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Abstract

According to NIOSH there may be as many as 1.5ianilpeople exposed to
hand-arm vibration, HAV. Many of these workers wilhive sufficient exposure to
HAV and concomitant ergonomic factors to developalt vascular, nerve or mus-
cle injuries. In the US, the ANSI S2.70-2006 angl AaCGIH® TLV® provide gui-
dance for controlling the risk of injuries assoedtwith HAV. The ANSI S2.70-
2006 standard is based on consensus of affecté@ésarhe TLV® is a scientific
standard based only on health considerations ysimdished data. The ACGIH®
has placed the hand-arm vibration TLV® on its “undiidy” list. A review of se-
lected literature suggest that possible updatethaéoTLV® might include a new
TLV® based on an equal energy curve, inclusionighér frequencies, inclusion of
multiple axes of vibration exposure in exposureuitions, changes in frequency
weightings, consideration of concomitant ergonostiesses, and action and ceiling
limits.

1. Introduction

Hand-arm vibration exposure has been shown totaffawes, muscles, arteries,
muscles and bones. This paper examines the preeatdnvibration exposure and
current regulations. It is particularly concerneithvthe existing ACGIH® TLV®.
The TLV® is under study by the ACGIH TLV® PhysicAgents Committee for
possible revision.

2. Exposure

While it is difficult to estimate the exact exposuo hand arm vibration, it is
possible to estimate the number of people who viorikkdustries and occupations
where vibrating tools might be used. NIOSH [1] mstied that the there were 1.25
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million people in occupations that used vibratiaglé. Using 2004 Bureau of Labor
Statistics Data, Dong [2] estimated that there stdlybe more than 1.5 million peo-
ple who are exposed to hand-arm vibration for ntba@m one hour per day. It can be
argued that out-sourcing of US jobs will lead tdueed exposures. It also can be
argued that tools have improved since the 1983 M@S&imate so the exposure in-
tensities and associated health impairments mayhalge decreased.

3. Current Standards & Guidelines
3.1 US Federal Standards

Presently Occupational Safety and Health Admintistna OHSA, does not have
a standard that specifically addresses hand-armatidin. The National Institute for
Occupational Safety and Health, NIOSH, did publishecriteria document in 1989
that included a comprehensive review of the litetbut it did not recommend an
exposure limit for hand-arm vibration [3]. NIOSH svanable to show a satisfactory
dose-response relationship between hand-arm \doragixposures and disorders
based on the available studies and did not recomiraarexposure limit. They rec-
ommend exposure and health monitoring along witfirerering controls. They also
specifically recommended against use the ISO 53d®dard [measurement proce-
dures that considers frequencies from 6.3-1,250kz av-6dB/octave weighting for
frequencies greater than 16Hz. Instead they recomeate unweighted measure-
ments through 5,000Hz. In the absence of a recometerexposure limit, the
OSHA did not promulgate a standard.

OSHA does have a General Duty Clause that saysogemgl must provide a
place of employment that is free of recognized hdethat are likely to cause death
or serious physical harm to his employees [20]. ARZ70-2006 (see below) could
have an impact future General Duty Citations. Adawg to OSHA [4] “industry
consensus standards may be evidence that a haZastognized" and that there is
a feasible means of correcting such a hazard.”

3.2 State Regulations and Guidelines

Only the State of Washington has attempted to implg a standard for control
of hand-arm vibration exposure. The Washingtonatibn standard was part of an
ergonomic standard that addressed a number of Vemddactors believed to con-
tribute to chronic hand, wrist and forearm injuriksnstructed the user to get the in-
formation from the manufacturer or to downloaddnfi a web-based database main-
tained by the Swedish National Institute for Wotkinife. The vibration measure-
ments in the NIWL data are based on 1SO 5349-1.\Whshington standard speci-
fied an 8-hour energy-equivalent frequency- weidlaeceleration caution limit and
hazard limit of 2.5 mf/sand 5 m/Srespectively. The vibration standard along with
the entire ergonomic initiative was repealed bemefidum shortly after it was im-
plemented, but it remains only as a guideline.
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3.3 ANSI S2.70-2006

The American National Standards Institute, ANSlaison governmental body.
ANSI is the U.S. representative to the Internati@aanization for Standardization
(ISO). ANSI standards are based on “consensusffeétad parties. Use of consen-
sus standards is voluntary; however, the OSHA Gerieuty Clause forces their
consideration or consideration of something mootqutive.

Some important features of the ANSI S2.70-2006tarecope, its measurement
guidelines and the recommended limits. First thepscbroadly addresses many
chronic hand-wrist-forearm disorders: “adverse theaffect, such as hand-arm vi-
bration syndrome (HAVS) and other conditions of tigper extremities, such as
carpal tunnel syndrome. Second the ANSI standaediféps how vibration meas-
urements should be performed using ISO 5349. Expesare calculated as a vector
sum of three orthogonal axes and expressed ashanr8equivalent exposure. Third
the ANSI standard recommends a Daily Exposure Actialue of 2.5m/sand a
Daily Exposure Limit Value (8-hour equivalent expos) of 5.0m/& This recom-
mendation is derived from the dose-response reistip included in Annex C.3 of
ISO 5349. The dose is expressed as an equivalkotuBexposure and the response
as the number of years for 10% of the populatiodeeelop finger blanching. Nei-
ther the ANSI nor the ISO standard provides speciferences to support the dose-
response relationship.

3.4 International Standards

The ISO 5349 and EU Directive 2002/44/EC affect Aimen employers and
manufacturers. First many American companies ddanbes in Europe and other
parts of the world governed by these standardsor8edhe vibration measurement
and reporting procedures recommended by the 109 %34 widely used. And
Third, Both the ACGIH® TLV® and ANSI S2.70-2006 eefto the exposure re-
sponse relationship described in the Annex of 8@ $tandard.

3.5 The American Conference of Governmental Industal Hygienist, ACGIH®

ACGIH® is a private, not-for-profit, nongovernmehtarporation whose mem-
bers are industrial hygienist or other safety pssienals dedicated to promoting
health and safety within the workplace. ACGIH® @& a standards setting body. It
considers itself a scientific organization andsitablishes committees that to review
existing published, peer-reviewed scientific litere that is used to publish expo-
sure guidelines called Threshold Limit Values® dtVE®. Scientific Committee
members must adhere to strict rules regarding icowfl interest and bias. ACGIH®
members must set aside their personal and compéengsts and consider only the
available science in the interest of worker hea@GIH does not consider the cost
that TLVs® might have on an employer, employee @nuofacturers. The use of
TLVs® is voluntary. TLVs® are reviewed annually aadist of the TLVs® that are
under study for possible revision are is publiseadh year in the ACGIH® Thresh-
old Limit Value book [5]. Hand-arm vibration is @ine 2006 Physical Agents Under
Study list.
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The TLV® for hand-am vibration specifies exposungits that are intended to
prevent nearly all workers from progressing beydStage 1 of the Stockholm
Workshop Classification System for Vibration-inddce/hite Finger (VWF), also
known as Raynaud's Phenomenon of Occupational iDij§j6]. The TLV® speci-
fies vibration measurements using, as closely asible, a “biodynamic” coordinate
system located in the center of the first knucKi¢he third digit with the z-axis in
alignment with the third metacarpal. The TLV® sfiiesi that frequencies be
weighted according to ISO 5349 and reported asne-tieighted average for the
exposure period.

In contrast to the other reviewed standards, theé@ lconsiders only the domi-
nate axis. If the three orthogonal axes are edhah the vector sum will be 72%
greater than any single axis. If the dominant &xisvice as great as the vector sum
of the other two axes, the vector sum of all axdsb& 23% greater than the domi-
nant axis. As the difference between the dominaig and the vector sum of the
other two axes becomes greater, the effect of dotov sum becomes less. It is im-
portant though that the major axis be correctlyidied.

The TLV® for hand-arm vibration range from 4ffsr 4-8 hours to 12midor
less than one hour. These values are less thab.@n@$ limits recommended by
ANSI S2.70-2006 and the state of Washington, bey tire greater than the 2.5fm/s
action limits. The TLV® is based on a single dominhaxis, so it can be assumed
that the vector sum of all three axes is up to fgdeater in many cases.

3.5.1 Possible TLV® enhancements

The current TLV® documentation does not rationatime use of only the domi-
nate axis. This may reflect the fact that manygpslich as reciprocating chipping
hammers or pavement breakers, tend to have ongicanss axis. It also may re-
flect the cost of instrumentation for simultanedtsaxial measurements in the
1980s. The low cost of necessary instrumentatha gtimination of possible errors
trying to identify a dominant axis of vibration attte alignment of the TLV® with
other standards argue for the use of a vector sum.

The documentation for the current TLV® is not sfiecabout the basis for the
current TLV® recommendations. The main referenqeeaps to be that of Brammer
[7,8]. It his work, Brammer used the results ofesal epidemiological studies to ex-
amine exposure-response relationships for the fgeea of white finger versus ex-
posure time, and average latency versus compogeatesiation. Based on these ar-
guments Brammer proposes that the threshold iseeett and 2.9nfidor the ap-
pearance of white fingers in 10% of the susceptildpulation in 25-30 years. Pel-
mear and Leong [9] that Stage 1 vibration- induedtte finger will proceed to
Stage 3 and possibly Stage 4 if exposure continlies.goal must be to prevent
Stage 1 vibration-induced white finger altogett®tudies of other health responses
to hand-arm vibration suggest that the exposungorese-relationship needs to con-
sider other outcomes and exposure factors. The raosht study used by Brammer
[7,8] to examine the exposure response relationfshipibration-induced white fin-
ger was 1971. The relationship between hand-armatiin and health responses
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may not have changed, but the equipment and proesdar measuring exposure
and responses has improved considerably. The Brammoéel needs to be updated
with current literature and additional outcomes.

There is growing concern about disorders besidesation induced white fin-
ger. Lundborg, Dahlin, et al. [10] were able tound epineurial edema in the sciatic
nerve in mice with 82Hz exposures at 26nits 4 hours per day after five days.
This shows that vibration acts directly on nergsuies. Necking [11] reported mor-
phological changes in abductor pollicis brevis nteise 20 patients suffering from
HAVS. The number of fibers demonstrating centrédlgated nuclei was correlated
with the cumulative vibration exposure time, whitee number of angulated fibers
was correlated with the total exposure time. Theselts show that vibration acts
directly on muscles as well as nerves.

There is growing evidence that that vibration meyalco-factor with ergonomic
factors of musculoskeletal disorders. Armstronglefl2] reported an odds ration of
5.6 for risk of carpal tunnel syndrome among pessperforming highly repetitive
jobs versus low repetitive jobs. The risk of carpainel syndrome was doubled
again for workers who were exposed to both higketidpn and vibration. Bovenzi
et al. [13] reported that risk of carpal tunnel gyome increased by a factor of 1.3
with each unit increase of A(8) and by 1.09 witlsleancrease unit in Strain index.
Bovenzi, Giannini, et al. [14] reported ergonomactbrs along with vibration expo-
sure also were a factor in peripheral nerve infuireforestry workers. High levels
of paresthesias observed among dental hygieniptsaapo be attributable to several
pathophysiological mechanisms, including, sens@mwe demyelination at the car-
pal tunnel and intrinsic to the digits, and dystimt of fingertip mechanoreceptors.
In its comprehensive review of the literature, NRC-IOM [15] the contribution of
vibration to chronic hand, wrist and forearm disasdalong with the contributions
of other ergonomic factors such as repeated artdised forces and stressful pos-
tures. Armstrong, Marshall, et al [12] found thaewf hammer and chipping tools
and grinders were associated with medium to higleated exertions, forces and
postures. Eight hour equivalent vibration exposwesghted using the 1SO 5349
ranged from 3.3 mfsfor grinders to 8.5 misfor reciprocating scaling hammers. A
model is needed that can be used to understangraditt the combined effects of
vibration and ergonomic co-factors.

The current 1SO 5349 frequency weighting can beetlaback to psychophysi-
cal studies by [16]. NIOSH [3] believes that theasgrement grossly underesti-
mates the HAVS-producing effects from tools thdirate at high frequencies and
argued for use of un-weighted measurements fouéecges from 6.3 to 5,000Hz
along each axis of a biodynamic reference systemy &lso noted that use of this
method would simplify the measurement process. D@gjcome, et al [17] also at
NIOSH reported that vibration power absorption, VFAr the palm and hand
matched the 1SO 5349 weighting, but the VPA forfihgers during combined grip
and push was much higher than the ISO values &mqugncies in excess of 25Hz.
Combined griping and pushing is a common exertmmusing hand tools. Lund-
borg, Dahlin, et al. [10] were able to induce epiiel edema in the sciatic nerve in
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mice with 82Hz exposures at 26ffer 4 hours per day after five days. Using the
ISO 5349 weighting, this exposure would be -7.0dBsffen, Bovenzi, et al. [18]
examined the exposure response relationship betwbite finger and vibration ex-
posures over time using both weighted and un-frecueveightings. Poorer predic-
tions were obtained when the currently recommeridagiency weighting was em-
ployed than when accelerations at all frequenciesevgiven equal weight. This
sample of studies suggests the need for either fioaiibn or elimination of fre-
quency weightings.

There is a growing body of literature about vibwatrelated disorders occurring
in dentist who use high frequency dentist drillhe@iack, Brammer, et al. [19]
conducted a cross-sectional study of vibrotac@eception thresholds (VPT) among
dentists, dental technicians, and dental hygienisinig rotary devices and ultrason-
ics among 94 experienced dental hygienists. Akesisondborg, et al. [20] com-
pared vibration exposed groups of 30 dentists &ndedital hygienists who used low
and high speed hand pieces and ultrasonic scaldrsvilsration unexposed groups
of 30 dental assistants and 30 medical nursesv(atien). The two groups exposed
to vibration had significant impairments of vibrotite sensibility, strength, and mo-
tor performance, as well as more frequent sensar@hsymptoms. There was no in-
crease of vascular symptoms of the hands in thepgraexposed to vibration.
Rytkonen, Sorainen, et al [21] measured vibratio22 dental hand pieces during
normal work using the 1SO 5349 weighting. The highgbration levels were in the
frequency range above 1,250Hz. At the weightingtolador accelerations at
1,250Hz would be -19.2dB. This sample of studigspsuts both an exposure re-
sponse relationship for vibration and peripheralveedisorders and using a flat
weighting that includes frequencies in excess 250 Hz.

4. Conclusions

There is evidence that as many as 1.5 million peomy be exposed to hand-
arm vibration. The current ANSI S2.70-2006 consenstandard and ACGIH®
TLV® provide guidance for measuring and managingdharm vibration exposures.
Both of these documents draw on recommendatioma 180 5349 for measure-
ment and reporting procedures. The ACGIH® has plabe hand-arm vibration
TLV® on its “under study” list. A review of seleatditerature suggest that possible
updates to the TLV® might include a new TLV® basedan equal energy curve,
inclusion of higher frequencies, inclusion of mpiki axes of vibration exposure in
exposure calculations, changes in frequency weighticonsideration of concomi-
tant ergonomic stresses, and action and ceilingslim
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