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Abstract: - This paper studies the relations between cumulative exposures to hand-transmitted vibration
(taking into account the vibration magnitude, lifetime exposure duration, and frequency of vibration) and
the development of hand-arm diseases. The studies were made on a group of 16 users of powered
vibratory tools: grinder, dockyard painters, and machinists. The estimated total operating duration in
hours was thus obtained for each subject, for each tool, and for all tools combined. In this case, dose
measures with high powers of acceleration (m > 1) faired less well than measures in which the weighted
or unweighted acceleration, and lifetime exposure duration, were given equal weight (m = 1). The dose
determined solely by the lifetime exposure duration (without considering the vibration magnitude) gave
better predictions than measures made with m greater than unity. All measures of dose calculated from
the unweighted acceleration gave better predictions than the equivalent dose measures obtained using
acceleration frequency-weighted according to current standards.
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1. INTRODUCTION

Occupational exposures to hand-transmitted
vibration result in various disorders, sometimes
collectively known as the "hand-arm vibration
syndrome" (HAVS) [4]. This includes wvascular
(VS), neurological (NS), and musculoskeletal (MS)
disorders that may manifest individually or
collectively. The precise conditions causing each of
these disorders are not known. However, for the best
known vascular disorder, vibration-induced white
finger (VWF) [1], several studies have reported the
vibration conditions associated with an observed
incidence or prevalence of the condition.

A dose-response model for hand-arm
vibration syndromes should include the quantifiable
independent variables (for example: vibration
magnitude, vibration frequency and exposure
duration) [5].

2. MATERIALS AND METHODS

The hand-arm vibration syndromes were
studied on a group of 16 users, divided into 3 work
groups: grinders, dockyard painters and machinists
(table 1) for who are known: the age, if they are
smokers or non-smokers, the type of the working
vibrating tools and the period in which they used
these tools (years) [2] (Table 1).

For these workers were measured the
vibration magnitude (in terms of either apweqr)  OF
Ahuw(eqn)) and the exposure duration (in terms of
either total operating hours or years of exposure),
where aeqrm 1S equivalent acceleration per entire
period T, that can be weighted (a,;) or unweighted

(auwi) .

Table 1 The characteristics of the subjects used in this study

Exposure Ahw(eqT) Bh,uw(eq.T) Principal HAVS
Group Number | Age Smokers (years) ( m/s"z) (m/s) tools symptom
Grinder 5 25-36 2 5-13 2.5 30.1 angle 4
grinders
piston and
Dockyard 4 | 3251 I 721 17.8 98.4 chisel 2
painters
scalers
Machinist 7 35-47 4 17-28 42 31.8 chipping 4
hammers
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Tool operating durations were obtained in
hours per day, days per year, and total number of
years, separately for each period of use of each tool
type. The estimated total (that is, lifetime) operating
duration in hours was thus obtained for each subject,
for each tool. The total vibration exposure duration
for each subject was obtained by addition of the
operating durations for the different tools.

Hand-transmitted vibration was measured
on representative samples of the tools used by the
subjects in each case.

The measurements were made using NetdB

- Complex system for analysis and measurement of
remitted vibration to human body with dBFA Suite -
Software for acquisition command and data post-
process and PCB Piezotronics triaxial piezoelectric
accelerometers.
Vibration magnitudes were expressed as root-mean-
square acceleration, frequency-weighted using
frequency weighting Wh in accord with ISO
5349/2001 [7]. In addition, unweighted acceleration
magnitudes were obtained over the same nominal
frequency range (6.3-1250 Hz). For each tool,
vibration measurements were made at each hand
position in three orthogonal directions. In each case,
the greatest of the three magnitudes was selected to
represent the vibration magnitude of the tool [6].

Using the vibration magnitude and exposure
durations, it was possible to construct, for each
subject, various alternative vibration "doses", of the
general form [3]:

DosezZa;”ti (1

where a; and ¢; are the acceleration magnitude and
the exposure duration respectively, for tool i and m
is a coefficient.

In these doses, the acceleration, a, is
weighted (a,;) or unweighted (a,,;) and the total
exposure duration, ¢, depends on the value of m.

If m has the value 2, the relation between a
and ¢ is that assumed in root-mean-square averaging
(as suggested in ISO 5349-1/2001.

Assigning values of 1 or 4 to m decreases or
increases, respectively, the importance of the
vibration magnitude, a, relative to that of exposure
duration, z. With m = 0, the dose takes no account of
vibration magnitude. Doses with m =0, 1, 2, and 4
were computed for each subject, with both
frequency-weighted and unweighted acceleration.

In addition to the above doses, which all
increase with increasing exposure duration,
equivalent frequency-weighted acceleration r.m.s.
magnitudes and unweighted r.m.s. acceleration

magnitudes (@, weqn AN @) uwieq 1) TESPECtively) were
computed for each subject:

)

3. RESULTS AND DISCUSSIONS

Table 2 shows the prevalence of
HAVS.

Table 2 Distribution of HAVS in the vibration exposed
worker

Grinder | Dockyard painters | Machinist
HAVS 4 2 4
VS 3 - 1
NS - 2 1
MS 1 - 2
VWF - - -

To study the vibrations induced during
subject’s activity two measures of vibration
exposure were made: a measure of vibration
magnitude (in terms of either ajeqn OF @hunieqn)
and a measure of exposure duration (in terms of
either total operating hours or years of exposure).

The various measures of vibration dose were
estimated as the total lifetime duration of exposure ¢
[h] alone or in combination with the frequency-
weighted a,,; [m/s’] or the unweighted a,,; [m/s’]
acceleration magnitude of vibration produced by the
hand held tools used by the workers.

For all measures of vibration dose computed
from acceleration magnitude (a,; or a,,) and
lifetime exposure duration (total operating hours), an
increase in dose was generally associated with an
increase in the prevalence of HAVS (figure 1).

The strength of the relation between the
alternative measures of dose and the occurrence of
HAVS varied between dose measures. Generally,
dose measures with high powers of acceleration (i.e.
m>1) faired less well than measures in which the
acceleration, a,; or a,.,, and lifetime exposure
duration, ¢, were given equal weight. Indeed, dose
determined solely by the duration of exposure
(without consideration of the vibration magnitude)
tended to give better predictions than measures with
values of m greater than unity, with an exception for
Zauwizti (mzs'4h, unweighted acceleration). The
magnitude of the likelihood ratio statistic suggested
that all measures of dose were stronger predictors of
HAVS when the dose was calculated from the
unweighted acceleration than from the frequency-
weighted acceleration. Similar results were obtained
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when the measures of vibration dose were included
in the logistic models as continuous covariates.

In all of the cases, HAVS was found to be
associated with age and smoking.
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Figure 1 The relationship between of HAVS and the vibration dose calculus

4. CONCLUSIONS

From the obtained data it can be seen that
when knowledge of exposures to hand-transmitted
vibration is restricted to the total duration of
exposure, and does not discriminate between
exposures accumulated over the day and those
accumulated over years, a dose formed from a linear

relation between vibration magnitude, @, and
exposure duration, ¢ can be appropriate for
predicting the occurrence of VWF (i.e.

dose =Y ait)).

The accuracy of predictions of VWF was
dependent on the frequency weighting, with poorer
predictions when the currently recommended
frequency weighting was employed. This suggests
that more weight should be given in the standards to
vibration at some intermediate or high frequencies
relative to the weight given at low frequencies.

The findings suggest that improvements are
possible to both the frequency weighting and the
time dependency in current standards used to predict
the development of VWEF.
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