Module 3

Use, calibration and maintenance of laboratory equipment

	Purpose
	To provide participants with basic knowledge of the principal laboratory equipment, its routine operation and the maintenance necessary to ensure high-quality results, safe work and longer equipment life.

	Prerequisite

modules
	None

	Module time
	3 hours 30 minutes (including  exercises and visit to laboratory).

	Learning objectives
	At the end of this module, participants will be able to:

· describe briefly the operating characteristics of biological safety cabinets, centrifuges, autoclaves, inspissators, pH meters, and incubators;

· correctly use biological safety cabinets, centrifuges, autoclaves, inspissators, pH meters, and incubators;

· describe the main maintenance operations for biological safety cabinets, centrifuges, autoclaves, inspissators, pH meters, and incubators.


Module overview

	Step
	Time
	Activity/method
	Content
	Resources needed

	1
	2 min
	Presentation 
	Introduction to module
	Slides 1–3

	2
	25 min
	Presentation
	Biological safety cabinet
	Slides 4–22

	3
	18 min
	Presentation
	Centrifuge
	Slides 23–35

	4
	15 min
	Presentation
	Autoclave 
	Slides 36–46

	5
	7 min
	Presentation
	Inspissator 
	Slides 47–51

	6
	8 min
	Presentation
	pH meter
	Slides 52–57

	7
	10 min
	Presentation
	Incubator
	Slides 58–64

	8
	2 min
	Discussion
	True/false exercise
	Slide 65

	9
	2 min
	Presentation
	Take-home messages
	Slide 66

	10
	1 min
	Self-evaluation
	Self-assessment
	Slide 67

	11
	2 hours
	Discussion and pen-and-pencil exercise
Visit to the laboratory
	Exercises 1 and 2
	Slides 1–3


Materials and equipment checklist: 

· PowerPoint slides

· Overhead projector or computer with LCD projector

· Flipchart

· Calculators

· Pen/pencil

· paper

Teaching guide

	Slide number
	Teaching points

	1
	Module 3: Use, calibration and maintenance of laboratory equipment
DISPLAY this slide before you begin the module. Make sure participants are aware of the transition into a new module.

	1. 2   
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	Learning objectives
STATE the objectives on the slide.



	2. 3

Flipchart 
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	Content outline

WRITE the content outline on a flipchart before starting this module.  

REFER to the flipchart frequently so that participants are sure of where they are in the module.

EXPLAIN that the topics listed are those that will be covered in this module.

	3. 4
	Biological safety cabinet (BSC)

EMPHASIZE that the BSC is the most important piece of laboratory equipment needed in a TB culture laboratory. Safety in the culture laboratory may also depend largely on a proper and well-functioning BSC.

	4. 5
	HEPA filter 

EXPLAIN the acronym HEPA and the characteristics of the filter listed on the slide.

	5. 6
	BSC class I and II

Use the list on the slide to EXPLAIN the principal characteristics of BSCs. EXPLAIN that there are two types of BSC; differences between them are summarized in the table and will be explained in the next three slides.

	6. 7
	Class I BSC

STRESS that, unlike class II, a class I BSC does not provide sample protection.

DESCRIBE the main parts of the BSC illustrated on the slide. The air from the cabinet is ducted through the HEPA filter, which removes bacteria, spores and viruses with an efficiency of 99.97%, with constant air velocity. Air should be ducted to the outside of the building.

EMPHASIZE that staff protection is provided by the inward airflow through the front opening. That barrier is very fragile: sudden movements can disrupt it. 

	7. 8
	Class II BSC

STRESS the message on the slide, that a class II BSC provides protection for the user, the environment and the sample. Sample protection is not always essential for performing TB cultures; however, sterility is essential for media preparation and important for liquid culture inoculation.

Use of flames inside the BSC is not recommended since it causes considerable disruption of the airflow.

STATE that air is ducted to the outside of the building.

	8. 9
	Laminar flow hood for product (not user) protection

CAUTION: Some cabinets are designed for product protection only. The laminar flow in the cabinet can be horizontal or vertical but is directed towards the worker. These cabinets must not be used for infectious material. They should be used only for media preparation under sterile conditions.

	10
	BSC location 

EXPLAIN that, because the protecting inflow barrier is very fragile and may be disrupted by other air movements, a BSC should be located away from all sources of air disturbance – doors, windows, air-conditioning vents, ventilation supply or return outlets, exhaust fans, etc. 

	11
	BSC – operations for correct use

STATE the points on the slide, which cover the operations to be completed before work in the BSC begins.

	12
	BSC – rules for correct use

STATE the points on the slide, which cover all the precautions that should be observed while working in the BSC.

	13
	BSC – after use

STATE the points on the slide, which cover all the operations to be completed when work in the BSC is finished. Depending on the particular equipment, the BSC can be kept on night mode.

	14
	Certification and maintenance

STATE that certification and maintenance of BSC are essential to guarantee safety.

EMPHASIZE that filters should be changed when airflow falls below the recommended minimum level: unless this is done, the BSC will not provide adequate protection. EMPHASIZE that ONLY certified professional staff should change filters!

	15
	BSC – evaluation of performance 

UNDERLINE the importance of having BSC performance assessed by the manufacturer or by qualified professionals.

	16
	BSC – maintenance

STATE the points on the slide and DESCRIBE the control panel in the picture.

HIGHLIGHT the importance of clearly labelling a BSC that is out of service until maintenance has been completed.

	17
	BSC – maintenance

EXPLAIN that most of the tests to be performed on a BSC should be done by qualified technical personnel, but UNDERLINE that certain tests can be carried out by laboratory personnel. 

EXPLAIN that airflow smoke pattern tests can be done with a commercial airflow tester that emits a white smoke. Movement of the white smoke near the front opening should be observed to check :

· whether the airflow along the entire perimeter of the work access opening is inward;

· whether airflow within the work area is downwards, with no dead spots or refluxing;

· whether ambient air passes onto or over the work surface;

· whether there is refluxing to the outside at the window wiper gasket and side seals. 

	18
	BSC – maintenance

EXPLAIN that a leak test should be carried out before a BSC is installed or if it has been moved.

	19
	BSC – fumigation

STRESS that only professionals may carry out fumigation.

	20
	BSC – fumigation

EXPLAIN the reasons why fumigation should be carried out in the listed circumstances.

	21
	BSC – logbook

EXPLAIN all the entries that must be filled in.

	22 
	BSC – maintenance logbook

EXPLAIN all the entries that must be filled in.

	23
	Centrifuge – selection of proper equipment for TB culture

EXPLAIN what characteristics are needed in a centrifuge and why:

· sealed centrifuge buckets (for safety);

· locking mechanism (for safety);

· ability to generate 3000g;

· refrigerated (because the temperature inside the centrifuge may rise to 40 °C during operation, killing 30% of mycobacteria in specimens).

	24
	Centrifuge – rotors 

Different available rotors are illustrated. UNDERLINE the sealed buckets, the paired tubes, the dummy (tube with blue cap) and the lid of the centrifuge.

	25
	Inadequate centrifuges and tubes

Old equipment that is inadequate in terms of speed, safety and refrigeration is illustrated. STRESS that breakable tubes cannot be used safely in a centrifuge.

	26

Discussion
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	Prevent accidents by regular maintenance

Invite participants to discuss accidents that have occurred in their laboratories as a result of poor equipment maintenance.

	27
	Centrifuge – use

LIST the actions necessary for  correct use of the centrifuge.

	28
	Centrifuge tubes – adaptors

EXPLAIN why it is crucial to use only centrifuge tubes and the adaptor provided by the manufacturer of the specific centrifuge model in use.

	29
	RCF, g, RPM

STATE that there are several ways to express the speed of a centrifuge. 

EXPLAIN the meaning of RPM, RCF, g. STRESS that it is essential to reach the correct RCF, otherwise, mycobacteria can be discarded with supernatant.

INSIST on the use of RCF.

STATE that a normogram is available to convert RCF, g and RPM according to the radius of the centrifuge (Annex 3.1.)

(An exercise is provided to test the participants’ ability to perform the conversion)

	30
	Centrifuge – installation

EXPLAIN the correct installation of a centrifuge.

	31
	Centrifuge – daily maintenance

STATE the points on the slide.

	32
	Centrifuge – monthly maintenance

STATE the points on the slide.

	33
	Centrifuge – annual maintenance

UNDERLINE that annual maintenance of the centrifuge should be carried out by a qualified service technician.

	34
	Centrifuge – logbook

EXPLAIN all the entries to be filled in.

	35
	Centrifuge – maintenance logbook

EXPLAIN all the entries to be filled in.

	36
	Autoclave

STATE that:

· Tuberculosis bacilli are more readily killed by steam than by dry heat.

· The autoclave is used for either sterilization or decontamination.

	37
	Autoclave

STATE the conditions necessary to achieve optimum autoclave performance.

	38
	Tips for loading the autoclave

UNDERLINE that use of appropriate containers is essential to achieve sterilization or effective decontamination.

Autoclave tape and of/or biological indicators should be used to assess the proper operation of the autoclave .

Separate autoclaves are recommended for sterilization and decontamination; EXPLAIN why.

COMMENT on the suggestions listed on the slide.

	39
	Autoclaves suitable for laboratory use
EXPLAIN that there are two types of autoclaves: the pressure-cooker laboratory autoclave and the autoclave with air discharge by gravity displacement. The former is vertical, while the latter is horizontal – and thus more convenient for loading. 

	40
	Examples of autoclaves
The two types of autoclaves (plus a small benchtop model) are shown in the photographs.
Comment on the reliability of autoclave tape and on the need to use biological indicator every 40 hours of use; detail are given in the participants’ manual.

	41
	Autoclave – use

STATING the points on the slide, EXPLAIN the steps to be followed before operating an autoclave.

	42
	Autoclave – use

STRESS that the points on the slide should be carefully followed to avoid serious accidents. 

EXPLAIN the importance of the third point  – relating to the use of autoclave tape and biological indicators – because it provides assurance about the efficacy of sterilization.

	43
	Autoclave – suggested protocols
EXPLAIN the different programmes used to sterilize or decontaminate materials. HIGHLIGHT the different times required for sterilizing or decontaminating the materials.

	44
	Autoclave – maintenance

STATE that:

· Door gaskets should be kept clean and regularly checked for the cracks and pitting that show deterioration.

· Door clamps and door locks should be checked for proper operation.

· Valve discs and seats must be inspected for signs of wear or cutting.

· Pressure gauges and thermometers should be checked periodically.

	45
	Autoclave – logbook

EXPLAIN all the entries to be filled in.

	46
	Autoclave – maintenance and incident logbook

EXPLAIN all the entries to be filled in.

	47
	Inspissator

STATE that the inspissator is essential when egg-based media are “home-made”.

Two types of inspissators are available, using heated water or air to reach and maintain the required temperature (the two types are shown in the slides).

	48
	Inspissator – use

STATE the points on the slide 

EXPLAIN that temperature should be raised to 80–85 °C before loading the tubes with the media to be coagulated

Quality of media should always be checked after cooling (refer to Module 4).

	49
	Inspissator – maintenance

STATE the points on the slide.

	50
	Inspissator – logbook

EXPLAIN all the entries to be filled in.

	51
	Inspissator – maintenance and incidents logbook

EXPLAIN all the entries to be filled in.

	52
	pH meter

EXPLAIN that the pH meter is intended to measure the pH of solutions. It is useful during the preparation of some reagents and solutions used in a TB laboratory.

	53
	pH meter – use

EXPLAIN that the pH meter needs to be calibrated before each use, using the solutions provided by the manufacturer.

STATE the points on the slide.

	54
	pH meter – calibration

STATE the points on the slide.

	55
	pH meter – maintenance

STATE the points on the slide.

	56
	pH meter – calibration and record sheet

EXPLAIN all the entries to be filled in.

	57
	pH meter – logbook

EXPLAIN all the entries to be filled in.

	58
	Incubators
EXPLAIN that incubators allow the maintenance of a constant temperature; that temperature is often 36 ± 1 °C, but other values can be set to promote bacterial growth. Some incubators can ensure a 5–10% concentration of carbon dioxide.

	59
	Incubator – use

STATE the points on the slide.

	60
	Incubator – maintenance

STATE the points on the slide.

	61
	Incubator – calibration

Use the points on the slide to EXPLAIN the circumstances in which temperature calibration is essential.

	62
	Incubator – calibration

Use the points on the slide to EXPLAIN the calibration process.

	63
	Incubator – maintenance form

EXPLAIN all the entries to be filled in.

	64
	Incubator – logbook

EXPLAIN all the entries to be filled in.

STRESS that the records should be kept for 2 years.

	65

Discussion
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	True and false exercise
Participants should be provided with two cards (green and red) which they should use to state whether the messages are true (green) or false (red).
Green/true: 1, 4, 6

Red/false: 2, 3, 5

	66
	Module review: take-home messages

ANSWER any questions the participants may have.

	67
	Self-assessment
The participants should evaluate what they have learned from this module by answering the questions.


 Exercises
	Slide number
	Teaching points

	Visit to the laboratory: facilitators will show the different instruments present in the laboratory

	1
	Module 3: Use, calibration and maintenance of laboratory equipment – Exercises
DISPLAY this slide before you begin the exercises. Make sure that participants are aware of the transition into the exercises.

	2

Discussion
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	Exercise 1
Participants are divided in two groups and given 30 minutes to prepare three or four slides explaining the conclusions. One individual in each group should be designated to present the slides. After the two presentations, the session should be opened for general discussions.

The groups will be asked to prepare a plan for the regular maintenance of all the equipment in the TB culture laboratory and to organize the record-keeping.

	3
	Exercise 2
Convert g to rpm according to the parameters for the rotor shown on the slide. This exercise should be done individually.



