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ABSTRACT

Concerns regarding emissons from medicd wadte incinerators, beach washrups of medicd
wade in various countries around the world, and an increased awareness of the occupationa
hazards of medicd waste has lead to the development of dterndaive trestment technologies to
treet medical waste. Many of these technologies are innovative gpplications of existing processes
i.e, microwave, macrowave, chemica, plasma, and pyrolyss These technologies ae dill
relatively new as compared to the higory of the incineration and autoclave but are gaining a
track record of experience. Technologies can range from processing 1 needle per cycle to 2,500
kg/cycle. Much information has been gained in the past few years regarding these technologies
which can be used in the sdlection process. Management of medicd wadte is very much dictated
by the prevaling legidaion as wdl as public perception. Economic, environmentd, and
occupational safety issues dso play a key role in the management of medicd waste. The
Commonwedth of Dominica needs to consder these new dternatives as wdl as the exiging
technologies of incineration and autodaving.

This document presents a general overview of medical waste treatment technologies while the
accompanying Health Care Without Harm resource "Non-Incineration Medical Waste
Treatment Technologies' provides greater detail.

KEYWORDS: Medicd waste management, incineration, autoclave, dternative treatment
technologies, microwave, macrowave, chemicd, pyrolyss, plasma technology

INTRODUCTION

Incineration and autoclaving have been the most widey employed methods of RMW trestment.
The numerous advantages associated with incineration (Table 1) and its long history as an
effective method of waste management have lead to its worldwide use as the preferred means of
treeting and digposng of medicd waste. However, growing problems with ar pollution, among
other disadvantages to its application in medical waste treatment (Table 1), have caused many
government and date regulatory agencies to introduce more dringent ar-qudity standards
(Barkely et.d., 1983). Hedthcare and other facilities that generale medicd waste, have found
that to meet these enhanced requirements through retrofitting exigting incinerators or purchasing
new equipment would be cost-prohibitive and have smply deactivated ther incinerators. For
example, in 1990, there were gpproximatedly 150 medica wadte incinerators in operation a
hospitds, nursng homes, laboratories, and commercid facilities in New York State. However,
by 1999, there were only tweve incineraiors in use a hedthcare faclities within the date.



Since 1876, when Charles Chamberland built the first pressure steam derilizer, autoclaves have
been used for the gSerilization of surgical insruments, medical devices, hest Sabile liquids, as
well as numerous gpplications in medical laboratories and private industry. Therefore, it was a
natura progresson to utilize autoclaves to decrease or diminate the potentiad bioburden
contained in medical wade. While standard autoclaving of medicd waste does offer severd
advantages over incineration, there is a down sde to its gpplication in processng both liquid and
solid forms of this waste (Table 1). One mgor concern associated with the use of autoclaves,
which has been overlooked until reaively recently, has been the generation of potentidly
hazardous chemicads. Since pressurized seam is an excdlent method of volailizing organic
compounds, and many organic reactions are accelerated a eevated temperatures, a wide variety
of organic pecies maybe emitted depending upon the quantity and composition of the hazardous
chemicds contained in the waste. This is an issue gpplicable to most medicd wadte treatment
sysems. Further, standard autoclaves cannot be used to treat a wide variety of waste, eg.,
radioactive, chemotherapeutic waste categorized as hazardous waste, and pathologic waste.
However, advances in autoclave technology have created a few hydrids sysems that have
demondtrated their ability to treat pathologica waste (see Autoclaves below).
Table 1. Advantages and Disadvantages of Common

Medical waste Treatment Systems

Type

Factors

Advantages

Disadvantages

Incineration

Steam Autoclave

Turbulence and mixing
Moisture content of waste
Filling combustion chamber
Temperature and residence time
Maintenance and repair

Temperature & pressure
Steam penetration

Size of waste load

Length of treatment cycles
Chamber air removed

Volume and weight reduction
Unrecognizable waste Acceptable
for all waste types

Heat recovery potential for large
systems

Low investment cost
Low operating cost
Ease of biological tests
Low hazard residue

Public opposition

High investment & operation costs
High maintenance cost

Significant air pollutants requiring
expensive control equipment
Bottom and fly ash may be hazardous

Appearance, volume unchangedal
Not suitable for all waste typesb
Possible air emissions
Ergonomic concerns

Microwave Waste characteristics Unrecognizable waste Mod -High investment cost
Moisture content of waste Significant volume reduction Not suitable for all waste types
Microwave strength Absence of liquid discharge Possible air emissions
Duration of exposure
Extent of waste mixture
Mechanica/ Chemice Concerns for chemicals, temperature,  Significant volume High investment cost
pH Chemical contact time Waste & reduction Not suitable- all waste types
chemical mixing Recirculation vs Unrecognizable waste Possible Air emissions
flow-through Rapid processing : :
Waste deodorization Need for chemical storage
Ergonomic concerns
Plamsa/Pyrolysis Waste characteristics Almost no waste Novel technology

Temperature
Length of treatment cycle

remains
Unrecognizable waste
Heat recovery potential

Air emissions must be treated
Skilled operator needed

# Several autoclave manufacturers incorporate maceration or shredding during the treatment process that results in a volume reduction of up to
80% as well as an unrecognizable waste stream.
® Two technologies have demonstrated the capability to treat pathological waste.
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The reduction in the use of incinerators and the limitations on the gpplication of some autoclaves
have crested a new industry - dternative medical waste trestment systems. Currently, there are
over forty such technologies available from grester than seventy manufacturers within the United
States, Europe, the Middle East, and Audrdia (See Sdkin etd., 2000). While these systems
vay in ther treatment capacity, the extent of automation, and overdl volume reduction, dl
dterndive technologies utilize one or more of the following methods. (1) heating the wadte to a
minimum of 90 - 95 degrees C by means of microwaves, radio waves, hot ail, hot water, steam,
or superhested gases, (2) exposng the waste to chemicads such as sodium hypochlorite
(household bleach) or chlorine dioxide, (3) subjecting the waste to heated chemicas, and (4)
exposing the medical waste to irradiation sources.

Therma sysems which use heat to inactivate pathogenic microorganisms are the most common
dterndive technologies for the treatment of medicd waste. These sysems can be broadly
divided into those using low temperatures, i.e., 95 degrees C (moist heat) to 250 degrees C (dry
heat) and those that use high temperatures, i.e, gpproximately 500 degrees C to grester than
6,000 degrees C. The latter systems combust and destroy the waste as part of the treatment
process. The most frequently used heat inactivation systems are (see Sdkin et. d., 2000 for
information on the manufacturers, capacities, treatment cycles, and dat€'s in which the systems
are gpproved to be dted, as well as Jodyn, 1991 and Sakin and Krisunas, 1998 for additional
details):

ALTERNATIVE TREATMENT TECHNOLOGIES

L ow- Temperature Sysems — Microwaves

Microwaves are defined as those with a frequency in between those of radio and infrared waves
in the dectromagnetic spectrum. When used in the treatment of medica wadte, they simulate the
preshredded and moistened waste to generate heat (95 degrees C or greater) and release steam. It
is the combination of the microwaves and moisture which is required to generate the thermd
energy to effectively treat the medicd waste, eg., Sanitec — a U.S. based firm that manufactures
units in the thru put range of 100 to 250 kg/hour. Meteka is another firm based in Audtria that
manufactures smaler microwave systems based upon a smdl baich process (15 kg/40 minute

cycle).

Some manufacturers (Sintion — Austria) have used microwaves as the energy source to heat
water and to create team. So in effect, they are more like an autoclave system.

Low-Temperature Sysems — Macrowaves

Some systems apply low-frequency radio waves to heat shredded, moistened, compacted medical
waste to 90 degrees C for an extended period of time, thereby inactivating microbes contained
within the waste, e.g., Sericycle.



Low- Temperature Sysems - Dry Heat

Severd trestment systems avalable for large (eg., hospitals) and smdl-quantity generators (e.g.,
physciav/dentd offices) thermdly inactivate potentidly pathogenic microorganisms through the
use of eectricaly generated hested air, oil, or molten pladtic, eg., Mediwaste.

High- Temperature Systems - Pyrolyss

Pyrolyss involves the high temperature (545 to 1,000 degrees C) treatment of waste in the
absence of oxygen. In generating these high temperatures, the systems treat, destroy and reduce
the volume of medicdl waste, e.g., Plasma Energy Pyrolysis System (PEPS).

High- Temperature Systems - Plasma Technology

In a plasma system, an dectric current is used to ionize an inert gas (eg., agon) to cause the
formation of an dectric arc to create temperatures as high as 6,000 degrees C. The medica waste
within the system is brought to temperatures between 1,300 to 1,700 degrees C, destroying
potentidly pathogenic microbes and converting the waste into a glassy rock or dag, ferrous
metd, and inert gases, e.g., Peat’ s Plasma Arc Reactor System.

Chemical

Chemicd treatment sydems have an extendsve and wadl-documented higory in  the
medicdsdtting in dignfecting and derilizing environmental surfaces and medicd devices (Jagger
etd., 1989). Inherent in the operation of such systems is the fact that the waste must first be
shredded prior to exposure to such agents as sodium hypochlorite, chlorine dioxide, peracetic
acid, glutarddehyde, quaternary ammonium compounds, etc, in order to bring al surfaces of the
wade into direct contact with the chemicds. MCM STERIMED (Isragl) utilizes a chemicd
composed of glutarddehyde, quaternary ammonium compounds, and acohol (SterCid) to treat
medicdl waste. Some sysems, ChemClav, combine hest with the chemicads sodium
hypochlorite to enhance the trestment parameters.

Severd companies have dso proposed quick lime, Matrix in Audrdia and Podtive Impact
Waste Solutions in the U.S. (Odessa, Texas) to treat medical waste. The process appears to be
able to treat dl forms of waste including pathologicd materid. An issue that must be addressed
is an end product with a high ph (10.5-11) that may be consdered a hazardous waste in some
jurisdictions.

One of the newer chemica systems, Waste Reduction by Waste Reduction or WR?, utilizes hot 1
N sodium hydroxide under pressure to treat anima carcasses and reduce this form of
pathologicd waste to bone med. Additiondly, recent informetion in the literature would indicate
that, in theory, the WR”s use of heated chemicas under pressure would dlow for the effective
treetment of Prion contaminated waste. If this were verified through scientific investigaions, it
would meen that the WR is the only system, induding incinerators, which is capable of tregting
waste generated through trestment of human and animals infected with Prion, eg., mad cow's
disesse.



Autoclaves

Even with the numerous aternatives available, autoclaves continue to be one of the most popular
methods of treatment because of their history of use and track record within hedthcare. A new
generation of autoclaves has been developed that may be consdered dternative treatment
technologies.

These technologies now incorporate maceration or shredding during the trestment process to
ensure better penetration of deam. Additiondly, these systems achieve dgnificant volume
reduction (up to 85%). These technologies include Tempico (US), Hydroclave (Canada), L&jtos
(France), and Stericomat (Germany).

SELECTION OF TREATMENT TECHNOLOGIES

The sdection of the most gppropriate system for Dominica depends upon the composition of the
medica waste, the volume of waste to be treated, staffing requirements for the system in terms of
both numbers and education levels of employees, support capabilities of the vendor, and initid
and continuing operating costs. Severd criticd factors which should be consdered in the
sdection of an dternative trestment technology are:

Treatment Capabilities

While some treatment systems are specificaly designed to process only one type of waste
component, eg., sharps, liquids, anima byproducts, most commercidly avalable sysems can
trest severd different components of the medica wagte stream. Obvioudy, the more types of
waste, eg., pathologic, chemotherapeutic agents, radioactive materias, etc, that can be processed
by the system, the smpler it is to operate, Since the medicd waste stream does not have to be
segregated into its gpecific components for treatment. Consequently, one key criterion in
sdecting a medicd wade trestment system is to maich the capabilities of the technology to the
types of waste generated by afacility.

Grinding/Shredding

While, as noted, grinding/shredding of medicd waste is a necessary fird sep in chemicd
treatment systems, other types of treatment technologies may aso employ such devices for one
or more of the following reasons.

a. reduce the volume of waste;
b. remove or reduce physica hazards; and
C. render the waste unrecognizable.

Although compaction of the wadte is used with a few treatiment sysems, it is generdly less
efficdent than dredding / grinding and must generdly be employed after treatment, as the
compacting process might generate infectious aerosols.

In addition, an emergency support cgpability of the vendors is another important sdection
criterion. In treatment systems that employ grinders / shredders at the end of the cycle, vendors
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should be able to provide information and physcad assgtance, if needed, to dore the trested
waste until repairs can be completed. If the grinders/shredders are used prior to trestment,
vendors mugt be able to indicate proper decontamination methods for the waste so as to prevent
the waste from being a physica and biologica hazard to the operators and environment.

Process Capacity

Process capacity may be defined as the volume of waste that may be treasted by a system per unit
of time. There are commercidly available trestment systems with process cepacities as low as
one syringe per minute to those with capacities as high as 3,000 pounds (gpproximatdy 1,360
kilograms) of waste per hour. Further, some systems require a minimum charging capacity, i.e, a
minimum volume of wadte for the system to operate effectively. In sdecting a treatment system,
condgderation must be given to dzing the technology to the volume of waste generated by the
fadlity.

Throat Capacity

Throat capacity refers to the sze and/or volume capecity of the aperture through which the
medicd waste enters the treatment systems. As in process capacity, treatment technologies vary
as to volume, sze, and types of waste that can be introduced into the sysem. Redrictions in a
sysem’'s throat capecity might require excessive waste handling, which in turn could cause
increase operating costs and create safety problems. While an important sdection criterion,
throat capacity is not often considered in evaluating trestment systems,

Vendor Responghilities

In sdecting a system, vendors should be required to provide efficacy test data to support clams
of the technology’s treatment capabilities. Prior to accepting a treatment system, the vendors
should conduct initid vaidation tests to demondrate that the sysem’s on-dte capabilities are
identical with those found during the technology’s initid efficacy tests. Additiondly, the vendor
should have satidfied dl governmentd regulatory requirements. Findly, sampling ports, a feature
of some trestment technologies, greatly smplify qudity control test procedures. These ports
provide openings into the sysem through which samples of the trested or untrested waste may
be introduced on a periodic bass for tesing to ensure tha the technology is operating
effectivdly.

Air Emissons

Paticulate and potentidly toxic ar emissons from incinerators are the primary factors that
contributed to the development of dternative treatment technologies. Uncontrolled ar emissons
may lead to the release of potentidly hazardous and/or toxic materids in such a manner that
ambient concentrations become excessve. If emissons are generated during the trestment cycle,
they should not be hazardous or toxic; or, if these sorts of emissions are released, the treatment
system should have abatement equipment to reduce the levels of toxic/hazardous substances. If
emissons are vented to the outside, it is critical that they be:



a) colorlessand free from persstent mist or droplets,
b) odorless as detectable at the boundaries of the facilities; and
c) vented, when appropriate, through High Efficiency Particulaie Air (HEPA) filters.

Proper inddlation and effectiveness of HEPA filters must be verified usng exising standard
(DOP; dioctyl phthdate particles) tests and their operations monitored with a magnahdic or
other pressure differentidl measuring device. HEPA filters should only be removed by trained
personnd and disposed of as medica waste.

CONCLUSIONS

Interest in dternative trestment technologies has grown during the past decade. Many innovative
gpplications have been introduced. Objective information is now available regarding various
aspects of these systems. Bear in mind, sdection of one of these technologies will be dictated by
anumber of items on Dominicaincduding the prevailing legidation , comfort leve of end usars
aswell as public perception. Economic, environmenta, and occupationa safety issues dso play
akey rolein the selection of an gppropriate technology.
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