
▲235The Journal of The South African Institute of Mining and Metallurgy JULY/AUGUST  2000

Introduction

The prevalence of noise, and its effects on the
health and safety of miners has been
extensively studied in the mining and related
industries. Mechanical vibration has received
far less attention. Recent events in South
Africa, such as the de-politicization of the

unions, an increased awareness of the role of
health and safety in the workplace and new
health and safety legislation warrant a fresh
look at this problem.

The University of Pretoria, in association
with the Human Factors Research Unit at the
Institute of Sound and Vibration Research in
Southampton, was commissioned by the Safety
in Mines Research Advisory Council in 1998 to
perform a comprehensive survey of the levels
of vibration that workers are exposed to in the
South African mining industry. This article
reports on the results of the study and includes
an assessment of the current situation.

Prior to this investigation no objective,
quantifiable data were available from which
the incidence and extent of harmful vibration
levels in the South African mining industry
could be estimated. The primary purpose of
this study was to provide such a data set that
will consist of vibration measurements on a
wide range of equipment currently used in the
South African mining industry.

To measure vibration levels on all
equipment in use on South African mines is
clearly an impossible task. Even to measure on
only that equipment previously determined by
subjective evaluation to have ‘high’ vibration
levels is a daunting task. For this project it was
decided to survey as wide a range of
equipment as possible in order to obtain a
general overview of the current state of affairs.
For a select set of equipment, which was
determined during the course of the
measurements, a more detailed investigation
was pursued. From the outset it was clear that
rock drills would definitely form one such set.
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Synopsis

The research project reported on represents the first comprehensive
attempt to measure the vibration levels of a variety of tools and
equipment in the South African mining industry to determine the
effect thereof on the health of workers and operators. Although
human vibration has been studied extensively internationally only
one reference pertaining to the South African mining industry
could be found. From studies conducted in Canada and elsewhere it
was evident that rock drills do have potentially hazardous levels of
vibration.

The scope of the research included measurements on a broad
spectrum of tools, machines and vehicles used in the South African
mining industry. Both hand-arm vibration, where the majority of
the vibration enter the body through the hands, and whole body
vibration, where the whole body is exposed to vibration through
contact by the buttocks or feet, were investigated and measured.

More than 700 sets of vibration data measured on 70 machines
at 15 mines and workshops were obtained. Data were obtained for
at least 24 different types of equipment and machines that were
previously judged to have medium to high levels of vibration. All
measurements were conducted in accordance with the international
standards: ISO 5349, on hand-arm vibration, and ISO 2631-1, for
whole body vibration.

The equipment with the highest vibration levels in the hand-
arm category was: rock drills, both pneumatic and hydraulic;
pavement breakers and jackhammers; hand-held compactors;
pneumatic wrenches and electrical hammer drills. Of these the rock
drills had weighted vibration levels in excess of 20 m/s2. As far as
whole body vibration was concerned the highest values were
measured on earth-moving equipment.

The major conclusion from this study is that the measured
vibration levels are sufficiently high to create an enhanced level of
risk of vibration-induced disorders in a significant proportion of the
operators of hand-held equipment. The most notable examples are
hand-held rock drills, pavement breakers, jackhammers and certain
selected workshop tools.

The results of the study indicate that a comprehensive epidemi-
ological study should be undertaken on present and past workers
to determine the prevalence of vibration-induced disorders.
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Human vibration levels in the South African mining industry

Human vibration is usually separated into two well-
defined categories, whole body vibration (WBV) and hand-
transmitted vibration (Griffin1990). WBV occurs when the
human body is supported on a vibrating surface such as a
seat or floor that is vibrating. This may lead to discomfort,
interference with activities and impaired health. Various
health disorders have been reported among people exposed to
severe whole body vibration. These include back problems,
gastrointestinal, reproductive system, visual and vestibular
disorders.

Hand-transmitted vibration, by contrast, is a form of local
vibration where the hand is in contact with a vibrating piece
of equipment and the vibration enters the body at the hand.
Prolonged exposure to occupational vibration is associated
with an increased risk of Hand-Arm Vibration Syndrome
(HAVS), a chronic, progressive disorder that affects the
vascular, neurological and musculo-skeletal systems. Early
stages are characterized by blanching of the fingers, tingling,
loss of sensitivity, numbness and pain in the fingers. In its
advanced stages this disorder can progress to loss of effective
hand function and necrosis of the fingers. 

HAVS was first recognized in the limestone quarries of
Bedford, Indiana as early as 1890–1900 (Taylor et al.1984)
and was subsequently reported in Italy in 1911 (Griffin1980).
Since then hammers and chisels used in mining operations
have been replaced by pneumatic drills, hand grinding was
replaced by electrically driven grinders between the two world
wars, and in the 1950s internal combustion engine-powered
chain saws replaced hand saws and the axe in forestry
(Taylor1988). Such technical advances led to increased hand-
arm vibration injuries in various industries all around the
globe.

This trend has been confirmed by various epidemiological
studies among miners and stoneworkers. Such studies have
been conducted in many countries, including the United
States of America (Taylor et al.1984, Wasserman et al.1991),
Canada (Narini et al.1993), Britain (Rodgers et al.1982),
Sweden (Hedlund1989), Italy (Bovenzi et al.1988, Bovenzi, et
al.1994), Korea (Moon et al.1982) and Japan (Matsumoto1977,
Sakakibara et al.1993). Very high prevalence of HAVS among
operators was reported in some of these studies, and rock
drills have clearly been identified as major sources of human
vibration.

Matsumuto et al.1977 report on an early Japanese study
on the state of health of rock drillers in a zinc mine. It was
assumed that about three hours of a typical shift was active
working time. The air temperatures were 17 to 20ºC and
humidity of 90 to 100 per cent. Of the rock drillers examined,
80 per cent presented with HAVS. A small group had stopped
using rock drills for more than two years prior to the study.
Of these, 38 per cent had HAVS. 

In order to investigate the vibration hazards to which
rock drill operators are exposed, Moon et al.1982 investigated
the subjective symptoms by means of a questionnaire and
performed several physiological function tests on 208 rock
drill operators and 115 control subjects for a period of two
months. It was concluded that 12,5 per cent of the vibration-
exposed group suffered from HAVS, compared to 0,9 per cent
of the control group. 

In their work, Hutton and Brubaker1985 presented the
results of field vibration tests conducted on Canadian jackleg

rock drills. Peak readings of 50 m/s2 with mean levels of 30
m/s2 were recorded. In a further study, Brubaker1986

investigated a group of 95 rock drillers from the two largest
hard rock mines in British Columbia. These workers were
typically exposed to 1,5 hours of vibration per shift and paid
a bonus based on footage drilled. Up to 45 per cent suffered
from periodic attacks of HAVS.

Wasserman et al.1991 conducted medical evaluations in
New Mexico on uranium miners. Among those selected for
the absence of confounding exposures or medical conditions,
17 per cent were in the vascular stages of HAVS and 24 per
cent in the neurological stages. 

Narini and his co-workers (1993) investigated the
prevalence of HAVS in a group of 19 gold-mine drillers in
Northern Ontario and 16 gold-mill workers, who served as
the control group without vibration exposure. The mean time
of vibration exposure was 14 years. Numbness, pain and
weakness were reported in 12 miners and 1 control subject.
Symptoms of HAVS were found in 16 miners and 3 control
subjects. 

While HAVS is therefore a very common industrial
disease, it is still one of the most overlooked in terms of
employee protection, risk assessment, and potential compen-
sation (Wilson1996:106). However, the increasing importance
of this disorder for the mining industry is amply illustrated
by the present roughly 40 000 vibration-related compen-
sation claims against British Coal (Griffin1998, personal
communication). It is estimated that a court ruling on HAVS
could lead to damages of £150–£500 million, and is likely to
trigger similar cases in other industries (Wilson1996:106).

WBV has also been studied in mining environments.
Village and Morrison1989 measured WBV at the seatpan of
load-haul-dump vehicles of different capacities at two
underground mines. In these vehicles the operator is seated
sideways to the direction of travel. The smallest vehicle
produced the greatest accelerations. Of the 22 measurements,
20 exceeded the ISO six-hour daily exposure limit in one
direction. The possibility that high WBV exposures adversely
affect health is supported by the high incidence of higher
back and neck injury reported for operators.

The earliest South African reference found is a COMRO
Research Report by Franz et al.1987. Although no findings are
reported on the existence of vibration-induced disorders in
the South African mining industry, the authors did
recommend that a study be undertaken to establish the status
of vibration-induced trauma. Different tests for the objective
evaluation of vibration-induced injury were however,
reviewed and found lacking in their ability to differentiate
consistently between the different stages of impairment. This
probably contributed to the fact that this recommendation has
never been implemented, and to date no epidemiological
studies have been conducted on South African miners.

Measurement procedures
In order to ensure that the measured data could be used for
comparison with other available data it was decided to follow
the relevant ISO standards. By following these guidelines the
team ensured that the data could be used to evaluate the
vibration level against agreed-on international norms. The
data could also be reported with confidence as being
representative of the actual vibration levels. The relevant ISO
standards are shortly described in Appendix 1.
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The reader is referred to these standards for specific
details of the measurement procedures and analysis.

Instrumentation

Since the primary entry point of the vibration in the case of
WBV was through the buttocks of the person operating the
equipment while seated on a seat or another type of platform,
a seat pad containing tri-axial accelerometers was used to
measure the vibration in the three axes as defined in ISO
2631-1. The sensor shown in Figure 1 was placed on the seat
and the operator was then requested to sit firmly on it
positioning it in the centre of the seat, with the x-axis and y-
axis correctly aligned to the front and side of the seat respec-
tively. The machinery or vehicle was normally operated while
the vibration levels were recorded.

This is a very reliable measurement procedure,
extensively used throughout the world to measure seat
vibration. During the course of this project no problems were
encountered with this method and in all cases this type of
transducer could be used to obtain reliable measurements.

The co-ordinate systems used in whole body vibration
measurements are shown in Figure 2.

Hand-arm vibration was mostly measured using a
specially designed, hand-held device equipped with two
accelerometers (Figure 3). The co-ordinate system employed
when the device was placed on the handle of the equipment
is indicated in Figure 4. The operator would grip the machine
in the usual manner. The co-ordinate system was thus
defined by the handle of the equipment. The idea of this
measurement procedure is to measure the vibration level at
the point where it actually enters the body of the operator. Of
course, the measurement will be influenced by the strength
of the grip of the operator. In all cases the operator was
explicitly instructed to grip the transducer very tightly to
ensure that an accurate and repeatable measurement was
obtained. 

Although this is an internationally accepted measurement
procedure a problem encountered was the fact that in some
cases the operators would actually let go of the equipment
while it was in operation and only hold the equipment lightly,
sometimes only with their fingers. In these cases one was
faced with the problem that the hand-held transducer set
could not be used. Also, even if the actual machine vibration
was measured, this was not the actual vibration entering the
body. In these cases the operators were asked to grip the
equipment firmly and the measurement was completed in
this configuration. In the analysis it will be necessary to
compensate for this behaviour when determining the actual
exposure time.

Results

In order to assess the effect of the vibration on the human
body, three important parameters must be considered:

➤ Level of vibration, usually expressed in the overall
weighted rms level, aw

➤ The daily vibration dose, or exposure, expressed in
minutes or hours, and

➤ The number of years a worker has been exposed to
these levels.

Human vibration levels in the South African mining industry
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Figure 1—Seat pad with tri-axial accelerometer for whole body vibration
measurements

Figure 2—Whole body vibration measurement co-ordinate system

Figure 3—Hand-arm vibration measurement set

Figure 4—Hand-arm vibration measurement co-ordinate system
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As the human body is in fact a mechanical system that
can be represented by a combination of springs, masses and
dampers, it is obvious that certain resonant frequencies exist
where one would experience more severe motion due to a
specific level of excitation. Furthermore, at some other
frequencies the body is able to cope with larger vibration
levels without experiencing severe discomfort or damage. To
take this into account specific frequency weighting curves
have been developed. These weights are clearly described in
the ISO standards and the measured acceleration signals
must therefore be filtered using these values before the rms
levels are computed to obtain the overall weighted rms level.

Both international standards, ISO 5349 (Hand-arm
vibration) and ISO 2631-1 (Whole body vibration), contain
an annex with guidelines on how to evaluate the vibration
exposure for possible detrimental effects on health. From the
literature and the standards, it seems that there is more
consensus in the international community on the harmful
effects, and the exposure levels at which they occur, for
hand-arm vibration than for whole body vibration.

As this research was concerned with both these aspects,
the data and discussion will be dealt with separately.

Hand-arm vibration

In ISO 5349-1986 the dose-effect relationship is derived from
studies on different worker populations. These studies
investigated the effect of vibration on workers who were
exposed daily to only one type of power tool or process
inducing hand-arm vibration for periods of up to 25 years.
The results are combined in a criterion relating four hours of
daily exposure at a certain weighted acceleration level in the
direction with the highest value and years of exposure to the
percentage of the population that will develop vascular
symptoms, characterized by finger blanching. This criterion
is represented in Figure 5.

To interpret this Figure one has to find the measured
level of vibration the operator is exposed to on the horizontal
axis and the number of years the person has been in the
particular job on the vertical axis. The point that these two
values represent in the Figure should then be interpreted
according to the diagonal percentile lines. If the point falls
above a specific percentile line then at least that percentage
of the population will exhibit the first symptoms of the
vascular stage of HAVS.

It is possible to interpret the measured levels of vibration
using these criteria. In this research, since a broad spectrum
of equipment was targeted for vibration measurement,
insufficient data are available on the relevant exposure time
for each type of equipment on which the vibration levels were
measured. Therefore no attempt will be made to determine
the exact risk level but instead an indication of the expected
level of vibration will be presented and the readers will have
to make their own conclusion about the expected daily
period.

In Table I the results of all the hand-arm vibration
measurements are summarised by indicating the average
levels of vibration in the direction with the highest value as
well as the standard deviation where sufficient
measurements are available.

For pneumatic and hydraulic rock drills, pavement
breakers and jackhammers, where sufficient data were

available, the range in which the expected vibration levels
may fall were calculated as one standard deviation on either
side of the mean. The shaded areas in Figures 6 to 8
represent this expected range. For the other equipment Figure
5 can be used to determine the risk exposure.

Whole body vibration

Guidelines for allowable whole body vibration levels are less
clear and also not consistent when different standards are
considered. For the purposes of this project the guidelines
contained in Annex C of ISO 2631-1:1997 was considered. In
addition the action level of a vibration dose value (VDV) of
15 m/s1,75 was added to the graph in the standard.

VDV values are defined as:

VDV a dtw= ( )∫ 4
1 4

.
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Figure 5—Exposure time in years for different percentiles of a
population to develop vascular symptoms, characterized by finger
balancing

Notes:
*The averaged maximum weighted acceleration levels reported here
have been weighted by the appropriate frequency-weighting curve
according to ISO 5349. The maximum value reported is the largest
value measured in one of the three orthogonal directions shown in
Figure 4.
†The number of specimens included in the average.

Table I

Vibration levels of commonly used hand-
held equipment in the South African mining industry

Type of equipment Average maximum Standard deviation 
weighted of the weighted 

acceleration level acceleration 
and direction* acceleration level

Pneumatic rock drills (11) † 24 m/s2 (z) 14 m/s2

Hydraulic rock drills (9) 24 m/s2 (z) 4,2 m/s2

Pavement breakers and 19 m/s2 (z) 4,4 m/s2

jackhammers (6)
Pneumatic grinders (1) 1,3 m/s2 (x) -
Electrical hammer drills (1) 8,8 m/s2 (y) -
Pneumatic wrench (1) 10 m/s2 (y) -
Drill sharpening machine (2) 2,5 m/s2 (x) -
Drill re-collaring machine (2) 3,7 m/s2 (y) -
Hand-held compactor (2) 10,3 m/s2 (z) -



ISO 2631 specifies a ‘health guidance caution zone’
related to two different equivalent daily exposure criteria:

an equal energy criteria (line (b)), and

as indicated by other studies (line (c)).
Of course, the weighting for whole body vibration is

different from that of hand-arm vibration but the weights are
clearly documented in ISO 2631.

From Figure 9 it can be seen that from four to eight hours
exposure the indicated zones from these two criteria are very
similar. In Figure 9 the equivalent vibration dose value
(eVDV) is shown as a dotted line, (a).

From Figure 9 it is clear that four hours of exposure to a
level of 1,0 m/s2 lie within the caution zone of both criteria,
and is also at the action limit of 15 m/s1,75 of the VDV. In
Table II the equipment with a weighted vibration level in
excess of 1,0 m/s2 is summarized.

It should be pointed out that these measurements were
part of the survey and only reflect the vibration at a selected
time in the day and could therefore not be a true reflection of
the actual level of vibration averaged over the whole four- to
eight-hour period. At most, the information in Table II can be
treated as an indication that care should be taken during the
operation of these types of equipment.

In Table III WBV measurements on a variety of other
machines, with vibration levels less than 1 m/s2 are listed.

Exposure time

In order to assess the exposure level correctly it is important
to obtain an accurate estimate of the actual time that an
operator is exposed to the vibration. This is the time that the
machine is operating and the operator is gripping on tightly.
It has been found that if this information is obtained in a
questionnaire the operator invariably overestimates the
actual exposure time. In the preceding analysis a daily
exposure time of four hours was assumed, as it is the most
reasonable time to expect a worker to be operating the tool
during a typical workday.

a T a Tw w1 1
1 4

2 2
1 4=

a T a Tw w1 1
1 2

2 2
1 2=

Human vibration levels in the South African mining industry
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Figure 6—Exposure time in years for different percentiles of pneumatic
rock drill operators for four hours of daily exposure to vibration

Figure 7—Exposure time in years for different percentiles of hydraulic
rock drill operators for four hours of daily exposure to vibration

Figure 8—Exposure time in years for different percentiles of pavement
breakers and jackhammer operators for four hours of daily exposure to
vibration

Figure 9—Health guidance caution zones (lines (b) and (c) from ISO
2631-1 and the 15 m/s1,75 VDV action level (line (a))
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Exposure time before the onset of finger blanching—Hydraulic rock

Weighted rms acceleration [m/s2]

2                              5                      10                    20                             50

E
xp

os
ur

e 
tim

e 
[y

ea
rs

]

25

20

10

5

3

2

1

Exposure time before the onset of finger blanching—Jackhammers 
and pavement breakers
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2                             5                      10                    20                            50

E
xp

os
ur

e 
tim

e 
[y

ea
rs

]

25
20

10

5

3

2

1



Human vibration levels in the South African mining industry

During the course of the measurements it was, however,
observed that some rock drill operators would let go
completely of the machine, or hold on very lightly, as the air-
leg would do most of the thrusting. Of course this influences
the level of vibration that the operator is exposed to and will
reduce the daily exposure time. During informal discussions
it also became clear that the actual time during which drilling
takes place is difficult to quantify and could be less than four
hours.

In order to quantify this a team of two observers went
underground to observe the rock drill operators during an
entire shift. They found that of the total time the workers
were underground they only drilled for two hours. According
to other opinions obtained, drilling rarely exceeded 21/2
hours per shift. During the observations it was found that of
the two hours that the operator was drilling the machine was
operating for a total of 94 minutes. During the time that the
machine was operational the operator was in full contact for
only 72 minutes. This seems to indicate a daily exposure
time of less than two hours. It should be pointed out that this

information was obtained during observations for a single
shift in a particular stope on one mine only. 

Figure 10 show the years of exposure if one were to
recalculate the risk of developing vascular disorders for a
daily exposure of two hours, instead of four hours as in
Figure 6. It is clear from this graph that when the daily
exposure is reduced from four to two hours the diagonal
percentile lines shift up so that it will take longer for the
onset of finger blanching to become prevalent in the
population.

It should be emphasized that during the course of this
project it was not possible to reach a conclusion as to what
the typical daily exposure time for a rock drill operator will
be. In fact, it is very likely that this time will vary consid-
erably between different mining operations and also from
day to day in the same stope. Therefore, it is advisable to use
the more conservative four hour period when estimating
exposure risk unless more accurate data for a particular
operation are available.

Discussion and conclusion

From the results presented in the previous sections, it seems
clear that there should be a serious problem with vascular
disorders of the hand on South African mines. However, as
far as whole body vibration is concerned, the picture is not
that clear.

From Figures 6 and 7 it is clear that for both pneumatic
and hydraulic rock drills more than 50 per cent of the
operators should be experiencing vascular disorders after five
years. This relies on the assumption that the operator is
exposed to it, i.e. he is touching or holding on to the tool for
four hours each day. Even for pavement breakers and
jackhammers it is indicated that after five years more than 50
per cent of the operators will have experienced some
symptoms of finger blanching. However, if the daily exposure
time is reduced to two hours the period for 50 per cent of the
population to be affected increases from three to four years. It
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Notes: 
*The weighted acceleration levels reported here have been weighted by
the appropriate frequency-weighting curve according to ISO 2631-1. The
reported value represents the largest value measured in each of the
three orthogonal axes.
†The number of specimens on which measurements were taken.

Notes:
*The weighted acceleration levels reported here have been weighted by
the appropriate frequency-weighting curve according to ISO 2631-1. The
reported value represents the largest value measured in each of the three
orthogonal axes.
†The number of specimens on which measurements were taken.

Table III

Vibration levels of common equipment in the
South African mining industry with vibration 
levels lower than 1,0 m/s2

Type of equipment Weighted acceleration levels (m/s2)

awx awy awz

Diesel locomotive 0,06 0,10 0,24
(underground) (1) †
Shuttle car (1) 0,04 0,21 0,08
Rigid frame dump truck (1) 0,34 0,28 0,75
Vibratory road compactor (1) 0,35 0,30 0,55
Rotary drill (seat) (1) 0,07 0,06 0,16
Rotary drill (floor) (1) 0,15 0,18 0,36
Dragline (operator seat) (2) 0,13 0,13 0,43
Rotary crusher (1) 0,03 0,10 0,42
Vibratory screen (1) 0,07 0,03 0,28

Figure 10—Exposure time in years for different percentiles of pneumatic
rock drill operators for two hours of daily exposure to vibration

Exposure time before the onset of finger blanching—Pneumatic rock drill
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Table II

Vibration levels of common equipment in the
South African mining industry with vibration 
levels in excess of 1,0 m/s2

Type of equipment Weighted acceleration levels (m/s2)*

awx awy awz

Front end loader (2) † 1,7 5,8 4,2
Articulated haul truck (2) 3,0 1,7 3,4
Tractor tipper (1) 1,7 1,8 3,2
Hydraulic face shovel (2) 1,4 3,0 4,4
Bulldozer (2) 0,63 0,9 2,0



is clear that the previous conclusion that a significant
number of rock drill operators are likely to have sustained
permanent vascular disorders remains valid.

It is not that straightforward to interpret the result for
whole body vibration, especially since most of the
measurements were obtained under severe conditions that
will not always be the case. The equipment listed in Table III
definitely has the potential to subject the operator to
vibration levels of more than 1 m/s2 and care should be
taken during its operation to eliminate extended exposure to
these levels.

The main objective of this study was to measure and
assess the vibration levels on a representative set of
equipment currently in use on South African mines. In total
24 different types of equipment were surveyed,
measurements on 70 different machines were made on which
more than 700 different sets of data were obtained. On some
types of machines more measurements were taken than on
others as they were identified as having very high levels of
vibration early on in the research.

The major conclusion from the research is:
From the results of the hand-arm vibration

measurements it is clear that the measured levels of vibration
are sufficiently high to cause an enhanced level of risk of
vibration-induced disorders in a significant proportion of
operators. The most notable examples are hand-held rock
drills, both pneumatic and hydraulic, pavement breakers,
jackhammers and some selected workshop tools. 

The fact that very few operators have been diagnosed
with vascular disorders associated with vibration may be
attributed to the following factors:

Temperature

It is well known that temperature does affect the blood
circulation, especially in the hands, which readily react to
being exposed to cold. One of the preventive measures for
HAVS is also commonly cited as ‘warming up the workplace’.
In South African mines, especially the gold mines where the
majority of the rock drills are in operation, the temperature in
the workplace is in general higher than 25 degrees Celsius.
This will obviously enhance the blood circulation of the
operators.

However, the symptoms of HAVS, blanching of the
fingers, are less obvious in a warm climate and therefore a
worker exposed to high levels of vibration might be accumu-
lating vascular damage without experiencing the symptoms.
Should he later move to a cold environment the symptoms
would appear because the damage has already been done.

It has however been shown (Brammer et al.1987) that the
vascular signs and neurological symptoms associated with
exposure of the hands to vibration, may develop indepen-
dently. It is believed that this might be relevant in the South
African context, where it has been speculated that the
development of the vascular signs might be delayed because
of very high temperatures in the stopes. In view of the fact
that most of the studies from which the current international
standards have been derived were done in very cold climates,
it is important that these effects should be quantified for
South African conditions in future work.

Assumed exposure time

In this report the results are based on an assumed daily
exposure time of four hours. This means that the operator’s
machine will be operational and he will be holding on tightly
to it for at least four hours every day. Through observation of
some rock drill operators it has been established that a large
proportion will not be in full contact with the machine even
when they are drilling a blast hole. In general it is also very
difficult to ascertain actual exposure time as operators
frequently overestimate the time they are using a tool when
asked about it in a questionnaire.

Lack of awareness

Vibration-induced diseases are phenomena which have only
recently been recognized internationally as occupational
diseases. It is therefore understandable that in South Africa
there is a lack of awareness of the effects of vibration on
humans in the workplace. This lack is not only present
among workers, supervisors and occupational health and
safety officers but also probably even among medical practi-
tioners active in the mining community.

Such a lack of awareness will inevitably lead to cases
where symptoms of vibration-associated disorders are either
not reported or incorrectly diagnosed when presented.

It is clear from the measured results that the vibration
levels measured on rock drills, both pneumatic and hydraulic,
pavement breakers and jackhammers are well in excess of
what can be classified as safe and healthy. It is therefore
imperative that an epidemiological study be undertaken
among these workers to determine the prevalence of the
disease. As far as WBV is concerned the only area of concern
seems to be earthmoving equipment where sufficient care
should be taken to ensure that operators are aware of the
dangers of high levels of vibration, appropriately engineered
seats installed and the vibration levels measured periodically.
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Appendix 1

The following three standards were used in the execution of
the measurements:

ISO 8041 Human response to vibration—Measuring
instrumentation

This document deals mainly with the specifications of the
instrumentation to be used in the relevant frequency range
for the measurement of vibration in assessing the vibration
as perceived by human beings. The standard applies to both
hand-arm and whole-body vibration.

ISO 2631-1 Mechanical vibration and shock—
Evaluation of human exposure to whole body
vibration

This document defines methods for the measurement of
various forms of whole-body vibration to determine the
degree to which vibration exposure will be acceptable. The
standard also includes appendices that can be used to assess
the possible effects of vibration on health, comfort and
perception. Although the standard covers both the frequency
ranges of 0,5 to 80 Hz for health, comfort, and perception;
and 0,1 to 0,5 Hz for motion sickness, this project was only
concerned with the higher frequency range.

ISO 5349 Mechanical vibration—Guidelines for the
measurement and the assessment of human
exposure to hand-transmitted vibration

This standard describes general methods to measure and
report hand-transmitted vibration exposure. The general
methods are applicable to the measurement of hand-
transmitted vibration on a wide range of equipment in the
field. Appendices to the standard provide guidelines for the
evaluation of hand-transmitted vibration specified in terms of
frequency-weighted vibration acceleration and daily exposure
time. However, they do not specify limits of safe exposure. ◆
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Michel David, Professor of Geostatistics at Ecole
Polytechnique, Montreal and Fellow of the Academy of
Science of the Royal Society of Canada, died on May 10,
2000 in Laval, Quebec. Michel was a world renowned expert
in geostatistics and ore reserve estimation. He was partic-
ularly well known and esteemed in the South African
geostatistical community.

In 1977 he published the first text book in English on
geostatistics, Geostatistical Ore Reserve Estimation. It was
followed by the Handbook of Applied Advanced
Geostatistical Ore Reserve Estimation in 1988. In 1993 more
than a hundred colleagues from the international
community, including a significant contingent from South
Africa, participated in the International Forum on
Geostatistics for the Next Century in Montreal to honour

Michel’s remarkable contributions to the development and
implementation of geostatistics.

Michel received many awards during his career,
including the W.C. Krumbein medal from the International
Association for Mathematical Geology in 1988, Fellowship
of the Royal Society of Canada in the same year and the
Selwyn G. Blaylock medal from the Canadian Institute of
Mining and Metallurgy in 1989.

Michel will be remembered as a brilliant, enthusiastic
and practical geostatistician and teacher and as a highly
esteemed colleague by all who had the privilege of knowing
him.

*  Issued by: Prof. Danie Krige. 
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