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ABSTRACT

An Environmental Impact Assessment (EIA) process for a health care waste processing plant to supplement and eventually, replace the incinerator located at Ixopo in the KwaZulu Natal Southern Midlands involved a widely inclusive public participation process where the proponent interacted with interested and affected parties (I&APs) to, eventually, pioneer a new health care waste processing technology into South Africa.

The EIA involved the study and evaluation of technical information on the project and aspects on existing plants abroad which culminated in the production and submission of a General Technology Assessment (GTA) which dealt with the selection of an autoclave-based system as the most appropriate and acceptable technology.  During this process the I&APs developed an understanding of the need for new HCRW treatment facilities in the Province of KwaZulu Natal and participated fully in the assessment of appropriate treatment technology for HCRW. 

The approach used for the study is based on the understanding that although autoclave technology is well established in the USA, Europe, Australia and New Zealand, it is new to South Africa and represents a radical change in acceptable treatment technology for health care risk wastes.  This paper describes the approach that was used in addressing: -

· The rating of anticipated physical and social environmental issues, problems and impacts relating to the installation and operation of the autoclave plant, including waste collection, transportation, processing and disposal.

· The description and analyses of the health care risk waste treatment process and technology, including reference to data and information regarding existing autoclave based health care risk waste treatment facilities abroad.

· Recommended applicable impact mitigation measures to address issues and impacts.

AUTOCLAVE TECHNOLOGY SELECTION FOR A REGIONAL HEALTH CARE WASTE PROCESSING PLANT IN KWAZULU NATAL
INTRODUCTION

The treatment and disposal of health care wastes is a problem facing both developed and developing countries throughout the world.  The minimisation of waste at source may be the ultimate solution to reduce the volume of the health care waste stream when health care wastes will be segregated from general wastes at source. Those waste streams that have value may be recycled whilst health care wastes will be treated for safe disposal.  However, this may take time to achieve.

In 1999, the Town and Regional Planning Commission of KwaZulu Natal undertook a province-wide investigation into the generation of hazardous wastes. This study reported that the management of health care wastes in the province was unacceptable, as only one plant had been issued with a temporary registration certificate by the Department of Environmental Affairs & Tourism (DEAT), whereas most of the units were poorly maintained and incapable of complying with existing atmospheric emission standards. The study highlighted the need for additional facilities for the treatment of medical waste.1   Another project, initiated by the Gauteng Department of Agriculture, Conservation, Environment and Land Affairs, published a report on the feasibility of regionalising health care waste treatment/disposal facilities in that province in November 2000 2. This study reported that only 25 (37%) of the 70 incinerators located in Gauteng were registered with the regulatory authorities and only one of these had flue gas scrubbers. The report recommended that all new incinerators be permitted to operate if these complied with the incoming new atmospheric emission guidelines, which will require the retro-fitting of flue gas scrubbers to existing plants, which will either upgrade or close down if they are unable to comply. The report showed that treatment plants located at the generation points were more expensive to operate and recommended that, in future, the use of regional treatment facilities should be promoted.  

South African approaches to managing the potentially damaging emissions from these sources are no longer acceptable in developed countries (the European Union, Japan, Australia, New Zealand and some states in the USA)4,5.  Global opposition to incineration, led by environmental activist non-governmental organisations, has highlighted many of the potential health and environmental safety impacts of incineration6,7.  Many countries have investigated alternatives to incineration and other health care waste treatment technologies are now prevalent in developed countries around the world8.  The treatment and disposal of health care wastes has been amplified into codes of practice and regulations wherever needed9,10.  The World Health Organisation in 1999 published an extensive guideline on the management of health care wastes11 that clearly favours steam-based sterilisation methods when sorting at source is poor or inadequate.

This paper describes the technical considerations that emerged during an extensive public participation process that took place in the eThekwini Metro during the EIA Process that was used to obtain a Record of Decision from the Department of Agriculture & Environmental Affairs in KwaZulu Natal and a Permit for Compass Waste Services to operate a health care waste processing plant from the DWAF in Pretoria. 

GENERAL TECHNICAL ASSESSMENT

The primary objective of a GTA is to provide the necessary detail on the performance of, and the environmental impacts associated with, the proposed technology within the South African legal environment.

1.
Legislative Framework

1.1
Policy and Guidelines

South African legislation on waste management has been described as being generally fragmented, diverse and ineffectively administered. The Integrated Pollution and Waste Management and the National Waste Management Strategy (NWMS) processes promote waste prevention and minimisation but the reality of current practice in the health care industry means that the generation of unavoidable waste will require that treatment and disposal options continue for the foreseeable future.  The NWMS promotes control and performance standards that align with international practice and any new health care waste treatment facility must meet the same standards.

1.2
Relevant South African Legislation and Regulations

The relevant statutes in South Africa were assessed by competent Environmental Lawyers (I Sampson, A Armstrong & M Hands of Shepstone & Wylie).These are listed below along with a number of international guidelines, codes of practice and conventions that constrain and influence the freedom that might be exercised in the selection of appropriate treatment technologies, e.g. within the Basel Convention.

· The South African Constitution (Act 108 of 1996);

· The National Environmental Management Act (Act 107 of 1998); 

· The Environment Conservation Act (Act 73 of 1989) in Section 20 defines the role of DWAF in permitting waste treatment facilities.  In turn, DWAF has given effect to its responsibility for the permitting of waste disposal facilities through the formulation of the "Minimum Requirements" Series of documents that state the requirements, standards and procedures that apply in the permitting of waste disposal facilities. However, the Minimum Requirements do not deal with health care risk wastes adequately and a draft policy was produced by DWAF to issue permits for incinerators and  alternative waste disposal technologies13
· The Atmospheric Pollution Prevention Act (Act 45 of 1965)

· Other statutes such as the Hazardous Substances Act (Act 15 of 1973), the Health Act (Act 63 of 1977), the Occupational Health and Safety Act (Act 85 of 1993), as well as, local government by-laws were all evaluated.

1.3
International Guidelines and Codes of Practice

Research using the internet and the USIS at the USA Consulate revealed a wealth of relevant information that was used to inform the public participation process.  Some of the research was carried out by the I&APs. The sources are indexed where cited in the text and are listed in the Bibliography.

2.
Treatment Alternatives

The information used to evaluate the technologies was obtained via an internet search using websites at the World Health Organisation; the Basel Convention; SWANA (the Solid Waste Association of North America); ISWA (the International Solid Waste and public cleansing Association); CIWM (the United Kingdom Chartered Institute of Wastes Management); Vogel International (a specialist consultancy in the field of small incinerators); Health Care without Harm (a USA based NGO) and Shristi (an Indian NGO).

It was clear that the general public is ignorant of the processes required to manage health care wastes. Nevertheless a good response of I&APs was obtained at the first public meeting on 15th November 2000 when generic information was shared. This informed the capacity development phase of the public participation process required in terms of NEMA.  It must be noted that although I&APs participated fully in the decision-making process, and were capacitated to perform this role by raising issues and concerns, Compass Waste Services was the ultimate decision-maker on technology selection.  However, the decisions were influenced by the participation of the I&APs. The I&APs included elected political representatives (Councillors) drawn from local government,  officials from central government departments (DWAF), provincial government (DAEA and KZN Health), local government (Durban Metro), NGOs (Wildlife and Environmental Society of South Africa, GroundWorks and Earthlife Africa), user groups (National Blood Transfusion Service - Coastal Region), organised labour (Hospersa) and interested members of civil society.

2.1
Investigation of technologies identified

A second public meeting was held on 1st December 2000 where this information was shared and the concerns identified by the I&APs were considered. These included technological aspects related to health and safety impacts, cost and processing constraints, how many and where were units in use and what was the experience with these units. The technology options are listed Figures 1.1 - 1.4 :-
Figure 1.1:
Technology Suites Examined - Thermal Destruction Technologies
	Incineration

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Incineration is the burning of waste at high temperatures. Waste is fed into the first chamber and exposed to lower (± 800-900°C) temperatures under oxygen starved conditions causing pyrolysis. The pyrolysis

gases pass into the second chamber where they burn at a higher (± 1000 - 1050°C) temperature resulting in the formation of carbon dioxide and water.
	Ash produced

requires landfill

disposal.

Gases produced

require ’scrubbing’.
	Soil contamination

Water quality impacts

Air emissions

Health impacts: concern that incineration results in

dioxin and mercury

pollution.
	Medium

R2 million

to

R3 million
	This method is used in South Africa and many

other countries.

Incineration is one of the most common

methods of dealing with medical waste.


	Plasma arc technology/plasma pyrolysis
	
	
	

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Reduces materials to their elemental components by means of extremely high temperature plasma. The process essentially uses electrical energy to heat plasma gases to super hot temperatures to melt and

decompose material into molten rock and gases. The extreme heat vaporises organic material.
	A solid residue is produced as a by-

product which

requires disposal.

A gas stream

consisting of basic

molecular

components is

produced

Requires a lot of

electrical energy

Requires high

quality operators.
	Air emissions with

possible soil and water

contamination.

Cost implications:

expensive to operate
	High

± R9.5

million
	Not used in South Africa. Available in the USA.


Figure 1.2:
Technology Suites Examined - Chemical Treatment

	Chemical treatment
	
	
	
	

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Gaseous chemicals (ozone, chlorine, formaldehyde, ethylene oxide, propylene) can be used to treat medical waste.  Can include shredding.
	Storage of  chemical and risk to personnel during

the handling of

waste and

chemicals.

Gaseous chemical

to be destroyed in a flare or filtered to

prevent toxic

emissions

Treated waste

requires disposal by landfill.
	Health impacts and

Safety risks

Air emissions

Waste water disposal

Soil contamination

Water quality impacts
	Low to

Medium
	Used in USA in

Limited applications for rural clinics


Figure 1.3:
Technology Suites Examined - Steam-based Treatment Technologies

	Steam sterilization

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Incorporates exposure to a sanitizing agent under negative air pressure and HEPA (High Efficiency Particulate Air) filtration. Shredding is often included. Operational temperatures are maintained between 96-115°C. Treats all types of medical waste.
	Dry sterilised

waste required

landfill disposal.

This technology

may use sanitising chemicals such as Sodium Hypochlorite.
	Soil Contamination

Water quality impacts
	Medium

R3,5

million
	Used in a number of

countries bur is

losing ground to

autoclave-based

plants.


	Autoclaving

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Steam under pressure (4 Bars) is used to attain a temperature of 121°C. 

Type of container used affects autoclaving time. This moist heat creates a rapid heat transfer and is able to penetrate all areas of the waste load during the sterilization cycle with shredding. The treatment method damages all cellular macromolecular structures.
	Treated waste

requires disposal

by landfill

Mercury

contaminated

wastes must not be autoclaved
	Soil contamination

Water quality impacts

Sorting implications
	Medium
	Many plants

internationally

USA, New

Zealand, Eire,

UK and Europe

- a variant of

the sterile

process used at

most hospitals.


Figure 1.4:
Technology Suites Examined - Radiation Treatment Technologies

	Microwaving

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	The microwave process uses radiant energy to heat moisture within the waste or to heat water that is then sprayed onto waste. Microwaving kills infectious agents through heat and pressure. A shredder is often combined with the microwave process to reduce the volume of waste to be treated. Waste is heated to between 95-100°C and

maintained at this temperature for a period of time. Metal wastes cannot be treated with this technology.
	No emissions are

created or chemicals used

Final product

requires disposal

by landfill
	Soil contamination and water quality impacts

Cost implications

Sorting implications (to

remove metals)
	High
	A limited number of

plants in the USA.


	Electron beam technology

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	A lethal dose of ionising radiation is delivered to micro-organisms in waste. The electron beams sterilize waste materials within a 2 minute cycle. Electron beam sterilisation is a

dry, room temperature process that can be used for most medical devices and materials.
	High capital and

operating costs

Final product

requires disposal by landfill

No emissions

creased or

chemicals used
	Cost implications

Soil contamination

Water quality

implications
	High
	A limited number of

plants in the USA.


	Reverse polymerisation technology

	Description of technology
	Aspects
	Impacts
	Cost
	Where used

	Reverse polymerisation destroys and sterilises all infectious biological and anatomical waste along with needles and sharps. Operating at between 150-250°C, microwave energy reduces medical

waste to carbon residue.
	Sterilised carbon

residue can be

landfilled

Off-gases consists

of low volume

hydrocarbons

High capital and operating costs.
	Soil contamination

Water quality impacts

Air emissions

Cost implications
	Very high
	A few plants in

the USA.


3.
Disposal Alternatives

Treated materials produced as a result of chemically treated medical waste, steam-based technologies and radiation technologies all require disposal in permitted landfill sites. South Africa does not allow untreated health care waste to be disposed at landfills. The Minimum Requirements (Second Edition, 1998) state that all infectious or medical waste must be incinerated or sterilised prior to landfilling at H:H or H:h waste sites.

4. 
Investigation of available products

Figure 3:  Suppliers and Products Investigated 


	Type
	Supplier
	Origin

	Double Chamber Incinerator
	3T International
	United Kingdom

	
	Gencor Beverley
	United Kingdom

	
	Johnson Thermal Engineering
	South Africa

	Plasma Arc
	Startech Plasma Waste Converter
	United States

	
	Bio Arc Inc. Plasma Arc Reduction
	United States

	Irradiation – electrons
	Biosterile Technology Inc.
	United States

	Irradiation- microwaves
	Sanitec Inc.
	United States

	Autoclave
	Tempico, Inc.
	United States

	
	Rotoclave
	United States

	
	Sterile Technology Industries Inc.
	United States

	
	Bondtech Corporation
	United States


Internet research, e-mail correspondence, and product brochures provided information on capacity, cost, waste treated, pre-treatment requirements, outflows/by-products, post-treatment requirements, electricity and water requirements and where the plants had been used. Product profiles were generated during the investigation into available products to provide more detailed information. This information was shared at the third public meeting where the I&APs designed a table that was used to eliminate technology options that were not feasible in South Africa and the rest were carried forward to the next stage of assessment as depicted in Figure 4.

Figure 4:   Matrix used to eliminate inappropriate technology.

	TECHNOLOGY
	INFORMATION

AVAILABLE
	PROVEN

TECHNOLOGY
	HEALTH RISKS
	ENVIRONMENTAL

& SOCIAL IMPACTS
	ECONOMIC

IMPLICATIONS

	
	
	
	
	
	

	MICROWAVE
	
	
	
	
	

	
	
	
	
	
	

	AUTOCLAVE
	
	
	
	
	

	
	
	
	
	
	

	PLASMA ARC
	
	
	
	
	

	
	
	
	
	
	

	ELECTRON
	
	
	
	
	

	BEAM
	
	
	
	
	

	
	
	
	
	
	

	INCINERATION
	
	
	
	
	

	
	
	
	
	
	

	CHEMICAL
	
	
	
	
	

	
	
	
	
	
	

	LANDFILL
	
	
	
	
	


4.2 
Detailed investigations

Detailed investigations into products were conducted through direct contact with suppliers and users of the products proved useful in obtaining insight in verifying suppliers’ claims and, contact with the regulatory authorities in the various countries where the plants were in use helped to ascertain the compliance of the units with domestic regulatory requirements in terms of specific technologies.  The information collected was summarised in three tables.  Figure 4.1 deals with environmental and social impacts; Figure 4.2 deals with the economic assessment and, Figure 4.3 summarises the impacts using a rating system where -1 denotes a negative impact, 0 indicates a neutral situation or no impact and 1 denotes a benefit.  Each rating related to the situation with respect to the status quo and whether or not the technology would effect an improvement. 

Figure 4.1:  Environmental and Social Impacts

	Technology
	Machine
	Resource

Use
	Air

Emission
	Liquid

Emission
	Solid

Residue
	Social

Impact
	Socially

Acceptable
	Environmental &

Social Impacts

	MICROWAVE
	Sanitec
	
	
	
	
	
	
	

	
	HG-A250S
	medium
	low
	low
	medium
	Low
	Yes
	0

	
	
	
	
	
	
	
	
	

	AUTOCLAVE
	STI Chem-Clav
	
	
	
	
	
	
	

	
	S 1000
	medium
	low
	low
	medium
	Low
	Yes
	0

	
	S 2000
	medium
	low
	low
	medium
	Low
	Yes
	0

	
	Rotoclave
	
	
	
	
	
	
	

	
	1500 D1
	medium
	low
	low
	medium
	Low
	Yes
	0

	
	2500 D1
	medium
	low
	low
	medium
	Low
	Yes
	0

	INCINERATOR
	3T
	
	
	
	
	
	
	

	
	RD 500
	high
	medium
	medium
	medium
	High
	No
	-1

	
	RD 700
	high
	medium
	medium
	medium
	High
	No
	-1

	
	Gencor
	high
	medium
	medium
	medium
	High
	No
	-1

	
	MACROburn
	high
	high
	N/A
	medium
	High
	No
	-1

	
	TOXIC 400
	high
	medium
	medium
	medium
	High
	No
	-1

	LANDFILL
	
	medium
	medium
	medium
	medium
	medium
	No
	-1


Figure 4.2:  Economic Impact

	Technology
	Machine
	Capacity

kg/h
	Capital

Cost

(US $)
	Ranking
	Operating Cost

(US$/kg)
	Ranking
	Economic

Implications

	MICROWAVE
	Sanitec
	
	
	
	
	
	

	
	HG-A250S
	250 - 408
	N/A
	-1
	0.03 - 0.05
	0
	-1

	AUTOCLAVE
	STI Chem-Clav
	
	
	
	
	
	

	
	S 1000
	455
	466 000
	1
	0.04
	0
	1

	
	S 2000
	910
	817 000
	0
	0.04
	0
	0

	
	Rotoclave
	
	
	
	
	
	

	
	1500 D1
	350
	597 000
	1
	0.02
	1
	2

	
	2500 D1
	700
	889 000
	0
	0.02
	1
	1

	INCINERATOR
	3T
	
	
	
	
	
	

	
	RD 500
	345
	N/A
	-1
	N/A
	-1
	-2

	
	RD 700
	600
	400 000
	1
	N/A
	-1
	0

	
	Gencor
	750
	1 600 000
	-1
	N/A
	-1
	-2

	
	MACROburn
	333
	300 000
	1
	N/A
	-1
	0

	
	TOXIC 400
	350
	560 000
	1
	0.04
	0
	1

	LANDFILL
	
	G:S:L+
	1 250 000
	1
	<0.01
	1
	2


Figure 4.3:  Overall Assessment Matrix

	Technology
	Machine
	Maintenance
	Occupational

Risk
	Environmental

& Social

Impact
	Economic

Implications
	Regulatory

Compliance
	Total

	MICROWAVE
	Sanitec
	
	
	
	
	
	

	
	HG-A250S
	-1
	-1
	0
	-1
	1
	-2

	AUTOCLAVE
	STI Chem- Clav
	
	
	
	
	
	

	
	S 1000
	1
	-1
	0
	1
	1
	2

	
	S 2000
	1
	-1
	0
	0
	1
	1

	
	Rotoclave
	
	
	
	
	
	

	
	1500 D1
	1
	0
	0
	2
	1
	4

	
	2500 D1
	1
	0
	0
	1
	1
	3

	INCINERATOR
	3T
	
	
	
	
	
	

	
	RD 500
	-1
	-1
	-1
	-2
	1
	-4

	
	RD 700
	-1
	-1
	-1
	0
	1
	-2

	
	Gencor
	-1
	-1
	-1
	-2
	1
	-4

	
	MACROburn
	-1
	-1
	-1
	0
	-1
	-4

	
	TOXIC 400
	-1
	-1
	-1
	1
	1
	-1

	LANDFILL
	
	1
	1
	-1
	0
	-1
	0


5.
BONDTECH AUTOCLAVE

Compass Waste Services conducted an independent internet search which yielded another supplier of autoclave plants for health care waste treatment. This supplier, Bondtech Corporation, has 75 units installed and operating in the USA which makes it the largest supplier of this plant in the USA.  These units were less expensive than the other autoclave units examined. Consequently, Compass Waste Services decided to negotiate with this supplier in the USA.  

5.1
The Process Life-cycle

The process life-cycle identifies and describes all the stages involved in the management of health care waste, from the generation of the waste at its source to its final disposal. Some stages have particular relevance to the GTA whilst and others are more relevant to the full EIA process. Although all the process life-cycle stages are referred to below, emphasis is placed on stages that have direct relevance to the assessment of the technology in terms of DWAF requirements for the GTA.

5.2
Sources and Materials Handling of Health Care Risk Waste

Autoclaving can treat a wide range of health care wastes effectively and efficiently.  As is the case with incineration, autoclave-based treatment cannot be used to process radioactive and chemically hazardous materials, which require specialised handling and disposal by designated contractors. Waste generators will have to separate these wastes from the waste stream at source. Electronic detection or screening devices must be used by the collection vehicle staff to detect the presence of radio-isotopes at the collection points. Health care institution staff are trained to segregate wastes and regular reinforcement training ensures that these materials are kept out of the waste stream sent for treatment. However, as the WHO Guidelines illustrate the radio-isotopes that are routinely used in health care institutions, e.g. 14C, 34P and 131I, have short half lives and rapidly decay. Thus, short term storage generally allows these materials to decay to the point where they may be safely disposed of to sewer. Radiation sources, e.g. 60Co, must be handled through the Council for Nuclear Safety. Waste that manifests radiation will not be collected. The incoming containerised waste is manually offloaded, weighed and stored in the temporary storage area prior to being processed.  Any waste that is found to be radioactive or otherwise unsuitable, is not processed.  After the screening process, the boxes and other containers temporarily stored in a secure area before being loaded into purpose-built autoclave bins for transport, by forklift, to the treatment area. 

5.3 Processing

The autoclave is a pressure vessel that is sealed when loaded with waste before the processing cycle is initiated to sterilise the wastes using live steam under pressure. The plant is controlled using a programmable logic controller with interlocks to prevent shortening of the process time and procedure.  I&APs agreed that it was preferable to shred the sterile material after processing rather than the raw incoming material as the shredder is regarded as the most vulnerable part of the plant with respect to breakdowns and breakdown maintenance and in a contaminated working environment was regarded as hazardous for the plant staff.

[image: image1.png]



  Plate 1:  The Autoclave Unit

The process starts with waste-filled autoclave bins being loaded into the autoclave. The sterilisation cycle is initiated by hydraulically closing the door of the autoclave vessel and evacuating the residual air in the sealed autoclave vessel by reducing the pressure to within the range of 0.06 - 0.16 Bars. There is no possibility of aerosols or contaminated air being extracted and vented to atmosphere during the evacuation of the autoclave because the waste is sealed within heavy duty plastic bags in cardboard boxes and sharps are stored in sharps containers. The pre-vacuum removes residual air from the autoclave vessel to facilitate the permeation of steam throughout the entire waste load in the autoclave.


[image: image2.wmf] 


Plate 2:  Loading the autoclave

After completing the pre-vacuum stage, the autoclave is pressurised to 4.34 bars. The minimum operating temperature achieved inside the autoclave is 148°C at this pressure and the contents are held at this temperature and pressure for 30 minutes.  Following the pressurisation cycle, the steam is vented through a steam condenser and the condensate safely drained to the sewer. The generation of odours is effectively controlled by the steam condenser along with the post-vacuum process where a vacuum is again applied to the vessel at the end of the sterilising cycle. The post-vacuum ensures that no steam remains in the autoclave vessel and minimises occupational exposure of operating personnel to live steam.  Removing the steam during the post-vacuum stage of the process also prevents the waste from being wetted by condensed residual steam thus eliminating the additional weight of moisture to the waste.

The total load-to-load process cycle time averages 40 minutes. The waste loads to each Bondtech autoclave range in mass from 379-665 kilograms per cycle. The average hourly waste processing rate of each Bondtech autoclave is 820 kg/h.

The autoclave bins are removed from the autoclave using a forklift and transported to the shredding station.  Shredded material discharges to a leak-proof skip container which is placed below the discharge point of the shredder.

[image: image3.png]



  Plate 3:  Shredded HCRW in the disposal skip

There is no change of state of the waste in the autoclaving process.  The material is merely sterilised using live steam at a moderately high pressure. Blood and serum wastes clot or coagulate as the proteins denature at high temperature and any free moisture, that might have been present in the incoming waste, will be blended during the shredding of the sterilised waste. The treated waste is stored in a bulk RORO container and covered with a "sterkolite" reinforced plastic cover before being hauled to the approved landfill. Spare RORO containers are available to facilitate efficient processing cycles and allow sufficient slack time in the system so that the haulage of processed sterile HCRW to the landfill does not constrain the processing cycle. 

5.4
Final disposal

The treated waste product is regarded as non-hazardous and poses no danger to the environment.  The sterile material is suitable to be landfilled at an approved G:L:B+ waste disposal site. The sterile treated health care waste is transported to the nearest approved landfill for ultimate disposal.
5.5
Validation of Sterility

When spore testing is carried out to evaluate the sterility of the process the test phials are introduced with the normal waste charges into the autoclave. Only spore testing is accepted in developed countries as proof of the effectiveness of the process and the level of sterility achieved. This is due to the fact that the selected organisms, Bacillus subtilis and Bacillus stearothermophilus are among the more resistant aerobic spore forming bacteria known to microbiologists whereas the species listed in the DWAF guideline are all easily killed at 70°C. Thus the species list suggested by DWAF which included Escherichia coli, Streptococcus faecalis, Proteus vulgaris, other Proteus sp, Klebsiella aerogans, Alcaligenes faecalis, Micrococcus spp, Staphylococcus aureus, Staphylococcus albus, Pseudomonas aeruginosa, candida albicans and an assortment of viruses such as Hepatitis B, HIV and cell material containing HIV infected cells will not be used.    

The spore test is the standard test specified by the WHO document dealing with the management of health care wastes 11 that provides a simplified description of the procedure.  At the end of the cycle, the phials containing test organisms are recovered from the load.  The soybean-casein digest broth medium is incubated for 48 hours at 30°C for Bacillus subtilis  and 55°C for Bacillus stearothermophilus. The media are examined for turbidity as a sign of bacterial growth. Any growth should be sub-cultured to identify the organism either as the test micro-organism or as an  environmental contaminant due to poor aseptic technique. Validation tests carried out by Koogler & Associates in 199415 and others have yielded similar results, e.g. the Tempico Rotoclave System assayed by D G Braedt at the University of New Orleans, Tempico Rotoclave System evaluated by S L Daigle of the Office of Public Health in New Orleans.  

5.6
Potential Environmental Impacts

During the public participation process it became clear that some I&APs were concerned that the project could have a negative impact on their health.  Concerns related to noise, odour, air and water pollution (e.g. emissions and run-off process water; spillage from containers, and the breakdown of the plant).  Doubts were expressed about the nonhazardous nature of the treated waste and whether it could be safely landfilled at a general waste disposal site. These concerns were based on the risks usually associated with this waste stream and the heightened awareness of HIV associated with the success of media cover of the latter. 

· Air emissions in this plant are minimal as process steam is generated using an electrode boiler.

· The risk associated with handling health care waste is potentially always a factor in accidents. 

· Sterile autoclaved waste is routinely landfilled in municipal disposal sites in Australia, Ireland, New Zealand and the USA.  

· No distinction is made with respect to body parts removed in surgical procedures as these materials make up less than 3% of the HCRW stream 6, 7, 8, 9, 11.  

· In the USA, most plants do not shred the processed waste.

· The autoclave has no impact on prevailing environmental conditions in the area of the plant. 

· The treated waste will not impact adversely on the waste disposal site as TCLP (Toxicity Characteristic Leachability Procedure) studies that have been carried out in the USA, and locally, conclude that unlike incineration, there are no dioxins, furans or other hazardous substances present in the processed waste in appreciable concentrations14.  

· The process kills human pathogens in regulated health care waste without generating liquid effluents or regulated air emissions.  

· The process reduces the volume of regulated health care waste by up to 85% when sterile waste is shredded.

· The only potential green house gas and ozone depleting substance impact is associated with the Central Generating Units of ESCOM.

· The building housing the facility does not have any negative visual or aesthetic impact. 

· Acoustic monitoring results from an existing facility located in the USA indicate that it is unlikely that noise levels will exceed the legal requirements in terms of the local Noise Regulations. The autoclave unit is a quiet operation because steam is not freely vented to the atmosphere and the liquid seal vacuum pump does not make an audible noise outside the immediate environs of the processing area. The only unit that will make a low rumbling noise is the shredder.

CONCLUSIONS

Experience in countries such as the USA, where this process is used at 75 plants, suggests that these impacts are insignificant.  However, this information cannot be used to dismiss local perceptions and issues of concern.  The scoping and assessment of the Bondtech Autoclave health care risk waste treatment facility focused on the identification and description of issues and impacts that may be associated with this particular treatment technology.  This particular treatment technology has a low level of interaction with the receiving physical environment. 

Potential issues and impacts identified during the assessment process through the participation of I&APs, have been well covered technically in the design of this plant.  The mitigation measures are standards used in operations in all the existing plants overseas and yield positive, effective and, therefore acceptable environmental results. The results from an existing facility, in respect of noise pollution, have indicated that there is no significant noise generated from operation the Bondtech Autoclave systems. The negative social impacts that were identified revolve around the issues of public health and safety and these perceptions can be successfully mitigated.
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