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1. Introduction

This report presents the costs of implementing a microbiological validation programme for testing the efficacy of non-burn health care risk waste treatment technologies in Gauteng, South Africa.  The report was prepared at the request of the Gauteng Department of Agriculture, Conservation, Environment and Land Affairs (DACEL) as part of the project on Sustainable Health Care Waste Management in Gauteng.
2. International Approaches and Standards

2.1 State and Territorial Association on Alternative Treatment Technologies

The State and Territorial Association on Alternative Treatment Technologies (STAATT) met between 1992 and 1994 to develop a guideline document for environmental and public health agencies in America, outlining the technical and administrative procedures for the review and approval of all treatment systems, particularly the new alternative technologies.  In 1994, STAATT released the Technical Assistance Manual State Regulatory Oversight of Medical Waste Treatment Technologies, referred to as STAATT 1.  STAATT 1 recommended a Level III microbial inactivation of medical waste by treatment technologies, i.e. inactivation of vegetative bacteria, fungi, lipophilic/hydrophilic viruses, parasites and mycobacteria at (6 Log10 reduction; and inactivation of B. stearothermophilus spores or B. subtilis spores at ( 4 Log10 reduction. That the disinfection is achieved has to be verified by testing one organism from each of the following groups:

Vegetative Bacteria:


Staphylococcus aureus (ATCC 6538)


Pseudomonas aeruginosa (ATCC 15442)

Fungi:


Candida albicans (ATCC 18804)


Penicillum chrysogenum (ATCC 24791)


Aspergillus niger

Viruses:


MS-2 Bacteriophage (ATCC 15597 – B1)

Parasites:


Cryptosporidium spp. oocysts 


Giardia spp. cysts

Mycobacteria:


Mycobacterium terrae


Mycobacterium phlei

Mycobacterium bovis (BCG) (ATCC 35743)

Spores:


Bacillus stearothermophilus (ATCC 7953) 


Bacillus subtilis (ATCC 19659) 

In 1998, after further research, STAATT released their second report (STAATT 2), in which it was shown that “the use of additional biological indicators to demonstrate the efficiency of treatment systems provides no additional safeguards to public health and safety”.  The list of test organisms was reduced to Mycobacteria and Bacillus spores:

2.2 US State Departments

2.2.1 Arkansas

The criteria used by the Arkansas Department of Health to evaluate the efficacy of alternative treatment technologies include the:

· 6 log10 reduction, or greater, of representative samples of vegetative bacteria, mycobacteria, lipophilic/hydrophilic viruses, fungi, and parasites;

· 4 log10 reduction, or greater, of Bacillus stearothermophilus or Bacillus subtilis endospores.

“One or more representative surrogate microorganism from each microbial group shall be used in treatment efficacy evaluations”.  Arkansas has, therefore, adopted the STAATT 1 efficacy testing requirements for validation.

Regular monitoring, or quality control of the sterilization process, “shall be performed at least once per month or after every forty (40) hours of operation, whichever comes later, using biological monitors (spore strips, ampoules etc), to evaluate the effectiveness of the treatment process.”

Depending on the method of treatment used, various biological monitors (indicators) are suggested by the Department, including amongst others, Bacillus stearothermophilus or Bacillus subtilis.

2.2.2 Illinois

Illinois Environmental Protection Agency requires an initial efficacy test to prove that a potential infectious medical waste (PIMW) treatment process renders the waste non-infectious.  The organisms required for testing vary depending on the method of treatment:

Options 1: 
Treatment unit that compromises the integrity of the container of test microorganisms, e.g. grinding followed by chemical disinfection.

Option 2: 
Treatment unit that maintains the integrity of the container of test microorganisms, e.g. autoclaves.

Option 3: 
Treatment unit that uses thermal treatment and maintains the integrity of the container of indicator spores, e.g. autoclaves and incinerators.

Test microorganisms (Option 1 and 2) include:

· Staphylococcus aureous

· Pseudomonas aeruginosa

· Candida albicans

· Trichophyton mentagrophytes

· MS-2 Bacteriophage

· Mycobacterium smegmatis

Indicator microorganisms (Option 3) include:

· Bacillus subtilis

· Bacillus stearothermophilus

· Bacillus pumilus

Illinois have adopted a modified STAATT 1.  Note, parasites (Giardia or Cryptosporidium) have been excluded from the list of test organisms.

Indicator microorganisms may be used for Periodic Verification Tests (monitoring) if the log kill of the indicator microorganism spores has been correlated to the log kill of the test microorganisms during the Initial Efficacy Test.

2.2.3 Ohio

Approval of alternative infectious waste treatment technologies in the State of Ohio, by the Ohio Environmental Protection Agency, requires that a 5 log10 reduction in the challenge population of vegetative microorganisms and a 4 log10 reduction in the challenge population of spores be met, i.e. similar to STAATT 1 requirements.  One representative microorganism from each of the following 5 groups must be selected:

· Vegetative Bacteria (Staphylococcus aureous, Pseudomonas aeruginosa)

· Fungi (Candida albicans, Penicillium chrysogenum, Aspergillus niger)

· Viruses (Polio 2 or Polio 3, MS-2 Bacteriophage)

· Bacterial Spores (B. stearothermophilus, B. subtilis)

· Mycobacteria (M. terre, M. phlei, M. bovis)

Note that parasites (Giardia or Cryptosporidium) have been excluded from the list of test organisms.

2.2.4 New York

The New York State Department of Environmental Conservation requires that validation testing be conducted on medical waste treatment facilities, prior to the approval for operation.  The results of the validation testing programme are used to set facility operating parameters (parametric controls, e.g. temperature, pressure, residence time etc), which are included as special conditions in the permit.

“During validation testing, each load of regulated medical waste shall contain at least one biological indicator sample per 100 pounds of regulated medical waste being processed, with a minimum of five samples per standardised load.  There must be positive quality control when conducting validation testing, i.e. a biological indicator sample not exposed to treatment.”

“Biological indicators for autoclaves shall be Bacillus stearothermophilus spores using vials or spore strips, with at least 1x104 spores per millilitre.”

New York State has, therefore, adopted a simplified STAATT 2 testing programme.

2.2.5 North Carolina

The effectiveness of treatment of alternative medical waste treatment facilities in the State of North Carolina “shall be performed no less than once per week through the use of biological indicators or other methods approved by the Division”.

For chemical treatment methods, approval must be substantiated by “results of demonstrated effectiveness of the chemical to treat the specific microbiological agent(s) of concern for the waste disposed”.

2.2.6 Virginia

Approval of alternative treatment facilities in Virginia, whether small or large commercial, require that Level III, STAATT 1 testing requirements, i.e. one or more representative microorganisms from each microbial group (vegetative bacteria, fungi, viruses, parasites, mycobacteria and spores) be used in treatment efficacy evaluation.

For routine testing (monitoring), “steam sterilization and alternative treatment units shall be evaluated under full loading for effectiveness with spores of B. stearothermophilus (ATCC 7953) or B. subtilis (ATCC 19659) no less than once per month.”

3. South African Approaches and Standards

3.1 Gauteng Recommended Testing Standards and Protocols

The following testing standards and protocols for non-burn health-care risk waste treatment technologies were proposed in a draft report to Gauteng DACEL (Baldwin, 2002).

Performance and Investigative Testing Programme

The following minimum testing must be undertaken during the Performance/Investigative Testing phase of the plant:

a) The plant must demonstrate that it can meet the minimum standard for one or more of each of the microbial groups listed in STAATT 1.

b) The plant should be operated using non-infectious waste, i.e. selected general waste that has the approximate composition of the infectious waste, together with indicator organisms, until it has been demonstrated that it meets the standards.

c) Once it has been demonstrated that the plant can meet the standards as in b), infectious waste should be used and the full programme in a) must be carried out daily for 4 consecutive days using “normal” infectious waste. Note that a reference sample must be included with each run, i.e. one that has undergone the same preparation, transportation and storage so that the true inactivation achieved during treatment can be assessed.

d) The plant must demonstrate that it can meet the programme in a) on a challenge load, i.e. one that is considered to offer a considerable challenge to the plant. What constitutes a challenge load should be determined by the operator in collaboration with the responsible person, see section 5.1, and prior approval should be obtained from the Department.

e) For batch processes, each load should be tested against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis, during the Performance Testing phase.

f) For continuous processes, the process should be tested every two hours against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis, during the Performance Testing phase.

g) The results of testing during this phase must be presented in a report to the Department. 

Regular Testing Programme

Once the operation permit has been granted, the following minimum regular testing programme will be required to be undertaken for up to 12 months:

a) The system should be tested daily against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.

b) The system should show that it meets the minimum standard for Mycobacteria, e.g. M.Bovis BCG, M.phlei or other equivalent mycobacteria, and for Geobacillus stearothermophilus or Bacillus subtilis, using vials made up by an accredited laboratory, at least, once a month.

The results of the regular testing programme should be reported to the Department every 3 months, according to specified reporting requirements.

Reduced/Routine Testing Programme

Once the plant has demonstrated that it can meet the criteria required by the Regular Testing Programme, the Department may permit a reduced frequency of analysis. The motivation for such a reduction should be prepared by the responsible person or, at least, certified by the responsible person and forwarded to the Department. If permission is granted for a reduced routine testing programme, the facility must continue to demonstrate that it can meet the requirements. Once problems are found, the facility must immediately inform the Department and commence an Investigative Testing Programme. Replacement of some or all of the sterilisation monitoring programme by parametric monitoring may be allowed provided the facility demonstrates that it has the appropriate controls and a quality management system in place. 

The results of the reduced or routine testing programme should be reported to the Department every 6 months, according to specified reporting requirements.

3.2 Gauteng Draft Provincial Regulations

3.2.1 Performance Requirements

The Gauteng Department of Agriculture, Conservation, Environment and Land Affairs (DACEL) are considering the STAATT 1 standards as the ‘draft’ minimum Environmental Performance Requirements for Non-combustion (Alternative) Treatment Facilities.  These requirements are in the process of being legislated through Provincial Regulations.  The following draft performance requirements have been proposed  (as at April 2003):

(a) (6 Log10 reduction for Vegetative bacteria, fungi, lipophilic/hydrophilic viruses, parasites and mycobacteria;

(b) (4 Log10 reduction Geobacillus stearothermophilus spores or Bacillus subtilis spores.

The Department has stipulated that one organism from each of the groups listed below be used for testing purposes.

Vegetative Bacteria:


Staphylococcus aureus (ATCC 6538)


Pseudomonas aeruginosa (ATCC 15442)

Fungi:


Candida albicans (ATCC 18804)


Penicillum chrysogenum (ATCC 24791)


Aspergillus niger

Viruses:


MS-2 Bacteriophage (ATCC 15597 – B1)

Parasites:


Viable Cryptosporidium spp. oocysts 


Giardia spp. cysts

Mycobacteria:


Mycobacterium terrae


Mycobacterium phlei

Mycobacterium bovis (BCG) (ATCC 35743)

Spores:


Geobacillus stearothermophilus (ATCC 7953)


Bacillus subtilis (ATCC 19659)

In addition, suitable measures to avoid emission of any pathogens and odours via exhausts, vents or similar must be put in place by non-burn facilities.  Filter materials and the maintenance and replacement of filters must also be documented.

3.2.2 Testing Programme

Performance/Investigative Testing Requirements

(1) The following minimum requirements for monitoring and testing apply to the biological efficacy testing for non-burn infectious waste treatment technologies:

(a) The person carrying out the test should be an independent, competent analyst from an accredited testing laboratory or a health practitioner licensed in terms of the Occupational Health and Safety Act. The results must be seen to be credible both by the Department and any I&APs.

(b) The commissioning of the plant, where the manufacturer ensures that it operates to expected standards, i.e. throughput, temperatures of operation, etc. should be undertaken using non-infectious waste until it has been demonstrated that the system can perform as required.

(c) The parameters for the parametric monitoring, such as temperature, maximum throughput, time, etc. for effective performance, must be determined and fixed by a competent person. The plant must subsequently be operated at these parameters, unless it can be demonstrated during the performance-testing programme that they need to be adjusted.

(2) The following minimum testing must be undertaken during the Performance Testing phase of the plant, i.e. before the EIA is authorised by the Department, and during an Investigative Testing programme.

(a) The plant must demonstrate that it can meet the minimum standard for each of the microbial groups stipulated in Section 3.2.1.

(b) The plant should be operated using non-infectious waste, i.e. selected general waste that has the approximate composition of the infectious waste, together with indicator organisms, until it has been demonstrated that it meets the standards.

(c) Once it has been demonstrated that the plant can meet these standards, infectious waste should be used and the full programme must be carried out daily for 4 consecutive days using usual and representative normal health care risk waste as determined by a competent person. Note that a reference sample must be included with each run, i.e. one that has undergone the same preparation, transportation and storage but with no treatment taking place, so that the true inactivation achieved during treatment can be assessed.

(d) The plant must demonstrate that it can meet the full programme on a challenge load, i.e. one that is considered to offer a considerable challenge to the plant. The operator in collaboration with the responsible person, should determine what constitutes a challenge load with the competent person and prior approval should be obtained from the Department.

(3) For batch processes, each load should be tested against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis, during the performance-testing phase.

(4) For continuous processes, the process should be tested every two hours against bacterial spores, either Geobacillus stearothermophilus or B. subtilis, during the performance-testing phase.

(5) The results of testing during this phase must be presented in a report to the Department. The documentation must be auditable and should as a minimum:

(a) Give details of the batch and tube numbers for each vial used

(b) Report the date and time of each test run

(c) Give the results of the tests on each microbial species

(d) Give details of the sampling, storage and testing procedures used

(e) Provide an evaluation of the results obtained, together with a comparison of results obtained in any previous reports

(f) The report should be prepared and signed by the responsible person

Regular Testing Programme

(1) Once the operation permit has been granted, the following minimum regular testing programme will be required to be undertaken for up to 12 months:

(a) For batch processes, each load should be tested against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.

(b) For continuous processes, the process should be tested every two hours against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis, during the performance-testing phase.

(c) The system should be tested daily against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.

(d) The system should show that it meets the minimum standard for Mycobacteria, e.g. M. bovis BCG, M.phlei or other equivalent Mycobacteria, and for Geobacillus stearothermophilus or Bacillus subtilis, using vials made up by an accredited laboratory, at least, once a month.

(e) Parametric monitoring only is not acceptable unless a particular exemption is granted by the Competent Authority following a well documented motivation by the proposed operator 

(2) The results of the regular testing programme should be reported to the Department every 3 months for the reporting requirements.

Reduced/Routine Testing Programme

(1) Once the plant has demonstrated that it can meet the criteria required by the Regular Testing Programme, the Department may permit a reduced frequency of analysis. The motivation for such a reduction should be prepared by the responsible person or, at least, certified by the responsible person and forwarded to the Department. If permission is granted for a reduced routine testing programme, the facility must continue to demonstrate that it can meet the requirements. Once problems are found, the facility must immediately inform the Department and commence an Investigative Testing Programme. Replacement of some or all of the sterilisation monitoring programme by parametric monitoring may be allowed by the competent authority provided the facility demonstrates conclusively that it has the appropriate controls and a quality management system in place. 

(2) The results of the reduced or routine testing programme should be reported to the competent authority every 6 months for the reporting requirements. 

(3) Records of the environmental performance test results must be maintained for a period of not less than 3 years.

3.3 Western Cape

The following efficacy testing performance requirements have been stipulated by the Western Cape Department of Environmental and Cultural Affairs and Sport:-

(1) Classification of the final waste product must be conducted according to the Department of Water Affairs and Forestry’s Minimum Requirements for Handling, Classification and Treatment of Hazardous Waste.

(2) The applicant must confirm in writing that the final waste product has been de-listed, and that the operator of the landfill site for disposal has agreed to accept the waste.

(3) Validation of the total non-burn treatment process, in terms of the control and eradication of pathogens in the collection, treatment and disposal aspects of the project, must be conducted by a suitably qualified microbiologist prior to the first disposal of the final waste product, the results of such validation must be submitted to the Environmental Health Department of the Local Authority for acceptance.

(4) Quarterly microbiological testing of the exit air and processed waste must be carried out to the satisfaction of the Environmental Health Department of the Local Authority.

(5) Air that is circulated, as part of the treatment process, will pass through a filter, which will remove any potentially residual airborne pathogens and an air wash system.  Spent filters will be considered as medical waste and will be treated and processed at the plant.

No specific mention is made as to the microorganisms, or the level of inactivation, required for validation testing.

4. Gauteng Draft Validation Programme

4.1 Proposed Monitoring Programme: General Assessment

4.1.1 Performance Testing

Performance testing is required prior to approval of a non-burn treatment facility.  The facility should operate according to the manufacturer’s instructions, if it is a commercially available unit, i.e. at the required temperature, pressure etc, as would be applied in the actual processing of health care risk waste. 

A Performance/Investigative testing programme requires at least five tests to be done, i.e. one with a surrogate waste, such as sawdust or general waste, and four tests on consecutive days, one of which should be a challenge load.  Treatment must show at least a (6 log10 reduction for vegetative bacteria, fungi, lipophilic/hydrophilic viruses, parasites and mycobacteria, and a (4 log10 reduction of spores.  One organism per test group must be included (see Section 2.1).
To ensure statistical representation during testing at small on-site treatment facilities, it is recommended that at least 3 samples be processed per run, together with 1 control sample.  This is to allow for possible breakage of vials or loss of test strips.  For large non-thermal treatment facilities, it is suggested that samples be inserted at more than one location, e.g. 3 locations of 3 vials (9 vials per run), plus control sample.

Table 1.
Suggested number of samples per test run

	Organism
	Runs
	Samples / run
	Total Vials

	
	
	Batch
	Continous
	

	Vegetative Bacteria
	5
	4
	10
	20 – 50

	Fungi
	5
	4
	10
	20 – 50

	Viruses
	5
	4
	10
	20 – 50

	Parasites
	5
	4
	10
	20 – 50

	Mycobacteria
	5
	4
	10
	20 – 50

	Spores
	5
	4
	10
	20 – 50

	Total
	5
	24
	60
	120 – 300


*  Samples per run, includes 1 control sample – may be vials, test strips, ampoules etc.

Should the results of any of the vials be positive, additional runs will be required, to prove efficacy.

4.1.2 Regular Testing

The system should be tested daily against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.  For batch processes, each load should be tested against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.  For continuous processes, the process should be tested every two hours against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis, during the performance-testing phase.

In addition, the system should show that it meets the minimum standard for Mycobacteria, e.g. M. bovis BCG, M. phlei or other equivalent mycobacteria, and for Geobacillus stearothermophilus or Bacillus subtilis, using vials made up by an accredited laboratory, at least, once a month.

4.2 Analytical Procedures for Efficacy Testing

Two methods for validating plant efficacy are proposed:

(i) Laboratory prepared vials of organisms, made up by an independent laboratory, to the required ‘concentration’ of the requested ATCC culture, for the specific validation project.  After treatment, samples are plated out by the laboratory and incubated according to standard laboratory procedures, to provide quantitative results on the log reduction of viable organisms.

(ii) Pre-prepared indicator vials, purchased off-the-shelf for a specific ATCC culture and made up by the supplier to a specific ‘concentration’.  After treatment, vials are incubated as per manufacturers instructions to provide a semi-quantitative / qualitative assessment of the efficacy of treatment.  Results are typically reflected as a change in colour, thereby indicating a negative or positive result.

Only pre-prepared indicators of Geobacillus stearothermophilus are available in South Africa, while indicators of Bacillus subtilis are available from America.  Custom made indicators for specific micro-organisms may be obtained from Bioci, America (personal communication) on request.

4.3 Analytical Facilities

Amongst others, the following analytical facilities in South Africa are currently able to analyse for the required micro-organisms:

· CSIR, Pretoria

Staphylococcus aureus (ATCC 6538)


Candida albicans (ATCC 18804)


MS-2 bacteriophage (ATCC 15597-B1)


Giardia/Cryptosporidium

· National Health Laboratory Services

Staphylococcus aureus (ATCC 6538)

Mycobacterium phlei (NCTC 8151)

· SABS, Pretoria

Staphylococcus aureus (ATCC 6538)

Pseudomonas aeruginosa

Candida albicans (ATCC 18804)

Aspergillus niger

Geobacillus stearothermophilus

Bacillus subtilis
* 
If no ATCC number is given above, it indicates that the laboratory can test for the indicated organism, but does not currently have access to the ATCC culture required by Gauteng DACEL, as per STAAT 1.

4.4 Availability of Organisms in South Africa

The following test organisms are not available in South Africa at present, and will need to be obtained from the ATCC, America:

· Traceable (ATCC 35743) certification for Mycobacterium bovis culture

· Geobacillus stearothermophilus (ATCC 7953)

· Bacillus subtilis (ATCC 19659) culture

Once obtained, these cultures may be stored for approximately 5 years.  However, viable cysts of Giardia and oocysts of Cryptosporidium need to be obtained from America prior to each testing programme, since no animal facilities exist in South Africa, which can provide viable organisms.

5. Cost of Implementation

The Gauteng draft validation programme is assumed to be carried out as per STAATT 1.  Costs are presented for laboratory prepared cryo-vials of ATCC organisms, at 104 or 106 concentration.  Indicators (vials, test strips) are used for regular monitoring.

5.1 Costs

5.1.1 Breakdown of costs
To conduct a Performance Testing programme as per STAATT 1, the following costs are typically involved:

(i) Laboratory costs:

Sample preparation

Analyses

Client meetings

On-site validation by qualified personnel during testing

Reporting

(ii)
Facility costs:

Supervision by specialist during investigative / performance testing

Obtaining load sample, e.g. sawdust, general waste or infectious waste

Transport of samples to laboratory

Temperature strip costs

Facility costs are internal costs to the treatment facility, and are highly variable, depending on the technology and the time frame for start-up.  As such, these costs are excluded from the assessment.

5.1.2 Organism costs

Costs of obtaining new ATCC cultures for all required organisms from America are given in Appendix 1.

Once cultures of the required organisms are available in South Africa, samples may be freeze dried and stored for up to 5 years.  As such, the cost of obtaining the cultures from the ATCC is a once-off or start-up cost (with the exception of parasites, see Section 4.4).

5.2 Costs:  Continuous Processes

5.2.1 Analytical costs:  Performance/Investigative testing

Based on previous project experience in South Africa, the relationship between analytical costs and project management (HR) costs, for a laboratory, are as follows: 

(i) Laboratory prepared and tested organisms – analytical costs (analyses, consumables) accounts for 60% of the project cost, while HR (reporting, meetings etc) accounts for 40% of the total.

(ii) Pre-prepared indicator organisms – analytical costs account for 30% of the project cost, while HR accounts for 70% of the total.

As validation testing and monitoring become more routine in South Africa, it is expected that firstly, the total project cost will decrease, and secondly that the HR contribution to the project total, in relation to the analytical costs, will reduce.

Analytical costs include:

(i) Acquisition of required consumables, sterile cryo-vials, sterile pipettes, petri dishes etc.

(ii) Sample preparation, i.e. vials of known concentration of specific organisms.

(iii) Sample processing and analysis post treatment.

The breakdown in cost between sample preparation and processing, based on previous project experience, is approximately 50% preparation: 50% analysis, and is given in Table 2 for each of the required test organisms.

Table 2.
Analytical costs for Performance Testing for a large continuous treatment processes.

	
	Operating hours/day
	Tests per

day
	Test

days
	Cost per test

[R]
	Total Cost

[R]

	G. stearothermophilus
	16
	8
	5
	R20
	R800


	Organism
	Total # vials (tests)
	Pre-analytical costs [R]
	Sample preparation [R]
	Analysis Cost [R]
	Total Cost

[R]

	Staphylococcus aureus
	50
	-
	R350
	R350
	R35 000

	Candida albicans
	50
	-
	R150
	R150
	R15 000

	MS-2 bacteriophage
	50
	-
	R150
	R150
	R15 000

	Cryptosporidium
	50
	R20 000
	R200
	R200
	R40 000

	Mycobacterium phlei
	50
	-
	R350
	R350
	R35 000

	G. stearothermophilus
	50
	-
	R150
	R150
	R15 000

	Total
	300
	R20 000
	R70 200
	R70 200
	R155 800


* 
Assuming all ATCC organisms are available within South Africa, with the exception of parasites, which must be obtained prior to each testing programme (Pre-analytical costs, importation of viable cysts).

* 
Costs are based on the Rand/US Dollar exchange rate of 1 US Dollar = 7.590 South African Rand, as at 22 April 2003.

*
Analytical costs are not average quoted costs, but are based on a breakdown of actual analytical costs of conducting a performance testing programme, i.e. actual costing (includes consumables, cryo-vials etc)

*
Costs given above are for analytical costs only and exclude project management and reporting costs by the laboratory, which may add an additional R105 000 to the project total (total laboratory cost ± R260 800).

Pre-prepared indicator vials of viable Cryptosporidium cysts, at a concentration of 104, may be obtained from Biotechfrontiers in America.  The cost being nearly double that of importing bulk samples (109) with preparation by a laboratory in South Africa.

Note, average costs per analysis, given in Table 2, are higher than those quoted by laboratories for simple microbial analysis.  This is due to the fact that analyses required for plant validation involve many additional tasks, such as the preparation of test organisms, preparation of test samples, processing of treated samples, dilutions, plating, counting etc, typically in duplicate for each test sample.

5.2.2 Analytical costs:  Regular Testing

For details of the required frequency of monitoring for continuous and batch non-burn health care risk waste treatment technologies, see Section 3.1.1 and 3.1.2.

Table 3.
Daily monitoring requirements for a large continuous treatment processes, as per suggested Guidelines.

	
	Operating hours
	Tests per day
	Cost per day

[R]
	Cost per month [R]

	G. stearothermophilus
	16
	1
	R20
	R400


Table 4.
Daily monitoring requirements for a large continuous treatment processes, as per draft Gauteng Regulations.

	
	Operating hours
	Tests per day
	Cost per day

[R]
	Cost per month [R]

	G. stearothermophilus
	16
	8
	R160
	R3 200


* 
Daily monitoring makes use of pre-prepared indicator vials of Geobacillus stearothermophilus or Bacillus subtilis.

*  Based on a R20/indicator cost (indicator vials)

*  Continuous feed treatment facilities may make use of two 8hr shifts per day, i.e. operating hours - 16hrs.

*  Assuming 5 working days per week, 20 working days per month.

The main cost to continuous treatment processes in conducting regular microbiological testing programmes, is not so much the analytical cost, i.e. the purchase of indicators, but rather the need for an additional staff member dedicated solely to conducting the two hourly tests.  Treatment processes are also disrupted or delayed through the more frequent testing requirements (personal communication, EMW Operations).  Requiring testing every 2 hours, as per the draft Regulations, would impact upon the efficiency of treatment plants.

Table 5.
Monthly monitoring requirements for a large continuous treatment processes

	
	Total # vials (tests)
	Sample preparation [R]
	Analysis Cost [R]
	Total Cost

[R]

	G. stearothermophilus
	10
	R150
	R150
	R3 000

	Mycobacterium phlei
	10
	R350
	R350
	R7 000

	TOTAL (month)
	20
	R6 500
	R6 500
	R10 000


*
Costs given above are for analytical costs only and exclude project management and reporting costs by the laboratory, which may add an additional R7 000 to the project total (total laboratory cost ± R17 000).

Note, ATCC strains of Geobacillus stearothermophilus and Bacillus subtilis are currently not available in South Africa for independent laboratory testing.

5.3 Costs:  Batch Processes

5.3.1 Analytical costs:  Performance testing

Table 6.
Analytical costs for Performance Testing for a small batch treatment processes.

	
	Loads per day
	Tests per

day
	Test

days
	Cost per test

[R]
	Total Cost

[R]

	G. stearothermophilus
	18
	18
	5
	R20
	R1 800


	Organism
	Total # vials (tests)
	Pre-analytical costs [R]
	Sample preparation [R]
	Analysis Cost [R]
	Total Cost

[R]

	Staphylococcus aureus
	20
	-
	R350
	R350
	R14 000

	Candida albicans
	20
	-
	R150
	R150
	R6 000

	MS-2 bacteriophage
	20
	-
	R150
	R150
	R6 000

	Cryptosporidium
	20
	R20 000
	R200
	R200
	R28 000

	Mycobacterium phlei
	20
	-
	R350
	R350
	R14 000

	G. stearothermophilus
	20
	-
	R150
	R150
	R6 000

	Total
	120
	R20 000
	R27 000
	R27 000
	R75 800


* 
Assuming all ATCC organisms are available within South Africa, with the exception of parasites, which must be obtained prior to each testing programme (Pre-analytical costs, importation of viable cysts).

* 
Costs are based on the Rand/US Dollar exchange rate of 1 US Dollar = 7.590 South African Rand, as at 22 April 2003.

*
Analytical costs are not average quoted costs, but are based on a breakdown of actual analytical costs of conducting a performance testing programme, i.e. actual costing (includes consumables, cryo-vials etc)

*
Costs given above are for analytical costs only and exclude project management and reporting costs by the laboratory, which may add an additional R50 000 to the project total (total laboratory cost ± R125 800).

5.3.2 Analytical costs:  Regular Testing

Table 7.
Daily monitoring requirements for a small batch treatment processes, as per suggested Guidelines.

	
	Loads / day
	Tests per day
	Cost per day

[R]
	Cost per month [R]

	G. stearothermophilus
	18
	1
	R20
	R400


Table 8.
Daily monitoring requirements for a small batch treatment processes, as per draft Gauteng Regulations.

	
	Loads / day
	Tests per day
	Cost per day

[R]
	Cost per month [R]

	G. stearothermophilus
	18
	18
	R360
	R7 200


*
Daily monitoring makes use of pre-prepared indicator vials of Geobacillus stearothermophilus or Bacillus subtilis.

*  Based on a R20/indicator cost

* 
Based on the Stericycle treatment equipment, which processes a batch of waste in 15 min, operating 8 hrs per day, could result in 32 loads per day.  Cost calculated for 50% operational capacity, i.e. 18 loads per day.

*  Assuming 5 working days per week, 20 working days per month.

Table 9.
Monthly monitoring requirements for a small batch treatment processes

	
	Total # vials (tests)
	Sample preparation [R]
	Analysis Cost [R]
	Total Cost

[R]

	G. stearothermophilus
	4
	R150
	R150
	R1 200

	Mycobacterium phlei
	4
	R350
	R350
	R2 800

	TOTAL (month)
	8
	R2 000
	R2 000
	R4 000


*
Costs given above are for analytical costs only and exclude project management and reporting costs by the laboratory, which may add an additional R3 000 to the project total (total laboratory cost ± R7 000).

5.4 Costs:  Summary

Based on the testing procedures outlined in Section 4.1, the following estimated costs are given per testing programme.

Table 10.
Summary cost for Performance and Regular Testing for continuous and batch treatment processes.

	Testing Programme
	
	Cost [R]
	

	
	Analyses
	Project Management
	Total

	Large continuous treatment processes:
	
	

	  Performance Testing (1)
	R155 800
	R105 000
	R260 800

	  Performance Testing (2)
	R115 800
	R75 000
	R190 800

	  Daily Monitoring (a)
	R400
	-
	R400 / m

	  Daily Monitoring (b)
	R3 200
	-
	R3 200 /m

	    Monthly Monitoring
	R10 000
	R7 000
	R17 000

	Small batch treatment processes:
	
	

	  Performance Testing (1)
	R75 800
	R50 000
	R125 800

	  Performance Testing (2)
	R47 800
	R30 000
	R77 800

	  Daily Monitoring (a)
	R400
	-
	R400 / m

	  Daily Monitoring (b)
	R7 200
	-
	R7 200 /m

	    Monthly Monitoring
	R4 000
	R3 000
	R7 000


* 
Costing for laboratory involvement only, excludes internalised costs to the treatment facility, such as HR, travel, operating costs, etc.

* 
Performance Testing  (1): Complete STAATT 1, Performance Testing (2): Reduced STAATT 1, excluding parasites.

* 
Regular Testing:  Daily Monitoring (a) as per suggested Guidelines (Baldwin, 2000), Daily Monitoring (b) as per draft Gauteng Guidelines.

*   Cost relationship between analytical and project management based on a 60:40 split.

Regular testing for small batch treatment processes can work out as expensive as testing at large continuous treatment processes, due to the potential number of batch loads which can be processed in a day at small facilities.  This has the potential to make the cost of treatment per bag of waste, at small on-site facilities, uneconomical.

6. Alternative Validation Programme

6.1 General Assessment

The revised STAATT 2 document proposes a reduced testing schedule, making use of only Mycobacteria, e.g. M. bovis BCG, M. phlei and Geobacillus stearothermophilus or Bacillus subtilis.  As indicated in Table 11, the microbial resistance of the two chosen organisms are the highest and, therefore, any treatment process that can successfully meet the required Level III sterilisation standard with these organisms will be able to successfully treat those that appear lower in the table.

Table 11.
Microbial resistance to treatment in descending order (Favero and Bond)

	BACTERIAL SPORES 

(e.g. Bacillus subtilis, Clostridium sporogenes)

↓

	MYCOBACTERIA 

(e.g. Mycobacterium tuberculosis var. bovis)

↓

	NON-LIPID OR SMALL VIRUSES 

(e.g. Poliovirus, Coxsackie virus, Rhinovirus)

↓

	FUNGI 

(e.g. Trichophyton spp, Crytococcus spp, Candida spp)

↓

	VEGETATIVE BACTERIA 

(e.g. Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella spp)

↓

	LIPID OR MEDIUM SIZED VIRUSES 

(e.g. Herpes Simplex Virus, Cytomegalovirus, Respiratory syncytical virus, Hepatitis B Virus, Human Immunodeficiency Virus)


6.2 Proposed Requirements

Where possible, use can be made of pre-prepared indicators of Geobacillus stearothermophilus, available off-the-shelf in South Africa.  Indicators are available at a 104 colony forming units (CFU) of Geobacillus stearothermophilus (ATCC 7953).  After treatment, vials are incubated as per manufacturers instructions to provide a semi-quantitative / qualitative assessment of the efficacy of treatment.  Results are typically reflected as a change in colour, thereby indicating a negative or positive result.  A negative result indicates a 4 log10 reduction and the required Level III inactivation.

Mycobacteria pre-prepared indicators are available from Bioci, America or may be prepared by an independent laboratory.

6.3 Estimated Costs

Table 12.
Alternative monitoring requirements for a large continuous treatment processes.

	
	Total # vials (tests)
	Pre-analytical costs [R]
	Sample preparation [R]
	Average

cost per analysis [R]
	Total Cost

[R]

	G. stearothermophilus (1)
	50
	R20/vial
	-
	R35
	R2 750

	Mycobacteria phlei (2)
	50
	
	-
	awaiting info

	Mycobacteria phlei (3)
	50
	-
	R350
	R350
	R35 000

	TOTAL
	150
	
	
	
	


(1)  Using pre-prepared indicator vials available off the shelf, but incubated by independent laboratory.

(2)  Using pre-prepared indicator vials custom made for client, but incubated by independent laboratory.

(3)  Using laboratory prepared vials, incubated by independent laboratory

*
Costs given above are for analytical costs only and exclude project management and reporting costs by the laboratory which may add an additional R6 500 to the project total (total laboratory cost ± R10 000).

Relaxed STAAT II (i.e. only Bacillus subtilis) testing has been implemented successfully in USA (Yorkville, WI), Mexico, Brazil, Argentina, Japan and Australia.

7. Comparative Costs of Various Validation Programmes

Limited validation of non-burn health care risk waste treatment technologies have been performed in South Africa to date.  The following actual costs for validation have been recorded.

· Non-burn treatment plant, South Africa – STAAT 1 Performance Testing:  Laboratory costs ± R300 000, total validation cost:  ± R370 000.

· Non-burn treatment plant, South Africa – relaxed STAAT II Performance Testing: Laboratory costs ± R10 000, total validation cost:  ± R25 000.

Comparative cost of microbiological efficacy testing (investigative/performance testing) for non-burn treatment facilities internationally, range between US$25,000 – US$75,000, depending on travel and subsistence costs of specialists, laboratory costs, regulatory requirements, protocols, etc.

8. Conclusions and Recommendations

The following conclusions and recommendations can be drawn from this study:

Although STAATT 1 and 2 have provided a platform from which to assess efficacy testing of non-burn health care risk waste treatment technologies, it is evident that States within the USA have adopted varying approaches to assessing microbiological efficacy, ranging from the use of single indicator organisms such as Bacillus subtilis, to the full STAATT 1 list of organisms.  However, in most instances where the STAATT 1 list of organisms is required, parasites, Giardia or Cryptosporidium have been excluded from testing.  The use of parasites has proven to be difficult in evaluating medical waste treatment systems, since growth of the organism to a concentration that would meet the Level III inactivation criteria of STAATT 1 and 2 is not possible, and there are only a limited number of researchers in the US that have the expertise to work with parasites.

The use of parasites in validating non-burn treatment facilities in South Africa is also questioned.  The following points are provided as motivation for the exclusion of parasites from the validation process in Gauteng.  The exclusion of parasites from testing will in no way reduce the assurance of test results (STAATT 2).

· Their are no facilities in SA that provide viable cysts and oocysts required for testing, with the result that cysts and oocysts must be imported.  

· Parasite cysts and oocysts have a short shelf-life with the result that the viable parasites will need to be imported for every testing programme.

· The cost of importing viable seeds from America for every validation test, accounts for approximately 27% (continuous) - 38% (batch) of the total validation testing process, and 

· There are no animal facilities in South Africa, equipped to do animal infectivity tests for Cryptosporidium oocysts (the preferred method to determine the log10 reduction of oocysts) it is not possible to prove a 6 log10 reduction of the parasites as required, only an assessment of the percentage viability of the parasites after treatment is possible. 

It is recommended that the testing requirement “During the Performance Testing phase, for batch processes, each load should be tested against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis.  For continuous processes, the process should be tested every two hours against bacterial spores, either Geobacillus stearothermophilus or Bacillus subtilis” be excluded.  The requirement, although not adding considerably to the cost of validation, offers logistical problems, since on start up, facilities do not have access to sufficient health care risk waste to permit operation of the technology at full capacity.  Four test runs on consecutive days with health care risk waste, after proving efficacy with general waste, are considered sufficient to validate the technology.

It is recommended that the frequency of regular monitoring be reduced to once a day, making use of bacterial spores either Geobacillus stearothermophilus (formerly Bacillus stearothermophilus) or Bacillus subtilis.  With time this may be further reduced to once per week, or once every 40 hrs of machine operation.  Every 2 hours or every batch is considered excessive, because of the increased cost and the loss in efficiency of the plant.  Greater reliance should be placed on parametric measures, which must be reported on and fixed during the validation process, and calibrated on a regular basis by means of test organisms. It should be noted that most modern processes are computer controlled and, once the required process parameters are set, interference by the operator can either be prevented or, at least, would be recorded, so that the Department or Management can take action.  The required calibration frequency will depend on the technology.

Costs of validation testing are based on a specific number of tests (50 large continuous, 4 small on-site batch facilities).  The number of tests required to prove plant efficacy must be agreed upon with the Department prior to start of testing.  Depending on the type and size of the facility, 50 may be deemed excessive, or 4 too few.

Based on the cost assessment of conducting a validation testing programme on a non-burn health care risk waste treatment technology, it is concluded that STAATT 2 is considered acceptable, and widely used for validation.  Should STAATT 1 be adopted, it is suggested that parasites be excluded from the testing programme.  After approval of the technology, regular monitoring should be conducted daily for both batch and continuous processes, making use of bacterial spores Geobacillus stearothermophilus or Bacillus subtilis.  
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Appendix 1: Cost of Organisms and Analytical Costs

Table A.
Cost of obtaining the required cultures from the ATCC, America.

	Item #
	Description
	BSL*
	List Price

[US$]
	Approximate Price [R]

	6538
	Staphylococcus aureus
	2
	$125
	R949

	*10145
	Pseudomonas aeruginosa
	2
	$25
	R190

	18804
	Candida albicans
	1
	$25
	R190

	15597-B1
	MS-2 Bacteriophage
	1
	$25
	R190

	35743
	Mycobacterium bovis,
	3
	$500
	R3795

	19659
	Bacillus subtilis
	1
	$150
	R1139

	
	
	
	$850
	R6452


*  BSL - Biosafety Level

   Rand – US Dollar exchange rate as at 22 April 2003 (1 US Dollar = 7.590 South African Rand)

Table B.
Costs of obtaining parasite cultures

	Item #
	Description
	List Price

[US$]
	Shipping Costs [R]
	Import Duties
	Approximate Price [R]

	10E9
	viable Cryptosporidium oocysts (109)
	$1390
	$450
	~ 10%
	~ R20 000

	10E4
	Indicators:  viable Cryptosporidium oocysts (104)
	$60/vial
	$450
	~ 10%
	~ R37 000


* Available from Biotech Frontiers, America.
   Rand – US Dollar exchange rate as at 22 April 2003 (1 US Dollar = 7.59000 South African Rand)

Table C.
Costs of obtaining pre-prepared microbiological indicators

	Item #
	Description
	Distributor
	Price [R]
	# Units
	R/unit

	3M - 1262
	G. stearothermophilus, 7953
	Compass Waste, SA
	R1945
	100
	R19.45

	3M - 1262
	G. stearothermophilus, 7953
	3M, GMS, SA
	R1835
	100
	R18.35

	Strip, 104
	G. stearothermophilus, 7953
	Raven, NNYG, SA
	R764
	100
	R7.64

	Strip, 106
	G. stearothermophilus, 7953
	Raven, NNYG, SA
	R1769
	100
	R17.69

	Strip, 104
	B. atrophaeus (subtilis), 9372
	Raven, NNYG, SA
	R764
	100
	R7.64

	Strip, 106
	B. atrophaeus (subtilis), 9372
	Raven, NNYG, SA
	R764
	100
	R7.64

	Prospore-2
	B. atrophaeus (subtilis), 9372
	Raven, NNYG, SA
	R470
	50
	R9.40

	AllkilTM
	B. atrophaeus (subtilis), 9372
	Bioci, USA
	R3321*
	125
	R26.57


*  Available from America at US$ 438 (excluding handling and shipping).
*  Pre-prepared indicator vials of Bacillus subtilis (ATCC 19659) are not available locally or internationally.  

*
Microbiological indicators are prepared for a specific treatment technology, temperature etc.  As such it is important that the correct indicator be selected.







� 	Strain derived from ATCC # 7953 has been reclassified and is now called Geobacillus stearothermophilus (formerly Bacillus stearothermophilus). The reclassification is a name change only. The strain and its use remain the same. For additional information, visit � HYPERLINK "http://www.ravenlabs.com/taxonomy.pdf" �www.ravenlabs.com/taxonomy.pdf�.


� 	Strain derived from ATCC # 9372 has been reclassified and is now called Bacillus atrophaeus (formerly Bacillus subtilis).  The reclassification is a name change only. The strain and its use remain the same. For additional information, visit � HYPERLINK "http://www.ravenlabs.com/taxonomy.pdf" �www.ravenlabs.com/taxonomy.pdf�.
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