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Abstract

High energy electron accelerators have been used in numerous applications for several
decades. In the early 1980's several attempts to use electron accelerators for the disinfection of sludge
proved that the technology could be used for that application. One such facility was designed, built
and tested for one year at the Miami-Dade Virginia Key Wastewater Treatment Plant. The process
successfully disinfected anaerobically digested sludge. However, due to changing local regulations
the process was never implemented. Now this process may provide a viable alternative for the
ultimate destruction of toxic and hazardous organic chemicals from water and sludges.

When high energy electrons impact an aqueous solution, with or without paniculate matter
present, reactive transient species are formed. The three transient species of most interest are the
aqueous electron, e~aq, hydrogen radical, H-, and the hydroxyl radical, OH. The relative
concentration of these radicals in an irradiated solution of pure water is 44, 10 and 46 %, respectively.
The absolute concentration of the radicals is dose and water quality dependent, but is in excess of mM
levels in potable, raw and secondary wastewater effluent at our facility.

This paper describes the facilities at the Electron Beam Research Facility (EBRF) in Miami,
FL. The accelerator is a 1.5 MeV, 50 mA insulated core transformer type. Several areas of research
have been the focus of the studies with an interdisciplinary team of faculty and students in
engineering and science. The areas included are, inactivation of bacteria in raw and chlorinated and
unchlorinated secondary wastewater and the changes in biochemical oxygen demand and chemical
oxygen demand in the raw and unchlorinated secondary wastewater. The removal of toxic chemicals
has also been studied in some detail. These studies have been conducted both at the EBRF and using
60Co gamma irradiation. To examine the effect of water quality on the destruction of the organic
compounds different influent streams can be studied. The influent waters connected to the plant are
potable water, secondary wastewater and a secondary anaerobically digested sludge (2-5 % solids).
Batch experiments can be conducted using 6,000 gallon tank trucks. The nominal treatment flow rate
is 120 gallons per minute. The absorbed dose can be varied from 0 to 800 krads. The studies
conducted at the 60c o gamma facility have had as their main objective the determination of reaction
by-products and mass balances.

1. INTRODUCTION

High energy electron beam irradiation as a treatment unit process has potential
application in many areas of water, wastewater and industrial waste treatment and in the area
of toxic/hazardous waste disposal. The research program undertaken at the Electron Beam
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Research Facility located at the Miami-Dade Central District (Virginia Key) Wastewater
Treatment Facility, Miami, FL has begun to develop solutions to many of the problems that
face the nation in these areas. Through an interdisciplinary team of scientists and engineers
studies have been conducted in several areas of interest. Although the majority of this report
discusses the studies conducted on the removal of toxic and hazardous chemicals from
aqueous solutions, studies have also been conducted in the areas of disinfection, biochemical
oxygen demand and chemical oxygen demand removal and solids conditioning.

The ultimate disposal of toxic and hazardous organic chemicals is emerging as a
priority in the search for new and innovative treatment technologies. By ultimate disposal we
refer to the mineralization of the solutes of concern. Historically, for waste streams and even
for site remediation, treatment process efficiency focused on the removal of the solute of
interest. Little or no concern was voiced once the parent compound was "out of sight." In
some cases the removal of the solute or waste product was considered complete by merely
removing it from the manufacturing or remediation site to a land fill or by using deep well
injection. These options are less attractive when considering the long term environmental
effects and potential liability to the owner of the "disposed" waste. The "out of sight out of
mind" mentality is being called into question and it is probably safe to say will disappear in
the future.

An extension of this approach is the use of carbon and aeration stripping, where the
chemical(s) of interest are transferred to another media. In the case of carbon the solutes are
concentrated and then are disposed of during the regeneration. If the carbon is not regenerated
it then must be disposed of either in a landfill or by incineration. Aeration stripping for the
removal of volatile chemicals, the cheapest alternative when using extremely naive and
simplistic economic analyses, at worst transfers the problem to the air and at best transfers it
to carbon or another adsorbent.

We feel that the more realistic solution to the problem of the disposal of toxic and
hazardous organic waste chemicals will be treatment processes that result in, or facilitate, the
mineralization of the chemicals. Probably the best known process to achieve this is the use of
ozone,03, most often in the presence of various catalysts for its decomposition, e.g. ultraviolet
(UV) light and/or hydrogen peroxide, H2O2. Other chemical/physical processes that are
receiving attention are supercritical oxidation and wet oxidation. Bioremediation can also be
considered an ultimate disposal process. Incineration of wastes has certain demonstrated
advantages, but also a high potential for the formation of reaction by-products that may be as
bad or worse than the starting materials. Thus, this technology is now under critical review
when suggested as the process of choice.

The factors regarded as important for developing a treatment process for the disposal
of toxic and hazardous organic chemicals and for site remediation are:

1. The process should be flow-through and be relatively rapid in the treatment.

2. The process should result in the formation of non-toxic reaction by-products, and with
mineralization of the solutes as a goal.

3. The process should be able to treat water of differing quality, including the presence of
suspended particles up to 10%.
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4. The process should be able to treat soil contaminated with toxic organic chemicals.

5. The process equipment should be transportable so that it can be taken to the problem
or used for on-site treatability studies.

6. The equipment should be rugged and operated relatively easily in the field.

7. The process should be capable of treating mixtures of organic chemicals and be
relatively insensitive to solute concentration effects.

8. The process should also be configured in such a way so as to facilitate quality
assurance that the process is working properly and according to the design
specifications.

2. ELECTRON BEAM TECHNOLOGY

Electron beams have been in commercial use since the 1950s. Early applications
involved the cross-linking of polyethylene film and wire insulation. The number of
applications has since grown to include sterilization of medical supplies, rubber vulcanization,
disinfection of wastewater, food preservation, curing of coatings, etc. Today there are several
hundred electron processing systems installed for industrial applications in over 25 countries.
A detailed list of actual and potential commercial applications is presented in Table 1.

Polymerization of cable insulation and cross-linking of plastic film still account the
bulk of the applications. More than half of the total installed world capacity of 15 MW of
electron beam power is devoted to these applications while less than I MW is used for
sterilization of medical products. Only a small amount of the installed capacity is used for
biological disinfection and detoxification. The reasons for the relatively slow growth in the
latter applications can only be partially explained by need and economic considerations, and
yet these applications hold the potential for the most social good.

Electron beam processing involves exposing the material to be irradiated to a stream of
high energy (fast) electrons. These electrons interact with the material in less than 1-2
seconds to produce electrons of lower and lower energy. Eventually a large number of slow
electrons with energies less than 50 eV is produced and these electrons interact with
molecules to produce excited states of these molecules, positive ions and electrons. Eventually
the electrons slow to thermal energies and get trapped. In materials of low dielectric constant
most electrons do not escape the pull of the positive ions formed when they were produced.
The electrons are attracted back to the positive ions causing a chemical reaction. This is
termed direct radiolysis. In high dielectric materials such as water and aqueous solutions,
most electrons escape the pull thus leaving both the positive ions and electrons free to react
with the water or waste components in it. This is referred to as indirect radiolysis. The ratio of
direct to indirect radiolysis in wastewater is approximately the weight fractions of waste to
water.
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Table 1. Industrial Applications for Electron Beam Processing

Industries

Chemical
Petrochemical

Coatings
Adhesives

Electrical

Food

Health
Pharmaceutical

Plastics
Polymers

Pollution
Control

Pulp
Textiles

Rubber

Processes

Crosslinking
Depolymerization
Grafting
Polymerization

Curing
Grafting
Polymerization

Crosslinking
Heat-Shrink Memory
Semiconductor Modification

Disinfestation
Pasteurization
Preservation
Sterilization

Sterilization
Polymer Modification

Crosslinking
Foaming
Heat-Shrink Memory

Disinfection
Precipitation

Depolymerization
Grafting
Curing

Vulcanization
Green Strength
Graded Cure

Products

Polyethylene
Polypropylene
Copolymers
Lubricants, Alcohol

Adhesive Tapes, Coated Paper
Products, Veneered Panels,
Thermal Barriers
Wood/Plastic Composites

Building, Instrument,
Telephone Wires, Power Cables,
Insulation Tapes, Shielded Cable Splices
Zener Diodes, ICs, SCRs

Animal Feed
Grains, Cereal, Flour
Vegetables, Fruits
Poultry, Meat, Fish, Shellfish

Medical Disposables
Powders & Ointments
Ethical Drugs, Membranes

Food Shrink-Wrap
Gymnastic Mats, Toys
Plastic Tubing & Pipes

Molded Packaging Forms

Agriculture Fertilizers from
Stack Gas Emissions

Rayon
Permanent-Press Textiles, Soil-Release
Textiles, Flocked and Printed Fabrics

Tire Components
Battery Separators
Roofing Membrane

3. ELECTRON BEAM RESEARCH FACILITY (EBRF)

3.1. History

This EBRF has its origins in a major study investigating high energy electron
disinfection of wastewater residuals undertaken by MIT and High Voltage Engineering
Corporation in the early 1970s. The positive disinfection data obtained led to the
establishment of a large scale facility at the Deer Island Treatment Plant in Boston,
Massachusetts. This facility became operational in 1976 using an 800 kV, 50 kw ICT electron
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accelerator leased from High Voltage Engineering. A larger 1500 kv, 75 kw accelerator was
installed in 1980 to demonstrate the operational feasibility of the system which was to be
installed in Miami. These efforts were funded by NSF from 1974 through 1980. Additional
support was obtained from the US EPA in 1976.

Based on the disinfection results obtained at Deer Island, the Miami-Dade Water and
Sewer Authority, in 1977, requested that an electron beam wastewater sludge irradiation unit
be included in an addition to the Central District Wastewater Treatment Plant. The electron
beam was to be used as a substitute technology for the heat treatment process originally
planned for disinfection of sludge. The project was approved in April, 1978 and US EPA
grants were received for construction of the facility. After various delays, the facility was
constructed at a total cost of approximately $1,750,000 and became operational in September,
1984. However, because of changing local sludge disposal regulations the system was no
longer needed in the treatment train. The system was operated intermittently until December,
1985 after which it remained idle until reactivated as a research facility for the present project
in 1988. It should be noted that the system did successfully disinfect sludge at a flow rate of
120 gpm using a minimum dose of 400 krads.

3.2. Facility Description

Figure 1 shows an elevation view of the EBRF. The 1.5 MV accelerator is driven by
an insulated core transformer (ICT) power supply. The beam current is continuously variable
between O and 60 mA. Varying the beam current changes the absorbed dose in a linear
fashion, allowing for experimentation at doses from O to 800 krads. The electron beam is
horizontally and vertically scanned to give uniform coverage of an area approximately 48"
wide and 3" high. The EBRF was intended to operate continuously, 24 hours per day (8760
hours per year) with an availability of 90%. The major components of the system are given in
Table 2 and detailed system ratings are given in Table 3.

The electron beam system was designed to disinfect approximately 645,000 liters per
day (170,000 gallons per day) of 2-8% digested sludge with a minimum dose of 400 krads.
Treatment objectives required that at least 90% of hourly irradiated samples show less than
one Salmonella per 500 grams, and less than 10 total Coliforms per 100 grams, and the
remaining samples (10% or less) no more than twice these limits. At present, several
influentstreams are connected to the plant, they are potable water, secondary wastewater
effluent and anaerobically digested sewage
sludge. The secondary wastewater treatment is extended (pure oxygen) aeration and the
effluent is chlorinated prior to the electron beam. The sludge contains 2-3% solids.

Influent streams at the EBRF are presented to the scanned beam in a falling stream
approximately 122 cm (48") wide, and at the design flow of 460 liters per minute (120 8pm)
they are approximately 0.38 cm (0.15") thick
(Figure 2). Since the maximum penetration in water is approximately 0.74 cm (0.29") for 1.5
MeV electrons, some electrons pass through the stream and thus not all of the beam energy is
transferred to the water. With the addition of over-scanning the waste stream to insure that the
edges of the stream are irradiated, more energy is lost with the result that the efficiency of
energy transfer is approximately 65%. Thus when the electron beam is operating at 50 mA (75
kW) the waste stream is receiving an average dose of approximately 650 krads. Total power
consumption, including pumps, chillers and other auxiliary equipment is about 125 kW.
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FIG. 1. Schematic diagram of the Electron Beam Research Facility, elevation plan.
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FIG. 2. Cross-section of the aqueous stream (or sludge) falling over the weir and the impact area of
the electron beam (1 in = 25.4 mm; 1 gal = 3.785 L; 1 ft = 0.3048 m).

The EBRF was designed to treat 460 liters per minute (120 gallons per minute, gpm),
however, experiments have been conducted using flows of up to 610 liters per minute (160
gpm). The minimum flow is approximately 230 liters per minute (60 gpm). In addition to the
three flow streams described above, we have the capacity to conduct large-scale batch
experiments by connecting 23-000 liter (6000 gal.) tank trucks to the influent pumps. Batch
experiments may be used for groundwater and any other source of contaminated water for
which treatability studies are desired. The minimum batch experiment is 7,600 liters (2000
gal). During experiments to determine the removal efficiency of parent compounds and to
collect samples to determine reaction by-products, samples are taken prior to and after
irradiation. These samples are obtained in the control room from continuously running sample
streams.
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Table 2. Major System Components

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.

High Voltage ICT Power Supply and Tank
Electron Accelerator and tube extension with lead shielding
Scanner and Vacuum System
Control Console
Water Chiller
Capacitor Bank
Voltage Regulator
Step-up Transformer
Turbo Compressor
Smog Hog
Insulating Gas(SF6) Storage Tank and Cradles
Gas Transfer Control Console and Piping
Sludge Presentation System, including:
a. Sludge inlet
b. Sludge spreader
c. Beam stop
d. Sludge receiver
e. Sludge outlet

Grinders (2)
Comminutors (2)

Table 3. Electron Beam System Ratings

1. - Continuous, at Rated Voltage:
Acceleration Voltage: 1.5 million volts, stabilized
Beam Current: 50 milliamperes
Power Supply Output: 75 Kilowatts
Width of Scan: 48 inches

2. Continuous, at Reduced Voltage:
1.25MV@60ma,

3. Short time (6 hours) at Over-Voltage and Over-current:
1.75MV@50ma
1.5MV@60ma

4. Ambient Temperature: 40 degrees centigrade
5. Scan Width: 48 inches, adjustable to 60 inches or more, as

required by sludge presentation system.
6. - Scan Variation: 10% or less over 48", or required width.

4. PROCESS MONITORING AND ABSORBED DOSE MEASUREMENT

The amount of energy from the high energy electron beam that is absorbed by an
irradiated material per unit mass is called dose. The energy transfer to the material, in this
case water, is capable of producing chemical or physical changes. A common unit of dose is
the Rad, defined as the energy absorption of 100 ergs per gram of material. The international
unit of dose is the Gray (Gy) which is equal to 100 Rads.

The amount of energy that is transferred to the irradiated material is not constant as the
electrons penetrate deeper into the material. This phenomenon is illustrated in Figure 3 where
it can be seen that energy transfer near the surface is less than the maximum transfer, which
occurs at approximately one third to half of the maximum depth of penetration. The maximum
depth of penetration is directly proportional to the energy of the incident electrons and
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inversely proportional to the density of the material being irradiated. Thus the absorbed dose
depends on the type and thickness of the material, the beam power, and the length of time the
material is exposed to the electron beam.

The EBRF has been instrumented to continuously monitor and record various
operating parameters (voltage, current, flow) and estimated absorbed dose. The absorbed dose
is measured using five resistance temperature devices (RTDs). The five RTDs are mounted in
the influent (2 sensors) and effluent (3 sensors) stream immediately before and after the beam.
They are connected via a Strawberry Tree interface to a Compaq portable computer which
continuously reads and records temperatures. The temperature difference between influent and
effluent streams is related to absorbed dose by the fact that a change of 1 °C is equivalent to a
dose of approximately 418 krads. Although this relationship can be altered by the presence of
other material in the waste stream, heat losses, and heat defects due to chemical reactions,
observed values have been within approximately 4% of calculated dose values.

5. ELECTRON UTILIZATION EFFICIENCY

It is possible to estimate the electron utilization efficiency of the system at the EBRF.
Assuming that the system is operated at full power, i.e., 1.5 MeV and 50 mA, total beam
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FIG. 3. Distribution ofionization in water by mono-energetic beams of several energies.
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power of 75 kW, and at a flow rate of 120 gal min-1, or 2.73 x 107 mL hr"1, then the efficiency
may be determined as follows:

1W =860 cal.hr"1 [1]

75 kW= 6.45 xlO7 cal.hr"1 [2]

Complete conversion of electrical energy (beampower) to heat would result in a change of
temperature of:

d(t) = cal. hr 6.45 x 107/2.73 x 107 [3]
= 2.36°C

We observed a 1.54°C increase in temperature (645 krads). Therefore the efficiency of the
conversion of beam energy to heat was,
efficiency (%) = 1.54°C/2.36°C x 100 = 65.3 % [4]

In limited experiments at high water flow rates, 160 gal min -1, the dose was
unchanged, i.e. 645 krads or 1.54°C increase in temperature, and the efficiency approached
86%. The reasons for the increase in efficiency were probably related to the more complete
absorption of the fast electrons in the solution (increased depth of the water), and at the higher
flow rate the water cascaded over the weir nearer to the electron gun window, reducing energy
losses in the air between the window and the water.

6. MAINTENANCE, REPAIRS, AND RELIABILITY

During the initial phases of the research, a large effort was required to reconstitute the
EBRF. Because the system had been left unattended for over two years, major repairs were
required. The most expensive and time consuming component of the repair dealt with
removing and rebuilding the accelerator tube. Once this tube was removed from the ICT tank,
it was shipped to the manufacturer (High Voltage Engineering in Massachusetts) where it was
rebuilt. When the accelerator tube was returned, the entire system was reconstructed and a
long break-in period was required before the accelerator could develop its full potential of
1.5M volts. Approximately one year passed before experimentation could begin. Since that
time, the system has performed quite well considering it has been operating in a test mode
rather than its intended continuous operational mode.

7. TREATMENT COSTS

The cost of treatment using the electron beam technology depends on many factors
such as the dose required to obtain the desired detoxification, the volume of waste to be
treated, the size of the treatment facility, the time utilization of the facility, and the manner in
which capital recovery is handled. For example, the estimated current cost of the permanent
1.5 MeV facility at the EBRF is given in Table 4. The estimated capital requirements
represent an approximate 5% annual inflation of the total price actually paid for the Miami
facility. Also note that no indirect costs such as supervision, overhead, etc. are included and
estimated maintenance costs are consistent with our experience described earlier. Changes in
the amortization period or interest rate can significantly affect annual capital charges, as can
the number of operating hours per year.
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Estimated total hourly costs for the current system operating at various flow rates for
8,000 hours per year are given in Table 5. The current weir delivery system can be operated
over a range of flow rates from 60 to 160 gpm. Since the maximum absorbed dose delivered
by the electron beam depends on flow rate, an application requiring a dose of 1290 krads
would limit flow to 60 gpm. A dose requirement of approximately 500 krads would allow
treatment at approximately 160 gpm etc.

Table 4. Estimated Current Costs for the Miami Permanent Electron Beam Facility Costs.

System: 1.5 MeV, 50 ma Electron Beam

Capital Costs ($ 1000s):

Installed Beam 1,850
Support Facility1 500

2,350

Amortization (10 years @ 15%) - $466/year
(20 years @ 15%> $374/year

Operating Costs (hourly):

Operator
Power2

Water3

Maintenance

$20.0
10.5
2.5
8,0

$41.0

1 Shielding, delivery system, etc.
2 50 K.W @ S0.07/KWH
3 2Kgph@ $1.25/1000 g

Table 5. Total Hourly Cost and Dose vs. Flow.

Flow Dose Hourly
(gpm) (krad) Cost

($)

60 1290 98
120 645 103
160 484 106

Amortization: 20 years @ 15%
Operating hours: 8,000/year

The examples above indicate the range of treatment possibilities. A 160 gpm flow using a
modified system would yield operating costs of approximately $2.5/1000 gallons while the
2,100 gpm flow yields approximately $0.25/1000 gallons. In either case, the costs compare
favorably to a reported operating cost of $2.59/1000 gallons for a UV peroxidation process
and total costs of approximately $200/1000 gallon for a mobile wet oxidation process. In
the latter case the evaluation was done for very high solids concentrations (0.1 to 4.0 wt%).
For these same concentrations carbon/incineration was estimated to cost $76/1000 g to
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$517/1000 g. Research is currently underway to provide the basis for cost estimates tor
transportable electron beam systems and permanent systems of different accelerating voltages
and power. The costs of operating transportable units will be significantly higher than
permanent facilities due to transportation costs, increased maintenance requirements, and
shorter useful lives.

8. FULL-SCALE ELECTRON BEAM MEDICAL WASTE DISINFECTION
FACILITY

The Laboratories for Pollution Control Technologies at the University of Miami in
association with UM/Jackson Memorial Medical Center complex have developed an advanced
electro-technological semi-automated process for disinfecting infectious medical waste.
Utilizing high-energy electron beam irradiation, this full scale prototype facility has the
capabilities to disinfect HIV-tainted materials, contaminated medical supplies and virtually all
forms of biomedical hazardous waste. With its present configuration coupled to the desired
disinfection level, the system is capable of treating approximately 400 Ib/hr of infectious
medical waste. Following disinfection, the waste can be shredded or rendered unrecognizable-
-so that items such as needles and hoses etc., are unusable, while its volume and the ultimate
amount of landfill required for final disposal is reduced by approximately 75%. In addition to
waste disinfection, the prototype facility can also provide disinfection and/or sterilization
options for supplies within and/or outside the health care industry as valuable alternative uses.

The system consists of a processor-controlled radio-frequency-modulated high-voltage
source, a water-cooled electron accelerator enclosed by concrete walls to contain incidental x-
radiation, a conveyor system that transports the medical waste through the beam of high
energy electrons at a predetermined rate, and a shredder for waste volume reduction and
unrecognizability after disinfection. The medical waste—including plastics, glass, sharps,
paper, latex, bedpans and paper etc., is contained in red bags that line basket-like containers
weighing between 10 to 15 pounds when full. During the disinfection process, conveyor
speed, electron beam energy and power levels, time of exposure, and the mass of waste
exposed per container are coordinated to ensure that the shredded waste is no longer
infectious. Once shredded, the waste can be discharged into a hydraulic compactor via a
screw conveyor and exits the facility~q/ter being rendered safe and non-recognizable, for
ultimate disposal as standard waste. During the irradiation process, the temperature of the
waste increases only by a few degrees, thereby allowing immediate handling of the waste after
disinfection.

8.1. An Environmentally Benign Solution

The full scale prototype is an on-site waste treatment system that converts a medical
facility's infectious waste into non-infectious waste so that it may be handled in a standard
manner. During processing, the infectious waste is rendered safe by irradiation with high-
energy electrons—a technology that has been accepted by the FDA as a safe reliable method
of sterilization for medical products. The treated waste can be rendered non-recognizable by
shredding into small pieces which may be handled in a less costly manner. The time of
exposure and the amount of energy that the waste is subjected to are controlled to ensure that
the infectious waste is rendered non-infectious, thereby providing additional cost and safety
benefits. The safe, non-recognizable waste leaves the system for disposal as standard waste.
Furthermore, there is no residual radiation, nor is there any environmental hazardous chemical
residuals or effluent resulting from the process.
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8.2. The Electron Beam Disinfection Principle of Operation

Infectious waste enters the prototype facility's treatment zone on a conveyor that
presents it to an electron beam where it is rendered safe. The stream of electrons is emitted
from a filament and then accelerated by a high-voltage electric field toward a thin titanium
window at the face of the accelerator. The window maintains a vacuum within the accelerator
and allows the electrons to flow through and contact the waste being transported on an
automatic conveyor driven by an ac, variable-speed, flux vector controlled motor. The
electron shower destroys microorganisms by causing chemical dissociation of organic matter
and by rupturing the cell walls—usually the lethal action of radiation is demonstrated by the
failure of the irradiated cells to replicate, rather than by demonstrating the death of the cell
itself. In practice, with microbes, it is the ability to reproduce that matters, for without that
ability there can be no disease, however, bacteria exhibit varying resistance to the lethal
effect of radiation, largely due to the differing ability of different species to repair the damage
to their DNA induced by radiation. In this system, the energy of the electrons is increased to
eight million electron volts (8 MeV), while the average power delivered by the electron beam
is one kilowatt (1 kW). At the exit end of the accelerating chamber is a magnet that scans the
electron beam up and down across a predetermined area. The infectious waste is moved
through this area by means of the controlled conveyor system. When the high energy
electrons strike the waste, they cause a chain reaction in the target material which includes
both microbes and medical waste products. The impinging electrons collide with atoms in the
waste causing them to emit x-rays. These x-rays then interact with molecules with enough
energy to cause the bonds between the molecules constituent atoms to break, i.e., the
impinging electrons and the x-rays they generate break-up the molecules of the irradiated
material. The ability of electron beam irradiation to break-up molecular bonds, and thus
inactivate the nucleic acids found in living cells and to reconfigure molecular bonds in toxic
materials is the fundamental basis of its use for waste treatment. As previously mentioned,
the electron beam processing has no residual radiation--w/ze« the power is turned off, the
system is not radioactive and there is no radioactive source that must be transported for
replacement or disposal.

8.3. Technical Merit

The prototype facility, though innovative and being the first of its kind in the world, is
based on the unique combination of well understood technologies and therefore has a low
technical risk. Waste handling by conveyors and shredders are standard features of waste
handling. The commercial feasibility of large scale electron beam technology, originally
developed by the defense industry, has been demonstrated by its use in medical products and
agricultural produce sterilization. However, the ability of an electron beam to treat infectious,
randomly distributed non-homogenous or uniformly distributed homogenous medical waste
has not been established, in a large scale commercial application, such as the one described
herein.

8.4. Design Specifications

The system herein described, has been designed to disinfect approximately 400 Ib/hr
of infectious hospital waste, using a vertically scanned beam~o/ known width and height,
comprising an electron shower whose energy is eight million electron volts (8 MeV) with an
average beam power of one kilowatt (1 kW).
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8.5. Types of Medical Waste Treated

The University of Miami is currently seeking approval from the Florida Department of
Health for licensing the prototype facility as an alternative medical waste disinfection facility,
utilizing high-energy electron beam irradiation as the treatment technology. Because it is a
"first of its kind" alternative treatment facility seeking approval for use in the state, studies
are being conducted on disinfection efficacy, using surrogate medical waste homogeneously
and non-homogeneously impregnated with a wide variety of microorganisms, including
bacteria and fungi, among others.

8.6. Emissions

This treatment technology operates without combustion or heat and therefore
generates no air emissions. There is a small residual of ozone formed in the vault which can
be exhausted directly to atmosphere, or in special conditions, catalytically destroyed.

8.7. Energy Consumption

Considering all the main and peripheral system components, energy consumption is
estimated to vary between 0.0076 to 0.0325 kW-hr/pound of disinfected waste, respectively,
for the e-beam system alone and the combined system in general. However, if the recycling
option is included in the treatment train and the environmental benefits of such a system are
quantified and factored into the cost/operating analysis, the effective numbers for energy
consumption will be reduced somewhat.

8.8. Advantages and Disadvantages

The true advantages of electron beam processing are its simplicity, the high rate at
which it can be applied, and the degree of controllability and safety of the process. Another
advantage of the system over other sources of radiation is that as soon as it is shutdown x-ray
production ceases. In addition, it operates without combustion or heat and therefore generates
no polluting air emissions. Although there exists small residuals of ozone gas inside the vault,
it can be reduced by catalytic destruction or be exhausted directly to the atmosphere. Toxic
chemicals in the waste can be destroyed at dose levels that exceed the levels required for
disinfection of non-toxic waste. A shredder, separate from the irradiation system, renders the
waste unrecognizable and reduces its volume and ultimate disposal landfill by as much as
75%. The time of exposure and the amount of energy that the waste is subjected to are
controlled to ensure that the infectious waste is rendered non-infectious, thereby providing
additional cost and safety benefits. The safe, non-recognizable waste leaves the treatment
facility for disposal as standard waste. Because use is made of appropriate electron beam
accelerators to irradiate the waste, there is no residual radiation in the waste, nor is there any
environmentally hazardous chemical residuals or effluent resulting from the process.

8.9. Estimated Capital Cost

The capital cost for such a system, including both primary and secondary sub-systems,
is approximately $1.07 million (which include cost of space and construction of the shielding
vault—disinfection zone, equipment purchasing, installation, setup and service contract for the
electron beam accelerator, waste conveyor system and all other peripheral devices and
secondary services.
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8.10. Annual Cost

Assuming that a full-time operator or waste handler is required for any treatment
technology, the annual cost of the system varies between four (SO. 04) and eight ($0.08) cents
per pound of disinfected waste, when based on the cost of the electron accelerator plus O &
M, and operating the system for 8000 and 4160 hours per year respectively. When considered
as a function of total investment costs—inclusive of all purchsed equipment, shielding and
equipment O & M, annual costs for the medical waste treatment system will vary between six
($0.06) and eleven ($0.11) cents per pound of disinfected waste, if operated for 8000 or 4160
hours per year respectively.

8.11. Current Stage of Development

The prototype facility, herein described, was completed and officially dedicated in a
ceremony on March 26, 1997. At the present time, numerous disinfection efficacy studies are
being conducted to gain license for operating within the State of Florida as an alternative
treatment process for infectious medical waste disinfection.

8.12. Level of Operator Training Required

Since hospitals already have trained personnel and the infrastructure for maintaining
this type of equipment— both primary and secondary, it is estimated that a maximum of two
weeks operator training should be adequate.

8.13. Permitting Status

The State of Florida permitting process is in progress. In April 1997, the Florida
Department of Health personnel were on site to review, first hand, the operational and
permitting guidelines for such a unique alternative treatment facility. Disinfection data
required for licensing have been collected and are being evaluated.

8.14. Demonstration and Commercial Units

The full scale prototype facility, fully equipped and undergoing efficacy studies, is
located at 1601 NW 7th. Avenue, Miami, Florida—adjacent to the UM/Jackson Memorial
Medical Center complex.
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