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INTRODUCTICN

The problem of hand-transmitted vibration from the use of various hand tools
is receiving increasing attention from central govermment agencies, the
wedical profession and researchers in different countries. The main emphasis
of this work has been centred around Raynaud's Phenomenon (Vibration-Induced
White Finger: VWF) although other types of injury have been associated with
vibrating hand tocls,
viz a) Bone and joint disorders {e.z. bone eysts)

b) Neurological disordere (e.g. nerve conduction velocity)

¢} Muscle disorders (e.g. atrophy)

d) Other general whole body symptoms

e) Disorders to the circulatory system, of which VWF is one.

The clinieian often has a difficult task in identifying whether occupationsl
exposure to vibration of the hand-erm system has been the sole cause or
contributor to any one of these manifestations and an in-depth study of the
patients' history has to be undertzken in crder %o establish the reascn for
the symptoms exhibited, in a similer vain to occupational noise investigations.

More details of these other disorders and the problems asseciated with
determining the root cause are given in Taylor's paper (1) and a report by
Griffin (2).

RAYNAUD'S PHENOMENON

This is the term given to the vascular disorder which results in finger
blanching, murbness etc. of which there are many causes, ineluding the use of
powered hand tools (mee Figure 1). The attacks of blanching are often
sporadic in nature and are preceded by slight tingling and numbness of the
finger tips which often pass unnoticed and are not atiributed to the effects of
vibration exposure. Blanching initially commences at the tips and may extend
to effect the whole finger with continued vibration exposure. The attacks
typically last for less than one hour and terminate in hyperaemia and assecia-
ted pain. It has been found that, during an attack, sensitivity to pain,
temperature and touch may be reduced, Continuing and prolonged exposure cen
result in more fingers becoming affected and they may take on a permanently
blue-black cysnotic appearance or even become gangrencus, in extreme cages.
The degree to which a person cen suffer from this syndrome is related %o the
duration of exposure during a normal working day, the amplitude and freguency
of the dose received, and the manner by which the tool is held.
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QCCUPATIONAL ACTIVITIES ASSOCIATED WITH CAUSING RAYNAUD'S PEENOMENON

Raymaud's Phenomenon caused by some classes of cccupational activity is a
prescribed disease within the terms of the Sceial Security (Industrial
Injuries) (Prescribed Disemses) Regulations 1980 (as zmended)} for which
Eoeial Security benefit can be paid. The types of occupations which would
warrant payment are, however, clearly defined and generally relate to
industries using percussive tools and chain saws. However, there are mATy
different typea of industrial tools which eould give rise to vibration to the
hand-arm system such that monitoring and control is necessary. One such
activity was the subject of a study by the zuthor; the meesurement of hand-
transmitted vibration from a beef-splitting saw used in animal alaughtering
industry (3). The results indicated thet, using the assessment methed in

IS0 5345:1986 (4), 2n operative could be expased to a high risk of exhibiting
symptoma associated with Reynaud's Phenomenon within a normal working life.
The type of enviromment prevalent in a slaughterhouse {i.e. celd and damp) has
been found to precipitate attacks of the syndroune.

Several surveys are being undertaken in order to establich the numbers of
people exposed to vibrztion transmitted from the use of hand tcols and the
types of tools involved, It is hoped that the information obtained may lead
to more intensive monitoring and research which will assist in compiling a
data base which cen be used to quantify the problem a2nd to identify those
activities which present most risk to the workforce.

MEASUREMENT OF HAND-TRANSMITTED VIBRATION

Although the measurement of vibration transmiited to the hand by traditional

methods is fraught with problems, it has been even more diffiecult to derive a

dose-response relationship owing to the paucity of data availeble. The

.current British and International Standards include an assessment of the

possible effects of exposure over a variable time period but stzte that this is

for guidance purposes only owing to the small rumber of subjects on which the
guidelines are bzsed. The main problem associated with the measurement of the
‘vibration received by the operative of a hand tool is toc ensure that the same .
operational conditions exist during the monitoring period as when work is
being carried out normelly. Several factors may contribute towards not
recording the dose normally received:

. if using a hend-held adaptor for providing a mounting point for the
accelerometer, normal grip pressure should still be exerted znd the
adzptor should not affect the transfer function between the tool end the
fingers or hand.

. the operatives' atiitude to the monitoring may affect the manner in which
the toel is normally gripped or held or the way in which the normal
operation is carried out.

. Spurious results due to overload of the monitoring system (e.g. movement of

hand position on the tool), d.c. shift in zccelercmeters or excessive

movement of the accelerometer comnecting cable resulting in the tribo-
electric effect. ’

moniteoring in an environment hostile to the use of precision equipment

{e.g. very humid conditions) requiring great care to be taken over

protection of connections ete.
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A mumber of these preblems can be overcome by measuring the vidbration produced
by the tool uwsing tool-mounted transducers or by adopting more sophisticated
technigues, such as lasers, rather than guantifying the dose received at the
hand.

Resume of Relevant British and International Standards

Both the British Standards Institution and the International Organisation for
Standardisation heve taken some time in producing documents for meesuring and
zssessing hand-transmitted vibration, The British Standards Institute
produced a draft for development in 1975, (BS DD:43), (5), and it has taken
over 12 years for the full stendard to appear (BS 6842:1987), (6). OCne of

the rezgons for the delay in producing the Standard in final form may be
attributed to the deliberations of the Intermational Organisation for
Standardieation which produced its current Standard in 1996 (IS0 5349:1986),(4)
"after preducing two draeft forms in 1979 (7} and 1984 (8). .

The original draft ISCQ documents differed from the BS Iraft for Development in
that measurements were to be undertaken in % octave bends,rather than 1/1
octaves,over a narrower frequency range, initially, although IS0Q 53949.2 did
reduce the discrepancy by increasing the suggested frequency range over which
measurements should be taken. The major difference between the draft documents
produced by these orgenisations, though, was thet the IS0 sought to derive a
dose-response relationship as guidance as to the poseible effect of long-term
exposure to vibration whereas ID 43 suggested maximum frequency-related
exposure levels which should not be exceeded during an 8-hour day.

IS0 5349:1984 and BS 6842:1387 both stipulate the use of a similar monitering
methodology and give guidance on the evaluation of exposure in terms of a
dose-response relationship. Where they differ is that the Intermational
Standard equates everything to a 4-hour exposure period during a normal
working day, whereas BS 6842 works towards an 8-hour exposure peried in order
to provide uniformity with other occupational exposure standards i.e. noise
and occupational exposure limits. Furthermore, ISC 5349 presents data for the
- exposure time regquired, in years, before the onset of symptoms attributable
to Reynzud's Phenomencn in 10 to 50% of the exposed population for frequency-
welghted acceleration levels of 2 to 50 ms‘z, wherezs the British Standard
Presents the magnitudes of frequency-weighted aceeleration required to show
symptoms in 10% of the exposed population depending upon daily and life-time
expogsures. The criterion suggested by ISO 5349 is based upon results
derived frow approximetely 40 studies whereas BS 6842 merely points to eome
evidence suggesting that zbout 10% of persons exposed to a fregquency-weighted
vibration magnitude of the order of 4 me™¢ from 2 toeol used regularly for
4 hours per day mey exhibit sgmptoms of blanching after about 8 yeara. If the
magnitude is other than 4 me™<, prevision is made for calculating the number
of years required t¢ produce symptoms in 10% ¢f the population or,
alternatively, the daily exposure time for exhibition after sbout 8 years.
The difference in approach is illustrated by reference to Figure 2 which
reproduces the dose-response tables given in both Standards.

BS 6B42:1987 gives reasonably precise details of the methodology to be
empleyed during monitoring and provides design criteria for the direct
measurement of frequency-weighted acceleration using a frequency weighting
network, although measurements made in 4 and 1/1 octave bands can be converted
to weighted measurements using an zppropriate correction factor.
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THE WAY FORWARD

It can be said that the problem of occupational exposure to noise has largely
been quantified, assessed and steps taken to protect employees from possible
hearing demage although debates will undoubtably contimue over the adequacy
of the standards being proposed. The number of people using vibrating hand

. tools needs to be quantified and more dose-response data obtained so that
definttive recommended exposure limits cen be derived. This work will require
the co-operation of workers and management to ensure that a5 much information
is gathered as possible and manufacturers of equipment must be made eware of
the need to incorporate appropriate damping mechanisms in the design of tools
precenting the greatest risk. A lot of work needs to be dome in this field
as well a8 in the risk of whole-body exposure to vibration. As more inform-
ation is gained about the incidence- of Raynaud's Phenomenon and more research
ig carried out inte more effective measurement techniques, the problems
associated with zssessment will be more clearly understood which should enable
proper protection to be given to the exposed population as well as financial
suppert to a wider class of sufferers of the injury.
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Figure 1

Causes of Raynaud's Phenomenon (after Taylor and Pelmear, 1975 (9)

Primary Reynsud's Disease
) a)
b)

Secondary Raynaud's Disease
i) comnective tissue disease:

a)
b)
e)
d)
e)
f)

ii) trauma:
- direect to extremities:
a)
)
e)

Raynaud's disease

constitutional white finger

ascheleroderma

systemic lupus erythematosus
dermatomysitis

rheumatoid arthritis
polyarteritis nedesa

mixed comnective tissue disease

following injury, fracture or operation
of occupational origin (vibration)
frostbite znd immersion syndrome

- to proximal vessels by compression:

a)
b)

1i1) occlusive vascular disease:
2)
b)
e)
Y

iv) dysglobulinaemia:
a)

v) intoxication:

a)
b)

e)
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thoracic outlet syndrome
costoelavicular and hyperabduction

thromboangiitia obliterana
arterioselerosis

emboliem

throwbosis

celd haemzgglutination syndrome

acro-osteolysis
ergot

nicotine
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Figure 2

Dose-Response Relationships Given in IS0 5349:1986 and BS 684231987

Table 4 — Exposure time In years for different percentiles of a population

for verlous welghted sccelerations

W!u!phtald Parcentile of populstion, C

1o, wleqias 10 2 [ = [ 40 %0
m-s=-2 Expoaure tirme. yeark

2 1% <} >25 >i5 >»25
5 ) 8 11 12 4
10 3 4 5 L] ?
X 1 2 F 3 3
50 <1 <3 <1 1 ]

a) ISO 5349:1986

Table 5. Frequency weighted vibration accelaration magnitudes {m-s™
which may be sxpacted to produce finger blenching in 10 % of perions exposed

? rmas)

Daily Lils-time axposure
axposure
& months 1 yoar 2 ysars 4 yourx 8 yoans 16 years
8h 44.8 224 1.2 5.6 28 1.4
4h 64.0 320 . 15.0 8.0 4.0 2.0
2h 89.6 44.8 224 1.2 56 23
ih 128.0 64.0 RO 16.0 8.0 140
30 min 178.2 g89.6 44.8 ‘224 1.2 5.6
15 min 258.0 128.0 64.0 32.0 16.0 8.0

NOTE 1. With thort durstion exposures the magnitudes are high and vsacvler disorders may
nat be the firgl sdverss symp1om 10 develop,
NOTE 2. The numbers in the table arp calcvisted and 1he figures behind the decimal peints
do not imply san accuracy which can be obrdined in sciuval measurements.
NOTE 3. Within the 10 % of exposed persgm whp develop 1inger blanching, there may be a
variptian in the severity of symproms.

b) BS 6842:1987
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