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Introduction

Autoclave devices have traditionally been used for the treatment of infectious medical
waste …………….or more accuractely have been believed to be effectively treating
medical waste for decades.

Autoclaves used for the sterilization of medical instruments have been proven to be very
effective for that purpose. Manufacturers designed these steam sterilizers with precise
criteria that ensure that all surfaces of each item placed in the device would be uniformly
exposed to the proper temperature and humidity for the proper time. Often, trays or other
such positioning features would be used to ensure that instruments would be thoroughly
in contact with steam to achieve sterility. A treatment parameter of 2500F (1210C) for
around 60 minutes for this application was determined to be necessary to ensure sterility.

The medical waste industry made the assumption that the same time and temperature
parameters could be applied to medical waste in devices that did not make any special
design consideration for the density and random packing of the waste. In essence, the
industry made a leap of faith that an autoclave stuffed with bags of medical waste
forming a relatively huge mass of material would be thoroughly treated, i.e. “sterilized”
using the same parameter.

For years, engineers familiar with heat transfer and thermodynamic design principles
found it somewhat baffling that medical waste could be stuffed into large pressure
vessels, under the same conditions as instrument sterilization procedures, and achieve the
same result. However, the industry never conducted any serious testing on autoclaves to
evaluate the ability of the device to treat medical waste thoroughly using test protocols
developed to challenge design principals claimed by manufacturers.

On the other hand, alternative non-burn technologiesintroduced since the 1990’s, were
routinely challenged by regulators and the scientific community to verify the efficacy and
environmental performance of their devices with specific test challenges tailored to test
confirm their product claims. Such rigorous testing approaches have never been applied
to traditional medical waste autoclaves until recently.

New Testing on Autoclave Efficacy Performance

In 2005, the California Department of Health Services (CADHS) announced that it had
conducted tests on autoclave devices processing medical waste to evaluate the efficacy of
their performance on suction canisters ……………“The Department of Health Services
(Department) has recently been involved in an evaluation of the efficacy of the
treatment of suction canister waste by steam sterilization. The results of that
evaluation suggest that in certain circumstances, suction canister waste may not be
adequately treated by steam sterilization”…………The CADHS directives also stated
“Treatment systems that include a grinding component that destroys the suction 
canister and exposes a greater waste surface area for treatment appear to adequately
sterilize the waste even if solidified ………… For onsite treatment facilities this
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demonstration may include testing using proper spore media or putting procedures into
place such as; removing the canisters from autoclaving, using canisters that do not
withstand autoclave temperature conditions, installing an engineered system that
eliminates the need to dispose of filled canisters in the medical waste stream, etc. For
offsite treatment facilities using steam sterilization without a grinding function, testing
using proper spore media will be required unless procedural changes are put into place
to eliminate all suction canisters from the autoclave waste stream.” ………. Steam
Sterilization of Suction Canisters, Darice G. Bailey, Chief, Waste Management Section,
letter dated February 6, 2005 (See attached document).

The CADHS was one of the earliest regulatory agencies to publicly apply a test challenge
to evaluate autoclave performance using traditional operational parameters. As stated in
the testing report prepared by OnSite Sterilization, LLC,“These required operating 
parameters are based on the historical application of autoclaves in the treatment of
medical devices. It was thought that if autoclaves could effectively treat such “clean”
medical equipment, they would be equally acceptable in the processing of “dirty” 
medical waste. “Regulatory” operating parameters are based on temperature, pressure, 
and residence time at temperature. The controlling factor, temperature, is measured in
the space between the autoclave shell and the RMW load. It is not a measure of actual
temperature WITHIN the waste load.”The CADHS testing was one of the first
indications that medical waste autoclaves could not achieve efficacy performance claims
as previously thought.

In fact, an autoclave test report released by OnSite Sterilization, LLC, an autoclave
supplier, called“NEW INSIGHTS and BETA TESTING”(attached hereto) reveals
test data that demonstrate the inadequacy of autoclave treatment under the operational
parameters currently accepted by many regulatory agencies. For example, the following
test results, documented by OnSite Sterilization, illustrate this point very clearly:
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These test show that autoclaves cannot treat all categories of waste with the same cycle
time parameters. Essentially, sharps container and suctions canisters could not be treated
properly using traditional operational parameters. In addition, the autoclave cycle had to
use multiple vacuum cycles to ensure that the steam could effectively penetrate the dense
load of waste. Again, traditional autoclave practice typically uses only one vacuum step.
The OnSite testing also reveals that load residence times at 2500F (1210C) would need to
be 6-9 hours if the waste loads did not segregate sharps containers and suction canisters
out of the load. The test loads used by OnSite were relatively small 91-254 lbs (41-115
kg) in a small diameter device. Therefore, one could predict that larger autoclaves using
the same conditions would need even more time at temperature to properly treat the
waste. These tests were conducted by using digital temperature data logging instruments
placed in different points in the loads to accurately assess whether there was uniform
heating of the load. These tests also were correlated with microbiological testing to
achieve a target log 6 reduction of Geobacillis stearothermophilis spores.

A 2006 published report by the U.S. Environmental Protection Agency, National
Homeland Security Research Center, Eastern Research Group, Inc and New York State
Department of Environmental Conservation entitled“Destruction of Spores on Building 
Decontamination Residue in a Commercial Autoclave”confirmed the results as found
in the OnSite testing mentioned above. The density of the material affected efficacy
performance and multiple treatment cycles were needed to ensure proper treatment. The
report concluded, “Autoclave cycles consisting of 120 min at 31.5 lb/in2 and 275°F and
75 min at 45 lb/in2 and 292°F effectively decontaminated the Building
Decontamination Residue (BDR) material. Two sequential standard autoclave cycles
consisting of 40 min at 31.5 lb/in2 and 275°F proved to be particularly effective,
probablybecause the second cycle’s evacuation step pulled the condensed water out of 
the pores of the materials, allowing better steam penetration. The results also indicated
that the packing density and material type of the BDR in the autoclave could have a
significant impact on the effectiveness of the decontamination process (see paper
attached herein) published in Applied and Environmental Microbiology, Dec. 2006.

Future Changing in Regulations

Regulations for the treatment of medical waste have been greatly influenced by the State
and Territorial Association on Alternative Treatment Technologies (STAATT) which
firstpublished guidelines in the 1990’s(STAATT I&II). These guidelines have become
the accepted standard for treatment technologies throughout the US and in many
countries.

In December 2005, the State and Territorial Association on Alternative Treatment
Technologies (STAATT) held a conference to update their guidelines based on the
experiences and data that have been made available from close scrutiny of medical waste
treatment technologies in the intervening years. Conference participants included
recognized experts in the evaluation and testing of medical waste treatment technologies
from state and federal agencies, as well as representatives of governmental organizations
within the United Kingdom and of technology vendors.
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Several key issues were reviewed and discussed including new information on potential
treatment limitations of steam autoclaves and other topics. During the STAATT I and II
conferences autoclaves were not considered “emerging” or “alternative” technologies.  

However, the current consensus is that autoclaves be included under the broad umbrella
of medical waste treatment technologies. As such, they must meet the same standards in
efficacy/validation testing as any other treatment systems, especially if used for the
treatment of suction canisters, human pathological waste, animal carcasses, and/or other
thermally resistant waste materials, e.g. items within sharps containers or material
wrapped in tyvek plastic. Operational parameters should continue to be determined
through discussions between vendors (or on rare occasions, the operator) and regulators,
but the parameters should never be below those established in efficacy testing by
vendors/operators of treatment systems.

In the majority of US states, the operating standards are based on the century old
practices employed in the sterilization of medical devices, i.e., those that are employed
within the sterile environment of the human body. It was the general consensus that
effective treatment of medical waste creates a different set of challenges for autoclaves
than do medical devices. Presentations by several participants of their own
investigations indicated that the efficacy of autoclaves was dependent upon many
variables including, but not limited to, the composition, density, liquid content, weight,
and types of containers of the loads as they all affect the physics of heat transfer and
steam penetration. In certain instances, the efficacy of autoclaves was found to be less
than the minimum standards recommended by STAATT. These investigations have
found that autoclave systems (without integral shredding before treatment) are failing to
achieve minimum treatment levels of medical waste as illustrated in the above mentioned
reports.

During the December 2005 STAATT meeting, the United Kingdom Environmental
Agency representatives presented its findings on autoclave testing on various autoclave
installations. As a result of the UK’s testing on autoclaves, their new proposed guidance 
document published 2006 stated, “These technologies may have severe limitations and 
may lack the technical ability to treat a worst case scenario challenge load of clinical
waste. Where there is no physical action to enable sealed waste containers, and sealed
voids in the waste to be punctured, then the treatment is unlikely to penetrate the waste
fully.” The UK also added that“Static autoclaves, including those with vacuum cycles,
are particularly affected by this issue and the waste will require some form of physical
pre-treatment (e.g.maceration) to enable effective treatment to take place.”(See
attached UK-Environmental Agency CONSULTATION DRAFT V.1.1 - 24/02/06)

Other experts attending the STAATT meeting shared similar discoveries on the
limitations of autoclave, where testing resulted in performance to be less than
traditionally accepted operating parameters.
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Summary

In view of the growing body of test evidence, there has been growing recognition by
industry experts and regulatory bodies, that traditional autoclave treatment parameters are
often ineffective. However, under certain circumstances and proper management of
treatment variables autoclaves can be made to work. Available testing shows that
dramatically increasing residence time, employing multiple vacuum / steaming steps, is
often necessary to achieve minimum acceptable treatment levels required by regulatory
agencies in the US and many countries.
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February 6, 2005

To: All Medical Waste Generators and Offsite Treatment Facilities

Subject: Steam Sterilization of Suction Canisters

The Department of Health Services (Department) has recently been involved in an
evaluation of the efficacy of the treatment of suction canister waste by steam
sterilization. The results of that evaluation suggest that in certain circumstances,
suction canister waste may not be adequately treated by steam sterilization. Per the
Medical Waste Management Act, Chapter 8, Section 118215 (a)(2)(D) treatment of
waste must be demonstrated using a biological indicator. The law states that the
indicator must be placed in the center of the waste load. Due to the density of filled
waste canisters, the center of the load should be considered the center of a filled
canister surrounded by waste if such containers are routinely part of waste loads.

The Department views the results from this initial evaluation as preliminary and further
investigation, including testing, is necessary to allow for any definitive conclusions
regarding steam sterilization treatment of this waste stream. Treatment systems that
include a grinding component that destroys the suction canister and exposes a greater
waste surface area for treatment appear to adequately sterilize the waste even if
solidified. Sterilization also appears to be complete when un-solidified waste is in a
suction canister made of a material that does not withstand the temperature conditions
under which an autoclave is typically operated.

Based on the preliminary testing performed on surrogate suction canister waste, it
appears that the addition of solidifiers to the liquid waste present in the suction canister
prevents or inhibits the resulting solidified waste from reaching optimum temperatures
that ensure adequate sterilization. Therefore it is inappropriate for solidified suction
canisters to be treated by steam sterilization. The options for this waste stream would
include treatment by incineration, extreme heat treatment systems such as pyrolysis
and plasma arc technologies or systems than include grinding of the waste as part of
the treatment technology.

Due to waste management controls in place, the Department believes that, even in
those cases where the treatment of the contents of the suction canisters may be
incomplete, the risk to the general public is minimal. However, facilities must review
their waste treatment and quality control procedures, including the proper use of spore
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testing and the placement of such controls in the waste stream, to ensure that all
wastes are treated adequately. Information must be provided to the Department to
demonstrate that suction canister waste is being properly treated. Any entity performing
treatment of medical waste must submit proof that the waste is being properly treated.
For onsite treatment facilities this demonstration may include testing using proper spore
media or putting procedures into place such as; removing the canisters from
autoclaving, using canisters that do not withstand autoclave temperature conditions,
installing an engineered system that eliminates the need to dispose of filled canisters in
the medical waste stream, etc. For offsite treatment facilities using steam sterilization
without a grinding function, testing using proper spore media will be required unless
procedural changes are put into place to eliminate all suction canisters from the
autoclave waste stream. A testing procedure is attached as an example.

Information demonstrating adequate treatment of suction canister waste must be
submitted to the Medical Waste Management Program within forty-five (45) days of the
date of this letter.

Should you have any questions, you may contact Ron Pilorin at 449-5689 or via e-mail
at rpilorin@dhs.ca.gov.

Sincerely,

Darice G. Bailey, Chief
Waste Management Section

Attachment


