VISION & LIGHTING
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Topics to be discussed

 The eye & visual capabilities
e Lighting for work
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Structure of the eye

e |rIS

* Pupll Palpebral conjuctiva, 4
* Retina . ',j

Bulbar conjunctiva

e FOovea
e Rods
e Cones
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Presenter
Presentation Notes
The eye operates like a camera catching and refracting light and converting it to a picture.  The light passes through the cornea (the clear structure at the front of the eye) and through the pupil (the small aperture).  The iris (the coloured part of the eye) controls the aperture of the pupil, allowing variable amounts of light to pass through
There are two muscles that control the iris and hence the size of the pupil.  The iris constricts to make the pupil smaller in the following situations:
High light levels
Looking at near objects
When the eye is irritated
The iris dilates, making the pupil larger in the following situations:
Low light levels
When you are alarmed or in pain

Refer to manual for discussion of rods and cones.
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Presenter
Presentation Notes
Visual acuity refers to the detection and discrimination of fine detail in visual stimuli
Visual acuity can be assessed used eye charts such as the Snellen Chart  
The ability to focus changes with age as the speed and range of accommodation reduces 
A person with normal acuity can read the 6th line of the chart at a distance of 6 metres (hence the expression 6/6 vision) 
In the UK and USA the measure is 20th line of test chart at a 20 ft distance (20/20 vision).


'S
Colour vision

e Seeing colour E

» Colour Sl
deficiency

e Visual aids

Mosby’'s Medical Encyclopaedia
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Presenter
Presentation Notes
Light entering the eyes is converted into electrical impulses by photopigment in the cones in the retina, and this data is then sent to the brain via the optic nerve  
The three different cone types allow us to see about 2 million different hues/shades of colour
‘Colour deficiency’ occurs in approximately 8% of men and 0.5% of women, with mild, moderate and severe problems with being able to discriminate between colours, particularly the colours red and green 
In colour deficiency, one type of cone may be missing or not functioning to its full potential.  Absolute colour blindness is rare
Implications for workplaces?

Ask if anyone has reduced colour vision  
How does it impact them at work? How do they manage?


Vision in low light

e Lack of colour
e Adaptation



Presenter
Presentation Notes
Eyes can operate in a very wide range of lighting conditions, with the photoreceptors adapting to the different levels 
At low light levels we cannot see colour, and as lighting increases we can gradually detect colour and detail 
The time for adaptation varies, taking between 2‑3 minutes for eyes to adapt to light after being in the dark, to 60 minutes to adapt to the dark after being in the light 
While there is rapid adaptation for the first 5 minutes, it takes 25 minutes to reach a level of approximately 80%
Activity: ask the questions on the slide.


S
Contrast sensitivity

e | Oow contrast
e High contrast
e Flicker
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Presenter
Presentation Notes
Contrast sensitivity refers to the eyes ability to perceive small differences in luminance (light intensity) and so allows for the perception of shape and form, such as to detect an object against a background.
Contrast sensitivity also includes the eyes’ ability to detect light flicker.  Light flicker refers to quick, repeated changes in light intensity - light that appears to flutter and be unsteady.  Flicker: People can see lights flashing on and off up to about 50 flashes or cycles per second (50 Hertz) – but after this level at higher frequencies most people can no longer distinguish between the individual flickers. At this frequency - the critical ‘flicker fusion frequency’ or ‘flicker fusion threshold’ - the flashes appear to fuse into a steady, continuous source of light. 
Implications for work tasks??


Glare

Normal Highbeam

e Disability
e Discomfort

www.eclipze.com.au

www.tintshield.com.au
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Presentation Notes
Glare is usually associated with the presence of a bright surface or object in the field of view and is classified as:
Disability glare – This causes a reduction in the ability to see, such as when a car’s high beam headlights shine in the eyes of an oncoming driver
Discomfort glare – This is due to excessive contrast between surface areas in the field of view and causes visual discomfort, such as the reflection of a lamp on the page when reading a glossy magazine.

http://www.tintshield.com.au/glare-reduction.html
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Presenter
Presentation Notes
Discuss ‘veiling reflections’ and difficulty with task performance.



llluminance

Definition:

« Amount of light falling on a
surface

Source

Work surface
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Presenter
Presentation Notes
Measured in Lux.


Luminance
Definition:
« Amount of light emitted by
objects or from surfaces
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Presenter
Presentation Notes
Compare with Illuminance…
Measured in candela per sq metre
Luminance = illuminance x reflectivity


'S
Luminaires

e [Incandescent
e Gas discharge

Selection of lighting

e Orientation
e Normal
e Special

M506 — Ergonomic Essentials
Physical Factors of the Work Environment

12.


Presenter
Presentation Notes
The term used for lighting installations or light fittings is ‘luminaires’ and these are fitted with various lamp types  
Common lamp types are incandescent (such as conventional incandescent (heated filament) or tungsten halogen lamps) or gas discharge lamps (such as fluorescent lamps)
Light intensity of 10-200 lux for orientation tasks
Light intensity of 200-800 lux for normal visual tasks
Light intensity of 800 - 3000 lux for special applications. 


Lighting design

13.

Task

Viewer

Area
Environment
Lamp
llluminance
Uniformity
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Presenter
Presentation Notes
In summary, for any lighting system the aims are:
For the task to be seen easily – with suitable maintenance illumination, and with no disability glare or veiling reflections
Promote user comfort – with no discomfort glare
Enhance safety – with adequate maintenance illumination levels, no flicker effects and with adequate colour rendering.


S
Reducing eye strain

Regularly look
away from
near work.

Each 20
minutes, look
at least 6
metres/20 feet

“Each 20, look 20"
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Presenter
Presentation Notes
General principles for good eye health at work.
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NOISE
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Topics to be discussed

e Ears and hearing
* Noise
e Controlling noise exposure
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Structure of the ear

Mosby’s Medical Encyclopaedia
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Presenter
Presentation Notes
The ear and auditory system consists of: external ear, middle ear (separated from the external ear by the ear drum), inner ear and the central auditory pathways
Sound travels to the ear in waves
Sound waves are transmitted via the auricle (visible part) and external auditory canal through the eardrum to small bones in the middle ear that vibrate 
The vibrations are then transmitted to the inner ear and to the sensory cells of the cochlear that respond to particular frequencies or pitches
The cells transform the sound waves to nerve impulses that are transmitted to the brain
Demonstrate with model.


Hearing problems

e Hearing loss
e TINnitus

HSE

18.
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Presentation Notes
Noise = disturbing sound
Different kinds of noise affect hearing in different ways: the higher the pitch the worse the effects; the clearer the tone the greater the hazard; the higher the intensity the greater the damage
noise induced hearing damage (NIHD), and noise-induced permanent threshold shift (NIPTS) refer to the gradual reduction of the ability to hear sounds as the result of over exposure to loud noise 
The speed at which loss develops is affected by both the intensity of the noise and the duration of exposure to the noise
Tinnitus can be an early warning sign of noise induced hearing loss  
Tinnitus is an irreversible and distressing physical condition where the individual experiences noises such as ringing, whistling, humming or buzzing in the ears and/or head  
The most common causes of tinnitus are exposure to excessive noise and ageing. 


Nuisance noise

e Loud

e High frequency
e Unaccustomed
e Dislike source
o Unfamiliar

e Intermittent

19.
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Presenter
Presentation Notes
Noise can also be a nuisance without effecting hearing 
Nuisance noise can be distracting, affect concentration and reduce productivity

Ask for examples of nuisance noise
Nuisance noise may also lead to early and unnecessary fatigue, and be dangerous where critical tasks are being performed.

http://images.google.com.au/imgres?imgurl=http://dessertyears.files.wordpress.com/2007/10/chalkboard.jpg&imgrefurl=http://dessertyears.wordpress.com/2007/10/&h=640&w=640&sz=116&hl=en&start=6&um=1&usg=__HPahTstYEw5wD9QzfCmFkYnE5sM=&tbnid=fwNVuUB5qQTCxM:&tbnh=137&tbnw=137&prev=/images%3Fq%3Dwriting%2Bon%2Bchalk%2Bboard%26um%3D1%26hl%3Den%26rls%3DGGLJ,GGLJ:2008-34,GGLJ:en%26sa%3DN
http://images.google.com.au/imgres?imgurl=http://a.abcnews.com/images/Health/ht_shock_060727_ssv.jpg&imgrefurl=http://abcnews.go.com/Health/popup%3Fid%3D2242810%26content%3D%26page%3D1&h=411&w=374&sz=32&hl=en&start=13&um=1&usg=__cekha3enN_G2iIPWRAeYsV4YQFI=&tbnid=utAREnC3eY-j-M:&tbnh=125&tbnw=114&prev=/images%3Fq%3Dchild%2Bcrying%26um%3D1%26hl%3Den%26rls%3DGGLJ,GGLJ:2008-34,GGLJ:en%26sa%3DN

Measuring noise

« dB(A) — average
¢« dB(C) — peak



Presenter
Presentation Notes
‘A-weighting’, or dB(A), is used to measure average noise levels as it approximates the sensitivity of the human ear at low noise levels.  This is typically used to assess for the potential of hearing loss
‘C-weighting’, or dB(C), is used to measure peak, impact or explosive noises.  This weighting is used to determine suitable personal hearing protection equipment in high noise environments
3dB change in noise level results in a doubling of the noise. 


Typical noise levels
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Presenter
Presentation Notes
Typical noise levels
Discussion about participant experiences
UK:�Lower exposure action values are:
Daily or weekly exposure of 80 dB
Peak sound pressure of 135 dB
Upper exposure action values are:
Daily or weekly exposure of 85 dB
Peak sound pressure of 137 dB
Levels of noise exposure which must not be exceeded:
Daily or weekly exposure of 87 dB
Peak sound pressure of 140 dB


S
Controlling noise (1)

1. Engineering solutions?

M506 — Ergonomic Essentials

22.


Presenter
Presentation Notes
Examples:
Use a quiet working method or isolate noisy stages of the process
Use quiet machines and make sure they are well maintained
Enclose or isolate noisy equipment
Separate noisy and quiet work 
Use sound absorbing materials in the workplace such as the ceiling and screening.


S
Controlling noise (2)

2. Administrative controls?
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Presenter
Presentation Notes
Sometimes it is possible to reduce exposures to noise by simply limiting the numbers of people in the area or restricting the times that noisy activities are carried out.


Controlling noise (3)

3. PPE: hearing
protection?
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Presenter
Presentation Notes
Lowest on hierarchy of control: Why?  Discussion
When choosing hearing protectors the pitch (frequency) of the noise must be taken into account
Different types of protective equipment have maximum damping effects in certain frequency ranges
Data on the characteristics of hearing protectors can be obtained from the suppliers. In order to encourage the use of hearing protectors, personal preferences in comfort and ease of use must be taken into account 
Different types of ear protectors should therefore be available
Examples of hearing protection to be provided for discussion.


25.

THERMAL ENVIRONMENT

Bluescope Steel
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Presenter
Presentation Notes
Module W502 thermal environment provides detailed information regarding risk management for different thermal environments  
This section provides an ergonomics context only. 


.

Factors affecting the thermal
environment

I' Qld Health

o Air temperature
 Radiant temperature
 Humidity

 Air movement

e Human activity

* Clothing

26 Physical Factors of the rk Environment


Presenter
Presentation Notes
Discuss each dot point; highlight evaporation as method to cool the body.


Relative Humidity (%)

Apparent temperature (AT) from temperature and relative humidity - after Steadman 1994
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Presenter
Presentation Notes
This chart demonstrates the apparent temperature – how the ambient temperature is affected by relative humidity, impeding the body’s cooling via evaporation.


Impact of heat stress

ZONE A ! ZONE B ZONE C

HEAT STRAIN —>

HEAT STRESS —>

BP
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Presenter
Presentation Notes
Heat stress and strain covered in Thermal Environment module – recall learnings from that module via participant discussion.
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Presenter
Presentation Notes
Effect of wind chill on apparent temperature
Ask participants the determine the apparent temperature under 2 different conditions.


Exposure to heat

* Engineering
 Work practices

e Personal tolerance

30.



Presenter
Presentation Notes
Engineering controls include:
Reducing the heat source by moving workers or reducing temperatures
Convective heat control through cooling air and increasing air movement (air temperature cooler than skin temperature to facilitate heat loss from body)
Radiant heat control by reducing surface temperatures, shielding etc (blocking radiant heat source)
Evaporative heat control through increasing air movement (fans), decreasing water vapour pressure (air conditioning), wet clothing
Work practices include:
Limiting exposure time and/or temperature eg: working at cooler times of the day, cool rest areas, extra personnel for job rotation and frequent breaks, increasing water intake
Reducing metabolic heat through mechanisation, job redesign, reduced work times, increased personnel
Enhancing tolerance times through heat acclimatisation; physical fitness; ensuring water and electrolyte losses are replaced.


S
Exposure to cold

e Engineering

* Work practices

e Personal tolerance

31.


Presenter
Presentation Notes
Control of cold exposure:
Ask whether or not it is necessary for the workers to be in the cold environment in the first place. Are alternatives available such as the use of robotics or separating workers from the cold environments?
Adequacy of clothing to protect from cold and the likelihood of sweating when workers are active (clothing must be adequately insulated; refer to W502 Thermal Environment, Section 9.3 Clothing Insulation Index)
Work practices encompassing appropriate behaviours eg: wearing adequate protective clothing, length of exposure, activity, care when working with certain substances
Monitoring air temperature, air velocity and equivalent chill temperature
Screening workers who may have a reduced tolerance to cold.


Thermal comfort surveys

 Refer to Table 6.3 in manual
— Air tempt

— Humidity

— Thermal radiation

— Air movements

— Physical workload

— Clothing

— Worker opinion

*

/1\
M506Eg mE t|

Physical Factors of the Work Env
32.


Presenter
Presentation Notes
Describe subjective assessment methods
Ask about participant experiences in extreme working conditions.


33.

VIBRATION

U
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Presenter
Presentation Notes
Vibration refers to the oscillatory motions of solid bodies.  
Vibration arises from various mechanical sources with which humans have physical contact.  
Vibration energy can be passed onto operators from vehicles on rough roads; vibrating tools; vibrating machinery; or vibrating work platforms and may give rise to adverse health effects. 
Health effects can range from discomfort and interference with activity to injury and disease. 
The magnitude of the effect of vibration depends on the severity and length of exposure.  
The two main types of vibration exposure are:
Hand transmitted vibration, and 
Whole-body (WBV).


Topics to be discussed

e Hand-transmitted vibration
 Whole body vibration

e Causes

e Effects

 Reducing risk

M506 — Ergonomic Essentials
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Hand-transmitted vibration (1)

‘HAV.S
Vascular
Neurological
Muscle
Joint

Bone
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Presenter
Presentation Notes
Hand-transmitted vibration, or hand-arm vibration, refers to the vibration transmitted from work processes into worker’s hands and arms
Disorders include damage to the circulation of the fingers aggravated by cold (vibration white finger); tingling, numbness and/or reduced sensitivity and dexterity of the fingers such as from carpal tunnel syndrome; and muscle, joint and bone disorders
Once the conditions have become established they are not reversible so prevention through reduction of exposure duration and intensity is extremely important. 


S
Hand-transmitted vibration (2)

Source..

« Handheld power
tools

B . Hand guided
§  powered

equipment
e Powered

machines
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Presenter
Presentation Notes
Workers most at risk of exposure to hand-transmitted vibration are those operating hand held power tools with a frequency between 25 and 150 Hz. 


S
Hand-transmitted vibration (3)

Common

tools:

Jackhammer

Rotary hammer

Impact drill

Chainsaw

Angle grinder
Hand-guided machines

M506 — Ergonomic Essentials
Physical Factors of the Work Environment

37.


Presenter
Presentation Notes
Examples of these tools include:  jackhammers or road breakers; hand guided powered equipment such as powered lawnmowers; and powered machines which process hand-held materials such as pedestal grinders
Ask participants for experience from their workplaces.



.
Hand-transmitted vibration (4)
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Presenter
Presentation Notes
Industries with high rates of hand-transmitted vibration problems include building and maintenance of roads and railways, construction, foundries, forestry, heavy engineering, mines etc.


Hand-transmitted vibration (5)
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Presenter
Presentation Notes
In the UK, the regulations provide:
Exposure action values (EAV) - the daily amount of vibration exposure above which employers are required to take action to control exposure.  For hand-transmitted vibration the EAV is a daily exposure of 2.5 m/s squared A(8)
Exposure limit value (ELV) – the maximum amount of vibration an employee may be exposed to in any single day.  For hand-transmitted vibration the ELV is a daily exposure to 5 m/s squared A(8).


Hand-transmitted vibration (6)

Reduce risk...

e Tool selection
 Maintenance

« Warm and dry

e EXposure schedule
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Presenter
Presentation Notes
Management of vibration should focus on using alternative methods that eliminate exposure to vibration or by mechanising or automating the task.  
An example is provided by the HSE: break up concrete using an attachment on an excavating machine in preference to using a handheld concrete breaker. 
Then follow the hierarchy:
Where high-vibration tools must be used, reduce each worker’s exposure and to have several short periods of use in preference to one long period of vibration exposure.
A maintenance program, to avoid unnecessary vibration and to keep equipment in good order
Avoiding tools with handle shapes that result in high pressures on the skin in the area of contact
Selecting tools that require small contact forces (ie grip and feed forces) 
Keeping the mass of the tool to a minimum provided other parameters (such as vibration magnitude or contact forces) are not increased 
Purchasing policy for replacing old equipment and tools
Improving workstation design, such as using jigs and counterbalancing tools
Clothing to keep workers warm and dry
Avoiding use of tools that expel cold gases or fluids over the operator’s hand.


Whole body vibration (1)

Source:

e Sitting In plant

e Standing on a work
platform

Examples:

 Off road machinery in
mining, construction,
forestry & agriculture

 Driving vehicles designed
for smooth roads over
uneven surfaces / yards

41.
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Presenter
Presentation Notes
Whole-body vibration (WBV) refers to shaking or jolting of the human body through a supporting surface.
The vibration may be transmitted through the feet in standing work or, more likely, through the seat in seated work especially when operating machinery or driving vehicles. 


Whole body
vibration (2)

TO assess exposure (as per 1ISO 2631):

The sensor detects vibration in three
axes; forward to back, side to side and
up and down.

Vibration meter
or data logger

.

Triaxial vibration Computer analysis
sensor of data McPhee
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Presenter
Presentation Notes
There appears to be three different scenarios where symptoms arise. The first is prolonged sitting and exposure to vibration; the second is where injuries result from a one-off severe jolt in an otherwise reasonable ride; and the third situation is where the onset of pain occurs after an extended period of moderate to severe jolts and jars
Measurement of Whole Body Vibration is in 3 planes:
Z	Vertical (up and down)
Y	Horizontal (side to side)
X         Horizontal (fore – aft)
WBV exposure can be measured using a vibration transducer such as an accelerometer
The International Standard (ISO 2631-1, 1997) and its equivalent Australian Standard (AS 2670.1-2001) use a combination of methods to assess WBV including the measurement of jolts and jars commonly experienced in off-road vehicles, to determine if the exposure poses a risk to health
The ‘steady state’ vibration is measured using the root mean square value (r.m.s.) methods while shocks or jolts and jars are assessed using either the ‘Vibration Dose Value’ (VDV) which is sensitive to high peaks; or the ‘running r.m.s. method. 


Whple body vibration (3)\

. Measured Vibration Dose Value (VDV) (m/sec')
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Worst ever ride

McPhee
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Presentation Notes
In a study undertaken with the Australian coal industry (McPhee et al. 2000) the correlation between VDV (vibration dose value) and driver opinion on ride roughness was explored
The VDV was found to be a good indicator of what drivers, operators and passengers consider to be a rough ride. It is believed that rides with a VDV of  17 are likely to cause injury if exposure is prolonged and/or repeated. 


@ Whole body vibration (4)

44,

Reduce risk:
e Road maintenance

 Well maintained
vehicles

e Cab isolation

e Limiting speed

e Operator training
 Vibration monitoring
 Regular rest breaks
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Presenter
Presentation Notes
Discuss risk management strategies
Ask participants for experiences from their workplaces.


45.

SMELL, TASTE & TOUCH
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Presenter
Presentation Notes
The nose both transmits sensations of smell via the olfactory nerve, and filters and alters the temperature of the air that an individual inhales
An individual’s sense of smell adapts quickly to some smells 
Taste is achieved through taste buds on the tongue that respond to the sensations of sweetness, salt, bitterness and sour tastes 
Some of these smells and tastes may tell a worker that there is a problem. 


Senses at work...

e Smell
e taste &
e touch

may all be required In jobs, with
varying degrees of
Importance...

M506 — Ergonomic Essentials
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Presenter
Presentation Notes
Discussion about jobs requiring taste and touch.



.

Smell & taste

.. many hazardous

substances do NOT
emit an odour...

& sense of smell
adapts quickly to
some smells...

47.
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Presenter
Presentation Notes
Discuss slide;


'S
Smell & taste

Bluescope Steel
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Presenter
Presentation Notes
Workers may need respiratory protection in environments where unpleasant or noxious smells cannot be eliminated 
Dangerous, unnecessary and/or unpleasant smells will need to be controlled where the sense of smell is needed as an early detection monitor. 



B
Skin & touch

49.

Types of skin
damage:

eContact eczema
*Cuts & abrasions
«SKin irritation
eSunburn

*Cold exposure
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Presentation Notes
The skin is the largest visible part of an individual (at 1.4-2 square metres) and is also the body’s largest organ
It protects tissues underneath from physical and chemical damage as well as protecting the body from drying out and abrupt changes in temperature
Sweat glands - help maintain an even body temperature
Fine blood vessels - assist in temperature control, nutrition and waste removal
Nerve endings – act as sensory receptors for heat, cold, pain, pressure and touch
Sebaceous glands - secrete substances to keep the skin supple and protect it from harmful bacteria
Wearing gloves has a significant impact on tactile sensation, and there is a linear relationship between increasing glove thickness and tactile sensitivity, with the bare hand being most sensitive, followed by gloves of increasing thickness  
Impaired sensation affects motor control as more grip and load force is generated when workers wear multiple glove layers, and this use of force is increased if the gloves are more slippery than bare skin
Importance of tactile feedback from ergonomics perspective.


CLOTHING & PERSONAL
PROTECTIVE EQUIPMENT

& ergonomics considerations...
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Presentation Notes
PPE is a last option control measure and whatever hazards and risks may be present in a workplace should be controlled according to the hierarchy of controls, ie: the priority is to control at the source; then if this is not possible, mitigate through engineering controls, or use of assistive devices, etc.  
The option of PPE is the last and least preferred risk control strategy. 


.

Protective clothing

When selecting PPE:
e Consult with users

e Ensure correct size &
style for individuals

« Compatible with other
PPE

e Training in correct use

 Documented
maintenance, inspection
& replacement schedule
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Presentation Notes
PPE is used to protect the human at work by protecting the body (clothing), the skin, the visual system (protective eyewear), the face (full face shields), the respiratory system (masks), the feet (safety footwear), the hands (gloves), the head (helmets) and the auditory system (hearing protection) 
PPE is designed to fulfil a function of protection, and if not designed appropriately, may not only fail to meet criteria for protection, but not fit criteria for comfort and wearability 
In fact, the PPE may actually impede the function of other PPE worn at the same time, impair task performance and actually create extra workload for the employee 
Ask for example from participant workplaces.  (eg PPEand women).



Footwear

Considerations?
eSurfaces
eContaminants

*Need for slip resistance
Durability

*Toe protection

*Forefoot flexibility

52.

Physical Facto

HSM
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Discuss footwear requirements.


Gloves

53.

M506 — Ergonomic Essentials
Physical Factors of the Work Environment


Presenter
Presentation Notes
Up to 25% dexterity lost with gloves
What are the considerations for glove selection?


Eye protection & head
protection

N

HSE

Bluescope Steel

M506 — Ergonomic Essentials
Physical Factors of the Work Environment
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What are the considerations for eye and head PPE selection?


Hearing protection

eLong hair

«Safety glasses

*Earrings

Fitting earplugs
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Specific considerations for hearing protection.


®
Risk perception & PPE use

Risk perception is lowered If:
Hazard Is encountered routinely
*Risk Is cumulative

eRewards with non use

M506 — Ergonomic Essentials
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Presentation Notes
When using PPE, humans tend to perceive risk as being lower than it actually is
Additionally, there can be rewards for not wearing PPE (such as avoiding sweating and fogging of eyewear in a hot and humid environment), leading to non-compliance.


S
Ergonomics considerations

with PPE use...

*Anthropometric variability
*Biomechanical impact
*Thermal impact
«Sensory effects

Comfort

*Ease of use & adjustments, etc

M506 — Ergonomic Essentials
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Discuss slide.


PPE use...

PPE may be a compromise between
comfort,
performance
&

protection

M506 — Ergonomic Essentials
Physical Factors of the Work Environment
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