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Introduction

The Hydroclave was designed by Mr. Richard Vanderwal of Hydroclave Systems Corp.  A full size prototype has been installed at the Kingston General Hospital, Ontario, and is ready to un-dergo trials to prove its utility for the decontamination of biomedical waste.  This proposal is submitted to Mr. Michael Brodsky of the Ontario Ministry of Health for his comments prior to conducting the tests.  Data from these tests will be submitted to the Ontario Ministry of Health for their approval for the operation of the Hydroclave for biomedical waste decontamination at the Kingston General Hospital.  The performance of tests with commercial bioindicators [BI] will be conducted as outlined below in conjunction with the University of Ottawa, Department of Microbiology.

Principle of treatment

Although the Hydroclave is quite similar to an autoclave, there are two fundamental design differences which will both assist in the decontamination of biomedical waste. These are the fragmentation of the waste in the vessel by internal paddles/cutters and the application of external heat to the vessel walls via a steam jacket, allowing the use of any water within the waste load to help in the generation of pressure within the vessel (see cross-sectional diagram).

Rotation of the paddles close to the vessel walls will prevent any material becoming retained there and will tumble the waste fragments during the treatment cycle.  Reversal of the direction of rotation will move the treated material to the waste outlet.  The temperature of the vessel contents and chamber air will be developed by conduction of heat from the vessel walls as well as by injection of steam in low water content loads.  Pressure within the unit will be derived either from the water content of the load, or, when this is insufficient, from injected steam.

The entire treatment cycle consists of 4 phases as shown in Figure 1.  Phase One is the heat up phase, Phase Two is the time held at decontamination temperature, Phase Three is the depressurization and flash-off phase and Phase Four is the drying cycle.  The length of the decontamination phase of the cycle will be governed strictly on a defined time at which the load is held at a set criterion for temperature and pressure.  The length of the entire cycle will therefore depend on the time taken to develop the appropriate temperature and pressure, as well as by the length of drying during the drying phase i.e. by the water content of the load.  In an autoclave cycle the heat up phase is governed to some extent by the contents of the load, however, due to the physical size and thermal capacity of different types of contents, as well as trapping of air and liquids in closed containers, indication of achieving temperature on autoclave monitors is not necessarily reflected by temperatures measured on the interior of the load(s).  In the Hydroclave, fragmentation of the load during the heat up phase ensures even heat distribution, and that all the contents are at decontamination temperature before the start of the decontamination phase.  In an autoclave, the heat and pressure are derived from the steam injected and water content in the load is a detriment to efficient decontamination.  In the Hydroclave, the water content in the load is used to partially generate the steam pressure during the heat up phase so that less steam is required.  Pressure development in the Hydroclave requires 4-6 litres of water and, therefore, if this amount of water is present in the load no additional steam will be required.  If, for example, a high liquid load such as petri dishes with 
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(A) Heat -up:


Combined heating, mixing and fragmentation brings waste quickly to an even sterilization temperature.

(B) Sterilization:

Continued agitation at temperature 121°C for 30 minutes sterilizes the waste.

(C) De-pressurization:
Vessel is depressurized to atmospheric pressure, all liquid are flashed off - leaving waste damp but liquid free.

(D) De-hydration:
Almost all of the remaining moisture in the waste is removed.

Note: Heat up and de-pressurization stages vary with water content of the waste.
media is being decontaminated, then enough steam will be generated to achieve the set pressure and the final drying time will be extended somewhat to remove any excess liquid.  The final product from the Hydroclave is therefore  relatively dry load of small (2-3in) fragments and the user has achieved the objective of reducing the volume and weight of the waste during treatment.

Routine Physical Monitoring

During, the initial testing, temperature and pressure will be monitored manually with calibrated instrument.  An iron-constantin thermocouple temperature measuring device will be used, 0-200°C range, with a full scale accuracy of 0.5%.  Two pressure gauges, one each for the jacket and vessel will be used, with a rangee of 0-60 psi, accurate +/- 1% of full range.  Once the initial testing is complete, the prototype machine will be equipped with full automated instrumentation for controlling the process at the proper temperatures and pressures.  The detectors for the monitoring devices will be placed at a position which is representative of the conditions throughout the load.  Since the load will be fragmented and tumbling, temperature distribution within the load would be expected to be very uniform.  Nevertheless, if there are any temperature differences, it would be expected that the lowest temperature would be at the bottom of the machine.  A thermocouple, recessed in an insulated well on the floor of the chamber will be used as a measure of the chamber temperature.  [The prototype device contains only a single thermocouple monitoring port.  It has been suggested to Mr. Vanderwal by Susan Springthorpe and Syed Sattar at the University of Ottawa that he should consider adding a second port, which is independent from the normal monitoring and controlling devices, to future machines so that temperature can be independently assessed by the user after installation}.

Cycle time, at the desired temperature and pressure, will be determined using a range of biological indicators placed as indicated below.  During the initial tests cycle time will be controlled manually.  Temperature and pressure during the runs will be recorded on a data sheet at specified intervals.  After the treatment cycle is complete, the size of the treated waste fragments will be measured on a random grab sample by photographing at least 20 randomly selected fragments against the background of a grid of a known size.  If some fragments are noticeably larger than the majority, then a few of these larger fragments will also be collected and measured.  From this and the nature of the materials treated, it will be possible to do more accurate calculations of the time and energy required to heat these pieces to decontamination temperature.

Determination of Cycle Time

The appropriate time setting, at the desired temperature and pressure, will be determined using a range of biological indicators in cycles starting at 10 min with increments of 5 min.  Because of fragmentation of the waste load, it is unlikely to require more than 30 min for time at temperature, however, longer times could be tested if it was found to be necessary.  Once the appropriate “time at temperature” is found, the test will be repeated 3 times to confirm the results.

Because of the vessel design and the presence of the rotating cutters to fragment the load, it is not possible to place the BI’s within the load and have them readily recoverable unless they are attached at a location where they will not be destroyed during the cycle.  In order to accomplish this, the BI’s will be attached to one or more of the rotating cutter arms.  Since these arms are metal, holders for the BI’s will be constructed to insulate the BI’s from direct heating effect by conduction from the vessel itself.

For each test cycle, duplicate BI’s from each of 4 or 5 types will be placed in the holders.  At the end of each cycle, the BI’s will be tested for surviving organisms.  Determination of BI survivors will be by presence or absence of growth after incubation in appropriate media.  For each batch of BI, the numbers of spores present will be determined according to USP guidelines in order to determine the approximate level of log reduction.  In addition, in-house BI’s with different levels of spore population will be available in small polypropylene tubes.  These will be used to check the efficacy for small clinical samples which may occasionally escape fragmentation during the cycle and which, if in closed containers, may only be accessible to heating rather than steam.

The BI’s to be used are

· BIOSIGN (MDT) Lot # 181195B – mixed population of 104 Bacillus stearothermophilus and 106 Bacillus subtilis var. niger {exp. Aug 96]

· Kilit (BBL) Lot # L5GMOD – nominal population 4.4 X 104 B. stearothermophilus [exp. Jun 96]

· Attest (3M) Lot 282 – nominal population 4.6 X 105 B.stearothermophilus [exp. July 97]

· Sportrol (North American Science Assoc. Inc.)  - nominal population 1.9 X 105  B.stearothermophilus [exp. December 96]

· In house BI’s in polypropylene microtubes B. stearothermophilus – approx. populations 106, 105, 104.

· Total number of BI for each test run is 12 or 14

Biological monitoring during validation of cycles for extreme loads

Once the “time at temperature” has been determined using normal waste loads, the same procedure will be used with extreme types of load.  Using this technology, the most extreme differences would be expected to be a dry load with lots of fibrous material and a load with a high water content.  In the latter case, much of the steam pressure within the vessel may be generated by the water content of load itself.  In the former case it is expected that steam pressure would be generated solely by injected steam.  Each type of load would be repeated 3 times.  If it is necessary to modify the time at temperature for the different loads then these new conditions would be repeated 3 times.

These tests, to be undertaken initially with non-infectious waste, should be sufficient to ensure that the Hydroclave has utility for treatment of biomedical waste.  Although it should be sufficient to demonstrate a four log reduction using commercial BI’s, the manufacturer would like to be able to claim a six log reduction if that is possible without greatly lengthening cycle time.  The in house BI’s used for this purpose will be similar to those used for a study on Autoclaves for the Decontamination of Biomedical Waste [Project  # 679G, report submitted to the Ontario Ministry of Environment & Energy, April 1995].
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