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IMPROVED DIGESTION OF BIOSOLIDS 1IN WASTEWATER

Fleld of Invention

This invention relates 1o the systems and processas for improving  biclogical
digestion processas. In particular, the invention relates to methods of using chiorine
choxide o improve the microblal activity of spedific organisms in asrcbic or anaerobic
digestion processes as related o wastewater freatment through the reduciion of
competing organisms which may or may not be pathogens, and by mechanically
altering the cell wall of the substrale (organic material) o Tacilitate the process by

making nutrienis available for melabdlism by the desired microbiciogical organisms.

Background

in the treatment of municipal wastewalter, & siudge s produced which contains
a substantial amount of degradable organic matter and nutrients. Beneficial reuse of
this sludge cake, or hicsolids malertal is practived workd-wide.

Wasiewsier anlers s waslewater freatment plant as influent. This influent is
typcally sublected 10 some form of biclogical nudrient removal, afler which the solids
{sludge} are separated from the liquid {effuent) portion by some type of clarification,
or seltiing process.  The effluent can be Bllared, disinfected, and discharged (o
surface walers or reuse. The sludge portion is traditionally fransferred to some type
of stabilization process, where the degradable crganic maller is broken down to a
non-puirescible bicsclids material for disposal.  Three of the most common
norocesses used for stabifzation of municipal sludge in the UB. are angerchic
digestion, asrobic digestion, and composting.

in the process of anaserchic digestion, microorganisms break down the
bindegradable material in the sludge In the absence of air. The end producis of this
ptotogical degradalion are a stabilized biosolids, and biogas, which is largely
comprise of methane and carbon dioxide. The quantity of methane resulting from
the process is direclly related to the biclogical oxygen demand o chemical oxygen
demand of the sludge consumed in the progess.

While the carbohydrate and lipid component of sludge i easily degraded, the
nrotsing are contained inside the cell walls, which must first be broken down o make
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the contents readily available as & nutrient for digestion. Atternpls have been made
refated io the predreatmant of the sludge in order o facliitate the process of
anagrohic digestion. One example is the Cambl® process (5,888,307 and
8,813,700), which uses thermal hydrolysis {high pressure steam) 10 make nulrents
more readily available. Earlier examples include the Porlous and Zimpro processes,
which dale back to the 19405 — &0's. Thermal hydrolysis typically involves pre-
treatment of the waste aclivated sludge by clevating temperatures of the sludge to ~
138° O for 1-2 weeks, or higher temperatures {(185-200 °C) for 30 minutes. Anocther
example of 2 shudge pretreatment process is the OpenCal® process, which uses
pulsad, high-voltage (20-30 kV) o disrupt cell membranes and cell walls,  Yel
another example is the Crown® Disintegrater, which utilizes mechanical forces to
shear cells and disrupt cell walls and membranas. Each of these processes are
simitar in that they all require high capital and operating costs.

The inventors have realized thal it would be desirable o have an improved
methad of hydrolyzing or solubiiizing siudge which results in high corwersion rates of
degradable organic matsrial to biogas, has low capital and operating costs and is
scaleabls,

The prasent invenlion represents an innovative process which offers supsrior
parformance for the intended purpose and has extremely low capital and operating
costs.  This resulls in an obvious economic advaniage over previously known

mathods,

Surnmary

A system for improving the process of microbial digestion s provided which
includes e use of chlorine dioxide lo reducs the fecal coliform and helercirophic
bacteria populations in wastewaler and {0 aller the cell wall structure of bacteria in
the wastewater sludge 50 as to make nuirents more readily avaliable for digestion is
provided.,

in the process of biological  digeston  in wastewaler  frealmeni,
microorganisms break down bindegradable material, converting the substrate to
carbon dioxide and water in the case of aerobic digestion, or methane and carbon
dioxide in the case of anaerchic digestion.

The practice of inoculating raw sludge with digesied sludge i3 comman
nractice in hoth aercbic and anaerobic digestion, and a large number of commarcigl
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inoculums are avaliabie containing varicus biocatalysts and enzymes used for thig
purpose.  While ihese methods serve o provide a ‘siock’ culture of organisms
specific for their function, the inveniors have realized that these organisms are faced
with competition for a food source. in the case of angerobic digastion in particular,
the rate of degradation is restricted by the slow rate of hydrolysis of waste activated
siudge into bicavailable forms that can be ulilized by methanogens.

The inventors have surmised that a new process invobving chiorine dioxide will
offer significant economic advantages over current methods, and provide more
control of the miorobes involved in digestion as well as enhance the digestion by the
desired microbes. The use of chinring dicxide {o enhance digestion works by two
primary mechanisms, 1) by reducing the population of non-beneficial micro-
organisms prior to the seeding of 2 system with the specific organisms that are betier
suited {o their function, and 2} by altering the cell walls of the subsirate material fo
cause or faciiate cell lysis, thus making more nuirienis available for the mioro-
Crganiams.

This method of enhanced competitive sxclusion provides significant benefits
by reducing the ime and energy required for the digestion progess o take place, and
by enhancing gas produciion in the case of anaerchic digestion. The ‘conditioning’
of the subsirate materis is evidencad by inoreased biclogical oxygen demand of the
freated material or increased scluble chemical oxygen demand {s-COD) of the
substrate metaerial following this treatment process and by higher tamperatures being
reached and temperaiures bheing elevated more quickly in composting.

According, to ong embodiment, the invention perfains o a process nvolving
obtaining a2 sample of raw sludge, wastewsler or other samgle coniaining
hiodegradable solids, subjedling the sample to an amount of chloring dioxide
sufficient o reduce or gliminate microbes in the sampie and o disrupt cell walls of
biosalid material, nnoculating the chiorine dicdde freated sample with an innoculum
of beneficial microbes, and placing the innoculated sample In conditions to facilitate
aarobic or anaerobic digestion. Other inventive embodiments are desaribed hersin,

Brief Description of the Drawings

FIG. 1 shows a graph Hlustrating that s-COD of wastewaler can increase by

subiecting to a method embodiment of the invention,
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Fis. Z shows a graph #lustrating the increase in phosphate produced by treatment of

WAS as described with certaln embodimenis.

FiG, 3 is a schemalic of a rudimentary wastewaler trealment system of an

embodimant of the invantion,

Detailed Description

The subject invention is dirscted o novel methods for utllizing chioring dioxide
for the enhanced digestion of municipal sludge or biosolids. In one ambodiment, the
present mathod may provide ideal condiions for accelerated composting {asrobic
digestion} of municipal biosolids. In another embodiment, the present method may
pe used o faciiate anaerchic digestion with a resullant increase in mathane yisld of
50% or more varsus non-pretreated biosolids.

in the first embodiment, chlorine dioxide is used o reduce the concentration
of bacteria in waste-activaled sludge prior o dewatering by any common method.
The resulling biosolids cake, which mesls the U.B. EPA reguirernents for pathogen
reduction to Class B standards, s subsegquently seeded with any commercially
available blend of bacteria which are appropriate for composting processes, and the
material can be blended with wood-waste or gresn-wasle.  Biosolids resded by this
method can be quickly and economically composted o Class A siandards.

Composting using any common mathod may be ulilized, such as, but not
fmited fo Tumed Windrow, Aerated Static Pie (open or enclosed), Aerated Turned
Windrow Horizonlal Agitated Bed or in-Vesse! Processes (various types). However,
in & preferred embodiment, the material is composied using a forced-air static pile
method in which the lemperature is requiated by the addilion of air to the pile o
praverd the lemperaiure from generally exceeding 150° F so that baclers
responsible for the aerobic digestion, or degradaton of the organic matier in the
biosolidds are not reduced by temparatures in the upper thermophilic range (150° ~
176° F). The method of this invention when practiced using this embodiment has the
added benefit of preventing the Tormation of offensive odors as a resull of
maintsining & high oxidation-reduction poteniial, initlally through the addition of
chlorine dicxide {> +100 mV), and later through the aeration of the pile o maintain
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the ORP in & positive range {> 0 mV) in the treated material to prevent the activity of
sulfur reducing bacteria and by preventing anasrobic conditions in the pile. Dulfy
reducing bacterda are most active in a range below -100 mV ORP.

in reference 10 WAS treated with chiorine dicwdde that is then seeded and
compested, the treatment process allows the composting process (o occur more
rapidly because the non-digesied ‘conditioned’ biosolids contain a higher volatile
solids fraction than digesied sludge and degrade more readily, which allows the pile
to achieve higher temperatures faster. The lack of competition for food sources by
fecal coliform bacteria, other pathogenic or potentially pathogenic bacteria allows for
more rapid degradation of the maleral by the organisms responsible for the
composting process.  These conditions also provide for competitive exclusion of
ather undesireable organisms or potential regrowth of pathogens during the process.

The reduced fime required for composting to Class A standards, combined
with the reduced odors from the process makes this a viable option for municipadities
that would never have considered this low-cost allernative dus to concems over
available space and odors with composting.

According to another embodiment, the invention perlains fo a process
involving oblaining 2 sampls of raw sludge, waslewater or other sample containing
bivdegradabie solids, subjecting the sampie to an amount of chiorne dioxdide
sufficient to reduce fecal colform congentrations to meet Class B standards and fo
disrupt cell walls of biosolid malerial, innoculating the chionine dioxdide reated sampls
with an innooulum of bensficlal microbes such as mesophilic and thermophiiic
bacieria (or other micrabes} andfor actinomycstes, and composting the innocuiatad
sample urder conditions o convert the sample o class A biosolids. A non-imiting
st of examples of common mesophilic bactera include Lislara monocylogenes,
FPesudomonas  mallophiia,  Thiobaciius  novelius,  Staphyvlococcus  aursus,
Sireptococeus  pyrogenes, Sireptococcus  preumoniae, Escherchia coli, and
Closindium Kuyver. A non-limiting st of examples of common thermaophilic bacleria
inchede Bacillus stearcthermophilus and bacteria of the genus Thermus. A varisty of
thermophific fungt Rhizomucor pusills, Chasiomium thermophile, Humicola insclens,
Humicola lanuginosus, Thermoascus aurabtiacus, and Aspergilius fumigatus.

Those skiled in the arl, eguipped with the leachings herein periaining to the
intentional reduction of microbes in the waste rmaterial through oxidant reatment and
the intentional sesding (or innoculating) of microbes into the reated wasle materis!



(21) JP 2016-175064 A 2016.10.6

WO 2611/079318 PCT/US2010/062106
&

following treatment, will be able to determine the optimal combingtions of microbes
12 be used in nocuiating the freated waste malerial, whether for anaerobic digestion,
aarchic digestion, or composting.

The reduced ime requirad for composting o Class A slandards, combinead
with the reduced odors from the process makes this a viable oplion for municipalities
that would never have considered this low-cost allermnative dus o concams over
available space and odors with composting.

The primary obsiacles o composting for municipalities are the time/space
required for the cperation, and the odors generated in the process. The advaniages

andd features of embodiments of the invention overcome these obsiacles:

» The use of chlonne dioxide to reduce the bacterial concentration in the
biosclicds, This reduces competition for nutrients of the microbes uselid in the
compaosting process.  Because chloring dioxide is highly reactive, it will
reduce quickly so thal no residual disinfection is present (o interfare with the
composting prooess.

+ The use of chiorine dioxide o 'prep’ the malerial {cause some degree of cell
lysinl, This makes material more readily available for the 'good’ microbes 1o
faciiitale the composting process,

+ The use of chlorine dinxide to reduce odors in the starling, or 'stock” material
used in the composting process. This is the primary reason most fadiliies do
not compost.

¢+ The use of non-digested siudge as a stock source is beneficial in that i
provides more food' for the microbes, Temperalures in the plle are fypically
higher with non-digested sludge. This cannet be done practically without
chiorine dioxide, as the sdors would make the process non-usable,

» The increased speed of digestion (composting} has a marked impact on the
amount of time and space that must be avallable for the process o take
place.

+ Composting in-vessel reduces odors further, and will alfow for the use of the
process in coidsr chmates.

#  The cost of opsrating this procsss should be substantally less axpensive han

other known methods for generating Class A hiosolids.
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Chioring dioxide can be generated according o known methods, ses for
example WO 2010/126548, and PCTAUIBD/E9208, One system for treating a waste-
water sample in asscciation with & wastewatsr ireaiment system is described in U5,
Provisional Application §1/328,383. Briefly, referring to FIG. 3, wastewaler 108 first
enters the headwarks 110 and then s transferred 10 2 biological treatment siation
115. The biclogical treatment siation 115 funclions primarily o remove biosolid-
dissociated nutrienis (and & low percentage of biosolid-associated nulriends) in the
wastewaler {o produce a nuirientreduced wastewater sample 116, The nutrient-
reduced wastewater sample 116 s transferred (o & clanfier 120, where the nulrient-
reduced wastewater sample 118 Is separated into an effluent component 121 and a
WAS component 122, The effluent component 121 is discarded.

The WAS componant 122 is transported in a conduit 124 and subjected to a
oxidant reatment zong 125 that s fed by an on-site oxidan! generator 127 in fluid
communication with the oxidant freatment zone 125, The conduit 124 includes an
oxidant administration component 143, which may be integrated or separate to the
conduit, wherein the chemical oxidant is administered o the WAS in a controlied
manner.

in one embodiment, following oxidant treafment, the WAS 123 is transported
o a dewalering device 140 {such as a belt filter press or centrifuge device) wherg
more watgr s ramoved from the WAS o achisve 2 concentrated biosolids sample
141 naving 12-30 percent Dicsciids.  The, concenirated dDicsolids sample achieved
prior 1o the dewatering siation 140 has a higher ORP as & result of the oxidant
additior. Following dewatering, the dewatered blosolids may be composted (o
achigve class A biosolids,

Agcording to ancther embodiment, following oxidant frealment, the WAS 123
is transported o a holding tark 210, The treated WAS s allowsd o 'condition’ for a
parcd of ime to allow cell break up to occur as a resuit of the oxidant realment,
This may be for a peried of 1, 2, 3, 4, 5, or §, or more hours.  Typically, the
conditioning tme in the holding tank is 8-24 hours, Following the conditioning time,
the conditicned WAS s transferred 1o a digester 184, The digesier 184 conducts
anaercbic or asrchic digestion.  In the context of anasrobic digestion for methane
production, the conditionsd WAS produces a higher soluble COD fraction, which

facilitates increase methane production for any given volume of feed sludgs.

bt
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Following the oxidant treatmeni, beneficial microbes can be added back o the WAS
o faciiate improved digestion.  Microbes for digestion include acetogenic bacteria

and/or methanogens {sometimes referred to as archasbacteria).

Wastewafer Treatment Process
Screening and Biological Treatment

The wastewaler reatment process consists of a number of sequeniial steps.
Typicaily, wastewater enters a wastewater trealment plant at the headworks, The
headworks acis as a primary grit and foreign matter removal system for a
wastewaler freatment plant.  From the headworks wastewaler s fransferred (o a
form of biological treatrment unit (BTU") {ie. an oxidation ditch, sequential baich
reacior, member bioreactor, sic) In the BTU Nutrients are removed from the
wastewatsr. Typically, the growth of microorganisms during this biological nuirent
removal step In the waslewaler reatment process fomms a bislogiesl floe which
aflows separation of the solid and #guid components of the waste stream. This
rmaterial, which in healthy sludge is a brown fine, is largely composed of saprotrophic
bacterda but also has an mportant profozoan flora mainly compased of amosbas,
Spiratrichs, Peritrichs including Vorticsllids and 2 range of other filter feeding
species. Also, the waslewaler is aerated while in the BTU.  Sublecting the
wastewaler fo grganisms in combination with aeration to reduce nulrient content is

refarred to as "hiclogical reaiment”

Clarification

After screening and biclogical treatment, the wastewater and accumulated
organic matler is sent o & clarfication process. Clarification is where the waler, or
affiuert, is separated from the sclids, or organic malter known as biosolids, Onee
the raw sewage washewaler has been subjecied to bislogical treatment and
ciarification, (he biosolid sample is considered o be waste activated sludge FWAS")
From this peint, the Biosolids typically go to some type of digestion,

Digestion
The WAS acoumuiated after clarification must be treated and disposed of in a
safe and effective manner. The purpose of digestion is 1o reduce ihe amount of

organic matter and the number of disease-causing microarganisms present in the

8
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solids, and to reduce the degradable organic material in the material. The most
comman treatment oplions include anaerobic digestion and aerebic digestion.

Angerobic digestion is a bactedal process that is caried out in the absence of
axygen. The process can either be thermophilic digestion, in which sludge is
fermented in tanks at g temperature of 55°C, or mesophilic, at a termperature of
around 38°C. Though aliowing shorter retention fime (and thus smaller tanks),
thermophitic digestion (s more expensive i terms of anergy consumplion for heating
the siudge.

Anaerghic Digestion is the most commeon (mesophilic} freatment of Domestic
Sawage in Seplic Tanks, which normally retain the sewage, from one day o two
days, reducing the B.G.D. by abowt 35 {0 40%. This reduction can be increased by a
combination of anasrobic and aerchic by installing "Aesrobic Treatment Units’ (ATUs)
irn the Septic Tank.

Aerobic digestion s a bactenal process occurdng in the presence of axygen.
Under aerobic conditions, bacieria rapidly consume organic matter and convert it into
carbon dioxide. The operating costs used o he characteristicailty much greater for
aarobic digestion because of the energy used by the blowers, pumps and molors
neeaded to add morgen o the process,

Drewaterng

Al a slags following, clarification and any subsequent traatment, WAS may be
dewsitered before they are beneficially reused. WAS is often jusi 3-8 percent solids,
sa removal of the water from the material is essential to reducing weight and the cost
of further trealment or disposal or reuse. A variety of lechinologies are employed 0

dewater biosolids—including belf presses, cenirifuges, and other devices.

Oxidation Reduction Potenlial {(ORP): Oxidation Reduction poetential {alse known as

redox potential, oxidation / reduction polential or ORP}is a measure of the tendenoy
of & chemical species {0 acquire slectrons and thereby be reduced. ORF is
measured in volts (V) or miliivolts (mVY). IZach species has its own infrinsic reduction
potential he more positive the polerdial, the greater the species’ affinily for slectrons
and fendency to be reduced. Different biciogical processes occur under different
conditions, or ORP ranges. For example, methanogenic baclerta funclion at & very

low QORP {about -300m\V). Sulfur reducing bacteria will not function well above -50 io

w2
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O mV ORP levels. The rapid decrsase in ORP after the complets reduction of
chlorine dioxide can acluslly faclitate methane produstion with anaerobic digestion,
and the elevation of ORP caussd by chlorine dicxide addition and subseguent
asration to maintain ORF in the positive mV range can prevent angercbic conditions
from developing in a compost pile and sulfer reducing bactenial activity during

gerobic digeslion or compasting.

Parts Per Milion (PPMY  Parts per million is a way of expressing very dilule

concentrations of substances. Just as per cent means out of a hundred, so parts per
reillion o ppem means out of a million. Ususlly describes the conceniration of
somathing in water or soil. One ppm is equivalent to 1 milligram of something per
liter of water {mg/) or 1 milligrarn of something per kilogram soll {mg/kg).

Exampias

Example 1
The use of chionne diokide o reduce pathogen and heterctrophic baclerial

populations in municipal siudge has been evaluated.

Treatment of non-digested wastewater siudge with chiorine dioxide allows the
material o meet Class 8 pathogen reduction requirements prior to digestion by
reducing the fecal coifform concentralions (o levels much lower than the Class B
siandard {< 2,000,000 fecal coliform bacteria) with igss than 18 minutas contact time.
The resuling biosolids cake has no odor. Examples of fecal coliform reductions at

varying dose rates of chlorine dioxide are listed in Table 1.

Table 1. Secondary sludge full-scale lest resuls.

2062 Beacondary Shudge taken diractly from the return sludge wetwall afier the clarifier, ne asration
Matrix Units B k 2 3 4 5 4 7
Dose Rate
CH, gt b 160 12 94 30 64 48 32
Facal " .
314 w10® BOL | BDL BDL BLH. 1,800 | 123,000 | 3.32x10
eofiform shydge WPNYG

*Below Detecion Limits

13
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In this test, chiorine dioxide was genersted on-site, and was injected {at varving
concenirations) into a 100 gom sludge Tlow passing frough a 4 inch diameter pipe.
The pipe length was sufficient fo allow 10 minutes of contact times beilwesn the
sludge and the chiorine dioxide prior 1o dewatering the material,

While the generalion of Class B biosoclids at low cost and reduced cdors s
perfect for many facilities, this nvention provides several additional cplions for
minicipalities. WAS treated by this method can be guickly and econormically
composted {o Class A standards. After dewatering, biosolids trealed by this method
have been sseded with desirable microorganisms and placed in drying beds o dry
the cake to ~50% foial solids, or blendsed with green-wasie o allow alr o transfer
through the pila. The biosolids were then composied in windrows or using a forced-
air stalic pile method.  Seading with appropriate micro-organisms afier the facal
coliform bacleris have been raduced provides a betler emvironment for faster
composting.  In-vessel composting {a vanation of the forced air stalic pile method)
minimizes odors, and provides maore control over process variables. The use of
WAR allows the composting process o ocour rapidly because the non-digested
‘condilioned” biosolids degrade more readily, which allows the pile to achisve highser
temperatures fasier,

The population of microorganisms active in the composting process is
somawhat diverse, with a miklure of Sireplomyess and Bacilfus species baing
prasent, as well as a number of non-spore forming bacteria. The norn-spors forming
organisms are present typically at lower temperatures (below 535° CL The grealest
rnumber of Bacifius species are present between tempearatures ranging from 55 o
68" C.

The decomposition, or digestion rate of a composting process is negatively affected
by temperatures in excess of 60° C, as this inaclivales the microorganisms
responsible for the composting. The abllity to reach the lemperature at which
inactivation of pathogens begins (857 C) quickly, and then regulate that termpersture
through the use of a forces-alr siafic plle method of composting so that the
temperature does not inactivale the bacleria responsible for the biclogicsl
degradation of the subsiraie malerial provides significant benefils over other

mefods of composting municipal bicsolids.

"
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Example 2

in a second embodiment of this inveniion, WASR can be treated with the sames
or higher dose than in the first embodiment and allowed extended contact lime,
resuiting in & greafer degree of oxidalion, cell lysis  and relesse of intracellular
rmaterials, resulling in greater nulrient availability and therefore greatly enhanced
microbial activity. In @ more specific embodimant, the dose rats of chiorine dioxide is
53-150 mgil. and the sludge is held for 24 hours. As the chiorine dioxide oxidizes
material in the shudge, it is reduced to chiorite. Chiorite is also an oxidand, and is
further reduced by comtact with organic material.  The resulting sludge coniains a
significantly greater amount of bioavailable maledal as a food source for bacteria, yet
has no residual disirdection charactenstics. This second embodiment is especially
significant when the subseguent digestion process is anasrobic, as substantial
enhancement of methane production can be realized at extremaly low cost.
Treatment of non-digested wastewaler sludge with chiorine diodide 1o
solubiized the studge and make nutrlents bio-available and then feeding this
material into an established anaerobic digester once the chiorine dioxide residual
has been reduced improves gas {methane) production in an anaerobic digesier. A
genarally accepted estimate for methane production at 35° C s 0.25 kg methane per
kg COD consumead. One kol of methane is equivalent with a2 mass of 186 kg, Per
definition, the COD equivalent of 1 kmol of methane is the mass of the amount of
oxygen required for complete oxidation according o the formula:
CH o+

L4

P 0 4D H O

2 i ¥
The mass of the 2 Q_is 2 kmol of oxygen or 64 kg. Thus 64 kg Oxygen Damand iz
equivalent with 18 kg of methane, or 1 kg of oxygen demand (CODY is equivalent
with 16/84=0.25 kg methane.

FIG. 1 shows the resulls of this process and the resullant increase in seluble
chemical oxygen demand {s-COD) over time at varying dose rates. Waste aclivaisd
sludge (WAS) was oblained from a local municipal WWTP which removes cBOD
only and uses a pure oxygen system. In order fo achieve simiar experiment
condiions and be consisien? with the previous piol expariment, the solids
concentration was adiusied to approximalely 7 o/l Three digesters wers set up and

treated with chlotine dioxide dosages of 100, 150 and 208 mg/L respectively. The

12
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digesters were operated for 24 hours. Samples ware taken at fime infervals of 10
rain, th, 8 h, 12 h and 24 hio represent different contact ime,

This increase in soluble COD represents 10-11% of the {otal COD
concentration of the studge, and represents a 2000% inoreass in soluble COD. The
inventors believe thal the higher the s-COD the higher cagacity for methane
production.  The resulling increase in methane production as a resull of this
gnhancement of anaerobic digesiion has been measured as a greater than 50%
increase ulilizing this method, and is expected to be in the range of 100% or more
over non-prefreated WAS, Whsther a facility is using ihis capiured bicgas for heat
(~BDO BTUMA™ or for generation of sleciricily, the economic impact of this is
significant.

It was found that contact lime had greater impact on the increase of scluble
COD concaniration (Fig. 1), than the difference in chlorine dioxide dosage. With the
wongast contact tme of 24 h, soluble COD concentration increased from 913 1o 984
and 965mg/L when chioring dioxide dosage increased from 100 to 180 and 200mgiL,
respectively.  This confirmed that chiorine dioxide contact time is the key factor for
WAD solubilization. The increased soluble COD concentration can be expressed as
10-11% of TCOD which iz guite significant. | was also observed that soluble COD
conceniration al comtacting time of € hr was approddmately 55-86% of the soluble
COD at ime 24 hrs. This suggesied that the rapid YWAS solubilization by chiorine
diodde weatment cocurred in the first 8 hours. The increase of soluble COD
corresponded o the volatile solids destruction of 4-8% with different chlorine dioxide
treatment dosage.

As shown in Fig. 2 the NH, increase was 3-5.2 mg N was observed in all the
chloring dicxide tregtments. This is considersd insignificant.  The PDs; increase
was much higher and equaled 16 0 28.3 myg PA after 24 h. Higher phosphorus
than ritragen release can be altributed to the chlorine dioxide freatment which
breaks down the cell walls resulling in the release of unbound orihophosphate FOs
P, The nitrogen in the celis Is in the form of organic nitrogen (aming acids) and
anzymes are required 1o convert organic nifrogen 1o ammonia nilrogen. The low pi
resylting from the chlorine dioxide weatment may have deactivated the enzyme

activily, therefore nofinsignificant NMe-N increase was detected.

13
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Example 3

Treatment of non-digested sludge with chlorine dioxdde and then seeding the
material with appropriate organisms under anaerobic conditions can improve biogas
production, This method would have the same benefit whan used in conjunclion with
a process o differentially produce hydrogen, or Charvest hydrogen prior o
mathanogenesis as in ivpical anaerchic digestion. One example of this hydrogen
production would be when used in combination with 3 bio-electrically assisted
microbial reactor to generate hydrogen gas. An example of this reactor 1s US Patent
# 7,491 453, Thus, in another embodiment, the invention periains to a8 method of
generating hydrogen gas by oblaining o sample of raw sludgs, wastewaler or other
sample condaining biodegradable solids, subjectng the sample 1o an amount of
chloring dinxide sufficlant to reduce or eliminate microbes in the sample and to
disrupt cell walls of biosolid material, innoculating the chiorine dioxide freated sample
with ant innoculum of beneficial microbes active under anaerobio conditions, and
placing the inncculated sample under conditions to facilitate bio-eleciric-assisted
anaerchic digestion or similar method o produce hydrogen gas, and collecting said
hydrogen gas.

I should be bome in mind that all patents, patent applications, patent

publications, lechnicat publications, scientific publications, and other references
referenced herein are hereby incorporated by reference in this appiication in order io

maores fully describe e stale of the arl to which the present invention pertains.

Reference o particutar buffers, media, reagents, cells, cuiture conditions and
the tke, or {0 some subclass of same, is not intended o be miting, bul sheuld be
resd {0 include all such related materials that one of ordinary skil in the art would
recognize as being of interest or value in the particiiar conlext in which that
discussion s presented. For example, it s often possible o substitute one buffer
systemn or culture medium for another, such that a different but known way is used o
achiave the same goals as those lo which the use of a suggested method, matenal or
compasition is direcied,

i s important to an understanding of the present invention o note that all
techrical and scientific terms used hersin, unless defined herein, are inlended io
have the same meaning as commonly understocd by one of erdinary skill in the arl.
The techniguss emploved herein are also those that are known o one of ordinary skill

14
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in the art, uniess stated otherwise.  For purposes of more cleasrly facildating an
undersianding the invenion as disclosad and claimed herein, the Iollowing definilions
ara provided.

While a number of embodimenis ¢f the present invention have besrn shown
and described herein in the present context, such embodimentis are provided by way
of example only, and not of lmitation. Numsrous variations, changes and
substifutions will aceur to those of skilled in the art without malerially departing from
the invention herein. For axample, the present invention nesd not be limited (o best
mode disclosed herein, since other applications can egually benefit from the
teachings of the present invention. Also, in the claims, means-plus-funclion and step-
plus-function clauses are intended o cover the slructures and acls, respeciively,
described hersin as perferming e reciled function and nol only  structursl
aquivalents or act equivalenis, but also equivalent structures or equivalent acis,
respactvely. Accordingly, afl such modifisations are intended to be included within the
scope of this invention as defined in the following claims, in accordance with relevant

law as to their interpretation.
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Claims
What ig claimed is:

1. A method of improving digestion of municipal gludge, said method comprising:
obiaining & waste aclivated sludgs WAS sample;
adminisienng chlorine dicsdde o said WAS sample under conditions o allow
contact time in said WAS sample of 10 minutes or more, whereby a treaiad WAS
sample is produced;

sublacting said treated WAS sample to anasrcbic or aerchic digestion.

2. The method of Claim 1, whergin the contact me is & hours or morg and the
freated WAS sample is subjecled o anaerchic digestion in an anasrcbic digestion

vessel, and whereby methane is produced.

3. The method of Claim 1, wherein the trealad WAS sample is dewalered o
praduce a dewatered cake material, and further comprising innoculating the
dewatered cake matenal with innoculurm containing microbes for the purpose of

aerobically digesting sald dewalered cake material via composting.

4. The method of Claim 3, wherein the dewatered cake malerial is blended with

wood-waste or green-waste prior to composting,

5. The method of claim 3, further comprising subjecting said dewstsred cake

material 1o asrobic digastion via composting.

8. The method of claim 3, wherein said inncculating step comprises administering

leachate from an exisiing compost pile to said dewalerad cake material,
7. The method of claim 1, wherein said administering comprises subjecting sald

WAL sample fo chioring dioxide in a vesse! under conditions to allow contact time of
& to 24 hours.

18
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&  The method of claim 1, wherein said adminislering step coours in a conduit
transferring WAS from a clarifier 1o a holding lank that extends belwsen a darifier

and a holding fank

9. A method of improving digestion of municipad shudge |, said method comprising:
abtaining a wasle aclivated sludge WASE sample,

adminisiering chiorine dioxide o said WAS sample |, wheraby a treated WAS
sample is produced;

dewalering said ireated WAS sample {0 produce & dewslered biosolids
sample; and

composiing said dewaterad biosolids sample under agrobic conditions.,

1), The method of claim 9, wherein composting generates a class A biosolids

sampla.

11. A wastewater ireatment system comprising:
2. & binlogical reament unit for reating wastewater conlaining biosolids;
b. & olarifier for removing water from said wastewsler 1o produce wasle
activated sludge {WAS), said clarifier being in fluld communication wiih
said biclogical treatment unit;
o, & first conduit for transporting WAS from said clarifier;

& chinrine dioxide source in fluid communication with said conduit so ag

to deliver chiotine diokide o said WAS o produce freated WAS,

@. @ holding tank in fluid communication with said condult, said holding
tank sized and dimensioned {o hold freated WAS for a predsiermined
time to produce conditioned WAS,

f. an anaerobic digesier in fluid communication with said holding tank,
whereln sald digester digesis said condifionsd WAS o produce
methans gas.

12, The systemn of claim 11 further comprising a dewstering tank in fluid

communication with said digester.

17
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13, The method of claim 1, further comprising innoculating said treated WAS sample

with an innoculum containing microbes sultable for anaercbic digestion.

14, The method of daim 1, wherein the tregied WAS achieves an acceleraled

reduction of volaiile solids compared to non-treated WAS

18. The methad of claim 14, whersin the treated WAS achieves an accelerated
volatile solids reduction of at least 38% as determined by the Vaniieek method

compared {o non-treated WAS.
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