior dimensions. The width of
the side walls will vary depending on the material utilized. For example, in this embodiment,
pressure-treated 2x12 lumber was used 1o construct the supporting edge of the beds (215).

The thickness of these boards was calculated into the overall dimensions of the beds. The
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desired dimensions should be clearly marked on the ground, and the earth within those

dimensionse should be excavated.

[66136] The depth of the beds will be determined by the desired internal depth of the bed,
plus the depth of any necessary barrier between the liner and the earth below. Depending on
the composition of the ground in which the bed is placed, it may be necessary to place a layer
of protective foam board (216}, or a layer of sand {217} on the bottom of the excavated
ground prior to placing the liner (218} in order to protect the liner from sharp stones or other
debris. Protective materials such as liner felt (219) can be wiilized as well to ensure a safe
barrier between the liner and ground below. Once the proper excavation has occurred, it is
important (o ensure that any stones or other debris be removed from the bottom and side

walls of the hole.

[66137] Depending on the intended use of the media bed, it may be necessary to install a
buried sump in front of the media bed. This sump will be used for dosing waste into the bed,
and will also aid n recircalation of the wastewater through the bed, and the collection of
water from the bed. The surop should be sized appropriately based off the sized of the bed,
the intended ouicome of the waste, the waste input being process, local ground temperatures,
and other factors. It is important that the usable volume of the sump tank be at a lower

elevation than the stable water level of the media bed during operation.

[66138] For example, in this embodiment, the water level in the bed 13 2 inches below
ground level (220). Therefore, a 48-inch tank, buried so that the access lid is 4 inches above
ground level will require a 44-inch hole be excavated. While this may be a 480-gallon tank
by volume (i.e., about 1817 liters), only the bottom 42 inches of tank are below the standing
water level of the media bed, giving the tank a usable capacity of only 420 gallons (e.g.,
about 1590 liters). For ease of use and ongoing maintenance of the system. It is suggested
that the sump tank be buried inside of a concrete sleeve. This allows the tank to be easily

removed o be serviced or replaced without requiring further excavation in the future,

1066139 A hole sized approprately to house the tank and optional concrete sleeve should

be excavated at the front end of the media bed hole. A trench should be dug at the elevation
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of the bottom of the media bed hole connecting the two holes. Depending on the composition
of the ground in which the tank will be set, it may be necessary {o dig the tank hole deep
enough to allow for pavers, sand, or a stone bottom to be added to the hole to ensure that the
bottom of the tank sits level and secure. The concrete liner and tank can be safely lowered
into the hole. The trench between the tank and the bed should remain open uniil the final

plumbing is complete.

[B01406] Ifa foam (216) or sand bottom (217) is utitlized n a roedia bed to protect the hiner,
it should be installed at this point. In this embodiment, 2-inch structural foam is cut to the
inside dimensions of the botiom of the hole. The pieces of foam are {aped together to keep
them {rom shifting as the liner 1s installed. If foam will be used to protect the side walls of the

liner, 1t will be instalied after the structural top edge.

[661431] A structural top edge can be added to the bed at this point. The structural top edge
helps to maintain an elevated, defined line between the ground outside the beds, and the
media inside the bed. This top edge can be constructed from a wide varniety of materials as

either an affixed wall or lumber, metal, or foam, or even a berm of earth, stone, or masonry.

[60142]  If a lumber structural top edge (215) 1s used on the bed, 1x1 stakes (221) should
be hamimered into the ground into the bottom of the hole around the perimeter of the bed. The
stakes should be long enough that they are sufficiently supported in the ground, and the top of
the stake sits at least 6 inches above will act as supports on which to mount the 212 fop

edges of the bed.

166143} Using atransit, or other level, mark each stake 6 inches below the common
ground fevel (220) outside the bed. A transit should be used to ensure that regardiess of
fluctuations n the ground level outside the bed, that the marks on the stakes are at the same

elevation. This 1s key to ensuring that the top of the bed 1s straight and level.

[60144] The 2x12 lumber (215) should be affixed to the stakes (221) so that the bottom of
the board rests on the 6-inch marks. This will center the board approximately at ground level,

leaving a 6-inch lip extended above ground level.
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66145} H foam board or other material is to be used to provide a protective barrier
between the liner and the sides of the trench, it should be installed at the pomnt. Material can
easily be affixed to the upright stakes in a similar fashion to the top lumber. If a protective
liner blanket is to be installed. 1t can be careful laid into the trench, folded in the corners, and
wrapped up and over the top edge boards. Note that it should not be secured into place or cut
to final fit at thas point as it may shaft or settle when the bed 1s filled with water of media. The

blanket and liner should both be free to move and settle during the filling process.

[66146] When the top edge is installed, and any protective measures have been put into
place, the liner {218} can be carefully laid into the bottom of the trench. The comers of the
Iiner should be folded to allow 1t {o seitle mto the corners of the trench. It is not critical that
the liner be fitted perfectly into place or secured to the top edge at this point. In the bottom of
the front-end wall of the trench, cut a hole in the liner sized to receive a bulkhead of the
necessary size for the amount of water flow through the bed. In this embodiment, a 3~-inch
hole is cut to receive a 2-inch ABS bulkhead (223). A 6x6-inch square of 1-inch pressure
treated lumber (224) is used as a large washer against which to pin the liner (218} {o the
bulkhead fitting. If a protective blanket (219) is used on the bed, the bulkhead will pass

through the protective blanket in the same fashion as the liner.

(661471 When the bulkhead is fitted into place, use it as a guide to determine the elevation
of the through hole in the sump tank and concrete sleeve. Drill a hole through the concrete
sleeve and sump tank {230) size appropriately for the plumbing used to connect the bulkhead
and surnp tank. Tn this emsbodiment, a 3-inch hole 1s drilled to accept a 2-inch uniseal fitting
(231). The Uniseal 15 instalied from the inside of the tank, and a beveled 2-inch pipe (232) is
pushed through the uniseal to the midpoint of the trench between the tank and the front wall
of the bed where the bulkhead fitting it located. The pipe should long enough that the pipe
sticks out toward the middle of the sump tank. On the end of the pipe mside the sump tank, a
tee (233} is connected into place and fitted with a cleanout port (234). A vertical standpipe

{235} 1s added that will be used to set the final running height of the water within the bed.
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66148} Ancther section of pipe {232) is fitted inio the exterior side of the bulkhead. This
pipe should be long enough to reach other sections of pipe coming from the tank, which can

be connected with a solid or rubber coupling.

166149  On the side of the bulkhead inside the bed, a small section of pipe (225) should be
installed into the bulkhead, leaving enough room to securely affix a tee {226} with the side
port facing vertically. A vertical standpipe (227) should be affixed mto the tee (226). This
standpipe should be long enough to extend approximately 1 inch above the final level of the
media in the bed. This standpipe serves as an overflow in the event that the main dramage
line becomes clogged or damaged, ensuring that incoming water from the sump tank does not

overflow out of the bed.

[66150]  Anocther small section of pipe (228) 1s secured into the fee, on which a large
adapter {229) is affixed to connect the bulkhead drainage plumbing to the main discharge
line. In this embodiment, a 4-inch flexible, perforated drain line (e g., outlet conduit 207} was
used, requiring a 2-inch by 4-inch adapter be installed. This drain line s run alone the botiom
middle of the bed. At the far end of the bed, the drain line continues up the back wall,
extending up past the level of the media in the bed. Once the media is installed in the bed,
this drain line will be cut down to the evel of the gravel, and a screen will be fitied to ensure
nothing falls into the hime. This allows for a simple access port into the drain line, useful for

future servicing or cleaning.

[66151]  After the drain line is laid along the bottom of the bed, aeration lines should be
added. Any method of aeration that can achieve the necessary dissolved oxvgen requirements
of the bed can be utilized. In this embodiment, 3/8th mch soaker hose (30) 18 connected to a
PV supply manifold. The manifold is a 1-inch PVC pipe fitted with two male adapters
capable of receiving standard hose fittings. The PVC manifold is placed vertically at the
midpoint of the media bed, next to the drain pipe. The top of the manifold should extend

above the final gravel level of the bed.

[66152] The soaker hose 15 laid m a curved zig-zag patter under the drain pipe the entire

fength of the bed, each hose covering halt of the bed. The soaker hose and drain line can be

-45.



WO 2018/112343 PCT/US2017/066675

held inio position by adding a laver of media into the bed as the hose i3 laid out. Prior to fully
covering the bottom of the bed with media, pump out accesses can be installed 1o make
draining the bed easier should it become necessary. In this embodiment, one section of 10~
inch diameter drain (222) pipe was placed vertically at each end of the bed. These sections of
pipe should be long enough that they sit resting just above the boitom of the beds, and extend
above the final level of the media. These pipes provide locations to pump water ouwt of the bed

should 1t become nacessary to service or winderize the bed.

(66183} At this point, a few inches of water can be added to the system to help position the
liner into the edged of the bed. As water and media are added to the bed, the outside of the
liner and bed can be backfilled if necessary. This will ensure that stmilar pressure s put on
the nside and outside of the liner as it fills, decrease the risk of stretching the liner. Water
end media can continue to be added uniil the bed is filled approximately 10 inches from the
final media level. This depth can vary due to the specific parameters of the bed being
constructed, the waste being processed, and the architecture of the plants being cultivated in

the bads. At his point, the wastewater inlet lines {249} will be installed.

(66184} While the waste input lines can be constructed of a wide range of matenals, in this
embodiment, 1.5-inch reinforced fubing 1s utilized to minimize the fittings present, protecting
against damage from shifting media and freeving water. The waste inlet tubing (249) is
perforated with 1/4th inch holes (250} every ten inches along the entire length. The tubing 15
cut long enough that it can be placed along the entire length of the beds, approximately 6
inches from the side walls, while extended above the level of the media at both ends of the
bed. When working with the tubing in the beds, tape off the open ends to ensure that no
debris falls into the lines. When the lines have been laid mto place, continue adding media

until the beds are filled to their necessary depth.

{66185} After all the media has been added to the beds, it is safe to secure the hiner to the
top end rail if one is being utilized. The liner can be cut down to a manageable size, ensuring
that enough liner remains to fold it ughtly over the top edge rail. By carefully folding the
corners, the liner can be made to lay cleanly over the rails. After wrapping the liner over the
rails, i can be secured using a variety of fasteners including but not limited to screws with
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washers, staples, or tacks. The liners can be buried slightly around the rails to aid in
agsthetics. If a top rail 1s not being utilized, the liner can be cut to lay flat along the edge of
the bed. If a berm-style edge is being used, the berm can be constructed along the edge of the
bed, above ground level The liner should be wrapped over the top of the berm and affixed

securely.

[33136]  Once the bed 1s filled, the air manifold can be cut down and affixed to an air
source suttable to maintain a dissolved oxygen level of at least 3pprm, such as but not linuted

to a regenerative blower, air pump, oxvgen delivery system, or cOmpressor.

(66187} The ends of the inlet pipes furthest from the sump should be fitted with ball valves
{236). These valves should remain closed during normal operation, and are used 1o purge
clogs and provide an access point into the supply manitolds for cleaning and servicing. In this
embodiment, 1.5-inch threaded ball valves {236) were connected to 1.5-inch barbed male
adapters {237). These barbed fittings were inserted into the tubing and secured with metal

hose clamps (238,

[00158]  The supply end of the mlet lines, located near the sump tank, are connected nto a
single manifold. In this embodiment, 1.5-inch barbed male adapters (239} are inserted into
the tubes and secured with metal hose clamps (240). 1.5-inch PV female adapters (241)
convert the tubing to PVC. Two 1.5-inch 90-degree elbows (242), and a 1.5-imch tee (243)
are used fo create a single manifold with an input port. This mamfold 1s connected to the
circulating pump. A ball valve (244) 1s in place between the pump (245} and the manifold o
provide control over the flow of water entering the bed. In this embodiment, a 1.5hp, self-
priming pump 1s used to hift wastewater from the samp tank, and deliver it through the input
tubes. The inlet of the pump is a long 1.5-inch pipe (246) fitted to a 90-degree elbow (247).
The bottom of this straw-like structure draws wastewater off the bottom of the tank The

bottom of the mlet pipe sits T inch off the floor of the sump tank.

{66159} In an ideal embodiment, a small port {251} is added to the waste inlet pipe supply
manifold. A valve-controlled hose (252) takes a portion of water from the manifold, and

retums it to the bottom of the sump tank in a manner that creates a swirling effect in the tank
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{253} This ensure that solid waste does not become deposited in the bottom of the tank, but it

stirred up and removed by the pump.

[66168] The pump should be connected to a float switch interrupied located toward the
hattom of the sump tank. This ensures that should the surop tank run low on water, the pump

will not run dry or lose its prime.

[66161] The overflow pipe toward the front of the media bed should be cut down so that it
rests approximately an inch above the level of the media. A pipe screen should be added to

the overflow 1o ensure that no media or other debris falls into it

[B8162] Pump out accesses can be cut lower to the media for aesthetic purposes. Covers
should be added to these accesses to ensure that neither debris nor amimals do not fall into

them.

[66163]  When the phunbing is finushed, {ill the bed to the desired standing water level
inside of the bed. In this embodiment, that water level i3 2 inches below the media. As the
bed fills, the vertical standpipe inside of the tank will fill as well. Once the bed 15 at the
desired level, cut the stand pipe inside of the tank 2 inches below the water level inside of the
pipe. Affix a rubber couphing (236) to the stand pipe with a hose clamp. The top of the rubber
couple should sit 2 inches above the top of the stand pipe. This will return the static water
tevel to this height when the beds are ronning. The rubber coupling aliows the height of the
water level in the bed to easily be adjusted o compensate for water flow once the bed is

operational.

106164 With the bed full, check the coupling conmection between the drainage line from
the bed and the sump tank to ensure the couple is not leaking. If the bulkhead and couplings

appear dry, carefully backfill the trench with sand or ¢lean fill.

[66165]  Once the bed is finalized, the tank should be filled to a few inches below the
vertical standpipe. The bed can be cycled using inoculant fluids from another system o
rapidly increase the adaptation and proliferation of necessary biota. When the bed 1s cycling,

the main valve connecting the pump to the waste inlet manifold should be adjusted so that
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water 15 entering the bed at the rate that it can efficiently flow through the bed. If the bed

appears to be flooding, dial the pump back slightly until a stable flow is established.

[66166] Waste should be slowly miroduced to the bed at a rate that mamiains the water
quality within the effective ranges of the biota. This will aliow for a smooth system startup. If
plants are to be utilized in the bed, they should be introduced once the water quality

paramneters have settled imto a range safe for their mtroduction into the bed.
Example 3 — Media Bed Set Up

Building the Media Bed Bioreactor

i. Assembly

2. Sequential Imtiation of biological communitly

[68167]  Once the Media Bed has been assembled it should be filled with potable water and
the aeration system activated. If chlorine is present (as in many municipal supplies) the water
in the system should be circulated for 24 hours to aliow outgassing of the chlorine. Afier 24
hours (or immediately after filing if no chlorine is present) a microbial inoculant s added to
the media bed bioreactor. This inoculant can be taken from the waste stream of a functioning
system either in or directly afier the media bed bioreactor. Alternatively the inoculant may be
composed of selected microbes. Inoculation is followed with an amount of biclogical waste
(e.g., derived from chicken, hog, or fish) or household liguid anmmonia to raise ammonia
tevels to about 15 ppm. This will allow nitrifying microbes fo increase in population and
begin conversion of ammonia to niinte. Ammonia levels will begin to drop as the microbes
convert ammonia to nitnie. Nitrite levels will rise proportionately then microbes converting
nitrite to nitrate will be activated and nitrate levels will begin to rise as anwnonia and nitrite
levels fall in one to seven days. Once ammonia levels drop to less than 1.0 ppm then
earthworms (initial stocking rate of approximately 500 m*) should be added directly to the
media bed. Plants can also be added to the media bed bioreactor at this time as desired. Waste

treatment can begin at this point.
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[00168] Wastes will inherently vary in Biological Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD) as well as conceniration and digestibility of big-solids in the
aqueous waste stream. The BOD, COD or combination thereof 1s often greater than about 3
ppm in waste (e.g., aqueous waste, oxidizable waste). Therefore loading rates should be
determined empirically with each major variation in waste treated (e.g. switch from one lot of
chicken waste to another, one fish species teeding rate to another, one fish species to another,
etc.) in order that svstem critical values are maintained. In some embodiments, loading rates

should maintain dissolved oxvgen at > 3.0 ppm in the media bed.

{66169} I the media bed bioreactor system is being used in an aquacuiture treatment
aguaponics system, {ish or other cultured species can be introduced when mitial uniomized
aramonia 1s consistently maintained at < 0.035 ppm and dissolved oxygen in the aquaculture
portion of the system is sufficient for the crop species deployed. Introducing fish earlier will
kill them regardless of dissolved oxygen levels. Nitrate 1s the least toxic form of nitrogen ions
in the system. In general nitrate levels should be maintained below about 800 ppm for
aquaculture systems emploving a media bed. Loading rates for systems with ammonia
present in the wasie stream, or likely to form in the waste stream, should not exceed the
biomass of the worms and DO should be maintained at greater than or equal to 3.0 ppm. If
waste loading exceeds the biomass of the worms, the worm will not be able to keep up and
heterotrophic microbes will quickly increase in population. Heterotrophic nucrobes can
increase their population much more rapidly than nitrifving bacteria which will stop oxidation

of ammonia to nitrite, allowing aramoria to build to toxic levels.

[60170]  Additionally, this system makes no claims to reduce organic chemical pollution
{e.g antibiotics, pharmaceuticals) in the aqueous waste stream. Therefore a waste stream can
be monitored for hazardous waste that may include high levels of metals or chemicals that
might kill worms, microbes, fish, plants of a biomass.  Non-luniting examples of hazardous
waste include waste comprising cadmiurm (Cd) at levels greater than 1843 ppm, Arsenic (As)
at levels greater than 100 ppm in 21 days, lead {(Pb} at fevels greater than 4480 ppm, copper
(Cu) at levels greater than 643 ppm, zinc {(Zn) at levels greater than 662 ppm, nickel (Ni) at
tevels greater than 757 ppm and chromium (Cr) at levels greater than 1800 ppm, which can

be toxic to some earthworm species after a period of exposure of 14 dayvs or more. These
S0
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metals are not typically found at such high levels in agueous waste streams, but may be
present in some undiluted hazardous waste discharged from a factory or industrial
manufacturing plant. Some hazardous waste comprises high levels of pesticides which vary
substantially in their toxicity to worms, plants and microbes. Accordingly, in certain
embodiments agueous waste and/or oxidized waste 1s not hazardous waste. Some metal 1ons
are necessary plant roicronutrients {e.g. copper, boron, calcium) but may be toxic to plants at
higher levels. Whereas other heavy metals that are not micronutrients for plants may also be

incorporated into plant materials but can be treated separately in the removed plant materials.
66171} 3. Continued Operation

66172} Waste streams are inherently variable in BOD, COD, particle size and chemical
compaosition. Therefore the most critical monitoning of the system will need to capture this
vartability in the empirical functioning of the system. Additionally the rates of biochemical
and chemical processes of this svstem are dependent on temperature and dissolved oxygen
concentrations and the health of the organisms employed. Optimal temperature for growth of
nitrifying bacteria is often 20-30°C with a mimimum of 4°C and death occurring at 0°C.
Earthworms have an optimal range of about 15-25°C. Therefore, in some embodiments, the
temperature of a system is maintained at 20-25°C to optimize both microbial activity and the
activity of the annelid oligochaete worms. The lower lumut of the svstem (4° C) s often
deterroined by the temperature miminmurn for nucrobes that convert nitrite to nitrate. If they

are not operaiing

o0

nitrates will not form, greatly slowing plant growih, and nitrites will
accumulate. If fish are present- this accurnulation of nitrite will poison them regardless of

ammonia or dissolved oxygen levels.

[B8173]  In some embodiments, dissolved oxygen is maintained at >3.0 ppm. While
earthworms and fish may tolerate lower dissolved oxygen rates, the common microbes
responsible for oxidizing ammonia to nmitrite will often cease to function below this level and
ammonta will accumulate. Experience indicates proper DO levels are difficult to maintain
with atmospheric aeration, especially at temperatures above 32°C. Accordingly, in some
embodiments, a media bed comprises a forced aeration system using atmospheric air, or air
supplemented with higher levels of oxyvgen.
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[66174] In some embodiments, a media bed will operate normally within a pH range of 6.5
1o 9.0, which is compatible for most freshwater organisms. However care must be taken to
monitor aromomnia levels. If pH falls below 6.5, the activity of microbes that convert
ammonia to nitrite will slow, and ammonia can build rapidly. Adjusting pH upward can be
accomplished with a number of common chemicals but care must be used to avoid those
containing sodium (e.g. sodium bicarbonate or sodium hydroxide) as the sodium rapidly
changes the salinity, alkalinity, and electrical conductivity of the water. Thus is also
important for plant growth, if plants are fertilized with the effluent of a media bed, or used in
the media bed directly. Mamtaining alkalinity of 100-150 ppm CaC0s 15 also helpful to

maintain the microbial nitrification processes.

166175]  In some embodiments, chelated iron 15 needed to be added to maimntain ron levels
int the effiuent and/or media bed at levels sufficient for plant growth. fron (Fe) has multiple
valence states. The Fe3+ form is the most common form of iron on earth but the Fe2+ 13
much more useful by plants. Unfortunately the Fe2+ readily converts to Fe3+ and precipitates
out of solution at the pH and DO levels utilized in a media bed. fron chelates such as Fe-
EDTA (stable to pH 6.0, and present to pH 9.0) is relatively cheap compared to Fe BDPTA
{(siable to pH 7.0 and present to pH 10.0}. Given that plant nutritional needs vary strongly by
species it 15 best to empirically monitor plants for signs of Fe deficiency (interveinal
chlorosis) and correct according. In general we have found 150 ml of powdered Fe
DPTA/1800 L water/week i3 sufficient to prevent iron stress in planis grown in a media bed.
Addition of potassium (K) may also be needed if plants with exceptionally high demands for

K {e.g., bananas) are grown int the media bed.

[60176] Lastly, agueous waste streams to be treated in a media bed should be monitored
for the presence of {oxic chemical poliuiants {e.g., antibiotics, pharmaceuticals) and other

chermcal pollutants {e.g., heavy metals) in an agqueous waste stream. Such pollutanis should

Seo

be low enough so that they are not toxic to organisms in the system.
Example 4 ~ Embodiments
Al.  An apparatus comprising:

=52~



WO 2018/112343 PCT/US2017/066675

a media bed comprising a biomass, wherein (1) the biomass comprises water and
worms, (i1} the worms are submerged in the waler, and (iit) the water comprises an

oxygen content of at least 3 ppm.

AZ.  The apparatus of embodiment A1, wherein the water further comprises un-ionized

amwmonia at an amount of 3 ppm or less.

A3, The apparatus of embodiment Al or AZ, wherein the biomass comprises

oxidizable waste.

A3.1. The apparatus of anv one of embodiments Al or A3, wherein the water compiises

oxidizable waste.

A4, The apparatus of any one of embodiments, Al to A3.1, wherein the media bed

further comprising media.

A5, The apparatus of embodiments A4, whersin the media comprises aggregates,
> & o

fibers or particles.

A6, The apparatus of embodiment A4 or AS, wherein the media is selected from one
or more of activated carbon, granular activated carbon {(GAC), pelletized activated
carbon, polymeric fibers, crushed stone, pumice, sand, plastic media, gravel, recveled

glass, and expanded lightweight aggregate

A7.  The apparatus of any one of embodiments AS to A6, wherein the aggregates,

fibers or particles have an average diameter in a range of about 10 microns to about 5 cm.

A8.  The apparatus of any one of embodiments Al to A7, wherein the worms are

earthworms.

A9, The apparatus of any one of embodiments Al to AR, wherein the media bed
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COTNPriSes a Minimum average, Minimum mean of minimum absolute worm density of at

least 100 worms/nt’, at least 300 worms/m?®, or at least 1000 worms/m®, or at least 10,000

worms/m’.

A10.  The apparatus of any one of embodiments Al to A8, wherein the media bed
comprises an average, mean or absolute worm density of about 100 worms/nt® to about
100,000 worms/m’, about 1000 worms/m’ to about 104,000 worms/m’, about 100

~s

worms/my’ to about 10,000 worms/my, about 500 worms/m’ to about 10,000 worms/m?,

B

or about 1000 worms/ro’ to about 10,000 worms/m’.

A1l The apparatus of any one of embodiments Al to Al0, wherein the earthwormms
comprise an sarthworm of a family selected from the list consisting of Acanthodrilidae,
Adloscolecidae, Alnudae, Benhamiinae, Octochaetidae, Criodrilidae, Diplocardiinae,
Acanthodrilidae, Enchyiraeidae, Fudnlidae, Exxidae, Glossoscolecidae, Haplotaxidae,
Hormogastridae, Kynotidae, Lumbricidag, Lutodrilidae, Megascolecidag,
Microchaeiidae, Moniligasiridae, Ocnerodrilidae, Octochastidae, Octochaetinae,

Sparganophilidae, and Tumakidae.

Al2. The apparatus of any one of embodiments Al to All, wherein the earthworms
comprise an earthworm of a species selected from the list consisting of Alloborpha
callignosa, Kisenia fetida, Fisenia andrei, Dendrodrilus rubidus, Dendrobaena hortensis,
Dendrobaena veneta, Lumbricus rubeflus, lumbricus terreiris, Drawida nepalensis,
Fudrilus eugeniae, Perionvy excavates, Polypheretima elongate, and Lampito maurittil.
A13. The apparatus of any one of embodiments Al to Al2, wherein the earthworms
comprise an sarthworm of a species Kisenia fetida, Fisenia andrei, Lumbricus rubelius,

or Lumbricus terrefris.

Al4. The apparatus of any one of embodiments Al to A13, whergin the water

comprises an oxygen content of at least 4 ppm, at least 5 ppm, at least 6 ppm or at least

ppm.
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A15.  The apparatus of any one of embodiments Al to A13, wherein the water

comprises an oxygen content in a range of about 3 ppm to about 15 ppm, about 3 ppm to
about 10 ppm, about 4 ppm to about 15 ppmy, abowt 4 ppm to about 10 ppm, about 5 ppm
to about 15 ppm, aboui 5 ppm to about 10 ppmy, abowt 6 ppm {0 about 15 ppm, or about 6

ppm to about 10 ppm.

Al6.  The apparatus of any one of embodiments Al to A1S, wherein the media bed

further comprising one or more planis.

A17. The apparatus of embodiment A16, wherein the plants are aquatic plants.

A17.1. The apparatus of erabodiment Al6, wherein the plants are terrestrial plants.

A18. The apparatus of embodiment A16 or Al7.1, wherein the plants, or a portion

thereof, are in physical contact with the waler,

A19.  The apparatus of anv one of embodiments Al to A18, wherein an amount of the
water in the biomass is at [east 30%., at least 50% or at least 70% of a volume of the

biomass.

A20. The apparatus of any one of embodiments Al to A19, wherein an amount of the
water in the biomass 13 in a range of about 30% to about 80%, about 30% 1o about 70%,

about 409 to about 80% or about 409 to about 70% of a volume of the biomass.

AZ1. The apparatus of any one of embodiments Al to AZ0, wherein the biomass

further comprising microbes.

A22.  The apparatus of embodiment 21, wherein the nucrobes are bacteria or archaea
selected from the group consisting of Nitrosomonas, Nitrosospira, Nitrosococcus,

Nitrasolobus. Nitrosopumilus, Nitrososphaera, Nitrobacter, Nitrospina, Nitrococcus, and
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combinations thereof

A22.1. The apparatus of any one of embodiments Al 1o A22, wherein the microbes
comprise a bacteria of the species Nitrosomonas europaea (ATCC 25978) and/or a

bacteria of the species Nitrobacter winogradskyi.
A23.  The apparatus of any one of embodiments Al to A22, wherein the water is
freshwater comprising a salinity of less than about 7 parts per thousand (ppt), less than

about 6 ppt. or less than about 5 ppt.

A24.  The apparatus of anv one of embodiments Al to A22, wherein the water is salt

water comprising a salinity of at least 7 ppt, at least 10 ppt or at least 30 ppt.

A25.  The apparatus of embodiment A24, wherein the worms are mud worms, clam

worms, or g combination thereof.

A26.  The apparatus of any one of embodiments Al to A25, wherein the media bed

further comprises a container, a waste infet, and a treated waste outlet.

A27.  The apparatus of embodiment A26, wherein the container comprises the biomass.

A28, The apparatus of embodiment A26 or A27, wherein the container comprises the

media,

A29.  The apparatus of anv one of embodiments A26 to A28, wherein the container

comprises a bottom and one or more sidewalls.

A29.1. The apparatus of any one of embodiments A26 to A29, wherein the container

comprises a sealed top.

A30.  The apparatus of any one of embodiments A26 to A29.1, wherein the container
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comprises four side walls arranged in a substantially rectangular shape and a bottom

substantially coextensive with the sidewalls.

A31.  The apparatus of any one of embodiments A26 to A30, wherein the container is

substantially water tight.

A32. The apparatus of any one of embodiments A26 to A31, wherein the container

comprises an intertor having a volume capacity of 5 hiters to 100,000 liters.

A33.  The apparatus of any one of embodiments A26 to A32, wherein the container
comprises an aeration means configured to introduce air or oxygen into contents of the

container.

A34. The apparatus of embodiment A33, wherein the aeration means is configured to

mtroduce air or oxygen into the biomass or the water.

A35. The apparatus of embodiment A33 or A34, wherein the aeration means comprises

a perforated conduit.

A36.  The apparatus of any one of embodiments A33 to A35, wherein the aeration
means comprises a plurality of air mlets located in the one or more sidewalls or bottom of

the container.

A37. The apparatus of any one of embodiments A33 to A34, wherein the aeration

means comprises a pump operably coupled to the conduit or the plurality of air inlets.

A38. The apparatus of any one of embodiments A33 to A37, wherein the container

comprises the waste inlet.

A39.  The apparatus of any one of embodiments A33 to A38, wherein the waste inlet1s

operably coupled to one or more waste conduits located 1n the interior of the container.
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A40.  The apparatus of any one of embodiments A33 to A39, wherein the one or more

waste conduits comprise pipes or tubes.

Adl.  The apparatus of anv one of embodiments A33 to A40, wherein the one or more
waste conduits have an inside diameter of at least 1 om, or in arange of 1 cmto about 1

meter.

A42.  The apparatus of any one of embodiments A33 to A4l, wherein the one or more

waste conduits comprise one or more valves,

Ad43.  The apparatus of any one of embodiments A33 to A42, wherein the one or more
waste conduits comprise a manifold comprising a plurality of perforations or holes

configured to introduce oxidizable waste into the container.

A44.  The apparatus of any one of embodiments A33 to A43, wherein the one or more
waste conduits comprise a first end comprising an opening, optionally coupled to a valve,
wherein the opening has an inside diameter of at least 1 ¢cm, orin arange of 1 cmto

about 1 meter.

A45. The apparatus of any one of embodiments A33 to Ad4, wherein the one or more
wasie conduits comprise one or more fittings selected from T-fittings, elbows, adapters,

and clamps.

Ad6.  The apparatus of any one of embodiments A33 to A45, wherein the one or more

waste conduiis comprise one or more regulators or gauges.

A46.1. The apparatus of any one of embodiments AZ6 to A46, wherein the waste inlet is

operably coupled to a waste intake system located exterior 1o the media bed or coniainer.

A47.  The apparatus of any one of embodiments A33 to A46.1, wherein the waste inlet
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is operably coupled to a waste pump configured to introduce waste into the container

through the one or more waste condnis.

A47.1. The apparatus of embodiment A47, wherein a waste intake system comprises the

waste pump.

A48,  The apparatus of embodiment Ad7 or Ad7 1, wherein the waste pump comprises

an input port and an ouiput port.

A49.  The apparatus of embodiment A48, wherein the waste inlet 15 operably coupled to

the output port of the waste pump.

AS0.  The apparatus of anv one of embodiments A48 to A49, wherein the mput port of
the waste pump is operably coupled to a waste intake conduit located exterior to the

container.

A31.  The apparatus of any one of embodiments A48 to AS0, wherein the waste intake
conduit comprises a first end located at a waste source and a second end operably

couplad to the input port of the waste pump.

A32.  The apparatus of anv one of embodiments A48 to AS1, whergin the waste pump
or the waste intake system is configured 1o transport waste from a waste source to the

media bed, or from the waste source 10 the interior of the container.

AS33.  The apparatus of any one of embodiments A48 to A49, wherein the pump is
operably coupled to a return conduit having a first end operably coupled to the output

port of the waste pump and a second end located at a wasie sowrce.

AS34.  The apparatus of any one of embodiments A48 to AS3, wherein the second end of

the return condwit comprises an opening.
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A35.  The apparatus of anv one of embodiments A48 to A53, wherein the refum

conduit comprises one or more {ittings, valves, regulators, or gauges.

A56.  The apparatus of any one of embodiments A48 to ASS3, wherein the waste intake
system comprises the mtake conduit, the return conduit and optionally, one or more

fittings, adaptors, valves, regulators or gauges.

AS37.  The apparatus of any one of embodiments A26 to A37, wherein the container

comprises the freated waste outlet.

A58, The apparatus of embodiment A37, wherein the treated waste outlet comprises a

bulkhead operably integrated into a sidewall of the container,

A39.  The apparatus of any one of embodiments A26 to ASS8, wherein the treated waste
outlet is operably coupled fo one or more treated waste outlet conduits located in the

mnterior of the container.

A59.1. The apparatus of embodiment A58 or A59, wherein the bulkhead comprises an
interior side located inside the container, and an exterior side located outside the
container, and the interor side of the bulkhead s operably coupled 1o the one or more

treated waste outlet conduts.

AGO.  The apparatus of embodiment AS9, wherein the one or more treated waste outlet

conduils comprise pipes or tubes.

A61.  The apparatus of anv one of embodiments A26 to A60, wherein the one or more
treated waste outlet conduits have an inside diameter of at least 1 ¢m, or in a range of 1

cm to about 1 meter,

AG2.  The apparatus of any one of embodiments A33 to A6l, wherein the one or more

treated waste outlet conduits comprise one or more valves.
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AG3.  The apparatus of any one of embodiments A33 to A62, wherein the one or more

waste outlet conduits comprise a manifold comprising a plurality of perforations or holes.

A64.  The apparatus of any one of embodiments A33 to A63, wherein at least one of the
one or more treated waste outlet conduits 15 an overflow drain comprising a first end
comprising an opening. wherein the opening has an inside diameter of at least 1 cmy, or in

arange of T cm o about 1 meter.

AG5.  The apparatus of any one of embodiments A33 to A64, wherein the one or more
treated waste outlet conduits comprise one or more fitfings selected from T-fittings,

elbows, adapters, and clamps.

A66.  The apparatus of any one of embodiments A33 to A6S, wherein the one or more

treated waste outlet conduits comprise one or more regulaiors or gauges.

A67.  The apparatus of any one of embodiments Al to A66, wherein the media bed

comprises a water inlet configured for introducing water into the container.

A68.  The apparatus of any one of embodiments Al to A67, wherein the treated waste

outlet is operably coupled to a treated waste retum conduit.

AGY.  The apparatus of any one of embodiments Al to AG8, wherein the treated waste

return conduit comprises a waste retum pump.

A70.  The apparatus of any one of embodiments Al to A69, wherein the treated waste

return conduil comprises one or more fittings, adaptors, valves, regulators or gauges.

AT71. The apparatus of any one of embodiments Al to A70, wherein the treated waste

return comprises an open end operably coupled to a waste source.
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AT71.1. The apparatus of any one of embodiments Al to A71, further comprising a

homogenizer, blender, grinder or blender pump.

AT71.2. The apparatus of any one of embodiments Al to A71.1, wherein the treated waste
return is operably coupied to a discharge conduit terminating with an open end,
optionally coupled to a valve configured for discharge of treated waste mto an external

environment.

AT1.3 The apparatus of any one of embodiments Al to A71, wherein the treated waste

retum comprises a stand pipe operably coupled to, or terminating in a waste source.

AT72. The apparatus of anv one of embodiments Al to A72, wherein the waste source
comprises a fish tank, a separating tank, a maxing tank, a holding tank, a bioreactor or a

sump tank.

A73.  The apparatus of any one of embodiments Al to A72, wherein the media bed or

the container has a depth of about 6 inches to about 10 feet,

AT74. The apparatus of any one of embodiments Al to A73, wherein the media bed or

the container has a depth of about one foot to about four fest.

AT75.  The apparatus of any one of embodiments Al to A74, wherein the biomass, or a

combination of the biomass and the media, has a depth of about 6 inches {0 about 10 feet.

AT76. The apparatus of any one of embodiments Al to A75, wherein the biomass, or a
combination of the biomass and the media, has a depth of about one foot to about four

feet.

Bi. A media bed comprising;
a biomass, wherein (i} the biomass comprises water and worms, (1) the worms are
submerged in the water, and (111) the water comprises an oxygen content of at least 3
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PpmL

B2.  The media bed of embodiment B1, wherein the water further comprises un-

ionized amimonia at an amount of 5 ppim or less.

B3, The media bed of embodiment B1 or B2, wherem the biomass comprises

oxidizable waste.

B3.1. The media bed of any one of embodiments Bl or B3, wherein the waler

comprises oxidizable waste.

B4 The media bed of any one of embodiments, B1 1o B3.1, wherein the media bed

further comprising media,

BS5.  The media bed of embodimenis B4, wherein the media comprises aggregaies,

fibers or particles.

B6. The media bed of embodiment B4 or BS, wherein the media is selected from one
or more of activated carbon, granular activated carbon (GBC), pelietized activated
carbon, polymeric fibers, crushed stone, pumice, sand, plastic media, gravel, recycled

glass, and expanded hightweight aggregate

B7.  The media bed of any one of embodiments BS to B6, wherein the aggregates,

fibers or particles have an average diameter in a range of about 10 microuns to about 5 cm.

B8 The media bed of any one of embodiments Bl to B7, wherein the worms are

garthworms.

B9 The media bed of any one of embodiments Bl to B8, wherein the media bed
COMPIISEs a MINLTLND average, minirmwm mean of minimum absolute worm density of at

least 100 worms/m?®, at least 500 worms/m®, or at least 1000 worms/nt’, or at least 10,000
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worms/nt,

B10. The media bed of any one of embodiments B1 to B8, wherein the media bed
comprises an average, mean or absolute worm density of about 100 worms/m’ to about
100,000 worms/my’, about 1000 worms/m® to about 100,000 worms/m?, about 100
worms/m’ to about 10,000 worms/my®, about 500 worms/m? to about 10.000 worms/ma’,

or about 1000 worms/m’ to about 10,000 worms/ny’.

Bit. The mediabed of any one of embodiments Bl to B10, wherein the earthworms
comprise an earthworm of a family selected from the list consisting of Beanthodrilidae,
Biloscolecidas, Bimidae, Benhamiinae, Octochaetidae, Criodrilidae, Diplocardiinae,
Beanthodrilidae, Enchytraeidae, Eudrilidae, Exxidas, Glossoscolecidae, Haplotaxidae,
Hormogastridae, Kynotidae, Lumbricidae, Lutodnlidae, Megascolecidae,
Microchaetidae, Moniligastridae, Ocnerodrilidae, Octochaetidae, Uctochaetinae,

Sparganophilidag, and Tumakidae.

B12.  The media bed of any one of embodiments Bl to B11, wherein the earthworms
comprise an earthworm of a species selected from the list consisting of Blloborpha
callignosa, Fisenia fetida, Eisenia andrei, Dendrodrilus rubidus, Dendrobaena hortensis,
Diendrobaena veneta, Lumbricus rubellus, Lumbricus ferretris, Drawida nepalensis,

Eudrilus eugeniae, Perionyx excavates, Polypheretima elongate, and Lampito maurittii.

B13.  The mediabed of any one of embodiments Bl to B12, wherein the earthworms
comprise an earthworm of a species Eisenia fetida, Fisenia andrei, Lumbricus rubellus,

or Lumbricus terreis.

Bi4 The media bed of any one of embodiments Bl to B13, wherem the water
comprises an oxvgen content of at least 4 ppm, at least 5 ppm, at least 6 ppm or at least 7

ppm.

B15. The media bed of any one of embodiments B1 to B13, wherein the water
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comprises an oxygen content in a range of about 3 ppm to about 15 ppm, about 3 ppm 1o
about 10 ppm, about 4 ppm to about 15 ppm, about 4 ppm to about 10 ppm, about 5 ppm
to about 15 ppm, about 5 ppm to about 10 ppm, about 6 ppm to about 15 ppm, or about 6

ppm o about 10 ppm.

Bi6.  The media bed of any one of embodiments Bl to B1S, wherein the media bec

further comprising one or more plants.

B17. The media bed of embodiment B16, wherein the plants are aquatic plants.

B17.1. The media bed of embodiment B16, wherein the plants are terrestrial plants.

Bi8  The media bed of embodiment B16 or B17.1, wherein the plants, or a portion

thereof, are in physical contact with the water.

B19. The media bed of any one of embodiments Bl 1o B1&, wherein an amount of the
water i the biomass is at least 30%, at least 50% or at least 70% of a volume of the

biomass.

B20.  The media bed of any one of embodiments Bl to B19, wherein an amount of the
water in the biomass is in a range of about 30% to abowt 80%, about 30% to about 70%,

about 40% to about 80% or about 40% to about 70% of a volume of the biomass.

B21. The media bed of any one of embodiments B1 1o B20, wherein the biomass

further comprising microbes.

B22. The media bed of embodiment 21, wherein the microbes are bactenia or archaea
selected from the group consisting of Nitrosomonas, Nitrosospira, Nitrosococcus,
Nitrosolobus. Nitrosopumilus. Nitrososphaera, Nitrobacter, Nitrospina, Nitrococcus, and

combinations thereof.
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B22.1. The media bed of any one of embodiments B1 to B22, wherein the microbes
comprise a bacteria of the species Nitrosomonas europaea (BTCC 25978) and/or a

bacteria of the species Nifrobacter winogradskyi.

B23. The media bed of anv one of embodiments B1 to B22, wherein the water is
freshwater comprising a salinuty of less than about 7 parts per thousand (ppt), less than

about 6 ppt, o1 less than about 3 ppt.

B24. The media bed of any one of embodiments Bl to B22, wherein the water 1s salt

water comprising a salimity of at least 7 ppt. at least 10 ppt or at least 30 ppt.

B25.  The media bed of embodiment B24, wherein the worms are mud worms, ¢lam

worms, or a combination thereof

B26. The media bed of any one of embodiments Bl to B25, wherein the media bed

further comprises a container, a waste inlet, and a treated waste outlet.

B27.  The media bed of embodiment B26, wherein the container comprises the biomass.

B28.  The media bed of embodiment B26 or B27, wherein the contamer comprises the

media.

B29.  The media bed of any one of embodiments B26 to B28, wherein the contamner

comprises a bottom and one or more sidewalls.

B29.1. The media bed of any one of embodiments B26 to B29, wherein the container

comprises a sealed top.

B30. The media bed of any one of embodiments B2Z6 to B29.1, wherein the container
comprises {our side walls arranged in a substantially rectangular shape and a bottom
substantially coextensive with the sidewalls.
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B31. The media bed of any one of embodiments B26 to B30, wherein the container is

substantially water tight.

B32. The media bed of anv one of embodiments B26 to B31, wherein the container

comprises an interior having a volume capacity of 3 hiters to 100,000 liters.

B33. The media bed of any one of embodiments B26 to B32, wheremn the container
comprises an aeration means configured to introduce atr or oxygen into contents of the

contamer.

B34  The media bed of embodiment B33, wherein the aeration means is configured to

mtroduce air or oxygen into the biomass or the water,

B35. The media bed of embodiment B33 or B34, wherein the aeration means comprises

a perforated conduit.

B36. The media bed of any one of embodiments B33 to B35, wherein the aeration
means comprises a plurality of air inlets located in the one or more sidewalls or bottom of

the container.

B37. The media bed of any one of embodiments B33 to B34, wherein the aeration

means comprises a pump operably coupled to the conduit or the plurality of air mlets.

B3%.  The media bed of any one of embodiments B33 to B37, wherein the container

comprises the waste inlet.

B39 The media bed of any one of embodiments B33 to B38, wherein the waste inlet is

operably coupled to one or more waste conduits located in the interior of the container.

B40. The media bed of any one of embodiments B33 to B39, wherem the one or more
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wasie conduits comprise pipes or tubes.

B4l. The media bed of any one of embodiments B33 to B40, wherem the one or more
waste conduits have an inside diameter of at least 1 ¢m, or in arange of 1 cm to about 1

meter.

B42. The media bed of any one of embodiments B33 to B41, wherein the one or more

waste conduifs compiise one or more valves.

B43. The media bed of any one of embodiments B33 to B42, wherem the one or more
waste conduiis comprise a manifold comprising a plurality of perforations or holes

configured to introduce oxidizable waste into the container.

B44. The media bed of any one of embodiments B33 to B43, wherein the one or more
wasie conduits comprise a first end comprising an opening, optionally coupled to a valve,
wherein the opening has an inside diameter of at least 1 ¢, orin arange of 1 cmto

about 1 mster.

B45.  The media bed of anv one of embodiments B33 to B44, wherein the one or more
waste conduits comprise one or more fittings selected from T-fittings, elbows, adapters,

and clamps.

B46.  The media bed of any one of embodiments B33 to B45, wherein the one or more

waste conduits comprise one or more regulators or gauges.

B46.1. The media bed of anv one of embodiments B26 to B46, wherein the waste inlet is

operably coupled to a waste intake system located exierior to the media bed or container,

B47. The media bed of any one of embodiments B33 to B46.1, wherein the waste mlet
15 operably coupled to a waste pump configured to introduce waste mto the container

through the one or more waste conduits.
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B47.1. The media bed of embodiment B47, wherein a waste intake system comprises the

waste pump.

B48.  The media bed of embodiment B47 or B47.1, wherein the waste pump comprises

an nput port and an output port.

B49. The media bed of embodiment B48, wherein the waste inlet is operably coupled

to the output port of the waste pump.

B50. The media bed of any one of embodiments B4% to B49, wherein the input port of
the waste pump 1s operably coupled to a waste intake conduit located exterior to the

container.

B51. The media bed of any one of embodiments B438 to B30, wherein the waste intake
conduit comprises a first end located at a waste source and a second end operably

coupled to the mput port of the waste pump.

B52. The media bed of anv one of embodiments B48 to B51, wherein the waste pump
or the waste intake system is configured o transport waste from a waste source {o the

media bed, or from the waste source to the interior of the container.

B53. The media bed of any one of embodiments B48 o B49, wherein the pump is
operably coupled to a retum conduit having a tirst end operably coupled to the cutput

port of the waste pump and a second end located at a waste source.

B54.  The media bed of any one of embodiments B48 to BS3, wherein the second end

of the return conduit comprises an opening.

BS5S.  The media bed of any one of ernbodiments B48 to B33, wherein the return

conduit comprises one or more fittings, valves, regulators, ot gauges.
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B56.  The media bed of any one of embodiments B43 to B35, wherein the waste intake
systern comprises the take conduit, the return conduit and optionally, one or more

fittings, adaptors, valves, regulators or gauges.

B57.  The media bed of any one of emboduments B26 to B37, wherein the container

comprises the treated waste outlet.

B58. The media bed of embodiment B57, wherein the treated waste outlet comprises a

bulkhead operably integrated into a sidewall of the container.

B59.  The media bed of anv one of embodiments B26 to B58, wherein the treated waste
outlet is operably coupled fo one or more treated waste outlet conduits located 1n the

wnterior of the container.

B59.1. The media bed of embodiment B58 or B59, wherein the bulkhead comprises an
mtentor side located nside the container, and an exterior side located outside the
container, and the interior side of the bulkhead 1s operably coupled to the one or more

treated waste outlet conduits.

B60.  The media bed of embodiment B39, wherein the one or more treated waste outlet

conduits comprise pipes or tubes.

Bol.  The media bed of any one of embodiments B26 to B60, wherem the one or more
treated waste outlet conduits have an inside diameter of at least 1 cm, or in arange of 1

cm to about 1 meter.

B62. The media bed of any one of embodiments B33 to Bo61, wherein the one or more

treated waste outlet conduits comprise one or more valves.

B63.  The media bed of any one of embodiments B33 to B62, wherem the one or more
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waste outlet conduits comprise a manifold comprising a plurality of perforations or holes.

Bod.  The media bed of any one of embodiments B33 to B63, wheremn at least one of
the one or more treated waste outlet conduits is an overflow drain comprising a first end

g, wherein the opening has an inside diameter of at least 1 cm, or in

w2

COMprising an openin

arange of I cm to about 1 meter,

B6S.  The media bed of any one of embodiments B33 to B64, wherein the one or more
treated waste outlet conduits comprise one or more fittings selected from T-fittings,

elbows, adapters, and clamps.

B66.  The media bed of anv one of embodiments B33 to B635, wherein the one or more

treated waste outlet conduits comprise one or more regulators or gauges.

B67. The media bed of any one of embodiments Bl to B66, wherein the media bed

comprises a water inlet configured for introducing water into the container,

Bo&.  The media bed of any one of embodiments Bl to B67, wherein the treated waste

puilet is operably coupled to a treated waste return conduit.

B69.  The media bed of any one of embodiments Bl to B6E, wherein the treated waste

return conduit comprises a waste return pump.

B70.  The media bed of any one of embodiments Bl 1o B69, wherein the treated waste

return conduit comprises one or more fittings, adaptors, valves, regulators or gauges.

B71.  The media bed of any one of embodiments Bl to B70, wherein the trealed wasie

return comprises an open end operably coupled to a waste source,

B71.1. The media bed of any one of embodiments Bl to B71, further comprising a

homogenizer, blender, grinder or blender pump.
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B71.2. The media bed of any one of embodiments Bl to B71.1, whereimn the treated waste
retumn 1s operably coupled to a discharge condutt terminating with an open end,
optionally coupled to a valve configured for discharge of treated waste into an external

environment.

B71.3. The media bed of any one of embodiments Bl to B71, wherein the treated waste

return comprises a stand pipe operably coupled to, or terminating in a waste source.

B72.  The media bed of any one of embodiments B1 to B72, wherein the waste source
comprises a fish tank, a separating tank, a mixing tank, a holding tank, a bioreactorora

sump tank.

B73. The media bed of any one of embodiments Bl to B72, wherein the media bed or

the container has a depth of about 6 inches to about 10 feet.

B74. The media bed of any one of embodiments Bl 1o B73, wherein the media bed or

the container has a depth of about one foot to about four feet.

B75.  The media bed of any one of embodiments Bl to B74, wherein the biomass, or a

combination of the biomass and the media, has a depth of about 6 inches fo about 10 feet.

B76.  The media bed of any one of embodiments Bl to B735, wherein the biomass, or a
combination of the biomass and the media, has a depth of about one foot to about four

feet.

Cl. A waste treatment sysiem comprising the apparatus or media bed of any one of
embodiments Al to A76 or B1 to B76, wherein the waste treatment system further
comprises one or more of a fish tank, a separating tank, a mixing tank, a sump tank, a

holding tank, and a bioreactor.
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2. The waste treatment sysiem of embodiments Ci, wherein the fish tank is operably

coupled 1o the media bed.

(3. The waste treatment system of embodiment C1 or C2, wherein the fish tank 1s
operably coupled to the separating tank, which is operably coupled io the media bed, and
the media bed is operably coupled to the fish tank, thereby providing a recvcling svstem
wherein waste is transported from the fish tank to the separating tank, from the separating

tank to the media bed, and from the media bed back to the fish tank.

C4.  The waste treatment system of embodiment C3, further comprising one or more
bioreactors operably coupled to the separating tank and operable coupled to the media
bed, wherein waste from the separating tank is transported from the separating tank to the

one or more bioreactors, and from the one or more bioreactors 1o the media bed.

C5. The waste treatment system of any one of embodiments C1 to C4, comprising two

or more media beds operably coupled in parallel or n sertes.

6. The waste treatment svstem of any one of embodiments C1 1o C5, wherein an
inlet of the fish tank, the media bed or the separating tank 15 operably coupledto a

primary waste source.

7. The waste treatment sysiem of embodiment C6, wherein the waste source is from

an aguaculture system.

8. The waste treatment system of embodiment (6, wherein the waste source

comprises raw manure derived {rom a terrestrial agriculture system or farm.

9. The waste treatment sysiem of any one of embodiments C1 to C8, further

comprising a homogenized, blender, grinder or blender pump.
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C10. The waste treatment sysiem of any one of embodiments 1 to €9, wherein the

system is a closed sysiem.

D1, An apparatus comprising:

a media bed having an inlet and an outlet, wherein the media bed comprises
media and a biomass, the biomass comprising oxidizable waste, water and earthworms,
whergin

(1) the worms are submerged in the waler,

(i) the water comprises oxvgen at greater than 3 ppm and un-ionized anunonia at
fess than 1 ppny,

{ni} the media is selected from the group consisting of activated carbon, granular
activated carbon (GAC), pelletized activated carbon, polvmeric fibers, crushed stone,
puntice, sand, plastic media, gravel, recvcled glass, expanded lightweight aggregate, and
combinations thereof,

(iv} the media comprises an average particle diameter ranging from about 10
microns to about 5 cmy

{v} the media bed has a depth of about one foot to about four feet; and

{vi) the water is about 30% 1o about 70% by volume of the media bed.

El.  An aquaporics system, comprising:

a fish tank containing a fluid;

a separating {ank, the separating tank being fluidly connected o the fish tank;

a media bed, the media bed being fluidly connected to the separating tank
and the fish tank;

wherein the system is configured to oxidize waste to nitrate and for the
subsequent uptake of nitrates to plant life,

wherein the media bed comprises worms, an active aeration system, and
continuous flow beds, and

wherein the aquaponics system is a closed system.
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E2. The method of embodiment E1, whersin the media bed is a media bed of any one of

embodiments Bl to B76.

Fi. A method of treating a solid and hiquid waste in an aquaponics system, comprising:
providing a fish tank containing a fluid;
providing a separating tank, the separating tank being fluidly connected to
the fish tank;
providing a media bed, the media bed being fluidly connected to the
separating tank and the fish tank;
delivering the fluid o the separating tank;
separating the fluid into solids and hiquids i the separating tank;
converting ammonia in the hquids to nitrite, and nitrite into nitrate;
fittering the solids and liquids through the media bed;
removing nitrates from the liquids; and
delivering filtered Hiquids having a reduced mitrate content back to the fish
tank;
wherein the media bed comprises worms, an aclive aeration system, and continugous fHlow

beds.

F2. The method of embodiment Fi, wherein the media bed 15 a media bed of any one of

embodiments B1 to B76.

Gl. A method of treating waste comprising:

{a) providing a2 media bed comprising a biomass, wherein (i) the biomass
comprises water and worms, (it} the worms are submerged in the water, and (i1} the
water comprises an oxygen conient of at least 3 ppmy; and

(b) contacting the biomass with aqueous waste or oxidizable waste, therehy
forming a mixture.

G1.1. The method of embodiment G1, further comprising oxygenating the biomass or

the water by an aeration means,

(31.2. The method of embodiment G1.1, wherein the aeration means comprises
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introducing air or oxygen into the biomass, thereby providing a biomass comprising a

dissolved oxygen content of at least 3 ppm.

(G1.3. The method of embodiment 1.1, wherein the aeration means compriseas
introducing air or oxygen into the water thereby, providing water comprising a dissolved

oxygen content of at least 3 ppm.

(G1.4. The method of any one of embodiments (G1.1 to G1.3, wherein the air or oxvgen

is introduced through a perforated conduit,

(G1.5. The method of embodiment G1 or (G1.4, further comprising removing a portion of

the mixture, wherein the portion of the mixture comprises treated waste.

(31.2. The method of embodiment G1.1, further comprising contacting the treated waste

with the biomass, and removing a portion of the treated waste.

G2, The method of any one of embodiments GI to G1.2, wherein the water further

comprises un-ionized ammonia at an amount of 5 ppm or less.

G3. The method of any one of embodiments Gl to G2, wherein the biomass

comprises oxidizable waste.

(3.1, The method of any one of embodiments Gl or G3, wherein the waler comprises

oxidizable waste.

G4, The method of any one of embodiments GT to G3.1, wherein the media bed

further comprising media,

(35, The method of embodiments G4, wherein the media comprises aggregates, fibers

or particles.
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G6. The method of embodiment G4 or GS, wherein the media is selected from one or
more of activated carbon, granular activated carbon (GGO), pelletized activated carbon,
polymenc fibers, crushed stone, pumice, sand, plastic media, gravel, recycled glass, and

expanded lightweight aggregate

G7.  The method of any one of embodiments G5 to G6, wherein the aggregates, fibers

or particles have an average diameter in a range of about 10 microns to about 5 cm.

8  The method of anv one of embodiments G to G7, wherein the worms are

earthworms.

(9. The method of any one of embodimenis G1 to (8, wherein the media bed
COMPTISSS a IMinimum average, DHINUIM mean or nuninmum absolute worm denstity of at
least 100 worms/m’, at least 500 worms/n?’, or at least 1000 worms/m’, or at least 10,000

worms/nt,

G10.  The method of any one of embodiments Gl to GR, wherein the media bed
comprises an average, mean or absolute worm density of about 100 worms/m’ to about
100,000 worms/ro’, about 1000 worms/ma’ to about 100,000 worms/m’, about 100
worms/nt’ to about 10,000 worms/my’, about 500 worms/mt® to about 10,000 worms/m’,

or about 1000 worms/m’ to about 10,000 worms/ny’.

G111, The method of anv one of embodiments G1 to G10, wherein the earthworms
comprise an earthworm of a family selected from the list consisting of Geanthodrilidae,
Giloscolecidae, Glmidae, Genhamimae, Octochaetidae, Criodrilidae, Diplocardiinae,
Geanthodrilidae, Gnehytraeidae, Gudrilidae, Gxxidae, Glossoscolecidag, Haplotaxidae,
Hormogastridae, Kynotidae, Lumbricidae, Lutodnlidae, Megascolecidae,
Microchaetidae, Moniligastridae, Ocnerodrilidae, Octochaetidae, Octochaetinae,

Sparganophilidag, and Tumakidae.

G12.  The method of any one of embodiments GI to G11, wherein the earthworms
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comprise an earthworm of a species selected from the list consisting of Glloborpha
callignosa, (isenia fetida, (risenia andrei, Dendrodrilus rubidus, Dendrobaena
hortensis, Dendrobaena veneta, Lumbricus rubellus, Lumbricus terretris, Drawida
nepalensis, Gudrilus eugeniae, Perionyx excavaies, Polypheretima elongate, and

Lampito mauritiii.

(313.  The method of anv one of embodiments G1 to (G12, wherein the earthworms
comprise an earthworm of a species Gisenia fetida, Gisenia andrei, Lumbricus rubellus,

or Lumbricus terretris.

G14.  The method of any one of embodiments G1 to G13, wherein the water comprises

an oxygen content of at least 4 ppm, at least 5 ppm, at feast 6 ppm or at least 7 ppm.

(315, The method of any one of embodiments G1 to (13, wherein the water comprises
an oxygen conient in a range of about 3 ppm to about 15 ppm, about 3 ppm to about 10

ppm, about 4 ppm {o about 1S ppm, about 4 ppm to about 10 ppm, about 5 ppr to about
15 ppm, about 3 ppm to about 10 ppm, about 6 ppm to about 15 ppm, or about 6 ppm Lo

about 10 ppm.

16, The method of any one of embodiments G1 o G135, wherein the media bed

further comprising one or more plants.

G17.  The method of embodiment G16, wherein the plants are aquatic plants.

(G17.1. The method of embodiment (G16, wherein the planis are terresirial plants.

G183, The method of embodiment G16 or G17, wherein the plants, or a portion thereof,

are in physical contact with the water.

G19.  The method of anv one of emsbodiments G to G18, wherein an amount of the
water it the biomass is at least 30%, at least 50% or at least 70% of a volume of the
78
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biomass.

(G20.  The method of any one of embodiments Gi to G19, wherein an amount of the
water in the biomass is in a range of about 30% to about 80%, about 30% to about 70%,

about 40% to about 80% or about 40% to about 70% of a volume of the biomass.

(321. 'The method of any one of embodiments G1 to G20, wherein the biomass further

comprising microbes.

G22.  The method of embodiment 21, wherein the microbes are bacienia or archaea
selected from the group consisting of Nitrosomonas, Nitrosospira, Nitrosococcus,
Witrosolobus. Nitrosopumilus, Nitrososphaera, Nitrobacter, Nitrospina, Nitrococcus, and

combinations thereof

(323.  The method of any one of embodiments (1 to G22, wherein the water is
freshwater comprising a salinity of less than about 35 parts per thousand (ppt), less than

about 5 ppt, less than about 1 ppt. or less than about 0.5 ppt.

(G24.  The method of any one of embodiments G1 to (322, wherein the waler is salt

waler comprising a salinily of at least 20 ppl, at teast 30 ppt or at least 35 ppt.

(325, The method of embodiment G24, wherein the worms are mud worms, clam

worms, or a combination thereof

G26.  The method of any one of embodiments G1 o G1.2, wherein the media bed

further comprises a container, a waste infet, and a treated waste outlet.

(G27. The method of embodiment G26, wherein the container comprises the biomass.

(328, The method of embodiment G26 or G27, wherein the container comprises the

media.
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329, The method of any one of embodiments (26 to G28, wherein the container

comprises a bottom and one or more sidewalls.

(G29.1. The method of any one of embodiments (G26 1o (29, wherein the container

comprises a sealed top.

(330. The method of any one of embodiments 326 to G29.1, wherein the container
comprises four side walls arranged in a substantially rectangular shape and a bottom

substantially coextensive with the sidewalls.

G31.  The method of any one of embodiments (G26 to G30, wherein the container is

substantially water tight.

(332. The method of any one of embodiments (326 to G31, wherein the container

comprises an interior having a volume capacity of 5 liters to 100,000 liters.

(G33.  The method of any one of embodiments (G26 to G32, wherein the container
comprises an aeration means configured to introduce air or oxygen into contents of the

container.

(334, The method of embodiment (G33, wherein the aeration means 1s configured to

mtroduce air or oxygen into the biomass or the water,

G35 The method of embodiment (333 or (334, wherein the aeration means COmprises a

perforated conduit.

(336. 'The method of any one of embodiments G33 to (G35, wherein the agration means
comprises a plurality of air inlets located in the one or more sidewalls or botiom of the

contamner.
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(337. The method of any one of embodiments (G33 to G34, wherein the aeration means

comprises a pump operably coupled to the condutt or the plurality of air inlets.

G38.  The method of anv one of embodiments G33 to (37, wherein the container

comprises the waste inlet.

(339.  The method of any one of embodiments (333 to (338, wherein the waste inlet is

operably coupled to one or more waste conduits located in the interior of the container.

G40, The method of anv one of embodiments G33 to G39, wherein the one or more

waste condutis comprise pipes or tubes.

G41.  The method of any one of embodiments G33 1o G490, wherein the one or more
waste conduits have an inside diameter of at least 1 cm, or in a range of 1 cm to about 1

meter.

G42.  The method of anv one of embodiments G33 to G41, wherein the one or more

waste conduiis comprise one or more valves,

G43.  The method of any one of embodiments G33 1o G42, wherein the one or more
waste conduits comprise a manifold comprising a plurality of perforations or holes

configured 1o introduce oxidizabie waste into the container,

G444, The method of anv one of embodiments G33 to G43, wherein the one or more
waste conduiis comprise a first end comprising an opening, optionally coupled to a valve,
wherein the opening has an inside diameter of at least 1 cm, or in arange of 1 cmto

about 1 meter.

(345, The method of any one of embodiments (333 to G44, wherein the one or more
wasie conduits comprise one or more {ittings selected from T-fittings, elbows, adapters,
and clarops.
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(46, The method of any one of embodiments G33 to G45, wherein the one or more

waste conduits comprise one or more regulators or gauges.

(G46.1. The method of any one of embodiments (G26 1o (346, wherein the waste inlet is

operably coupled to a waste intake system located exterior to the media bed or container.

(G47.  The method of any one of embodiments (333 to G46.1, wherein the waste inlet is
operably coupled to a waste pump configured to introduce waste into the container

through the one or more waste conduits.

(G47.1. The method of embodiment (347, wherein a waste intake system comprises the

waste punp.

(348 The method of embodiment G47 or (G47.1, wherein the waste pump comprises an

mput port and an output port.

G499, The method of embodiment (G44, wherein the waste inlet is operably coupled to

the output port of the waste pump.

(G50. The method of any one of embodiments (G48 to G49, wherein the input port of the
wasie pump is operably coupled {o a waste intake condint located exterior to the

contamner.

G531, The method of anv one of embodiments G438 to G50, wherein the waste intake
conduit comprises a first end focated at a waste source and a second end operably

coupled to the input port of the waste pump.

(352, The method of any one of embodiments (348 1o G51, wherein the waste pump or
the waste intake svstem 15 configured to transport waste from a waste source to the media
hed, or from the waste source to the interior of the container.
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(353, The method of any one of embodiments G48 to G49, wherein the pump is
operably coupled to a retum conduit having a tirst end operably coupled to the cutput

port of the waste pump and a second end located at a waste source.

(G54.  The method of anv one of embodiments G48 to G53, wherem the second end of
the retum conduit comprises an opening.
G55, The method of any one of embodiments G48 to (353, wherein the return conduit

comprises one or more {ittings, valves, regulators, or gauges.

56, The method of any one of embodiments G48 to G55, wherein the waste intake
svstem coraprises the mtake conduit, the return conduit and optionally, one or more

fittings, adaptors, valves, regulators or gauges.

G537, The method of any one of embodiments (G26 to G37, wherein the container

comprises the treated waste outlet.

G588, The method of embodiment 357, wherein the treated waste outlet comprises a

bulkhead operably integrated inio a sidewall of the container,

(359. The method of any one of embodiments (326 to G358, wherein the treated waste
outlet is operably coupled to one or more {realed waste outlet conduits located in the

interior of the container.

(359.1. The method of embodiment G538 or 339, wherein the bulkhead comprises an
mtenior side located inside the container, and an sxterior aide located outside the
container, and the interior side of the bulkhead is operably coupled to the one or more

treated waste outlet conduis.

G600, The method of embodiment 59, wherein the one or more treated wasie ouilet

-R3-



WO 2018/112343 PCT/US2017/066675

conduits comprise pipes or tubes.

G611, The method of any one of embodiments G26 to G6O, wherein the one or more
treated waste outlet conduits have an inside diameter of at least 1 cm, or in arange of 1

cm to about 1 meter.

(362, The method of any one of embodiments G33 to G61, wherein the one or more

treated waste outlet conduits comprise one or more valves.

G63.  The method of anv one of embodiments G33 to G62, wherein the one or more

waste outlet conduits comprise a manifold comprising a plurality of perforations or holes.

G64. The method of anv one of embodiments G33 to (G63, wherein at least one of the
one or more treated waste outlet conduits is an overflow drain comprising a first end
comprising an opening, wherein the opening has an inside diameter of at feast 1 ¢m, or in

arange of T cmto about 1 meter.

G65.  The method of anv one of embodiments G33 to (64, wherein the one or more
treated waste outlet conduits comprise one or more fittings selected from T-fittings,

elbows, adapters, and clamps.

366, The method of any one of embodiments (333 to G6S, wherein the one or more

treated waste outlet conduits comprise one or more regulalors or gauges.

G67.  The method of any one of embodiments G to G66, wherein the media bed

comprises a water inlet configured for infroducing water into the container.

(68, The method of any one of embodiments G1 to G67, wherein the treated waste

outlet is operably coupled to a treated wasie return condmt.

G69. The method of any one of embodiments GI to G68, wherein the treated waste
-84.



WO 2018/112343 PCT/US2017/066675

return conduit comprises a waste return pump.

G70.  The method of any one of embodiments Gl to G69, wherein the treated waste

return conduit comprises one or more fittings, adaptors, valves, regulators or gauges.

G71.  The method of any one of embodiments G1 to G70, whereimn the treated waste

return comprises an open end operably coupled to a waste source,

(371.1. The method of any one of embodiments G1 to G71, further comprising a

homogenizer, blender, grinder or blender pump.

(G71.2. The method of any one of embodiments G1 to G71.1, wherein the treated waste
return 1s operably coupled to a discharge conduit terminating with an open end,
optionally coupled to a valve configured for discharge of treated waste info an external

environment.

(G71.3. The method of any one of embodiments Gl to G71, wherein the treated waste

return comprises a stand pipe operably coupled to, or terminating in a waste source.

(G72.  The method of any one of embodiments Gl to 72, wherein the waste source
comprises a fish tank, a separating tank, a mixing tank, a holding fank, a bioreactor or a

sump tank.

G73.  The method of any one of embodiments Gl to G72, wherein the media bed or the

container has a depth of abowt 6 inches to about 10 feet.

(G74.  The method of any one of embodiments G1 to 73, wherein the media bed or the

container has a depth of about one foot to about four fest.

(375, The method of any one of embodiments Gl to G74, wherein the biomass, or a

combination of the biomass and the media, has a depth of about 6 inches to about 10 feet.
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376, The method of any one of embodiments Gl to G75, wherein the biomass, or a
combination of the biomass and the media, has a depth of about one foot to about four

feet.
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66177} The detailed descripiion set forth below in connection with the appended
drawings, where like numerals reference like elements, 13 intended as a description of various
embodiments of the disclosed subject matter and is not intended to represent the only
embodiments. Each embodiment described in this disclosure is provided merely as an
example or ilfustration and should not be construed as preferred or advantageous over other
embodiments, unless expressly stated otherwise. The illustrative examples provided herein
are not intended to be exhaustive or to limit the claimed subject matier to the precise forms

disclosed.

[606178]  All numbers expressing quantities of ingredients and/or reaction conditions are to
be understood as being modified in all instances by the term "about”, unless otherwise

mdicated.

The articles "a" and "an.” as used herein, mean one or more when applied to any
feature in embodiments of the present invention described in the specification and claims.
The use of "a" and "an" does not it the meaning to a single feature unless such a limit
is specifically stated. The article "the" preceding singular or plural nouns or noun phrases
denotes a particular specified feature or particular specified features and may have a
singuiar or piural connotation depending upon the context in which it is used. The

adjective "any" means one, some, or all indiscrimanately of whatever quantity.
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CLAIMS

What is claimed is:

1. A method of treating waste comprising:

(a) providing an apparatus comprising a media bed comprising a substantially
water tight container comprising a biomass, wherein (i) the biomass comprises water and
viable worms that are submerged in the water, and (ii) the worms are at a density of about
1000 worms/m?® to about 100,000 worms/m?;

(b) introducing oxygen into the water of the biomass by an aeration means
configured to introduce air or oxygen into the water, wherein a dissolved oxygen content
of the water is maintained at a level of at least 4 ppm;

(c) maintaining the viable worms in an aquatic environment, wherein the worms
are completely and constantly submerged in the water;

(d) contacting the biomass of the apparatus with oxidizable waste, thereby
forming a mixture; and

(e) removing a portion of the mixture from the apparatus wherein the portion of

the mixture that is removed comprises treated waste.

2. The method of claim 1, wherein the biomass comprises microbes of the genus

Nitrosomonas and microbes of the genus Nitrobacter.

3. The method of claim 1, wherein the media bed comprises aggregates, fibers or

particles and one or more plants.

4, The method of claim 1, wherein the worm density is maintained at about 1000

worms/m?® to about 50,000 worms/mgq.
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