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METHOD FOR TREATING INFECTIOUS
WASTE MATTER

to infectious agents, including zoonotic agents, With disin
fectants such as formaldehyde or glutaraldehyde. Spent
cleaning solution is considered hazardous liquid Waste and
must also be disposed of in compliance With governmental

CROSS REFERENCE TO RELATED
APPLICATIONS

regulations. The cost of disposing of such Waste, on an

institutional basis, can be quite high. Further, formaldehyde,
glutaradehyde, phenols and like materials, are commonly

This application claims priority on PCT application Ser.
No. PCT/US01/02319, ?led Jan. 24, 2001 and US. provi
sional patent application Ser. No. 60/178,051, ?led Jan. 24,
2001. This application is also related to US. patent appli
cation Ser. No. 09/171,447, ?led Oct. 20, 1998, titled
“Methods for Treatment and Regulated Medical Waste,”
Which is incorporated herein by reference.

used for embalming tissues and in ?xation of infectious
biological materials. Thus, these tissues and the ?xative
agents may also have to be disposed of as “regulated medical
Waste,” hazardous Waste, or mixed Waste in compliance With

the applicable governmental regulations.
Further, animal carcasses containing compounds labeled
with 14C or 3H or other radioisotopes are classi?ed as

FIELD OF THE INVENTION

LLRW. Because state and federal guidelines regulate the

disposal of LLRW, special precautions must be folloWed in
their disposal. Currently, the tWo methods commonly used in

This invention relates to the ?eld of Waste disposal and,
more particularly, to a system and method for the digestion

disposing of this type of Waste are incineration and land

and sanitary disposal of infectious Waste material and other
biohazardous or radioactive Waste.

burial. Presently, federal laW alloWs for incineration only
20

BACKGROUND OF THE ART

When the animal carcass contains a radioisotope concentra
tion beloW a certain level. HoWever, even When radioisotope
concentrations are beloW this level, incineration may be

further limited by state and local agencies. When the levels

Many facilities, such as hospitals, various health-care
facilities, research and teaching institutions, food prepara
tion facilities, and the like, produce considerable amounts of

25

of radioactivity in the animal carcasses are beloW acceptable
de minimis levels as de?ned by federal, state, and local

authorities, the disposal thereof is not subject to any addi

infectious, biohazardous, or radioactive Waste. Such Waste

tional regulation as a radioactive Waste. HoWever, to further

may include surgical and pathological tissues, animal tis
sues, cadavers, blood and other bodily ?uids, disposable

complicate matters, the incineration of radioactive animal

matter exposed to blood, and other potentially infectious or
dangerous body ?uids of patients or animals. Such Waste is
classi?ed in the United States as “regulated medical Waste”
(RMW) under state regulations, and must be disposed of in

carcasses at any level is prohibited in certain major metro
30

tion itself, even When no radioactive materials are involved,

is subject to additional regulations, such as those requiring
licensing from a state or local environmental agency. Addi

strict compliance With the applicable governmental regula
tions.

35

Health-related organizations and governmental regulatory

LLRW or for any non-radioactive carcasses or human patho
40

survive standard autoclaving procedures. Thus, more effec
tive sterilization techniques have been sought for treating

logical Waste.
Presently, the only real alternative to incineration for
radioactive animal carcasses is burying the carcasses in a

licensed LLRW disposal facility. This method entails the
packing of the entire carcasses in lime and adsorbents,

solid infectious biomedical Waste and aqueous solutions

containing such Waste.
In addition, universities and other research facilities like
Wise produce signi?cant amounts of such Waste. For

tionally, future increases in the requirements for incinerator
designs and function under clean air regulations put in doubt
the continued availability of incineration as a practical
method for disposing of animal carcasses classi?ed as

agencies have become increasingly concerned With the
adequacy of existing cleaning and disposal methods. It has
been discovered that some potentially biohazardous agents,
such as prokaryotes, or infective proteins (prions) do in fact

politan areas. Nonetheless, the general process of incinera

repacking them in special drums and shipping the drums to
45

a LLRW site. Currently there are only tWo such sites in the

United States, located at Hanford, Wash., and BanWell, S.C.

example, in conducting experiments in cell lines, tissues, or

Due to the limited number of land burial sites currently

animals, it is common to introduce dyes, toxic chemicals, or

operating in the United States, it is extremely costly to
dispose of any radioactive Waste by this method; it is
disproportionately costly for animal carcasses containing

infectious agents into the test subject. Moreover, radioactive
materials are also commonly used as a tool to enhance 50

chemical, biochemical, pharmaceutical, biomedical, and
biological research. It is common to label drugs or chemical

loW level radioactive Waste due to the size and Weight of the
carcass. Due to the extremely high cost associated With land

compounds With radioisotopes in order to study e?iciently

burial and the limitations on access to current sites, the

and accurately Where these compounds are metabolized and

incorporated Within the body. After completion of the test

feasibility of land burial as a method of disposing of animal
55

and analysis, due to the introduction of infectious agents or
hazardous or radioactive material into the tissue, the remain
ing tissue or animal carcass may fall under the classi?cation
of “regulated medical Waste,” hazardous Waste, or loW-level

radioactive Waste (“LLRW”). In addition, animal Waste,
animal bedding, handling materials, and other matter

carcasses classi?ed as LLRW remains in doubt.

It is knoWn in the art that loW levels of certain radioactive
Waste may be disposed of to a sanitary seWer under federal

60

exposed to any animal body ?uids or excretions may also

regulations With appropriate record keeping and/ or monitor
ing. This includes isotopes in aqueous solution at levels
beloW the maximum permissible concentration (MPC) as
de?ned by 10 C.F.R. 20 and radioisotopes in human Waste.
Such a procedure has been utilized, for example, in the

need to be treated as infectious or hazardous Waste material,

disposal of radioactive Waste generated by many patients

thus requiring disposal in accordance With the applicable

undergoing treatments for cancer. Today, a common method

governmental regulations.
Moreover, it is common today for health care organiza
tions to clean material, instruments or surface areas exposed

65

of treating cancer is by radiation therapy, Which often
involves the absorption of radioactive compounds. Many of
these radioactive compounds eventually leave the body

US 7,183,453 B2
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through fecal and urinary excretions. These excretions Will

cycle. Upon heating the materials, the paraf?n or Wax melts
and becomes distributed through the aqueous solution. After

contain small amounts of radioactive material. However,

this radioactive material is disposed of through the general
diluted such that it no longer poses any haZard to public
health and safety. This process is Well Within the state and

the Waste has been digested and the aqueous solution
alloWed to cool, the lipid-like materials separate out from
and ?oat to the surface of the solution Where they re-solidify
upon cooling to room temperature. Lipid soluble Waste
materials may then be removed from the aqueous phase

federal disposal regulations for LLRW disposal. HoWever,

upon separation of the lipid phase because they have become

seWage system because the level of the radioactive materials

discharged by the body into the seWer system is suf?ciently

incorporated Within the lipid phase. Thus, removing the lipid

LLRW contained in animal remains are not readily capable
of disposal through such means because the animals are
naturally solid Waste.
It is also knoWn in the art that substances containing
keratin, such as hair and nails, may be dissolved by means

phase from the solution effectively removes lipid soluble
haZardous materials not degraded or otherWise consumed in
the alkaline treatment as Well.

1,974,554 issued to Ziegler. It is further knoWn that hydroly
sis of proteins containing keratin may be carried out With

As used herein, “regulated medical Waste” shall mean any
Waste potentially containing infectious agents that can cause
infection in humans or animals. Such regulated medical
Waste includes but is not limited to tissues (human or

alkaline solvents. It is even further disclosed in US. Pat. No.

animal), cloth, plastic, paper, animal carcasses, bedding and

5,332,532 to Drs. Kaye and Weber, Which patent is com

other matter potentially containing infectious or biohaZard

of acid or alkaline hydrolysis, as disclosed in US. Pat. No.

monly oWned by the assignee of the present application, that
such hydrolysis may be utiliZed on proteins contaminated
With radioactive materials.
Of the knoWn methods of disposing of infectious, bio

ous agents.
20

Waste matter containing undesirable elements, such as infec
tious, biohaZardous, haZardous, or radioactive elements or

haZardous, or loW-level radioactive Waste, each faces an

indeterminable future under the ever-changing breadth of
the environmental laWs. Furthermore, each is extremely
costly, putting an unneeded drain on already strained
research and Waste management budgets of hospitals, uni
versities and other institutions. Thus, a need persists for
means of safely and inexpensively treating Waste matter
containing infectious, biohaZardous, or radioactive materi
als, and for the safe and convenient disposal of the resultant
aqueous and solid Waste materials.

agents.
25

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the system pro

vided by a currently preferred embodiment of the invention;
30

the Waste matter Within the vessel chamber interior during
35

This need is satis?ed and the limitations and expenses of
the prior art are overcome, in accordance With the principles

any solid Waste from Within the vessel, and means for
disposing of the resultant aqueous and/or solid Waste via

the digestion cycle;
FIG. 4A shoWs an exploded elevation of a unique vacuum

balancer device provided by the invention;

of the present invention, by providing a system and method
for producing a safely disposable solution and solid Waste
from infectious or biohaZardous human or animal tissue,

FIG. 2 is a ?owchart representation of the method pro

vided by a currently preferred embodiment of the invention;
FIGS. 3A, 3B and 3C are side, top and bottom elevations,
respectively, of a holding container for receiving and storing

SUMMARY OF INVENTION

regulated medical Waste, or any other material containing
undesirable elements. This invention provides a system for
producing a safely disposable sterile solution and sterile
solid Waste, comprising a sealable tank or vessel capable of
containing a highly basic solvent therein, heating means for
heating the highly basic solvent, ?ltering means, means for
removing the odor created by such activities, means for
removing the post-digestion resultant aqueous solution and

Accordingly, it is an object of this invention to provide a

system and method for safely treating and disposing of

FIGS. 4B and 4C shoW the vacuum balancer of FIG. 4A
40

in its open and closed states, respectively; and
FIGS. 5A45D shoW various vieWs of agitating injector
means provided by this invention.
BEST MODE FOR CARRYING OUT THE
INVENTION

45

This invention involves a system and method for treating

and safely disposing of Waste matter containing undesirable
agents or elements, such as but not limited to infectious,
50

biohaZardous, haZardous, and radioactive materials. The
system and method of this invention is designed and

conventional means.

intended to comply With all federal, state, and local laWs or

The method provided by the invention generally com
prises the steps of providing a sealable vessel, ?lling the
vessel With a highly basic solvent, immersing the Waste
matter containing the undesirable elements Within the highly
basic solvent, and heating the highly basic solvent. The

regulations presently in existence applicable to the disposal
of such Waste.
55

Waste matter is alloWed to remain Within the highly basic

ments Within the solvent Within the interior of the vessel,
heating the solvent and the Waste matter, and alloWing the

solvent until the hydrolyZable matter is digested, thereby
forming a sterile solution and sterile solid Waste. The
aqueous solution and any resultant solid Waste may then be
disposed of through conventional means, such as a sanitary

60

seWer or local land?ll facility.

In another aspect of the invention, haZardous materials
may be removed from the digest and separately disposed of
in an appropriate manner, such as a specially designated

The method of the invention comprises the steps of
providing a sealable vessel, providing a highly basic solvent,
immersing the Waste matter containing the undesirable ele
Waste matter to remain Within the solvent until digested,
thereby forming a sterile aqueous solution and sterile solid
Waste. The extent of digestion or degradation of the Waste
matter may be increased by treating the Waste under pres
sures above one atmosphere. After cooling, the post-diges

tion end product may then be directly disposed of through

land?ll or an incineration facility. Paraf?n or Wax may be

conventional disposal means, such as a sanitary seWer or
land?ll, or even used as a fertilizing agent in land use

added to the RMW prior to or subsequent to the digestion

applications. If preferred, the post-digestion stage may also

65
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include rinsing or ?ushing of the resultant Waste product and
the interior of the vessel. The system and method of this
invention also substantially reduce the amount of post
digestion solid Waste to be disposed of.
The inventors herein have determined that complete
digestion (time vs. temperature curves) may be determined
by measuring the rate of production of amino acids as the
digestion process proceeds. When that process reaches an

increase the speed of the reaction process is to heat the
solvent, preferably to temperatures of 110° C. to 150° C.
Conducting the reaction in a sealed vessel under increased
atmospheric pressure also reduces the reaction time needed
to digest the animal tissue. A preferred mode includes
heating the solvent to a temperature of about 150° C. for a
duration of about three (3) hours at a pressure of about 2.8
atmospheres. It has been found that the basic rule of ther
modynamics or the “Q10 Rule” applies to this invention as
Well in that for every 10 degrees Celsius rise in temperature,
the reaction rate for the chemical reaction taking place

asymptote, digestion is considered complete.
In operation, When the operator is ready to dispose of the
Waste matter, such as animal carcasses or remains for

example, the Waste matter is placed Within a holding con
tainer that is then placed Within the interior of the vessel. The
lid of the vessel is then secured by Way of conventional lid
clamps. The load of Waste matter placed in the vessel for
digestion should be at least 10% of the capacity of the vessel
(by Weight) but not more than 40% of the total Weight of the

Within the closed vessel increases tWo-fold, thereby result

ing in the digestion time being reduced by approximately
50%. Such phenomenon is based on the Arrhenius equation.

In the present invention, the folloWing minimum digestion
times and automated programmed cycle times have been
found to be effective at certain predetermined temperatures:

capacity of the vessel. The digestion cycle is then initiated,
ultimately resulting in the Waste matter being completely
immersed in the highly basic solvent.
For the purposes of this application, a “highly basic
solvent” may include a 142 molar (M) aqueous solution of
an alkali metal hydroxide or an alkaline earth metal hydrox
ide. Preferably, this solvent should have a pH of at least
above 13, preferably in the range of 13 to 14. An aqueous

TABLE ONE

20

Programmed
Temperature ° C. (° F.)

25

solution of sodium hydroxide (N aOHialso commonly
knoWn as sodium hydrate) or potassium hydroxide (KOHi
also commonly knoWn as caustic potash or potassium

100
110
120
130
140
150

(212)
(230)
(248)
(266)
(284)
(300)

Minimum Digestion Time
16
8
4
2
1
.5

hours
hours
hours
hours
hour
hour

Cycle Time
16
12
8
5
3

N/A
hours
hours
hours
hours
hours

hydrate) is preferred. While an aqueous solution of NaOH or

KOH is preferred, solutions containing calcium oxide

30

(CaOialso commonly knoWn as burnt lime, calx or caustic

lime), ammonium hydroxide (NH4OHialso commonly

cholate, may also be added to increase the rate of digestion,
if desired. It should also be noted that addition of detergents
to the solvent also has the added advantage of dispersing

knoWn as aqua ammonia) or magnesium hydroxide are also
suitable. An example of a suitable highly basic solvent may
consist of a 0.1 M to 2.5 M solution of NaOH in Water, or

35

approximately 0.4%410% sodium hydroxide (by Weight) in
Water.

hydroxide to Wet tissue Weight. A further expression of this
ratio is 40 kilograms of NaOH dissolved in 900 liters of
Water added to 100 kilograms dry Weight protein or 40
kilograms of NaOH in 500 L H2O added to 500 kilograms
fresh or froZen Waste matter by Weight. These ratios are
given only as instruction as to hoW to conduct the method
and operate the system stated herein and not to limit the
nature or scope of the invention; one using the system and
method described herein may ?nd ratios more economical
and exact as the invention is practiced. In order to assure

40

45

50

and stoichiometry of the reaction. This may be done by
simply removing or limiting any contact that the highly

Once the Waste matter such as animal tissue has been

materials that the lab animal may have ingested, as Well as

debris remaining from experimental or surgical procedures,
55

such as surgical clips, sutures, glass, and bits of plastic or
paper. Solid items such as these never incorporate the

60

radioactive isotopes. Once steriliZed, such solid items are
also not considered biomedical Waste in most jurisdictions.
This type of debris may often be simply disposed of as
ordinary sterile solid Waste upon being isolated from the
solution and Washed.
The second type of solid debris remaining undissolved
includes inorganic portions of the animal’s skeletal structure

65

and teeth. Unless a radioisotope capable of incorporation
into the inorganic portion of bones and teeth is used, the
inorganic component of the skeletal remains Will not contain

basic solvent has With the environment.
In the event the reaction betWeen the Waste matter such as
an animal carcass and the highly basic solvent Were alloWed

to proceed at its natural rate, it may take an impractical
amount of time. Therefore, it is advantageous to increase the
reaction rate beyond its natural progression. One Way to

variables such as: the temperature of the solvent, pressure in
the reaction vessel, the nature and volume of the Waste
matter, i.e., the physical siZe of the carcasses or Waste tissue,
and the ratio of Waste matter to the volume of the highly
basic solvent. As the reaction rate Will vary, the time that the
Waste matter must remain immersed in the solvent Will also
vary. HoWever, regardless of the reaction rate, the Waste
matter should remain completely immersed Within the sol
vent until solubiliZed and hydrolyzed. AlloWing the Waste
matter to remain Within the solvent until digestion is
achieved Will also help produce a more sterile solution.

digested, tWo types of solid debris often remain. The ?rst
type of debris consists of rubber, plastic, or cellulosic

degradation of all infectious Wastes, including prokaryotes,
the highly basic solvent should be heated to a temperature of
at least 1000 C., and preferably 1100 C. to 1500 C.
It is preferable to alloW the reaction to proceed in a closed
reaction vessel after the Waste matter has been immersed
Within the solvent. Reducing the amount of CO2 available to
the reaction is bene?cial in order to maintain the ideal rate

nonsaponi?able lipids, and aiding in the steriliZation of
biological materials.
Ultimately, the reaction rate Will depend on speci?c

During digestion, the hydrolyZable material should be
immersed in a su?icient amount of solvent such that the

material may be digested. One ratio assuring excess base to
carry out the digestion of the Waste matter to completion,
particularly animal tissue, is a 1:10 ratio of alkali metal

Furthermore, detergents to a concentration of up to 1% to

the solvent, examples being sodium lauryl sulfate or deoxy

the radioactive isotope and may be disposed of as solid

US 7,183,453 B2
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sterile Waste. The skeletal remains, When removed from the
solvent and Washed, are extremely friable.
After the biological Waste matter has been digested Within
the solvent and the solid debris removed, the solution may
comprise a diluted concentration of radioactive isotopes that
meet the MPC requirements under the federal regulations, as

(PLC) means (not shoWn) de?ned by a programmable
multi-loop machine controller, computerized for automated
operation. Such control means preferably includes an infor
mation screen, a disk drive for the automation program

softWare, and a keyboard for alternative manual input or

operation.

Well as an alkaline mixture of alkai metal salts of amino

System 10 further includes a Weight transducer 18 (shoWn

acids and peptides, sugar acids, nucleotides, small peptides,
fatty acids from lipids, phosphates from lipid and nucleic
acid breakdown, soluble calcium salts, pigments, sugars,
sugar alcohols, hydrocarbons, and inorganic acids derived
from the electrolytes normally Within solution in body

schematically) coupled to one or more of the legs of the

vessel 12 for determining the Weight of the Waste matter
received Within the vessel and for generating an output

signal indicating such Weight data. The transducer is preset
such that the Weight of the vessel Without contents equals
Zero Weight. The contents Weight data is then inputted to the
PLC control means for, based on the Weight output data,
determining the appropriate amounts of Water and solvent to
introduce into the interior of the vessel, utiliZing a Water

?uids. These by-products are identical to those released in
vast amounts from cooking leftovers and Waste from all

commercial and household kitchens. Thus, the solution
contains compounds that are non-toxic and are biodegrad
able by bacteria or fungi found in soil and seWage treatment
systems, and possibly a very dilute amount of radioactive
solute.
Because the solution at the end of the digestion cycle

supply 20, via conduit 20a, and a spray ball or noZZle 20e
20

contains only non-toxic biodegradable materials and the
Water released from the animal tissue, further dilution of the
solution may not be required for safe disposal. Further
dilution to reduce the alkalinity of the solution Will be

accomplished, hoWever, by the rinsing of the vessel and the
inorganic remains With excess Water, by the temperature
regulating co-?ush for the el?uent, and the general daily

25

Waste matter from accumulating at the bottom of container

60 and not mixing thoroughly With the solvent. By doing so,
the agitating injector means also shortens the digestion cycle

35

time.
It should be appreciated that this invention is not limited
to the agitating injector means described and shoWn herein
but contemplates any means that introduces the solvent into
the interior of the vessel. The mere introduction of solvent
into the vessel Will “mix” the alkali-Water solution With the
Waste matter. Introducing heat also induces mixing. More
over, agitation of the contents may be achieved by various

40

means, including external mechanisms coupled to the vessel,
such as rocking or shaking assembly that physically moves

may be safely released to a sanitary seWer.

disposed of utiliZing methods commonly used to dispose of
everyday nontoxic and biodegradable substances. It is
entirely safe to dispose of this solution using disposal means

appropriate for the disposal of these simple biodegradable

the vessel. All such alternative means of mixing or agitating
the vessel contents are contemplated by this invention.

compounds.
NoW turning to FIG. 1, a preferred system 10 for carrying
out the invention is shoWn schematically, comprising a
closed reaction chamber or vessel 12 capable of containing

As noted above, the preferred process requires that the
45

the solvent solution and the Waste matter such as the animal
tissue or carcass or regulated medical Waste. A portion of
vessel 12 is de?ned by a double-Walled structure for pur
poses discussed beloW. Naturally, the vessel must be con

structed from material capable of Withstanding the pH
levels, temperatures, and pressures employed in this inven

stainless steel steam jacket 30 arranged circumferentially
50

betWeen the Walls of the double Walled vessel 12. While the
55

atmosphere. Such closure of the vessel may be achieved by
conventional lid clamps Well knoWn in the industry (not
The system and method carried out by this invention are

controlled by a conventional programmable logic controller

steam jacket de?nes a preferred embodiment, any heating
means commonly knoWn and used for heating solutions
could be utiliZed in this invention. Steam is supplied to
jacket 30 by a steam supply 32 and conduit 32a provided
With a cut-olf valve 32b and a regulating valve 320. The

60

interior or, more importantly, prevent the escape or inad
vertent exhausting of the contents of the vessel interior to

shoWn).

about the vertical sides and base of vessel 12 for heating the
interior of the vessel to a ?rst predetermined temperature
level after the introduction of Water and solvent into the
vessel interior 14. Heated Water or steam is circulated

carried out to completion. Thus, the lid or cover 16 of the

vessel 12 must be capable of being closed tightly, pressure
and air tight, to Withstand the temperatures and pressures of
the digestion cycle and prevent the inadvertent introduction
of atmosphere (particularly carbon dioxide) into the vessel

solvent solution be heated in order to accelerate the diges
tion process to completely dissolve the animal tissue, car
casses, or medical Waste. To that end, further included in
system 10 is a heating means preferably de?ned by a

tion. One such suitable material is stainless steel. Vessel 12
must also be capable of being closed in an air tight fashion
to provide the necessary environment Within the vessel

interior 14 for the controlled alkaline hydrolysis cycle to be

being digested by directing the jet How of the solvent

30

tions.) At this stage, hoWever, the concentration of radio
isotope in the solution should be Well Within the level that

such as sanitary seWage systems and other disposal means

contents of the vessel interior 14 and enhances the interac
tion betWeen the highly basic solvent and the Waste matter

solution upWardly at the bottom 62 of the container 60 (see
FIG. 5A) to keep the vessel contents moving and to prevent

erate dilution of soluble radioactive Waste is usually not

This sterile, neutral, aqueous solution that contains the
breakdoWn products of cells and tissues, and may contain
remnants of radioisotopically labeled solutes may be safely

into the interior of vessel 12 via injector means 28, Which are
shoWn schematically in FIG. 1 and in more detail in FIGS.

5A through 5D. Injector means 28 mixes and agitates the

e?luent volume of the site, institution, or company. (Delib

permitted by the applicable local, state and federal regula

located Within the vessel interior, and solvent supply 22, via
solvent loop conduit 24 and pump 26. Solvent is injected

65

system further includes a vent 34, Which is disposed in the
open state upon initiation of the cycle and thereafter closed
by PLC control means When the temperature Within the
vessel reaches a predetermined ?rst temperature. The tem
perature Within the vessel 12 is gauged by a vessel thermo

couple 3611, While the pressure Within the vessel is gauged by
a PS1 transducer 38. The temperature Within the solvent loop

is gauged by a loop thermocouple 36b.
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In the preferred embodiment, an eductor apparatus 40 is

shape of the container is cylindrical, other non-cylindrical

utilized for creating a vacuum Within the vessel interior 14.
When vent 34 is open and ?ushing Water is admitted to the

shapes are suitable and should be considered as being Within
the scope of this invention.) Attached to the lid 68 is
preferably a handle 6811. As shoWn in FIGS. 3B and 3C, both
the lid 68 and the bottom of the container include the
stainless steel mesh 62, Which is preferably constructed from
stainless steel screen mesh having one-eighth (V8) to one
quarter (1A) inch screen mesh. The lid 68 may be releasably
secured to the body 61 of the container via conventional
means. Handle 6811 may be equipped With an eyelet-like
portion 68b to receive attachment means for loWering and
raising the container into and out of the vessel interior. When
the Waste tissue is digested, the permeable container 60 may
be hoisted out of the vessel 12, or removed out of another
port arranged in the side of the vessel 12 during a “clean

eductor by the Water supply 20 via conduit 20b, the action
of the eductor draWs the air and any odorous gas from Within

the interior of the vessel through conduit 34a, Whereupon the
air and odorous gas is eventually entrapped With the ?ushing
Water at eductor 40 to, in turn, be removed from the system
via drain conduit 42a to sanitary drain 42. The temperature
of the ?uid at the drain may be gauged by a thermocouple
44 to monitor the e?luent temperature prior to disposal in a

sanitary seWer system. The vacuum-creating eductor sub
stantially reduces the odorous gases that may escape from
rotting carcasses While the vessel is ?lling, before the vent
valve 34 is closed.

side” removal as discussed beloW, thereby removing the
undigested solid debris remaining Within the container 60.

In cycle, once the contents of the vessel are drained after

the digestion cycle (heating and cooling), the interior of the
vessel is rinsed With cold Water via sprayball 20e With the
drain 41 open. After a feW minutes, the drain 41 is closed to
alloW the vessel to begin to ?ll With Water. Once the vessel
is ?lled to the point Where the Waste matter is covered, the
contents are then agitated by injecting the Water solution
through injector means 28 for a feW minutes to increase the

The height “h” (FIG. 3A) and diameter “d” (FIG. 3C) of the
container may be varied to accommodate varying amounts
20

cal hoist system to loWer the heavier or more voluminous

rinsing e?fect. Drain 41 is then re-opened and the liquid
contents of the vessel are alloWed to drain. Thereafter, if
desired or necessary, the drain 41 is closed for a second time

25

loads of carcasses of larger animals or larger quantities of
medical Waste into the vessel interior.

As noted above, the preferred embodiment includes agi
tating injector means 28 shoWn in FIGS. 5Ai5D to accel
erate the reaction rate betWeen the solvent solution and the
Waste tissue by keeping the solvent in motion While the

and the vessel is alloWed to again ?ll With Water. Heat may

then be applied again to the vessel to heat the liquid Within
the vessel to approximately 105° C. (190° F.), Whereupon a
reverse ion exchange is initiated. The time and temperature
used in this post-digestion heating stage may vary.

of Waste tissue or carcasses or animals of varying siZes, or

of medical Waste of varying volume or quantity. For the
larger containers, it may be necessary to employ a mechani

To balance or control the vacuum being created Within the

reaction is occurring. One such means is accomplished by
circulating the solvent via loop 24 and pump 26 (FIG. 1) and
introducing the solvent into the interior of the vessel by

vessel during the post-digestion cooling cycle and to prevent

injecting it via multiple jet ports at varying angles generally

the vacuum from impeding the draining of the vessel, a
vacuum balancing device 46 shoWn and discussed beloW in
relation to FIGS. 4A4C is provided that selectively admits
ambient air to the vessel interior When the internal vacuum
pressure reaches or exceeds the threshold pressure of the
vacuum balancer 46. While the vacuum balancer shoWn and
discussed herein is of a unique design, any vacuum balanc
ing device that Will not leak ?uid or collect condensed ?uid

30

35

the vessel interior, as Well as keeping Waste matter from
accumulating on the bottom of the container 60, Which can

result in the prolonging or sloWing of the digestion process.
Agitating injector means 28 preferably comprise a plurality
40

respective cross member 28ds. Each cross member 28d is
45

?at Washer 52, a socket head cap screW 53, an upper ferrule

portion 54, a loWer ferrule portion 55, a spring 56 and a
thermometer cap 57. In its closed state as shoWn in FIG. 4C,
spring 56 urges the cap screW 53, Washer 52 and the vacuum

plug 48 upWardly such that O-ring 51 abuttingly engages the
vacuum gasket 50, thereby preventing any air from passing

50

connected to a screW-coupling member 28e for a?ixing the
injector means to the upper end of the in?oW conduit 2411.
In a preferred embodiment, the opposing noZZles 29a are

disposed at an included angle A of about 22.5 degrees (FIG.
5C), While opposing noZZles 29b are disposed at an included
angle B of about 45 degrees (FIG. 5D), to enhance the
agitation and mixing action of the injectors to facilitate the

digestion reaction.
As shoWn in FIG. 5A, the in?oW conduit 24a delivering
solvent to injector 28 extends into and, in a coaxial fashion,

therethrough. When the internal vacuum pressure Within
vessel 12 reaches a certain point, it Will overcome the force

extends upWardly through the out?oW conduit 24b. In?oW

of the spring 56, thereby alloWing the plug 48 to move

doWnWardly causing O-ring 51 to disengage from the gasket

of concentric ?oW reducers or noZZles 28a coupled to a

respective elboW members 28b, Which in turn are coupled to
respective tube members 280, Which ?nally are coupled to

may be suitable for the effective operation of this invention.
Referring noW to FIG. 4A, vacuum balancer 46 is shoWn
in detail comprising a vacuum clamp 47, a vacuum plug 48,
an annular end cap 49, a vacuum gasket 50, an O-ring 51, a

aimed at the bottom of the holding container 60 (see FIG.
5A). Such an arrangement keeps the solvent moving Within
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conduit 24a is smaller in diameter than out?oW conduit 24b
such that the aqueous interior contents of the vessel 12 may
drain doWnWardly into out?oW conduit 24b as shoWn by the
reference arroWs “a” in FIG. 5A. Out?oW conduit 24b
carries the solvent back to the solvent loop 24 and pump 26

60

digestion cycle to completely immerse the Waste tissue

(see FIG. 1) and When necessary, through drain valve 41 to
the sanitary drain 42. It Will be understood by those skilled
in the art that the points of connection “b” shoWn in FIG. 5A

Within the solvent solution. As shoWn in FIGS. 3Ai3C, such
a container preferably includes a cylindrical article 60

must be su?iciently tight and Withstand the highly basic,
high-temperature, and high-pressure environment. It should

50, as shoWn in FIG. 4B, to admit ambient air into the vessel
interior While the eductor 40 draWs air out of the vessel
interior.
The preferred system further includes a permeable con
tainer capable of holding the Waste tissue or remains or
medical Waste Within the vessel interior 14 during the

de?ned by a steel mesh screen 62 having an upper rim

portion 64, a loWer rim portion 66, and a lid 68 to enclose
the Waste tissue Within the container 60. (While the preferred

65

be further understood the injector means may include sepa

rate injector noZZles disposed in ?xed arrangements about
the interior of the vessel to direct solvent at the Waste matter.
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Such a con?guration is useful in larger applications involv
ing large diameter containers and large-volume Waste mat
ter. Such separate ?xed injections may be utilized in lieu of

(b) receiving the Waste matter Within the closed reaction

vessel 12;
(c) determining the Weight of the Waste matter received
Within said vessel and generating Weight output data by
Way of a Weight transducer 18 coupled to the vessel 12;

or in addition to the injector assembly 28 shoWn and
described herein.
FIG. 2 presents a ?owchart depicting the cycle process of
this invention. In operation, the Waste matter is Weighed and

(d) controlling the operation of the system, including
receiving and considering the Weight output data gen
erated by the Weight determining transducer 18 and

the Weight and Water and solvent ratios automatically deter
mined by the PLC control means (box a). The appropriate
amount of Water (box b) and solvent (box c) is then

determining the appropriate amounts of Water and
solvent to introduce into the interior of the vessel 12;
(e) after determining the appropriate amounts of Water
and solvent to introduce into the interior of the vessel,

introduced into the interior of the vessel based on the Weight
calculations made by the PLC control means. Water is added
at the rate of 60% Water to 40% tissue by Weight. The alkali
is added at the predetermined concentration based on the
tissue Weight. This is typically equivalent to a solution of
50% NaOH added by Weight at a ratio of 15 to 20% of the

initiating a vacuum on the vent of the vessel to remove

odors While introducing Water Within the vessel interior
in an amount determined by the PLC controller via
Water supply 20 and conduit 2011 based on the Weight

output data, and introducing the highly basic solvent

total tissue Weight. The heating means 30 (FIG. 1) then heats
the vessel interior (box d) to the digestion cycle temperature
While closing the vent 34 (box e). System 10 then maintains
that elevated temperature for a predetermined duration (box

into the interior of the vessel in an amount determined

by the PLC controller based on the Weight output data;
(f) heating the interior of the vessel to a ?rst predeter
mined temperature level by Way of the heating means
(steam jacket 30) after the introduction of Water and
alkali solution into the interior of the vessel;
(g) mixing or agitating the contents of the vessel to
enhance the interaction betWeen the solvent and the

f) as calculated by the PLC control means based on the

Weight of the Waste matter placed in the vessel for digestion.
The system typically maintains the digestion temperature at
about 1500 C. (3020 F.) for about 3 hours, or if operated at
a loWer temperature, for a time at least double the digestion

time for that temperature (doubling the minimum digestion
time for each 10 degrees Celsius decrease in temperature) in
accordance With the thermodynamics equation discussed
above.

Next, the system goes into the cooling cycle after diges

30

(i) heating the vessel interior to the digestion cycle
temperature and maintaining that temperature for a

tion Whereupon cooling Water is admitted to the steam jacket
interior 30 from Water supply 20 (FIG. 1) via conduit 200 to
loWer the temperature of the vessel interior (box g). This
continues until the internal pressure Within the vessel

reaches about atmospheric pressure (101.3 kilopascals/ 14.7

tissue by Way of agitating injector means 28;
(h) continuing to vent the interior of the vessel by Way of
vent 34 upon initiation of the digestion cycle and
closing the vent When the temperature Within the vessel
reaches a ?rst predetermined temperature;

predetermined duration;
35

(j) cooling the interior of the vessel after the digestion
cycle has run by introducing cooling Water from supply
20 to heating means 30;

pounds per square inch (PS1)), shoWn as a reading of Zero on
the pressure gauge or transducer, Which measures pressure

(k) operating eductor 40 and opening vent 34, thereby

above 1.0 atmosphere. Once the system is cooled suffi
ciently, the vessel is drained to the seWer (sanitary drain 42)
by the control means opening the vent 34 (box h) and drain
41 (box i) to drain the liquid contents from Within the vessel
interior doWn to a predetermined point, at Which point drain
41 is closed (box j) While ?ushing Water is continued to be
introduced to ?ush the vessel interior (box k) until the
interior is preferably about half full. At that point in the

Within the vessel throughout the remainder of the

creating a vacuum, to remove any odorous gases from

post-digestion process;
(1) balancing the vacuum created by eductor 40, via
vacuum balancer 46, to prevent such vacuum from

interfering With the draining of the vessel by selectively
45

(m) opening drain 41 to drain the digested liquid portion

cycle, the vessel interior is sprayed With rinsing liquid and

of the vessel contents and initiating a spray rinse by
opening line 20a to remove any remnants of the solvent
solution from the solid Waste remains Within the vessel

the contents are circulated through the injectors 28 for a

predetermined time before the drain is again opened to rinse
aWay any residual materials remaining Within the interior of
the vessel (boxes 1 and m). The drain is then closed again
(box n) and the vessel partially ?lled again and a ?nal heated
rinse cycle is then carried out (boxes 0, p, and q). At this
stage, the digestion and cooling cycle are complete and the
vessel may be opened and the Waste holding container
removed and emptied. The empty container is then replaced
Within the vessel interior rendering the system ready for

50

open to continue the spray rinse via sprayball 20e, and
opening Water line 20d to re?ll the vessel With Water to
55

This invention also presents a method for digesting or

tious, biohaZardous, haZardous, or radioactive agents, by
subjecting the Waste matter to a controlled alkaline hydroly
sis cycle and generating a sterile resultant suitable for

conventional sanitary disposal. The preferred method com
promises the steps of:
(a) providing a closed reaction vessel 12 coupled to a

heating-cooling means;

interior;
(n) closing drain 41 While maintaining spray line 2011

subsequent operation.
neutraliZing Waste matter comprising organic tissue or infec

admitting ambient air into the vessel interior during the
remainder of the post-digestion process;

approximately 15.24 cm (6 in.) above the bottom of the
digestion container 60 and restarting the pump 26 to
recirculate the rinse solution throughout the solid Waste
remains via loop 24 for a predetermined time to alloW
for additional rinsing of the solid Waste remains;

(0) opening drain 41 to drain the rinsing liquid portion of
60

the vessel contents;

(p) initiating another spray rinse by opening line 20a to
further remove any remaining solvent rinse solution

from the solid remains;
(q) closing drain 41 While maintaining spray line 2011
open and opening Water line 20d to, again, re?ll the
vessel With Water to approximately 15.24 cm (6 in.)
above the bottom of the digestion container 60 and

US 7,183,453 B2
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restarting the pump 26 to recirculate a rinse solution
throughout the solid Waste remains for a second time;

(r) heating the second rinse solution to a predetermined
temperature and recirculating the second heated rinse
solution for a predetermined time to alloW the solution
to remove any entrained digestion solution from the

solid Waste remains;
(s) opening drain 41 to alloW the second heated rinsing
solution to drain;
(t) opening spray line 20a for a ?nal rinse of the vessel
interior and solid Waste remains While maintaining
drain 41 open; and
(u) closing spray line 20a to discontinue the rinse and
alloWing the liquid contents of the vessel to drain; and

(V) ?nally, opening the lid 16 of the vessel and removing
the Waste remains from the primary opening for dis
posal in a sanitary land?ll or for usage as solid fertilizer
material.
As mentioned above, an additional feature of the closed
vessel is to alloW the solid Waste remains to be removed

20

from a secondary opening (not shoWn) arranged on the
vertical side of the vessel. This feature alloWs the vessel to

be positioned in such a con?guration that the primary
opening may be located Within a contaminated portion of the
facility, While the remaining portions of the system are
located Within a clean portion of the facility. This Would
alloW contaminated materials to be processed and sterilized,

25

then for the sterile solid Waste remains to be removed from
the secondary opening as sterile remains into a clean area for

?nal disposal. Thereafter, the secondary opening Would be
sealed prior to the opening of the primary opening for the

safely disposed of.
30

loading of Waste for another processing cycle. Such a
con?guration is referred to as “dirty side feed/clean side
removal.” Such an embodiment Would alter step (u) above
to read as folloWs:

35

We claim:
1. A method for digesting or neutralizing undesirable

in a sanitary land?ll or for usage as solid fertilizer
40

loading of neW Waste material for a subsequent cycle,
Wherein the dirty side door or lid and the clean side
door or lid are electrically interlocked to assure com

materials such as organic tissue or hazardous or biohazard

ous agents or regulated medical Waste by subjecting them to
an alkaline hydrolysis cycle and generating a sterile resultant
suitable for conventional sanitary disposal or land applica

tion, said method compromising the steps of:

pliance With regulations and prevent contamination of

(a) providing a closed reaction vessel coupled to a heat

the clean side.
Finally, set forth beloW is an example of the system of this
invention and its method of operation in use.

ing-cooling means;
(b) receiving the undesirable materials Within said vessel;
(c) determining the Weight of the undesirable materials
received Within said vessel and generating Weight out

EXAMPLE ONE
50

Prior to ?lling the vessel With, for example, animal
carcasses containing infectious or hazardous agents, the lid
of the vessel is closed in order to “zero” the load scale. The
lid is then opened and the vessel ?lled With Waste matter to
the desired volume. Preferably, the load should be at least

Although the invention has been described With a pre
ferred embodiment, those skilled in the art Will understand
that modi?cations and variations may be made Without
departing from the scope of the inventions as set forth in the
folloWing claims. Such modi?cations and variations are
considered to be Within the purvieW and scope of the

appended claims.

(u) ?nally, opening the vessel and removing the solid
Waste remains from the secondary opening for disposal

material, then closing and re-sealing the secondary
opening prior to opening the primary opening for the

The heating step is then initiated to raise the temperature
of the interior of the vessel to the predetermined ?rst
digestive cycle temperature for a predetermined duration to
completely digest the carcasses. In a preferred mode, the
cycle holds the digestion temperature to at least 1100 C.,
preferably about 130° C., and most preferred about 150° C.
At 150° C., the digestion cycle is normally about 3 hours in
duration.
Once the digestive cycle is complete, the PLC control
means initiates the cooling cycle, utilizing cold Water
?ushed through the sleeve jacket 30 of the vessel. Once the
vessel has cooled su?iciently, the vessel is drained to the
seWer, then partially re?lled With cold Water and the interior
rinsed. The vessel is then drained again, partially re?lled
again and this second rinse solution heated if desired. After
this hot rinse, the vessel is then drained and it contents
sprayed With a ?nal spray rinse. The cooling cycle is then
complete and the system shuts doWn While the drain is
opened to empty completely the interior of the vessel.
If the operator is present at the completion of the cooling
cycle, the vessel may at that point be opened and the
Waste-carrying basket removed and emptied. The basket is
then replaced, making the system ready for a neW cycle. In
the event, hoWever, the operator is not present When the
cooling cycle is complete, When the cycle runs at night for
example, the operator should initiate the rinse cycle for a
short duration, preferably about 30 seconds. After the ?nal
spray is complete, the vessel may be opened and the Waste

put data;
(d) controlling the operation of the system, including
considering the Weight output data and determining the
appropriate amounts of Water and alkaline compound to
introduce into the interior of the vessel;
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(e) after step (d), introducing an alkali compound Within

20% of the vessel’s capacity (by Weight) but not more than
the Weight capacity of the vessel, in Which case the system

the interior of said vessel in an amount based on the

Will not operate and the excess Weight must be removed. The
vessel lid is then closed and secured. The PLC controller is

(f) after step (d), introducing Water Within the interior of

then activated to initiate the digestion process by ?rst
determining the Weight of the Waste matter Within the vessel.
The digestion cycle is then initiated Whereby Waste is

Weight output data;
said vessel in an amount based on the Weight output
60

(g) after steps (e) and (f), heating the vessel interior to a
?rst temperature and pressurizing the vessel to a pres
sure greater than about 1.0 atmosphere for a suf?cient

preferably added at the rate of 60% Waste to 40% tissue by

Weight, alkali is added at the predetermined concentration
based on the tissue Weight. Such concentration is normally
equivalent to a solution of 50% HaOH added by Weight at
a ratio of 15 to 20% of the total tissue Weight.

data;
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duration to produce a safely disposable resultant;
(h) during steps (e) and (f), initiating a vacuum Within the
vent of the vessel to remove Waste odors While ?lling

the vessel;
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(i) during steps (e) and (f), mixing the contents of the
vessel to enhance the interaction betWeen the alkali

compound and the undesirable materials;
(j) after step (g), cooling the interior of the vessel to a

predetermined temperature after the digestion cycle has
run;

(k) after step (i), venting the interior of the vessel upon the
vessel reaching a predetermined second temperature
and the pressure reaching about one (1) atmosphere;
(1) during step (k), creating a vacuum Within the interior
of the vessel to remove odor from thereWithin;

16
remove any entrained digestion solution from any solid
Waste remains of the undesirable materials; and

(r) after step (q), draining the rinsing solution from the
interior of the vessel.
3. The method as in claim 2 further comprising the step of

heating the rinse solution during steps (p) or (q).
4. The method as in claim 2 further comprising the steps

(s) after step (r), conducting a subsequent rinse of the
interior of the vessel to remove any solid Waste remains

(m) during step (k), balancing the vacuum so created to
prevent said vacuum from interfering With the draining
of the vessel;

(t) during step (s), disposing of the resultant e?luent by

(n) after step (In), draining the liquid solution portion of 15

5. The method as in claim 4 further comprising the step of:

the vessel contents from the interior of the vessel; and

(0) after step (n), rinsing the interior of the vessel to
remove any remaining solution residue from any solid
remains of the undesirable materials.
2. The method as in claim 1 further comprising the steps

(p) during step (0), closing the drain While continuing the
rinsing and partially re-?lling the vessel and agitating
the rinse solution throughout any solid Waste remains;
(q) after step (p), circulating the rinse solution for a
predetermined duration to alloW the rinse solution to

from the undesirable materials; and
Way of conventional means.

(u) after step (t), opening the vessel and removing said
solid Waste remains for disposal in a sanitary land?ll or
for usage as solid fertilizer.

6. The method of claim 1 Wherein said vessel is coupled
to a heating-cooling means, Wherein the heating step (g) is
carried out by introducing steam to said heating-cooling
means, and Wherein the cooling step (i) is carried out by
introducing Water to said heating-cooling means.

