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1
Background

Recent changes in South African legislation and requirements of funding agencies necessitate closer monitoring of potentially biohazardous activities and this is the function of the University of the Witwatersrand Institutional Biosafety Committee (IBC). It is not the IBC’s intention to interfere with established safe practices, where existing precautions are adequate. However, in some cases where the protection of humans, animals or the environment may be of concern, monitoring and assessment of procedures for the handling of potentially biohazardous material (BHM) needs to be undertaken. The following set of standard operating procedures (SOPs) is intended to assist staff and students with correct handling of BHM within university facilities. The procedures are not comprehensive and are not necessarily applicable to the handling of all types of BHM. Members of the university who are unsure about the correct procedures are urged to contact the university biosafety committee for advice. In some cases, it will be necessary for individual workers to set out specific procedures for handling BHM. In such cases application to the biosafety committee to get approval for work with particular BHM needs to be submitted. Please note that compliance with correct procedures for handling biohazardous material (BHM) is essential and failure to do so will now expose individuals and/or the university to prosecution.
2
Responsibility Allocation

A person managerially responsible for all activities involving BHM to be undertaken at a university facility must be appointed. This will often be a Head of Section, Research Manager, or similar.
3
Risk Assessment of BHM

The degree of risk arising from BHM is determined by consideration of the severity of the potential harmful effects to human health or the environment along with the possibility of those effects occurring. Exposure of humans or the environment to BHM during the operation of, or possible unintended release from, a university facility should be considered. Importantly, a risk assessment is used to determine the classification level of BHM (appendix 1), which in turn defines the containment for the activities involving BHM. An example of a risk assessment of work with recombinant adenoviruses, which falls within Class 2, is given as a guide in appendix 2. In this example, the elements that should be considered when determining the potentially hazardous nature of biological material are explained
4
General principles and procedures for handling biologically hazardous material
Laboratory procedures involving BHM pose special safety problems and a rigorous programme is needed to avoid hazards.
a
General 

1 All micro-organisms and biological specimens should be treated as potential biohazards. 

2 All personnel must be trained and fully informed of the risk assessment of the BHM. No one should be working in a biologically hazardous environment without knowledge of recommended practices and procedures.

3 Access to a facility where work with BHM is undertaken must be restricted 

4 All personnel working with blood/blood products should be vaccinated against HBV and their immunity monitored.
5 Areas where work is being carried out with biohazardous material must be clearly indicated with a sign stating the nature of the biohazardous material and the name and contact details of the person managerially responsible for activities involving the biohazardous material. Signs should also display the universal biohazard symbol prominently. 

6 Separate areas should be set aside for preparation of media, holding of materials and storage of potentially hazardous specimens. 

7 Protective laboratory clothing must be worn when working with biological hazards and must be removed before leaving the laboratory/tissue culture facilities for common rooms, office areas or home. 

8 Protective gloves should be worn and personnel should disinfect their hands before and after using gloves. 

9 All areas should be equipped with hand-wash basin. 

10 Eating, drinking, smoking, applying make-up and handling of contact lenses are not permitted in biohazard containment areas.

11 Mouth pipetting is prohibited

12 An eyewash station must be accessible 

13 When centrifuges are used for biologically hazardous materials safety caps must used.  Rotors must be disinfected with 1% Virkon solution after each use. 

b
Safety Cabinets
1 All work with Class II BHM must be carried out in an appropriate biosafety cabinet. A class II cabinet protects the operator, prevents samples from being contaminated and uses a high efficiency particulate air (HEPA) filter before the air is discharged from the cabinet.

2 Class II cabinets should be free standing and not connected directly to ducting which has outside vents. 

3 All biological cabinets must be inspected and maintained by a registered technician every 12 months. Records must be kept of these inspections.

4 Materials should not be stored inside the biological safety cabinet. 

c
Decontamination
1 Disinfectants should be chosen based on their effectiveness to deal with the specific type of micro-organism. 

2 All areas in which work BHM is done should have a 70% aqueous solution of ethanol, 1% Virkon (Antec International Limited) solution or 3% hypochlorite solution (JIK).  Fresh  Virkon solutions should be made daily.  

3 The work surface of the biosafety cabinet should be wiped with a 1% Virkon/3% hypochlorite solution and sprayed with 70% ethanol, then allowed to air dry before and after each use.

4 All workbenches, trolleys, sinks and baths in the areas dedicated to work with biohazards should be sprayed with a virkon/hypochlorite solution on completion of work or after any spill. 

d
Liquid spillages 

The appropriate personal equipment and protective clothing for cleaning up a spillage is dependent on the nature of the spill. For most small spills, a lab coat is sufficient. Gloves must be worn at all times and the necessary precautions must be taken if cleaning process will result in aerosol formation or splashing of the spilled material.

i
Reagents and Equipment:

1 Impervious coveralls or lab coats

2 Disposable gloves 

3 Diposable paper towels

4 Full face shield –if spill is large

5 Virkon powder

6 Freshly made-up 1% Virkon solution

ii
Procedure
1 Alert others to the spill 

2 Appropriate protective clothing and gloves must be worn at all times. 

3 Cover the spillage with Virkon powder. Leave for at least 3 minutes 

4 Using paper towels, scrape the powder/spillage. Place into container for solid biohazardous waste. See below.

5 Wash and disinfect area with 1% Virkon/hypochlorite. 

e
Waste disposal
All contaminated culture, stocks and related waste material should be sterilized before disposal.  

i
Procedure for liquid waste disposal: 

1 Liquid waste containing BHM should not be disposed down general purpose sinks before inactivation.
2 All liquid waste must be treated with hypochlorite or 1 % Virkon for at least 12 hours before being disposed of according to normal liquid waste disposal.

3 Pouring of liquid waste should be done carefully to prevent the formation of aerosols

4 Drains should be flushes with disinfectant at least once a week.

ii
Procedure for solid BHM waste disposal 
1 Solid contaminated materials should not be placed in general purpose waste bins.

2 All disposable pipettes, culture dishes, pipette tips etc. must be placed in plastic bag inside designated biohazard waste boxes. 

3 When the box is full, it must sealed and weighed by a trained member of the laboratory then taken to the appointed collection point.  

4 All containers must be safe from leakages during storage, handling, collection and transport.

5 All sharp items must be placed in a designated hard plastic sharps container. When full the container must be sealed by trained laboratory personnel and taken to the appropriate collection point.  

f
Handling of ethidium bromide 
Ethidium Bromide (EB) is commonly used as a fluorescent stain to visualize nucleic acid bands in gel-based nucleic acid separation methods. Although it is an effective tool, its hazardous properties require special safe handling and disposal procedures. EB is a mutagen and moderately toxic after an acute exposure. EB can be absorbed through the skin, so it is important to avoid any direct contact with the chemical. EB is also an irritant to the skin, eyes, mouth and upper respiratory tract. 

i
General Safety Precautions:

People using EB should follow the general procedures below:

1 Pure EB should only be handled in a fume hood, with the user wearing protective equipment that includes a lab coat, closed toe shoes, gloves and chemical safety goggles.

2 Always wear gloves when handling diluted forms of EB.

3 Wash hands after removing gloves even if the gloves were not punctured.

4 When using ultraviolet light to visualize EB, the user must always wear UV-blocking eyewear.

5 No eating or drinking when handling EB.

ii
Procedures following accidental EB exposure
1 If  EB contacts the eyes, immediately flush them with copious amounts of cold  water for at least 15 minutes. 
2 For skin contact, immediately wash the affected area with soap and copious amounts of cold water.

3 If a person inhales EB dust, move him/her to an area where he can breathe fresh air.

4 After any exposure to EB (via skin, inhalation or eye contact) the affected person should immediately seek medical attention.

iii
Handling of EB spills
1 Always wear full protective clothing, as described above, during any cleanup procedure.

2 Use hand held UV light source to locate the spill if it is small.

3 If the spill is powder, carefully wipe it up with wet paper towels and follow the decontamination procedure below.  

4 If the spill is liquid, absorb freestanding liquid with dry paper towels, then use the UV light source to locate any remaining EB and then follow the decontamination procedure.

5 After the decontamination procedure re-survey the area with UV light to ensure that all the EB has been collected.

iv
EB decontamination procedure
1 Prepare the decontamination solution just prior to use. It is acidic and full protective apparel should be worn. The decontamination solution comprises 4.2 g of sodium nitrite (NaNO2) and 20 ml of hypophosphorous acid (50%) (H3PO2) in 300ml of water

2 Wash the area with paper towel soaked in decontamination solution.

3 Rinse the area several times with paper towel soaked in tap water, using fresh towel each time

4 Soak all the towels in decontamination solution for one hour, then remove them, gently wring out excess solution and dispose of as dry waste in a separate bag along with the contaminated gloves.

v
EB disposal

EB-contaminated buffers, gels etc should be disposed of in designated liquid waste containers.

EB can also be removed from contaminated liquids by extraction/adsorption according to the following procedure. 
1 Set up a granular charcoal filtration system

2 Pass all buffers through the charcoal filters and re-collect buffers

3 Check for presence of EB using UV light to detect fluorescence
4 If no fluorescence is present the buffers can be considered safe and disposed of appropriately
5 If fluorescence is present then charcoal must be changed and buffers re-filtered

6 Used charcoal should be discarded in bio-hazardous bins

5
Notices and Signage

Areas where work is being carried out with biohazardous material must be clearly indicated with a sign giving the nature of the biohazardous material and the name and contact details of the person managerially responsible for all activities involving the biohazardous material.

7 Disposal of chemical waste
a
General
1 Only 2½ litre Winchester bottles may be used as waste containers

2 Any container should be thoroughly rinsed free of any reagents prior to being used as a waste container

3 They should be adequately sealed, colour coded (see above) and labelled clearly as waste e.g. A1 Cyanide Waste

4 Waste containers are then placed in the fume hood

5 Each container is provided with a label on which a record is kept of the waste disposed into it. (This will assist workers to decide whether waste is compatible with material already in the container.)
6 It is the responsibility of the research worker to check that wastes are chemically compatible before mixing.

7 The waste bottles should be disposed of once per month. During this disposal, Whinchester bottles should be transported on a trolley within suitable safe containers to limit risk of breakage and accidental leakage.
b
Classification of chemical waste

i
Class A 
Inorganic waste
Colour code: green

A1 Inorganic cyanides including heavy metal cyanides e.g. Fe(CN)

A2 Inorganic oxidizing agents containing high oxidation state metal ions e.g. chromic acid, chromates, dichromates, permanganate

A3 Solids and solutions containing metals and metal ions that do not fall into groups A1 & A2 i.e. transition metals Pb, Hg, Cd, B etc. Excluded are: Tl, As, Sb, Be and their compounds ( see Class D)

A4 Concentrated acids e.g. sulphuric, phosphoric etc. Chromic acid in class A2

A5 Concentrated alkaline solutions or solids e.g. NaOH, KOH

ii
Class B
Non-chlorinated organics
Colour code: Orange

Includes non-chlorinated solvents such as ether, acetone, benzene, toluene, phenol, phenol-chloroform  etc. (see table 2 in “The Disposal of Hazardous Chemical Waste, 1986 published by the University of the Wiwatersrand)) , biodegradable non-chlorinated organics (see Table 1 of “The Disposal of Hazardous Chemical Waste, 1986 for some exclusions) and compounds that are not considered highly carcinogenic, teratogenic or mutagenic and are not potentially explosive.

iii
Class C
Chlorinated organics
Colour code: Yellow

Includes: chloroform, dichloromethane, chlorobenzene etc.

Excludes: PCB’s, DDT, trichlorophenol, and compounds that show a particularly high toxicity and low biodegradability (see Class D)

iv
Class D
Compounds of high toxicity and low biodegradability

 
Colour code: Blue

Includes: As, Sb,and Ti and their compounds. Compounds of low biodegradability. Potential explosives. Highly carcinogenic, teretogenic & mutagenic compounds. Unknown compounds (see Tables 1, 4 and 5 in “The Disposal of Hazardous Chemical Waste, 1986 published by the University of the Wiwatersrand)

7
Training and awareness

All students and staff who work with the biohazardous material must be fully appraised of the nature of the biohazardous material as well as the risks associated with the handling of such material. This information should be included in the risk assessment document that should be compiled by the person who has responsibility for working with the biohazardous material. Any university facility where work on BHM is carried out should be restricted to individuals who have training in the handling, storage and disposal of biohazardous material. Prior to outsiders accessing the facility, all surfaces should be disinfected and the biohazardous material safely stored in lockable refrigerators, freezers or incubators located within the facility. Maintenance staff, contractors and visitors should be informed of the nature of the BHM and the steps necessary to avoid contamination. Also, access to the facility should be under supervision of the laboratory safety officer. 

8
Record Keeping
Complete dated laboratory notes should be kept to record receipt, propagation, experimental procedures and disposal of BHM. Any accidents involving the handling of BHM should be documented according to the university safety procedures. Disposal of BHM waste should also be registered.  Types of waste containers (e.g. solid, liquid and sharp), their weights and dates of disposal should be noted. Documents recording use and disposal of BHM should be available for inspection. 
9
Accidental exposure
Handling of an accidental exposure (e.g. needle stick, inhalation etc) to is dependent on the nature of the hazardous biological material and drafting of correct procedures is the responsibility of the individual accountable for the facility handling BHM. 
10
Monitoring

It is incumbent on the person with overall responsibility for the laboratory entity to ensure that correct procedures for handling of BHM are followed. The university biosafety committee may from time to time conduct inspections of the laboratory facility to ensure that correct procedures are followed.

Appendix 1
Biosafety containment levels and working measures required. 
	CONTAINMENT MEASURES
	CONTAINMENT LEVELS



	
	Level 2
	Level 3
	Level 4

	1 The workplace is to be separated from any other activities in the same building


	No
	Recommended
	Yes

	2 Input air and extract air to the workplace are to be filtered using High Efficiency Particulate Air (HEPA) Filter or similar.


	No
	Yes, or extract air and safe discharge of air


	Yes, on input and extract air and safe discharge of air

	3 Access is to be restricted to authorised persons only.
	Recommended


	Yes
	Yes, via airlock

	4 The workplace is to be sealable to permit disinfection.
	No


	Recommended
	Yes

	5 Specified disinfection procedures.


	Yes
	Yes
	Yes

	6 The workplace is to be maintained at an air pressure negative to atmosphere.


	No


	Recommended
	Yes

	7 Efficient vector control, e.g. rodents and insects.


	Recommended
	Yes
	Yes

	8 Surfaces impervious to water and easy to clean.


	Yes, for bench
	Yes, for bench and floor
	Yes, for bench, walls, floor and ceiling



	9 Surfaces resistant to acids, alkalis, solvents, disinfectants.


	Recommended
	Yes
	Yes

	10 Safe storage of a biological agent.


	Yes
	Yes
	Yes, secure storage



	11 An observation window, or alternative, is to be present, so that occupants can be seen.


	Recommended
	Recommended
	Yes

	12 A laboratory is to contain own equipment.


	No
	Recommended
	Yes

	13 Infected material, including any animal, is to be handled in a safety cabinet or isolator or other suitable container.


	Where appropriate
	Yes, where infection is by airborne route
	Yes

	14 Incinerator for disposal of animal carcasses.


	Recommended
	Yes (available)
	Yes, on site


For level 1 containment, the principles of good laboratory practice must be observed

Definitions
Biological agent means any micro-organism, cell culture or human endoparasite, including those that have been genetically modified, that may cause any infection, allergy, or toxicity or otherwise create a hazard to human health.

Hazardous Groups
a Group 1  ‑ A biological agent that is unlikely to cause human disease.

b Group 2 ‑ A biological agent that can cause human disease and may be a hazard to employees; it is unlikely to spread to the community and there is usually effective prophylaxis or treatment available.

c Group 3 ‑ A biological agent that can cause severe human disease and may be a serious hazard to employees; it may spread to the community, but there is usually an effective prophylaxis or treatment available.

d Group 4 ‑  A biological agent that causes severe human disease and is a serious hazard to employees;  it is likely to spread to the community and there is usually no effective prophylaxis or treatment available.

Appendix 2

Example of Risk Assessment of a potentially biohazardous agent. 

Risk assessment of recombinant adenovirus carrying artificial anti HBV sequence.

Description of vector  

The vector is a recombinant adenovirus containing an artificial sequence that is not protein coding and which is designed to be therapeutic against the hepatitis B virus. The aim of the research is to produce live intact adenovirus vectors with the potential to treat persistent hepatitis B virus infection.

1
Identification of harmful properties (hazard) of the adenovirus. 

a The organism receiving the transgene. The recipient organism is human adenovirus type 5. It is ubiquitous, causes only a mild respiratory disease in humans that is self-limiting and does not require any specific treatment. Similarly there is no association with allergic or toxic effects. The complete E1 region and the majority of the E3 region of the adenovirus genome have been removed thereby rendering the viral vector replication deficient. 

b The genetic insert (M24 Rz) is an artificial sequence that encodes 24 copies of an enzymatic RNA sequence that is potentially therapeutic against HBV. The insert does not encode a protein and poses no risk to animal health or the environment. 

c The shuttle vector. Construction of recombinant adenovirus is a two step process in which the desired expression cassette is first assembled into a shuttle vector (pAdTrack-CMV) and subsequently transferred into the adenoviral genome by homologous recombination. These adenovirus shuttle vectors are standard pBR322-derived plasmid vectors, which have a history of safe use. The adenovirus viral vectors are replication defective by virtue of deletion of the E1 and E3 regions.

d The packaging cell line. The host cell, which provides E1 function in trans, is the 293 ‘packaging’ cell line. It is derived from embryonic human kidney cells transformed with the E1 region of adenovirus 5. Since the adenoviral vector is replication deficient, recombinant adenovirus can only grow in complementing cells such as 293, which contain the appropriate E1 sequences. 293 cells die rapidly outside the artificial environment created within the laboratory. There is little likelihood of the 293 cells proliferating or surviving in the environment and therefore poses little risk to animal/plant health or the environment. 

e The recombinant adenovirus. The recombinant adenovirus vector contains the genetic insert (M24 Rz), which is an artificial sequence that encodes 24 copies of an enzymatic RNA that is potentially therapeutic against HBV. The recombinant adenovirus is replication deficient and therefore can only replicate in cells, which carry complementing regions of the E1 genes. It will not replicate in other cells in vivo or in vitro. Furthermore since the modified virus is replication deficient it is less pathogenic than the wild type and there is minimal capacity for colonisation. If it is exposed to the environment it is unlikely to survive for extended periods.

2
Human Health Considerations 

Wild type human adenovirus type 5 is ubiquitous and causes self-limiting infections of the upper respiratory tract and the common cold. There may be a possibility that the modified adenovirus may mimic some of the characteristics of the wild type, however recombinant adenovirus can only replicate in complementing cells such as 293. Even if replication competent adenovirus 5 were generated the associated risk is low since human adenoviral infection is very common and the majority of adults have already been infected.

3
Environmental Considerations 

There may be a possibility that the modified adenovirus may mimic some of the characteristics of the wild-type. However recombinant adenovirus can only replicate in complementing cells such as 293 and consequently poses a low risk to animal/plant health and the environment. 

4
Initial classification of the recombinant adenovirus

Human adenovirus Type 5 is ubiquitous, causes only a mild respiratory disease in humans that is self-limiting and does not require any specific treatment. The recombinant adenovirus viral vectors are replication-defective owing to the removal of the E1 and the E3 regions. The genetic insert (M24 Rz) is artificial, does not encode a protein and poses no risk to animal/plant health or the environment. The pBR322-derived vectors have a history of safe use. Modified adenovirus may mimic some of the characteristics of the wild-type and therefore may pose a risk to immuno compromised individuals. Containment level 2 is thus appropriate to protect human health as well as the environment.

5
Assessment of possibility of harmful effects occurring
a Nature of activities to be undertaken. The experiments entail standard molecular biology techniques which carry no special risk. Level 2 containment measures will be in operation and standard operating procedures according to principles of good laboratory practice will be applied. Details are attached.
b Concentration and scale. A typical viral preparation involves propagation in 30 flasks each containing 30ml of culture medium The cell pellet is harvested from these flasks and the virus is released with a typical yield of 1 x 1010 pfu/ml.
c Culture conditions. Adenoviral vectors will be propagated in 293 cells. Culture conditions are as above. 
d Environment likely to be exposed. Only the immediate laboratory environment is likely to be exposed to the recombinant adenovirus vectors, which will also not survive for significant periods outside the contained area.
e Whether the environment can support the survival of the adenovirus. Recombinant adenovirus is replication incompetent by virtue of the fact that the E1 and the E3 gene sequences have been removed. It is therefore only capable of replication in complementing cells such as 293. 
f Effects on the physical environment. Since the recombinant adenovirus is considered incapable of survival in the environment no effects on the physical environment are expected.
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