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This study was undertaken in direct response to one of the recommendations from the Safe Work Australia study on “National Hazard Exposure Worker Surveillance (NHEWS) – Exposure to vibration and the provision of vibration control measures in Australian workplaces” [Safe Work Australia, 2010] for an investigation of:
 
“...whether or not it would be beneficial for Australia to adopt the minimum health and safety requirements of the EU Directive on vibration in regulations or codes of practice”.

This report comprises the findings from Parts 1 and 2 of the investigation relating to the European Union Directive. Part 3 will be a separate report focused on a cost effective strategy for a research plan and methodology for a vibration workplace exposure measurement research study in Australia.

The main findings from this study are that the implementation of both the EU Machinery Directive (2006/42/EC) and the EU Directive on Vibration (2002/44/EC) has led to increased availability of plant and equipment that produces a lower vibration exposure for the user.  The mandatory requirements for provision of emissions data by manufacturers and the employer assessment of vibration exposure has led to a greater awareness by employers of the prevalence of excessive vibration in the workplace and the means for reducing such exposure.  There is general agreement that the mandatory workplace action and exposure limits for Hand-Arm Vibration (HAV) in the EU Directive and in the UK Regulations are effective and provide  reduce  the risk of exposure to hazardous vibration.  There is concern however about the adequacy of the Whole-Body Vibration (WBV) workplace exposure limits, especially in regard to the adoption in the UK Regulations of only one of the two measurement metrics. More research may lead to an improved means for assessment of hazardous WBV exposure in particular from regular jolts and jars and individual shocks as well as to continuous vibration.

Some outcomes from this study include the following:

1. The regulatory duty placed on manufacturers to provide data on the emitted vibration levels for their plant and equipment has proved to be beneficial in reducing exposure in the UK, especially for HAV. The adoption of similar mandatory requirements in accordance with the approach of the EU Machinery Directive should be considered because it would drive improvements in the quality of tools and enable employers to select the lowest reasonably practicable vibration equipment for their worker’s use.

2. The regulatory duty of employers to limit hazardous vibration exposure for their employees has shown to be beneficial in the UK.  Inclusion of workplace exposure limits similar to the UK Vibration Regulations could be considered for Australian Work Health and Safety (WHS) regulations, in the longer term. These limits could be included initially as non-mandatory guidance in the proposed code of practice for HAV and WBV. This would help employers prepare for any future mandatory requirements and increase the awareness of the extent of the vibration exposure and of the means for reducing that exposure. This code could include the documentation developed by the UK Health and Safety Executive (HSE), and identify an action level which triggers management action to reduce vibration exposure.

3. Health monitoring guidelines for both HAV and WBV have been developed in the UK by HSE. These could be used as the basis for similar health monitoring guidelines for managing HAV and WBV in the workplace.  Such health monitoring guidelines should include guidance for employers regarding concerns about vulnerable groups such as pregnant women as well as the potential for damage from vibration on the foot (similar to HAV).

4. To enable the measurement of HAV in Australia consistent with international practice, the current Australian Standard, dated 1988 should be rescinded and the current, International Standards Organisation (ISO) standard for HAV should be adopted without amendment as an Australian Standard. 

5. There is a clear link between back pain and exposure to excessive WBV, particularly for the users of heavy equipment in the construction, mining and transport industries.  

6. The potential for hazardous vibration exposure is higher in the agriculture, mining and construction industries, and any future guidance should target these industries.  



[bookmark: _Toc335055518]Glossary of terms relating to Human Vibration

The following provides a brief explanation of some of the terms and acronyms used in relation to assessment of vibration exposure for those in the workplace

HAV-	vibration transmitted to the body via the hand and arm; usually from use of hand tools

HAV exposure limit- based on m/s2 A(8) calculated on three orthogonal axes ahwx, ahwy, ahwz as defined in ISO standard 5349-1(2001)

HSE-	Health and Safety Executive (UK)

m/s2 A(8)- daily exposure value normalised to an eight-hour reference period A(8), expressed as the square root of the sum of the squares (r.m.s.) (total value) of the frequency-weighted acceleration values.

PCBU- Person Conducting a Business or Undertaking as described in the Safe Work Australia Model WHS legislation [www.safeworkaustralia.gov.au]

SEG-	similar exposure group

VDV-	vibration dose value based on 4th power of the acceleration signal and the units are m/s1.75 (used for WBV only)

WBV-	vibration transmitted to the body via the feet and legs or via the bottom for a seated person hand; usually from vibrating platforms or vehicle movements

WBV exposure limit- based on m/s2 A(8) or VDV as the highest (r.m.s) value of the frequency-weighted accelerations, determined on three orthogonal axes (1.4awx, 1.4awy, awz for a seated or standing worker) in accordance with ISO2631-1(1997)

WHS-	Work Health and Safety as described in the Safe Work Australia Model WHS legislation [www.safeworkaustralia.gov.au]

[bookmark: _Toc335055519]Preface
This study aims to review the current situation relating to the establishment and effectiveness of limits to vibration exposure in the workplace.  It is undertaken in direct response a recommendation from the Safe Work Australia study on “National Hazard Exposure Worker Surveillance (NHEWS) – Exposure to vibration and the provision of vibration control measures in Australian workplaces” [Safe Work Australia, 2010] for an investigation of: 

“...whether or not it would be beneficial for Australia to adopt the minimum health and safety requirements of the EU Directive on vibration in regulations or codes of practice”.

There are three distinct parts to this project and this report addresses the first two parts.  The third part on exposure measurement research will be addressed in a separate associated report.  The requirements of each three parts are specified in the contract as:
1.  An analysis of the implementation and effectiveness of EU Directive 2002/44/EC:
The purpose of this part of the project is to identify:
· the extent of implementation of this Directive;
· the success or otherwise of this Directive; 
· any implementation issues with this Directive; and
· any data /published exposure studies based on implementation of this Directive.
The analysis is to be based on published reports on the implementation of this Directive (especially implementation in UK), evidence that the approaches have led to any decrease in vibration exposure and/or health effects and suggested improvements that can be made to the current regulatory frameworks.
2. A literature review that will focus on published measurements of HAV and WBV exposures to identify:
· evidence that vibration exposure can cause disease and injury; 
· where hazardous vibration exposures may be occurring in industry; and
· gaps in the research.
The critical analysis should identify: which industries and/or work tasks result in exposure to potentially harmful levels of HAV and HBV; are the exposures measured using appropriate equipment; is there evidence that amendments to plant and equipment design standards for vibrating equipment lead to reduced vibration exposure for workers; are the exposures measured considered to be representative of real world exposures; is there evidence to suggest that workers are exposed to HAV and WBV at levels which are known to have adverse health effects; where and how should further research on HAV and WBV exposure in Australia be carried out; and factors which may affect susceptibility to vibration related injury and disease such as health status, climate, heat/cold. 
The requirements for the third part, which is subject to a separate report, are specified in the contract as:
3. The development of a research plan and methodology for an Australian vibration exposure measurement research study.
  
This part of the report aims to draw upon the findings of the first two parts of this project plus experience to date on vibration measurement exposure in Australia. The following emphases are to be considered in the development of the plan:

· be targeted at industries and work tasks which are identified as having the highest potential for HAV and WBV which could result in adverse health effects; 
· be undertaken in ‘real world’ settings where possible; 
· use measurement methodologies consistent with the Australian and International ;
· be undertaken in a manner which will allow comparison with EU/UK  action levels and exposure limits and where available manufacturers specifications for the vibration emission of equipment; 
· if possible consider the effects of control measures in reducing exposure; and 
· include a worker survey instrument to record any potential health effects (self-reported).
The report should include recommendations on: 
· number of workplaces to be visited; 
· industry sectors to be targeted;
· work tasks to be measured type/number; 
· assessment whether ‘low vibration’ tools result in lowered exposure in under normal work conditions if possible; 
· measurement protocols; and 
· methods to be used for calculation of exposures against EU action levels and exposure limits. 
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European Union (EU) Directives are processed through the European Parliament and the Council of the EU.  The directives are legal documents and must be complied with by the introduction of national legislation within the member countries.  Enforcement of the requirements for a Directive is the responsibility of the member country.  EU Directives are the basis of legal duties imposed on employers and manufacturers in each member country and in the UK have been implemented in the Control of Vibration at Work Regulations and for Provision and Use of Work Equipment Regulations. There are two EU Directives that are relevant to human vibration
:
· Machinery Safety Directive, 2006/42/EC, applicable since Dec 2009; and  
· Physical Agents (Vibration) Directive 2002/44/EC of June 2002.
[bookmark: _Toc335055522]Machinery Safety Directive, 2006/42/EC

The Machinery Directive 2006/42/EC replaces the former Directive 98/37/EC.  It does not introduce radical changes but clarifies and consolidates the provisions of the Directive with the aim of improving its practical application.  The intention of this Directive is that the member country legislation requires manufacturers to consider safety in the design of plant and machinery and that vibration emission is reduced to as low as possible:  
“1.5.9 Vibrations
Machinery must be designed and constructed in such a way that risks resulting from vibrations produced by the machinery are reduced to the lowest level, taking account of technical progress and the availability of means of reducing vibration, in particular at source.
The level of vibration emission may be assessed with reference to comparative emission data for similar machinery.”
This Directive effectively establishes the overall duty of care of manufacturers to design plant and equipment to minimise vibration emission levels.  Trade of products to and from Europe means the regulations introduced in the EU member countries requiring compliance with this Directive have wider benefit than just within the member country.  This is particularly relevant to Australia due to the high level importation of plant and equipment.
The manufacturer is required to declare values measured according to an ISO test code if one exists or to clearly describe the test procedure used.  If the hand transmitted value is less than 2.5 m/s2 (in accord with the exposure action value for HAV in the EU vibration Directive) there should be a statement to say that the threshold has not been exceeded.  If the value is greater, then the measured value must be quoted along with the uncertainty of measurement.  For mobile machinery, in addition to the hand transmitted value, the whole body vibration transmission must be declared (along with the uncertainty of measurement) if it is greater than 0.5 m/s2 (in accord with the exposure action value for WBV in the EU vibration Directive).  

Freely available databases make the information on declared values for machinery widely available. These should encourage the purchaser to select the item with the lowest vibration level that meets their requirements.  For example the Centralised European Hand-Arm Database contains data on vibrations of about 2,500 electric hand tools [available from www.oshweb.com/owd/owd01.nsf/s/430-01].  A similar database contains data in vibration for mobile plant [available from www.vibration.db.umu.se/HkvSok.aspx?lang=en]. 

While it is tempting to use the declared results to estimate HAV or WBV this can be misleading.  By its very nature, a standard ISO test prescribes the test conditions and so does not give accurate data on the typical tool or machine usage.  This is highlighted in the guidance on the Directive [EC 2010]:

“Operating conditions have a strong influence on the vibrations transmitted by machinery. Measurement of vibrations should therefore be carried out under representative operating conditions.”
Recent HSE reports from Heaton and Hewitt [2011a, 2011b] assess the standard ISO tests for powered lawn mowers and hedge trimmers for repeatability and ease of use and where possible for reproducibility.  Both these reports urge caution in the use of declared values for assessing the hand-arm vibration levels in use and indicate some doubt about the value for rank ordering units on the basis of the declared vibration data. However, it should be noted that such problems will occur whenever the outcomes from a standard ISO test procedure are used as representative of a wider range of applications.  

The implementation of the Machinery Directive has been a positive encouragement for good practice in equipment design for plant and equipment manufactured and imported into European countries.  The requirement for manufacturers to declare values has led to careful consideration of the design of the product with the result that reductions in HAV or WBV have been achieved and this can be used as a marketing advantage.  One example is shown in Figure 1.1 for a European manufactured chain saw that clearly states ‘low vibration’ as one of the five main promotional features for this item.  For the same product on the Australian website [http://www.stihl.com.au/STIHL-Products/Chain-saws/Professional-Chain-saws/21775-1573/MS-261.aspx] it does state that it has an ‘anti-vibration system’ but only as one of 8 dot points listing features.  Fabian Gwosdz from the European operations of Stihl identified that the production of low noise and low vibration tools must not compromise performance or weigh [private communication, Buy Quiet seminar, Paris, 2011].  

Some early models of chain saws with improved noise and vibration features were not marketing successes due to the higher weight and slower cutting performance which are critical features for professional use. The companies have learnt and are now developing techniques to incorporate lower noise and vibration while maintaining performance and hence acceptance by the professionals.  Overall the Machinery Directive appears to have led to improved the design of plant and equipment in Europe, thereby reducing the vibration emissions and this should in the long term reduce the hazard from tasks involving vibration exposure.
	[image: ]
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	Figure 1.1 Example of advertising from European manufacturer of chain saws that includes low vibration as one of 5 key features. [From www.stihl.com/professional-forestry-work-stihl-ms261-advantages.aspx]
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The Physical Agents (Vibration) Directive contains three main sections which cover general aspects, workplace exposure limit values, obligation of employers and miscellaneous provisions.  The aim of the Directive is to provide the minimum requirements for the protection of workers from health risks of hazardous exposure to mechanical vibration.    The Directive allows for non application to workers in air and sea transport 
“..where it is not possible to comply with the exposure limit value despite the technical and/or organisation measures taken”. 

The Directive does not apply to the non-work environment such vibration from leisure activities. While the Machinery Directive encourages improved design to reduce vibration emissions the Vibration Directive elaborates the employer responsibilities in controlling the vibration exposure of employees.

The approach to limiting the risk for employees is to prescribe a workplace exposure action value and an exposure limit value for both HAV and WBV.  Measurement is required to show compliance with these limits, although the usual approach to ‘similar exposure groups’ (SEG) in the workplace allows for assessment for workers undertaking similar work tasks. 

The Vibration Directive requires the measurements to be made in accordance with the procedures in the relevant international standards, namely ISO 5349-1 and ISO 2631-1 for HAV and WBV respectively. These standards prescribe the measurement procedures, the data to be obtained and the frequency weighting factors to be applied.  It should be noted that Australian Standard 2670.1 [2001] is a direct adoption of ISO 2631-1 for WBV.  However, the current Australian Standard for HAV, AS 2763 is from 1988 and is not in accordance with current technology or practices.  Adoption of ISO 5349-1 as an Australian Standard would ensure that measurement and assessment of HAV in Australia is in accord with international best practice.

The assessments of exposure in the Vibration Directive are a based on daily exposure normalised to a working day of 8 hours. For HAV the root of the mean of the sum of the squares (rms) of the frequency weighted values of acceleration in the x, y and z directions for the worse hand are normalised for 8-hour exposure.  For WBV the assessment is for the worst axis and most commonly this is for the vertical movement i.e. the z-axis.  The assessment is either in terms of the frequency weighted r.m.s. or the vibration dose value (VDV).  The VDV is only used for WBV and is based on research that showed a 4th power relationship between vibration magnitude and discomfort. The VDV has an important role by providing a better indication of those rides with a high proportion of shock or “jolts and jars”.

It is up to the member states to choose which of these assessment methods to adopt in their legislation. The action and limit values from the EU Physical Agents (Vibration) Directive are reproduced below in Table 1.1. Employers are obliged to minimise the risks of exposure to vibration but once the “action level” is exceeded they must minimise the exposure and introduce health surveillance.  Exceedance of the “limit value” requires immediate action to reduce the exposure below the limit value.
Flow charts showing the processes to be followed according to the EU Directive are reproduced in Figure 1.2 to Figure 2.4 [extracted from Mansfield, 2005].
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	Exposure Action Value
	Exposure Limit Value

	Hand-arm vibration
	2.5 m/s2(A8)
	5 m/s2(A8)

	Whole-body vibration
	0.5 m/s2(A8)
	1.15 m/s2(A8)

	
	9.1 m/s1.75 VDV
	21 m/s1.75 VDV


 Table 1.1: Workplace exposure limit values and action values from EU Physical Agents (Vibration) Directive.
[image: ]
[bookmark: _Ref311383350]Figure 1.2 Method for assessing hand-arm vibration according to the EU Directive 2002/44/EC [from Mansfield, 2005]
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Figure 1.3 Method for assessing whole-body vibration according to the EU Directive 2002/44/EC [from Mansfield, 2005]
[image: ]
[bookmark: _Ref311383375]Figure 1.4 Obligations for employers according to the EU Directive 2002/44/EC [from Mansfield, 2005]
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Each of the member countries of the EU are obliged to implement the EU Directive dealing with human vibration into legislation. In the UK this was achieved in 2005 by the Control of Vibration at Work Regulations (2005 see Annex A).  This legislation defines the action levels and exposure limits identical with those in the EU Directive for the r.m.s. values, i.e. in terms of m/s2(A8) but does not define the alternative limits for WBV assessments in terms of VDV.  

To support the implementation of these regulations the HSE maintains an extensive website on vibration matters [www.hse.gov.uk/vibration/index.htm].  This website is a valuable resource for employers, occupational hygienists and workers. Figure 2.1 shows the type of information for HAV and similar pages of information sources are available for WBV.  It is clear that the HSE considers easy access to information and guidance is important to encourage compliance with the requirements of the legislation.  
[image: ]
[bookmark: _Ref309365936]Figure 2.1 Example from HSE website [http://www.hse.gov.uk/vibration/hav/index.htm]
The specific duties for an employer in the Control of Vibration at Work Regulations include: 
· assessment of the exposure to both hand-arm and whole body vibration; 
· identification of the measures to eliminate or reduce risks from exposure to vibration to protect employees from risks to their health;
· a prioritised action plan for managing the risks and controlling exposure to hand-arm vibration;
· ensuring that control measures to reduce vibration are properly applied;
· provision of information, training and health surveillance; and
· review of the work environment that may affect exposures to vibration.
An effective regulatory regime in Australia should incorporate similar duties. In regard to enforcement, the HSE states that:
“Inspectors will act to prevent damage to employee's health where duty holders are failing to comply with the law.”

The HAV link on the website includes examples of this enforcement.  In one case a company was fined for non compliance following two improvement notices and in the second example the company acted upon an Improvement Notice which required
“the completion of a suitable risk assessment, introduction of appropriate controls and provision of suitable information, instruction and training to employees.”’

Both the HAV and WBV links provide generic guidance on how to reduce vibration exposure.  The HAV link includes more detail solutions with actual case studies over selected industry sectors.  
In the HSE document on controlling the risk from HAV [HSE,2005] the controls suggested include:
· alternative work methods such as mechanise or automate the work;
· equipment selection  such as lowest vibration tools that will do the job;
· purchasing policy for replacing old equipment and tools;
· workstation design aimed at minimising the load on the employee’s hands;
· maintenance to prevent avoidable increases in vibration;
· work schedules to limit the time of exposure; and
· clothing to keep the hands warm.
For WBV, the control measures in the document on Control back-pain risks from:
· whole-body vibration [HSE, 2005] include:
· train and instruct operators and drivers;
· choose machinery suitable for the job;
· maintain machinery and roadways; and
· other measures include limiting time of exposure and considering groups particularly at risk such as pregnant women. 
The regulatory framework for work health and safety legislation in the UK is similar to the Australian context and the UK. HSE is one of the more advanced and experienced agencies in Europe in relation to the adoption of the vibration Directives.  Therefore this report focuses on the implementation and evaluation of the UK vibration at work legislation. 
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Since 2005, the HSE has worked with industry to raise awareness and provide guidance and assistance.  The initial emphasis was on HAV exposure in view of the stronger dose response relationship for HAV and the widespread use offhand operated plant and equipment in the UK that has vibration emission.  The goal for 90% compliance with the HAV exposure limit was 2010 and in July 2010 the HAV exposure limits became binding under the legislation.  The timetable for the HSE is outlined on their website as: 

· From April 2008 to March 2010 we are embedding messages on noise and HAV.
· From April 2006 to March 2007 we focused on hand-arm vibration at work. 

And the three key messages that underline their promotion are:

· HAVS is preventable, but once the damage is done it is permanent. 
· HAVS is serious and disabling, and nearly 2 million people are at risk. 
· Damage from HAVS can include the inability to do fine work and cold can trigger painful finger blanching attacks. 

Note that the finger blanching (white finger) may be more readably noticeable in the colder UK climate than may be the case in Australia however the underlying damage still occurs.

The HSE initially encouraged industry to comply with the exposure limits by freely providing much information and guidance.  Meetings and seminars around the country were an important means to get the key messages across and to give as much support as possible to industry.  Case studies and good practice guidelines are available on the website which is also a resource for frequently asked questions, publications, a vibration calculator and a ‘ready reckoner’.  

The vibration calculator is an Excel spreadsheet but the ready reckoner is a graphic presentation as reproduced below in Figure 2.1.  This is a similar approach to the ready reckoner on the HSE site for occupational noise exposure. A total of 100 points represents the exposure action value while a total of 400 points represents the exposure limit value.  The tabular representation highlights the balance between time versus vibration magnitude as for example it is easy to see that an exposure to 8 m/s2 accumulates 32 points for an exposure of 15 minutes compared with 130 points for one hour (i.e. above the action level) and 510 points for four hours (i.e. well above the exposure limit).  

For any workplace where there is the potential for exposure to excess HAV, a health surveillance system must be implemented.  A screening questionnaire is part of this health surveillance and an example of such a questionnaire is provided for those companies that do not have ready access to occupational hygienists.

Brereton [2011b] comments that large reductions in HAV exposure have been achieved in the UK by choice of machinery and reduction of the time of use.  The success of the implementation of the regulations is shown by reduced incidence of exposure above the limiting value.  The HSE is now focussing on encouraging industry to take the necessary steps to reduce the HAV exposures below the action level.  Consequently the HSE guidance on “health surveillance for HAVS should be revised in the light of experience gained since 2005” Brereton [2011b] as this provides the opportunity to prioritise where further efforts should be applied.
[image: Ready-reckoner table]
[bookmark: _Ref311378524]Figure 2.2 Hand Arm Vibration Ready Reckoner [extracted from www.hse.gov.uk/vibration/hav/readyreckoner.htm]
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As there is a clear link between excessive hazardous whole body vibration and musculoskeletal injury much of the education in regard to the WBV regulatory controls has emphasised actions relating to overall reduction of musculoskeletal injury.  The guidance on WBV from the HSE website is less extensive than for HAV but does include the key elements with advice to employers, general guidance on control measures and an Excel based exposure calculator.  In the paper on the revision of HSE guidance [2011b] Brereton states that the existing guidance provides “reassurance to many people exposed to WBV during transport while at work but unlikely to be exposed above the exposure action value and at minimal risk of back problems”.  As WBV is not seen by the HSE to be a major source on its own of occupational injury in the UK, it has a lower priority for review of the information currently provided. 

The table of typical exposures on the HSE website for a range of off-road vehicles highlights the risk of excess exposure for that industry sector and there is an emphasis on following good practice to minimise this risk.  However, the HSE studies have shown that those working in off–road machinery or those who have strained postures are more likely to have increased risk of back pain and much of the guidance is similar to that for reducing musculoskeletal injury.  

The situation in Australia may well place a higher priority on WBV as there is extensive potential exposure the WBV in the mining and construction industry from heavy vehicle and mobile plant operation over rough and uneven surfaces.  Particularly in the mining industry, heavy vehicles and mobile plant are operated over rough terrain and for long shifts thus increasing the risk of hazardous exposure.  This type of activity can lead to high continuous vibration levels as well as substantial shock type vibration or “jolts and jars” from rough surfaces and from operation of the plant. 

There is the potential for both vibration and shock for workers in fast boats.  These are used in the leisure industry to provide excitement for those seeking a thrill.  They are also used by enforcement agencies, rescue organisations and the Defence Force when there is a need to complete a mission in minimum time period and despite the sea state.  This means the boat cannot always proceed at slow speed or along the waves to minimise the shock.  Unlike the situation in Australia, the UK HSE does not have responsibility over the maritime environment and so has little injury data or guidance information on the extent of such exposure or injury. 
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In regard to outcomes Brereton [2011,b] reported that “It is too soon to see any impact of the regulations because of the long latency of HAVS”.  However there has been a significant reduction since both the Machinery and Vibration Regulations have been implemented.  Brereton [2011,b] presented Figure 2.3  which shows the payments for  “Industrial Injuries Disablement Benefit (IIDB) is paid for disabling cases of HAVS in specified industries and for Carpal Tunnel Syndrome (CTS) associated with exposure to vibration.” This chart shows the main fall in payments began around 2000.  There is a small increase in HAVS in 2007, but from that year the basis for a claim can include the neurological part of HAVS while previously it was for vascular injury only.

Australian data [private communication Safe Work Australia, April 2012] on compensation claims for carpal tunnel and vibration white finger show a doubling in the number of claims between 1997 and 2010.  If there was a similar drop in the number of claims to that observed in the UK, the estimate of the saving in terms of economic cost is over $100 million. Additional comments by Brereton are that in the UK they have noted large reductions in HAV exposures “where duty holders have taken action in accordance with the directive”  and that they have  “seen the vibration emissions of hand-held power tools fall - and at least as importantly, seen the availability of (and demand for) high vibration models greatly reduce”  So this would indicate that the combination of the enforcement of the requirements for declaration of vibration levels coupled with the implementation of the regulations relating to vibration in the workplace have had some effect. 

[image: ]
[bookmark: _Ref309371117]Figure 2.3 New payments under UK Industrial Injuries Disablement Benefit for HAV syndrome and carpal tunnel syndrome [Brereton 2011]

The HSE has acknowledged the “difficulty in complying with the exposure limit value for some industries” for HAV and has taken a practical approach to encourage that the industries do “all that is reasonably practicable”.  Advice from HSE [Brereton, 2012] is that the workplaces where compliance is difficult are foundries and to a lesser extent shipbuilding and stone masonry.  In these workplaces there has been a move to the use of modern low vibration tools and an outcome of multi-skilling is that the times of exposure can be reduced via task sharing.  It is clear that HSE efforts to provide advice and education at all levels are an important part of this encouragement.

In terms of regulatory effectiveness in preventing WBV injury, Brereton reported that the HSE has had “very few cases of whole-body vibration injury reported to HSE” and that when investigated, they have found “ergonomic issues to be at least as important a contributor to back pain as WBV”.  This illustrates the difficulty any policy agency will have in measuring the effectiveness of regulatory controls for WBV alone.  It should also be noted that the situation for WBV in Australia may well be different due in particular to the more extensive mining, construction and farming industries.

Brereton does note that the exception to this is whole body injury for those in fast vessels when it is the high levels of shock that are transmitted into the craft as the vessels bounce across the waves at high speed.  Control measures such as reduction in speed will compromise the achievement of the mission. Burgess and Harrap [2009] have reviewed the effects of such shocks and the options for specially designed seats to mitigate the shock entering into the body. The HSE does not have an enforcement role in the maritime industry and also the Vibration Directive [2002] has a specific exemption in regard to air and sea transport:
“In compliance with the general principles of health and safety protection for workers, Member States may, in the case of sea and air transport, derogate from Article 5(3) in duly justified circumstances with respect to whole-body vibration where, given the state of the art and the specific characteristics of workplaces, it is not possible to comply with the exposure limit value despite the technical and/or organisation measures taken.”
[bookmark: _Toc335055529]Summary 
The similarity between the regulatory framework for work health and safety legislation in the UK and the Australian context indicates that the experiences from the UK can provide valuable guidance. 

The implementation of legislation in the UK addressing the Machinery Directive has shown the benefits of the requiring manufacturers to provide data on the vibration levels for their plant and equipment, especially in relation to reduction of HAV.  In the Australian context, a similar emphasis on the duty of manufacturers to declare vibration levels would enable PCBUs to select the lowest vibration equipment practicable for their worker’s use.

Also in the manner of the UK Vibration regulations, a duty of the employers in limiting hazardous exposure to vibration by their employees could be specifically included in the model Work Health and Safety Regulations.  The experience from the HSE has shown the importance of devoting considerable effort in providing information and advice to industry before and after the introduction of the regulations relating to exposure limits. 
 
The information should not only discuss the regulatory requirements but also the range of control measures that are available to reduce exposure.  So as a first step towards including a regulatory duty in Australia, the development of a Code of Practice would prepare employers for potential future mandatory requirements and increase the awareness of the extent of the exposure and of the means for reducing that exposure.  In parallel with this, steps should be taken to replace the current outdated Australian Standard for the measurement of HAV and endorse the relevant ISO standard as an Australian Standard.  This will ensure there are no barriers to requiring that measurements for HAV undertaken in Australia are in accord with the current best practice in the EU.
For HAV it appears from UK industry reports that the incidence of exposures above the limiting values has reduced and the focus is now on the reduction to below the action level.  There appears to be less of a risk of ill health from WBV in the UK and consequently this has a lower priority for the HSE. The situation in Australia may well be different due to the extent of potential exposure from extensive use of vehicles and mobile plant in the agriculture, mining and construction industries over rough surfaces and for long time periods.  The risks of injury from shock in the maritime industry are of concern but not within the jurisdiction of the HSE.  Again the situation in Australia differs in that work in the maritime and enforcement industries are within the scope of the Model Work Health and Safety Regulations.


[bookmark: _Toc335055530]Evidence vibration exposure can cause disease and injury
[bookmark: _Toc335055531]Effects of Hand Arm Vibration 
As part of their work, personnel can be exposed to vibration that is generated by a tool or item of plant that is held in the hand.  Due to the force applied by the hand to hold and control the tool there can be a transmission of the vibrational energy via the hand into the arm and then to the body and is referred to ‘hand arm vibration’ (HAV).  HAV with low magnitude and/or short duration may just cause annoyance or discomfort.  Exposure to higher levels of HAV and/or for longer periods can result in various forms of damage of which the most commonly known one is referred to as “vibration-induced white finger”.
In one of the first books dealing comprehensively with human vibration, Griffin [1990] provided a summary table of the five types of disorders associated with HAV:

· Vascular Disorders (e.g. ‘white finger’)
· Bone and Joint Disorder
· Peripheral Neurological Disorders
· Muscle Disorders
· Other Disorders of the whole body and central nervous system
As the most commonly reported visual effect is vibration white finger, generally these disorders are discussed in two groupings: Vascular and Non Vascular. 
Griffin also provided a conceptual illustration of the factors influencing the cause and effect relationships and this is reproduced as Figure 3.1[image: ].  
[bookmark: _Ref316470687]Figure 3.1 Conceptual illustration of the factors influencing the cause effect relationships for HAV [Griffin, 1990]

[bookmark: _Toc335055532]Vascular effects - Vibration induced white finger 
Vibration induced white finger is also known as Raynaud’s disease. In the 1800s Raynaud identified a whitening of the fingers believed to be the result of decreased blood supply.  The name Primary Reynaud’s disease is used when it arises from an unknown cause while the term Secondary Raynaud’s disease is used when it is caused by some known factor and occupational vibration exposure is just one of the possible causes.  The first link with occupational exposure was made by Alice Hamilton in 1918 following her study on the hands of stone cutters.  In their follow up study on stonecutters in the same quarries in 1984, Taylor et al reported an 80% prevalence of vibration white finger and commented that over the 60 years there had been no change in the design of the air hammers and that their measured values were “outside the recommended limits”. 
The extent of the damage increases with continued exposure to vibration and it is important to note that the effects are triggered by cold.  A medical consultation in a warm environment may not show the effect or may not show the full extent of the vascular damage.  There can be considerable discomfort when the blood returns to the fingers after blanching.  In severe cases the tips of the fingers can take on a blue black appearance which, due to the lack of blood supply, can become permanent.  Some studies show that some improvement in vibration white finger will occur once the occupational exposure is removed [for example Bovzeni, 2008].
[bookmark: _Toc335055533]Non Vascular effects	
Mansfield [2005] discusses a number of non vascular effects related to HAV exposure and in summary these include:

Neurological effects such as numbness and tingling in the fingers which are considered to be the first signs of HAV.  Carpal tunnel syndrome can also be observed in those exposed to HAV.

Bone and Joint disorders which are quite extensive and include Kienbock’s disease (damage to the lunate bone of the wrist) and osteoarthritis.

Muscular disorders such as loss of grip strength, inflammation of the tendons or synovial sheaths causing tendonitis or tenosynovitis, painful swelling of the extensor tendon sheaths of the thumb (de Quervain’s disease) or the flexor tendons of the finger (‘trigger finger”).

Disorders remote from the hand/arm may be reported as secondary effects from the HAV.  For example, there is some indication that vibration can be a non auditory contributor to hearing damage and the link is suggested as a sympathetic response in the cochlea to the vascular effects in the hand.  Lower back pain caused by vibration transmitted via the arm to the lumbar spine has been reported.  Similarly abdominal injuries can be caused by pressing the torso against the tool to increase the force or to assist control of the item. Here the vibration is transmitted directly into the abdomen and not via the hand/arm.  “Vibration white foot” which shows similar effects as “vibration white finger” has been shown to arise from standing on a vibrating surface. This is a possibly emerging issue especially for the Australian mining industry and is discussed in a later section of this report.
[bookmark: _Toc335055534] Signs of Hand Arm Vibration Effects 

The 2011 HSE UK [HSE,2011] brochure gives guidance to employers on when there should be concerns about excessive occupational HAV exposure and summarises the early signs as :
· tingling and numbness in the fingers;
· not being able to feel things properly;
· loss of strength in the hands; and
· the fingers going white (blanching) and becoming red and painful on recovery (particularly in the cold and wet, and probably only in the tips at first).
And suggests the effects can be:
· pain, distress and sleep disturbance;
· inability to do fine work (e.g. assembling small components) or everyday tasks (e.g. fastening buttons);
· reduced ability to work in cold or damp conditions (i.e. most outdoor work) which would trigger painful finger blanching attacks; and
· reduced grip strength which might affect the ability to do work safely.
An initial screening questionnaire was developed for UK HSE [undated] as an Appendix to their guide to employers and is reproduced as Figure 3.2.  This provides a simple screening tool which can be implemented by the employer. It helps to identify the important features to be noted but there is no clear indication of how many “Y” answers are needed to provide the trigger for a proper medical surveillance.

A more formal guidance for medical surveillance by a suitably qualified health care professional is given in Annex F of the HAV Good Practice Guide [ISVR, 2006] which was prepared under contract to the European Union.  This summarises the key points that should be checked under a series of 8 headings including case history, physical examination, clinical tests, blood and urine analysis and investigations for vascular, neurological, muscle strength and radiological investigations.  This Annex F is reproduced as Annex B of this report.
[image: ]
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[bookmark: _Ref316556508]Figure 3.2 Initial screening checklist for those employees at risk of exposure to excess HAV [HSE, undated]

[bookmark: _Toc335055535]Effects of Whole Body Vibration (WBV) 

Whole body vibration occurs when a person is standing or seated on a surface that is vibrating.  The vibration is transmitted through the body and to the head.  So for a person seated in a truck on a bumpy road the transmission path is from the road through the vehicle suspension system to the seat and then via the driver‘s body and skeleton and through to the skull.  It is important to note that there are two different aspects to considerations of WBV.  The aspect most commonly considered when discussing WBV is the substantially continuous vibration that may be experienced when driving along a grooved road or if the vehicle has a rough engine.  The other aspect is a sudden short duration vibration referred to as a shock or ‘jarring’ which can occur when a vehicle goes over a single deep hole or a fast boat slams across a high wave.  If the vehicle or boat was travelling at a slower speed or the road surface was smoother and the sea state lower the magnitude of the shock to the body would not be as great.  However in most cases these sudden jolts and jars are unexpected so the driver does not have the warning or the opportunity to prepare for the shock.

Most people experience WBV in their daily life. Some form of WBV and shock is fun; for example the jumping castle at the fun fair and the promotion of the excitement from fast boat rides on the ocean.  Low level vibration is experienced when in a car or bus on suburban roads.  When the vibration increases then discomfort can occur so vehicle manufacturers aim to minimise this as vehicle comfort is considered to be a marketing advantage. It is when the magnitudes of vibration and shock are high and there is an increase in the duration of exposure and/or the number of shocks that health effects are of concern.

Back pain is the most commonly reported effect of excess WBV.  Therein lies the problem as back pain can be caused by many factors for which WBV is just one.  As there are many possible causes of back pain it is challenging to show clearly the link between WBV and back pain.  However, addressing WBV will offer the opportunity to reduce costly back related musculoskeletal compensation claims, especially in those industries where the workers have such exposure, namely the agriculture, mining and construction. 

In the introduction to the section in his book on WBV, Griffin [1990] stated that: 

“The relationship between whole body vibration and health is an area where both the limitations of available data and the difficulties in obtaining new data allow much room for argument.”
Unfortunately, despite continuing investigation since that time there is still no clear dose response relationship.  Mansfield [2005] discusses the difficulties of establishing the definite link between WBV and injury.  The review by Stayner, [2001], states that:

“The literature shows that LBP, or ‘lumbar syndrome’ can be associated with occupations, but not specifically with WBV. Only one study has been found which was so structured that vibration magnitude could be assessed independently of time. In many cases, posture or manual handling is probably more important than vibration exposure.”
The report by Darby et al [2010] examines the combination of vibration and ergonomics and states:

“The exact cause of back pain is often unclear but back pain is more common in jobs that involve driving, especially over long distances or over rough ground. Driving exposes the vehicle’s occupants to whole-body vibration that may include the shocks and jolts that are believed to increase the likelihood of injury or pain in the lower back. However drivers may also be exposed to other risk factors for lower-back pain such as poor posture while driving and manual handling while loading and unloading goods.”
The HSE UK brochure [HSE,2011b] gives guidance to employers on when there should be concerns about excessive occupational WBV, refers to back pain as the symptom and the summarises the possible causes which include:

· poor design of controls, making it difficult for the driver to operate the machine or vehicle easily or to see properly without twisting or stretching;
· incorrect adjustment by the driver of the seat position and hand and foot controls, so that it is necessary to continually twist, bend, lean and stretch to operate the machine;
· sitting for long periods without being able to change position;
· poor driver posture;
· repeated manual handling and lifting of loads by the driver;
· excessive exposure to whole-body vibration, particularly to shocks and jolts; and
· repeatedly climbing into or jumping down from a high cab or one which is difficult to get in and out of.
Dealing with all these risk factors including excessive vibration and shock can lead to reduced musculoskeletal injury.  An intervention study by Tiemessen et al [2009] aimed at reducing WBV exposure involved 126 drivers who were exposed to WBV above the action limit.  The range of vehicles included those typically found in the construction industry.  One group received no intervention and the second group were provided with information and a brochure on how to reduce WBV exposure.  The grouped findings at the end of the study were somewhat disappointing as there was “a minimal but not significant decrease” for the drivers who received the intervention.  However the authors found that overall there was not good compliance by the drivers.  From further analysis it was shown that “for those drivers who were more than 50% compliant with the set agreements, a reduction in WBV exposure was seen in 63% of the drivers”. 

 An additional outcome was a better understanding of WBV by management and a number of the companies involved in the project introduced new company policy specifically addressing reduction in WBV exposure.  The findings of this study highlight the difficulties in changing behaviour in a workforce and the importance of good quality and appropriate information as well as management support and motivation for the participation.  If all these come together reductions in WBV can be achieved.
[bookmark: _Toc335055536] Signs of Whole Body Vibration Effects 

As discussed above the primary effect of WBV is damage to the spine and this results in back pain.  The difficulty in clearly identifying the cause of the pain and relating it to WBV exposure is the reason for the lack of epidemiological data that shows a dose response relationship.  The incidence of back pain is high in the workforce and it can be related to many different types of activities which may or may not be related to WBV.  Despite the increased attention to WBV, there has been no substantial gain in fully understanding WBV since the studies of Wikstrom, [1994] who undertook a review and concluded that “years of exposure to whole-body vibrations may contribute to injuries and/or disorders of the lower back”. 

 In more recent studies Seidel [2005] proposed that the structure of the skeleton should be further investigated and that future research should consider: “(1) the nonlinearity of biodynamics, (2) the effects of WBV in x- and y-axes, (3) the strength of the spine for shear, (4) the contact parameters between the seat and man, (5) the significance of postures and muscle activity, and (6) material properties of spinal structures.”  

This highlights the need for a multidisciplinary approach to the problem is required to show how the vibration can affect the spine.  The additional benefits of such research will be that once more is known about the mechanism, there is greater potential for developing effective control measures.

One effect that can be clearly shown is when there is immediate damage after a shock.  An example of the effect on the spine can be seen from the animation of the skeleton from the website of a seat manufacturer and two stills from this video are shown in Figure 3.3.  An example of damage to the spine which has been identified immediately after a high level shock in a fast vessel is shown in Figure 3.4. [Price, 2010]. 
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Figure 3.3 Two images from a video showing the comparison of the effect of a shock on the spine for an unsupported and a supported skeleton [extracted from www.ullmandynamics.com/downloads ]
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Figure 3.4 X rays showing spinal damage following a large shock experienced by a passenger in a fast vessel [Price 2010]
It is more common even when jolts and jars are the main source of WBV, that the damage and symptoms occur after some period of exposure and not instantaneous.  Like many other workplace hazards, the symptoms of early damage may reduce overnight, and it is only after continued exposure that the pain becomes chronic and the worker seeks attention.

Due to the lack of a clear method to specifically related to workplace factors and back pain, general health monitoring is more appropriate than formal health surveillance [HSE, 2011b].  The approach to such monitoring is essentially the same as for manual handing and using the HSE guidance involves:

· considering the method and frequency of monitoring when planning and implementing control measures; 
· consulting employees so that they are fully aware of the monitoring procedures, understand they are in place to help protect their health and that they know their part in them; 
· encouraging employees to report symptoms they may be suffering as early as possible to stop any further aggravation. having a system in place to do this on a regular basis, such as a brief simple questionnaire, can improve the likelihood that you get this information in the format most useful to you; 
· a body map can help a person to pinpoint where they are feeling the symptoms and they can be asked to describe the sensations they are feeling; and
· asking employees whether their work caused the problem and whether they can identify what specific task caused the pain. 

Even at low levels WBV can also lead to effects on the psychomotor, physiological and psychological systems of the body. Health monitoring guidance provided in Ontario [2005] includes consideration of these aspects in addition to back pain:
· Abdominal pain
· General feeling of discomfort, including headaches
· Chest pain
· Nausea
· Loss of equilibrium (balance)
· Muscle contractions with decreased performance in
· Precise manipulation tasks
· Shortness of breath
· Influence on speech
However, there is no clear dose response relationship between these effects and WBV as there are many other factors in the workplace that can lead to similar effects. Consequently the major focus in relation to prevention of injury from WBV is on reduction of musculoskeletal injury.
[bookmark: _Toc335055537]Locations of hazardous vibration exposures in industry
[bookmark: _Toc335055538]Hand Arm Vibration - Priority Industries
Hazardous exposure to hand arm vibration originates from a vibration transmitted into the hand and arm.  Most commonly this interface is at the hand but it can also occur at the wrist or lower arm if that part of the body is in contact with the vibrating object.  Some vibration is produced on activation of the tool or the item of plant and this level of vibration can be either increased or decreased during the operation of the tool on the work piece.  There can be considerable variability in the amount of vibration from the same tool depending on the particular task and the way the tool is being used.  The factors that affect the generated vibration at the tool include the maintenance of the tool, attachments on the tool, type of material being worked on, reaction from the work piece, orientation of the tool to the work piece etc. The extent of the transmission of this vibration into the hand and arm then depends on the nature of the interface between the hand (or arm) and the tool or vibrating surface.  If the tool is being firmly gripped the transmission into the hand and arm will be more effective.  A firm grip can be required to simply hold the tool if it is heavy or used in an awkward position.  A firm grip can also be necessary to control the operation of the tool.  It is relevant to note that there have been reports of symptoms of HAV injury from dentists who need to firmly grip their tools for the precise work they undertake [Rytkönen E, et al 2006].  Although the vibration levels generated by the tools themselves are low a long work history and tight "pinch-gripping" of the tool are proposed as being the reasons for the incidence of the injuries.

Thus hazardous vibration exposure depends not just on the vibration level of the tool but the way it is being used, the effectiveness of the transmission path of the vibration from the tool to the hand and arm, the time of use as well as other physiological factors relating to the person such as temperature of the hands, quality of the circulation etc.  
An EU-OSHA  [2008] report on human vibration grouped the main types of tools that lead to hazardous exposure as percussive/roto-percussive tools and rotative tools plus a third group classified as ‘alternative” such as wood finishing tools.  Figure 4.1 [EU-OSHA, 2008] provides a visual guidance to the types of tools that are considered to be the main sources of excessive exposure.  Those working with any of these tools have increased risk of experiencing hazardous HAV exposure.  The data in this Figure corresponds with the findings from the Safe Work Australia vibration exposure surveillance study [Safe Work Australia, 2010] in which Table 4 showed that the highest, i.e. 36%, who reported exposure to vibration identified workshop and worksite tools and equipment. 
 
Thus the main industry sectors where hazardous exposures for HAV could occur would be in Construction, Manufacturing and Mining with additional exposed groups within Agriculture and Forestry.  These are included in the priority and national industry groups identified in draft National Strategy [Safe Work Australia 2012]
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Figure 4.1 Examples of vibration magnitude for some common tools [EU-OSHA, 2008]

[bookmark: _Toc335055539] Whole Body Vibration - Priority Industries
Hazardous exposure to whole body vibration originates from a vibration transmitted into the body via an interface for a standing or seated person.  One form of exposure is generated from the engine and transmitted via the seat for drivers and passengers within mobile plant and vehicles.  The amount of this type of vibration depends on the operation of the engine of the mobile equipment and how effectively that vibration is transmitted into the person.  Another main form of exposure related to the vibration generated by the movement of the vehicle over rough roads and the speed of that movement.  Thus vehicles and trucks which operate on reasonably good quality road surfaces at moderate speed and are well maintained are not likely to lead to excessive exposure.  There is higher potential for hazardous vibration exposure by mobile plant operated at speed on rough surfaces as encountered in mining, construction and agriculture. 

Another vibration related hazard from mobile plant arises from jolts and jars which is not a continuous vibration but a shock or jerk.  This can be caused by the operation of the mobile plant over uneven surfaces where the sudden movements are transmitted to the cabin of the vehicle.  The magnitude of the jolt depends on the track surface and the speed the vehicle goes over the track.  Jolts can also be caused by the action or movement of part of the plant itself such as dumpers when loads are being dropped and diggers where the jolts and jars can be caused when the digging tool needs to apply impact.

The EU-OSHA [2008] report on human vibration provided a visual guidance to the types of mobile plant that may lead to WBV, as shown in Figure 4.2. The accompanying data showing comparison with the EU exposure values indicated that while mobile plant could lead to exposures greater than the action values, only the classes of scrapers and finishers would lead to exposures exceeding the limiting values. 
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Figure 4.2 Examples of vibration magnitude for some common mobile machines [EU-OSHA, 2008]

Although the EU-OSHA study [2008] indicated that vehicles that are used on off road surfaces for long periods of time, such as agricultural and forestry vehicles, would rarely lead to excessive exposures this may not be the same in the Australian context.  The importance of the mining and construction sector in Australia leads to a greater concern about hazardous WBV exposures than may be the case in the UK and the EU.  The charts shown in Figure 4.3 are from measurements in Australia by Foster [unpublished] and contrast the assessment of exposure via the two methods described in the ISO standard, namely the rms. (m/s2) and the VDV (m/s1.75) but compared with the caution and health risk zones rather than the limits in the EU Directive.  This data highlights the variability in the workplace exposure limits for different types of mobile plant and even more importantly the difference in assessment of hazardous exposure using the two metrics. 

Figure 4.4 [McPhee et al, 2009] is based on extensive measurements in mining industry in Australia and shows the typical time of exposure before reaching the caution and likely health hazard zones based on the guidance in AS 2670 [2001]. Again this highlights the wide range in exposure for personnel in the same type of mobile plant.  However, the important point to note is the mean time period of exposure before reaching the caution zone.  Some of the time periods are less than an hour and all of these time periods are less than the 12 hours shift length which is common for mine workers in Australia.  Some improvements in the equipment, seating etc on new mobile plant have been made over the decade since this report.  However, not all mobile plant can be fitted with suspension seating due to the small cabin size and the means of operation and recent measurements by Foster [unpublished] have continued to show hazardous exposures for many working in the mining and construction industry, as shown in Figure 4.3.
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Figure 4.4 Examples of vibration magnitude in terms of two metrics for a range of mobile plant [Foster, unpublished]

Thus the mining and construction industries in Australia have a high risk of hazardous exposure in view of the data already available and the consideration of the long shifts that are typical of these industries.  Much of this high exposure may be from jolts and jars, i.e. short duration but repeated shocks.  The potential for hazardous vibration exposure also exists for agriculture as workers can spend long periods in vehicles over rough ground and for the enforcement agencies, including the Defence Force, as their primary goal is to complete a mission over rough land or sea in a short time.
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Figure 4.4 Examples of time periods to reach the caution and likely health risk zones based on AS 2670-2001 guidance for a range of mobile plant in mining [McPhee et al, 2009]
[bookmark: _Toc335055540]Gaps in knowledge
[bookmark: _Toc335055541]Vibration White Foot

There is some evidence that symptoms similar to ‘vibration white finger’ can occur in the toes and foot.  In a case study, Thompson et al [2010] reports on a 54-year-old miner (from North America) who experienced blanching and pain in his toes. The worker had operated vehicle-mounted bolting machines for many years and so experienced vibration transmission into his feet over long periods.  A more recent study by House et al [2011] investigated cold induced vasospasms in the hands and feet for a group of construction workers in North America.  These showed that around 30% had non-severe and a similar proportion had severe vasospasms in the feet and toes which correlated with those who experienced similar levels of vasospasms in the hands.  Mansfield [2005] refers to anecdotal reports of ‘vibration white toe’ and comments that while there have been studies of vibration thresholds for toes relating to diabetes studies these have not been for feet supporting a body.  

The risks for vibration white foot are high in the mining industry where workers can spend long hours standing or seating with some pressure on their foot in areas where there is high vibration.  This can be from underground drilling machines which can generate by the nature of their operation high levels of vibration in the surrounding environment.  Exposure can also be for the operator of plant that uses vibration to achieve the task such as for the coal washing plant or shaker sieves for sorting aggregate, gravel etc the gravel extraction industries.  

At this time there is no guidance on vibration exposure limits on the appropriate method of measurement.  There is not a high awareness of the potential for this problem and so it is rarely being assessed.  For those cases where it is being investigated the limits for HAV are being used due to the lack of any other guidance.
[bookmark: _Toc335055542]Whole Body Vibration Exposure Limits

As discussed by Mansfield [2005] there is general agreement that the methods and limits in the EU Directive for assessment of risk from HAV ‘correspond with “generally accepted best practice” but the same cannot be said for the assessment of risk from WBV.  The concerns about the WBV include the use of the data only from the worst axis of vibration, the choice between r.m.s. and VDV, the limitation to r.m.s. for declarations via the Machinery Directive and the lack of a clear dose-effect relationship that can be used as the basis for the exposure limits.  

In their review paper on the EU Directive, Nelson and Brereton [2005] summarised that the establishment of the WBV exposure and action limits 

“were agreed, taking into account current understanding of the risks to health from vibration exposure (as documented in annexes to ISO 5349-1 and ISO 2631-1) and also the practicability or cost of achieving exposures below these values. The exposure limit value for whole-body vibration was set at 0.63 ms–2 A(8) in the original proposal. During discussions in the Social Questions Working Group this was shown to be unachievable in many work activities and was raised to 1.15 ms–2 A(8) in the final agreed version of the Directive”
The impression from many undertaking measurements in the workplaces [private communications] is that the workplace exposure limit for WBV in the EU Directive is indeed too high and the value does need to be reviewed with a lower value established.  The data that is now becoming available following the introduction of the EU Directive may well assist with the development of a robust dose-response relationship for WBV.  The data to date from the EU-OSHA [2010] report shows the range of mobile plant for which the vibration exposure of the driver is under the current exposure limit, of 1.15 m/s-2 but would be well above the originally proposed 0.63m/s-2 limit. 

In view of the uncertainty on the value for the workplace exposure limit, there is a high risk of musculoskeletal injury for those continuing to be exposed below the current limit.  The experience with HAV showed that the manufacturers responded to the exposure limits by improving the design of tools to reduce the HAV exposure.  If a similar approach could be adopted with regard to WBV the incidence of musculoskeletal injury in industries with HAV exposure may be reduced.  

An additional concern from those undertaking measurements in the field is the accuracy of the WBV data, especially if it is reported in terms of VDV as that metric has a greater response to bumps.  For the measurements, the sensor pad is either put on the seat or against the back rest.  The movements of the person while seated and especially while getting on and off can lead to bumps on the sensor which will register in the data acquisition.  The extent to which this may corrupt data needs further investigation particularly in cooperation with the manufacturers of the instrumentation.
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Figure 5.1 Examples of daily exposure for some common mobile machines [EU-OSHA, 2008]
[bookmark: _Toc335055543]Assessment of Shock 

A major source of WBV in mining, construction and agriculture is from shocks and jolts to the body.  The mechanism for the production of shock differs to that for a more continuous vibration as from the operation of a motor, machine or engine.  In the analysis of measurement data the shocks present as an initial sharp acceleration and a follow on oscillatory movement before there is a return to the rest state. The greater the damping in the system the greater the reduction of the magnitude of each oscillation and the faster the return to the rest state.  Crest factor can be determined from detailed signal analysis and high values of crest factor indicate large excursions above the average level.  

The EU Directive allows for the assessment of WBV in terms of either frequency weighted rms or the vibration dose value (VDV).  By its nature the assessment in terms of r.m.s. will lead to an averaging of the signal.  The VDV has been developed following research that showed a 4th power relationship between vibration magnitude and discomfort.  The VDV will provide a better indication when the signals has high crest factor, i.e. when there have been shocks during the measurement period.

Since the release of the EU Directive in 2002, Part 5 of the ISO series of standards on WBV has been released. This standard [ISO 2631-5, 2004] provides methods for evaluation of vibration containing multiple shocks.  The methods are not simple and require more analysis that can be achieved with the commercially available human vibration meters.  The aim is to quantify the effects of shocks on the body and to assess the effects on the body from analysis of the lumbar spine response.  The dose in terms of equivalent static compressive stress, Sed, is calculated from the accelerometer data, the model of the lumbar spine and the time of exposure per day.  The guidance for adverse health effects is provided in terms of lifetime exposure.  When Sed is <0.5 MPa there is a low probability of adverse health effects and when Sed is >0.8 MPa there is a high probability.  It is important to note that the assessment method in ISO 2631-5 is based on the assumption that the person:

 “is seated in an upright position and does not voluntarily rise from the seat during the exposure”

The work in this area is coming from the military, for example the paper by Alem et al [2004] found that:

“Results have shown that the new standard is more sensitive to cross-country rough terrain signatures than WBV methods, but produces similar predictions for ride signatures obtained over paved or secondary roads. The data analysis demonstrates the applicability of the new ISO 2631-5 standard to tactical ground vehicles, especially in the vertical axis”
The gaps in knowledge in this area were summarised by Price [2011] who identified the competing methods for assessing shock exposure and the limiting values and the need for a decision by the committees of the ISO.  He acknowledged that there were challenges when dealing with such international organisations and that it was essential that those concerned participated in the process to achieve the goal.  He emphasised that the incidence of injury for personnel on high speed boats is not declining as there had been 13 marine incidents investigated over period 2008-2010 involving lower back compression factors associated with shock and vibration on high speed craft [MAIB, 2010].  It is hoped that the outcomes of this work by the ISO will lead to an improved method of assessing the risk of hazardous shock exposure. 
[bookmark: _Toc335055544]Vibration and Pregnancy 

The EU-OSHA [2010] report raises concern about the effect of hand arm and WBV on pregnant women. It does not give any specific guidance but says: 

 “Therefore, the authors emphasise the need to inform occupational physicians about women’s exposure to vibration and the need to take specific measures to limit women’s exposure and to prohibit it during pregnancy.”
At this time very little quantitative data is available for the effects of vibration on pregnant women. A literature review by Van Dyke [2010] showed that concerns about effects of WBV on pregnancy were mentioned before the 1990s and included increased risks of abortions, menstrual disturbances and anomalies of (uterine) positions and that at that time there was no guidance for a safe limit.  Studies in recent years have included animal studies have shown similar concerns.  A series of studies on workers in Poland showed that “vibration was one of the noxious factors most frequently reported and was associated with abnormal pregnancy outcomes”.  Similarly Joubert [2009] concluded from a study of the effects of professional driving on pregnancy that : 

“From the evidence to date it can be reasonably inferred that exposure to prolonged whole-body vibration while operating a vehicle shows unclear and weak evidence of adverse reproductive outcomes in males or females. The limited research and anecdotal evidence that does however exist should not be ignored and can be considered as the strongest indicator so far that adverse reproductive effect could be present and should be investigated further.”

So while there is evidence and concern about the effect of WBV on pregnancy there is no clear damage risk level and the guidance remains as recommending caution.  In the interim it would be wise for employers to be advised to limit exposure to vibration as much as possible for pregnant women and this should be included in a health monitoring guideline and/or code of practice.
[bookmark: _Toc335055545]Anti-Vibration Gloves 

Anti-vibration gloves are proposed in many guides as one way to reduce HAV exposure.  Since the late 1980s there has been concern about the effectiveness of anti-vibration gloves, especially when it was discovered that in some situations the gloves were found to amplify the vibration at some frequencies.  In 1996 ISO 10819 was introduced to standardise a method of measurement and acceptance criteria.  This standard was adopted as AS/NZS 2161.9 [2002] as part of the suite of standards dealing with Occupational Protective Gloves. 

While it is important to have a prescribed measurement procedure, this standard includes acceptance criteria for description as ‘anti-vibration glove’. Gloves which have been designed to pass the acceptance criteria may not provide the protection necessary to reduce the exposure for the worker.  This is mentioned in a note in the standard as “The fulfilment of these criteria does not imply that the use of such gloves removes the hazard of Vibration exposure.”

In a paper on protective equipment for HAV, [Chatten, 2010] expressed doubts about the effect of ant-vibration gloves and went further to say “A pair of good quality industrial gloves will often provide equal levels of protection.”  Further studies are being undertaken in Europe to assess the effectiveness of anti-vibration gloves across a range of tools.  The outcome of these studies will give better guidance on when gloves can be considered as appropriate personal protection.  

As the selection of the gloves which may reduce the vibration exposure is complex the HSE guidance on controlling HAV for the worker states:
“Gloves can be used to keep hands warm, but should not be relied upon to provide protection from vibration.”

[bookmark: _Toc335055546]Summary

The dose response relationship between excess HAV and the presence of vascular effects, i.e. ‘vibration white finger’, is well established.  For WBV but there is a strong link with musculoskeletal damage in particular from shock and from jolts and jars. Thus national prevention efforts addressing the priority area of musculoskeletal disorders in the proposed National Strategy [Safe Work Australia 2012], should include control of WBV, particularly for the users of heavy equipment in the construction, mining and transport industries.

The health monitoring guidance for HAV and WBV that has been developed in the UK and other countries can be used as the basis for the development of health monitoring guidelines. These can be used by as a screening aid to assist with the identification of those employees of greater risk of hazardous exposure.  The gaps in knowledge indicate that any health monitoring guidelines should include concerns about the effects of vibration on pregnancy and the effects of vibration on the foot (similar to HAV).
Employees are most likely to experience hazardous vibration in the construction, mining and transport industries and these correspond with the national priority industries identified in the proposed National Strategy. 
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HEALTH SURVEILLANCE TECHNIQUES













Health surveillance may consist of an evaluation of the case history for a worker in conjunction with a physical examination conducted by a doctor or suitably qualified health-care professional.

Questionnaires for hand-arm vibration health surveillance are available from various sources (e.g. the VIBGUIDE section of: http://www.humanvibration.com/EU/EU_index.htm).

F.1	The case history

The case history should focus on:

•	family history,
•	social history, including smoking habit and alcohol consumption.
•	work history, including past and current occupations with exposure to hand-arm vibration, previous jobs with exposure to neurotoxic or angiotoxic agents and any leisure activities involving the use of vibrating tools or machines.
•	personal health history.

F.2	The physical examination

A physical examination should look in detail at the peripheral vascular, neurological, and musculoskeletal systems, and should be performed by a qualified physician

F.3	Clinical tests

In general, clinical tests do not provide reliable proof of vibration injury, however, they may be helpful to exclude other causes of symptoms similar to those of hand-arm vibration syndrome or to monitor progression of injury.

Tests for the peripheral vascular system include the Lewis-Prusik test, the Allen test, and the Adson test.

Tests for the peripheral nervous system include the evaluation of manual dexterity (e.g. coin recognition and pick up), the Roos test, the Phalen’s test and the Tinel’s sign (for carpal tunnel compression).

F.4	Vascular investigations

The vascular assessment of the hand-arm vibration syndrome is mainly based on cold provocation tests: assessing changes in finger colour, recording recovery times of finger skin temperature, and measuring finger systolic blood pressure. Other non- invasive diagnostic tests, such as Doppler recording of arm and finger blood-flow and pressure, may also be useful.

F.5	Neurological investigations

The neurological assessment of the hand-arm vibration syndrome includes several tests:

•	Vibration perception thresholds
•	Tactile sensitivity (gap detection, monofilaments)
•	Thermal perception thresholds
•	Nerve conduction velocities in the upper and lower limbs.
•	Electromyography.
•	Fingertip dexterity (Purdue pegboard).

F.6	Muscle strength investigations

The evaluation of muscle force in the hand can be performed by means of a dynamometer to measure grip strength and a pinch gauge to measure pinch strengths.

F.7	Radiological investigations

X-rays of the shoulders, elbows, wrists and hands for a radiological diagnosis of bone and joint disorders are usually required in those countries in which vibration-induced osteoarthropathy in the upper limbs is recognised as an occupational disease.

F.8	Laboratory tests

Blood and urine analyses may be necessary in some case to distinguish vibration injury from other vascular or neurological disorders.



Further reading:
ISO 13091-1:2001   Mechanical vibration — Vibrotactile perception thresholds for the assessment of nerve dysfunction — Part 1: Methods of measurement at the fingertips

ISO 14835-1:2005   Mechanical vibration and shock — Cold provocation tests for the assessment of peripheral vascular function — Part 1: Measurement and evaluation of finger skin temperature

ISO 14835-2:2005 Mechanical vibration and shock — Cold provocation tests for the assessment of peripheral vascular function — Part 2: Measurement and evaluation of finger systolic blood pressure
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