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Foreword

This document is one of four reports presenting the findings of a research project to estimate the number and
distribution of workers in Great Britain exposed to hand-transmitted and whole-body vibration.

Hand-transmitted vibration: Occupational exposures and their health effects in Great Britain CRR232/1999 HSE Books
ISBN 07176 2476 5

Whole-body vibration: Occupational exposures and their health effects in Great Britain CRR233/1999 HSE Books
ISBN 0 7176 2477 3

Hand-transmitted vibration: Evaluation of some common sources of exposure in Great Britain CRR234/1993
HSE Books I1SBN 0 7176 2480 3

Whole-body vibration: Evaluation of some common sources of exposure in Great Britain CRR235/1999 HSE Books
ISBN 0 7176 2481 1

The findings from a postal questionnaire survey of occupational exposure to hand-transmitted and whole-body
vibration are presented in CRR232/1999 and CRR233/1999 respectively, Each report provides information on the
extent of vibration exposure and estimates the prevalence rate ratios for symptoms commonly associated with hang-
transmitted or whole-body vibration.

Workplace visits, including measurement of vibration exposures for selected tools and equipment, were carried out to
verify the responses from the questionnaires. These findings are presented separately for hand-transmitted and
whole-body vibration in reports CRR234/1999 and CRR235/1999,
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SUMMARY

A postal survey was conducted to estimate the prevalence of occupational exposure to hand-
transmitted vibration (HTV) in Great Britain and to explore its association with finger
blanching and sensorineural symptoms in the upper limbs. The aims were:

a) To estimate the number of workers in Great Britain currently employed in processes that

entail significant exposure to HTV.



b} To identify the occupations and the industrial sectors where €XpOosures arise.

¢) To estimate the approximate extent of work exposure to HTV in occupations and

industries where exposure is likely to be significant.
d) To estimate the prevalence and prevalence rate ratios for symptoms attributable to HTV
by occupation.

e) To examine factors that might interact with HTV in causing health effects.

In addition, a series of workplace visits were made to determine the accuracy of self-reports

of exposure.

Methods

In the postal survey the study sample comprised 21,201 men and women of working age who
were selected at random from the age-sex registers of 34 general practices across Britain, and
a further 993 men and women from HM Armed Services selected at random from pay
records for serving members in the UK. Following a small number of exclusions, 22,415
questionnaires were mailed in two tranches, divided between the summer of 1997 and the
following winter. Usable responses were obtained from 12,907 subjects (response rate 61%
among eligible subjects). Among other items the questionnaire asked about exposure to
sources of HTV at work and in leisure, and about symptoms of finger blanching and of
tingling and numbness in the upper limbs. In addition data were obtained from the latest
national census on the numbers of men and women by occupation and industry in Great
Britain in 1991. Census information was applied to the questionnaire data to provide

estimates of exposure frequency in the whole population.

In the workplace study, 116 users of hand-powered tools and 63 other workers with exposure
to whole-body vibration were observed at work over a one-hour period. A cOmparison was
made between the sources and durations of exposures to HTV reported by the workers and
those directly observed. Subjects also completed an account of their exposures in the past
week (identical to that used in the postal survey), and an attempt was made to ascertain the

plausibility of these accounts by careful inquiry and inspection of tool inventories.



Findings on exposure

The population estimates indicate that in a one week period some 4.2 million men and
667,000 women in Great Britain are exposed to HTV at work, and that personal daily
vibration exposures, as estimated from self-reported durations of vibratory tool use, exceed a
suggested action level equivalent to 2.8 ms™ for 8 hours (A(8) > 2.8 ms” r.m.s.) in some 1.2

million men and 44,000 women.

Nationally, exposure among men was most common in metal-working production and
maintenance fitters, carpenters and joiners, electricians and electrical maintenance fitters,
motor mechanics and autoengineers, plumbers and heating and ventilating engineers, and
builders and building contractors (the craft and related occupations major group of Standard
Occupational Coding (SOC) 90). The most commonly used tools were hammer drills, hand-
held portable grinders and jig saws. Multiple tool use was common among exposed men.
High estimated A(8) values (>5 ms™® r.m.s.) arose most often in bricklayers and masons,
gardeners and groundsmen, carpenters and joiners, electricians and electrical maintenance
fitters, and builders and building contractors. The highest median A(8) values were seen in
builders and building contractors, followed by welding trades, and then by carpenters and

joiners.

Among women, the most common exposure source was floor polishers and the most
commonly exposed occupation was domestic worker or cleaner. High personal vibration

exposures appear to be uncommon in women.

Observations in the workplace confirmed that workers are generally accurate in reporting the
sources of their exposure, although they sometimes confuse pairs of tools, omit to report
exposures or provide descriptions of exposure that may be misleading. They tended
systematicalily to overestimate their exposure durations: in 104 comparisons, the median ratio
of reported to observed exposure duration was 2.5 (IQR 1.6-5.9). Such a scale of over-
reporting would lead on average to an implied A(8) exposure magnitude 60% too high,
although there was wide individual variation in the accuracy of self-estimates. Reports

tended to be more accurate when fewer tools were used and in a more continuous fashion.



Findings on health

Clear excesses of finger blanching and sensorineural complaint were seen among men and
wormen with exposure to HTV - including leisure time users of powered vibratory hand-held
tools. In comparison with subjects who had never been exposed during work or leisure, the
lifetime prevalence rate ratio (PR) of cold-induced finger blanching in men who had only
been exposed at work was 1.97 (95% CI 1.67-2.32); while in men who had been exposed at
work and in leisure the PR was 2.53 (95% CI 2.06-3.07). More marked excesses were seen
when a stricter definition of Raynaud's phenomenon was used (cold-induced blanching with a
clear edge), and for risk of troublesome and extensive disease. A similar pattern was seen in

women, but the risks were lower.

In men, associations were also apparent for exposure in a previous job (PR for cold-induced
blanching 2.86, 95% CI 2.19-3.72) and exposure in the past week (PR 2.01, 95% CI 1.60-
2.52). Among current users, a self-reported A(8) > 2.8 ms™ was associated with a PR of 2.42
(95% CI 1.76-3.29) for cold-induced blanching and 3.04 (95% CI 1.80-5.09) for troublesome
blanching. Excess risks (PRs from 1.89 to 3.37) were found in many of the occupations
identified as having noteworthy exposure, including carpenters and joiners, electricians and
electrical maintenance fitters, motor mechanics, builders and building contractors,

bricklayers and masons, and gardeners and groundsmen.

Similar patterns and risk estimates were found for complaints of tingling/numbness in the
fingers, and for such symptoms in the upper limbs, disturbing sleep in the past week. Sensory
symptoms in the fingers were associated with lifetime and current exposure to HTV, even in

subjects who did not experience blanching.

The cross-sectional nature of this survey and the frequency of multiple tool use preclude
definite attribution of risk to individual hand-powered tools. But the health analyses were
compatible with independent risks from many tools which are common in Britain and which

have not been examined in previous surveys of vibration exposure and health risk.

A total of 670,000 men and 104,000 women in Great Britain were estimated to have cold-
induced finger blanching attributable to HTV exposure. For a stricter case definition (cold-

induced blanching with a clear edge between normal and affected skin), the attributable
numbers were 255,000 and 33,000 respectively.



Conclusions

a)

b)

d)

€)

g)

It is estimated that some 4.2 million men and 667,000 women in Great Britain are
exposed to HT'V at work in a one-week period. Personal daily vibration exposures exceed
a suggested action level equivalent to 2.8 ms? for 8 hours (A(8) > 2.8 ms‘z. r.m.s.) in
some 1.2 million men and 44,000 women.

High estimated doses (A(8) > 5 ms” r.m.s.) arose most often in bricklayers and masons,
gardeners and groundsmen, carpenters and joiners, electricians and electrical
maintenance fitters, and builders and building contractors. High median A(8) values were
seen particularly in builders and building contractors, welding trades, and carpenters and
joiners.

Excess risks of cold-induced finger blanching were found in all of these occupations, and
in workers with an estimated A(8) > 2.8 ms™ in the past week.

Exposure to HTV is surprisingly prevalent and vibration-induced white finger is a
common cause of Raynaud's phenomenon in men.

Many vibratory tools that are common in Britain have been overlooked in previous
surveys of vibration exposure and health, highlighting an important avenue for future
research.

Workers tend to systematically overestimate the duration that they are exposed to HTV.
The mmportance of this source of error in the research used to evolve safety standards is
unclear.

Further research is warranted on exposure-response relationships given these concemns,
the high frequency of exposure, the evidence on public health risk and the practical
issues of enforcement and compliance. The relation between exposure and disease would
best be examined in a prospective inquiry, looking at incident disease in high-risk

industries and occupations.
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BACKGROUND

Exposure to hand-transmitted vibration (HTV) has been linked with a number of health
effects, the best known being Raynaud's phenomenon secondary to vibrating tool use -
'vibration-induced white finger' (VWF)'?. Sensorineural impairment in the fingers™® and
carpal tunnel syndrome*® are other well-recognised associations in vibratory tool users,
while osteoarthritis of the wrist or elbow and musculoskeletal disorders of the upper limb™"!
may also occur. The term ‘hand-arm vibration syndrome' (HAVS) has been used to

collectively define the disorders thought to be associated with exposure to HTV'".

From the public viewpoint it is important to determine the extent of disease caused by HTV
and to identify the common, important exposures that are linked with health risks. Ideally
these should be known by occupation, by industry and by tool type, providing sufficient
detail to target future control initiatives. Information on the extent of exposures is required to
determine national priorities, and to provide the impetus for manufacturers to develop new

and safer tools, and for managers, health and safety professionals, and legislators to press for

them.

One major national survey of occupational exposure to hand-transmitted vibration,
undertaken by the Health and Safety Executive (HSE) in the 1980s, suggested that more than ‘
400,000 British workers were exposed on a weekly basis to the potentially injurious effects
of vibration", but several obvious limitations to the data were acknowledged. Sampling was
based on a narrowly selected list of industries and a restricted range of exposure patterns
(emphasis was placed on tools and occupations covered by UK. statutory reporting
arrangements); no detailed information was collected by occupation and tool type; for
practical reasons establishments were sampled rather than employees; the exposure histories
of workers were obtained by proxy, by questioning their managers; and some important
working groups had not been included (later on there were supplementary surveys in railway,

mine and quarry workers'*!?

which raised the estimated number of exposed workers to nearly
500,000). Practical difficulties were encountered in obtaining a head count in some of the
sectors, notably in the building industry, and the sample, which was restricted to premises
registered with HSE, almost certainly under-represented the small employer and the self-

employed business person.
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These surveys also omitted to collect health data. The tmpetus for protecting exposed
workers comes principally from evidence of health impairment, and the planning of sensible
control measures hinges on identifying the common, important exposures that are
instrumental in disease occurrence. But here too the picture is incomplete. National
mformation on vibration-related health complaints derives principally from compensation
claims made under the State Industrial Injuries Scheme and employers' statutory reports
under the Reporting of Injuries, Diseases and Dangerous Occurrences Regulations; but these
schemes rely on awareness and willingness to report, and are further distorted by rules of
restricted eligibility. They are widely considered to underestimate the incidence of disease,
but to an uncertain extent: many exposures have not been systematically studied and the

attributable number of cases of disease in Great Britain is not known.

~ In recognition of the need for more information, HSE commissioned this study, which

mvolved two separate but related investigations:

a) A postal survey which collected information on the frequency and extent of exposures
and of relevant symptoms in a large community-based sample. (Some of the limitations
of earlier studies were addressed by sampling from the community.} Responses were
assessed by occupation and industry, and prevalence estimates for the country as a whole
were derived using census information on occupational and industrial populations
nationally. The association between exposure and health complaints was also
determined.

b) A series of observational visits to establishments where exposures to HTV occurred on a
regular basis, undertaken to assess the validity of exposure data from the postal survey
and to determine its limits. In this study, assessment was based on a comparison of seli-

reports of exposure with direct observations and information supplied by employers.

8 Contents



OBJECTIVES

The aims of the“postal Survey were:

a) To estimate the number of workers in Great Britain currently employed in processes that
entail significant exposure to hand-transmitted vibration.

b) To identify the occupations and the industrial sectors where the exposures arise.

¢) To estimate the approximate extent of work exposure to hand-transmitted vibration in
occupations and industries where exposure is likely to be significant.

d) To estimate the prevalence and prevalence rate ratios for symptoms attributable to hand-
transmitted vibration by occupation.

¢) To examine factors that might interact with hand-transmitted vibration in causing the

health effects.

In addition, the methods allowed several other objectives of interest to be pursued:

a) To determine the commonest sources of exposure to HTV in Great Britain.

b) To identify new, potentially important pockets of exposure that might be risk-conferring.
¢} To estimate the attributable number of cases of VWF in Great Britain.

d) To assess the contribution of leisure-time exposures to HTV in causing health effects.

The aims of the workplace visit programme were:

a) To determine how accurately workers recount the sources of HTV to which they are
exposed.

b) To quantify the errors in their assessment of daily exposure times and to identify the
principal sources of error and bias.

The opportunity was also taken to determine the vibration characteristics of some sources of

exposure that are common in Great Britain. (These findings are presented in a separate report

entitled Hand-transmitted vibration: Evaluation of some common sources of exposure in

Great Britain).

FORMAT OF THIS REPORT

The methods and findings of these investigations are described below, beginning with details

of the postal survey, which is followed by an account of the observational visits programme.
The entire body of work is then reviewed with recommendations for further action. As an aid

to interpretation, the key findings are represented graphically in the text; but more detailed
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information is also provided in tables that follows the main text (pages 72-110). Concluding
appendices provide extra details of the questionnaire and method, and of the prevalence of

exposure by region and according to a comprehensive listing of occupations and industries.
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POSTAL SURVEY

METHODS

Sample selection

In 1997-98 a postal questionnaire was mailed to a sample of 21,422 men and women from

the patient lists of 34 general practices and to 993 members of HM Armed Services.

The practices were chosen to ensure a broad geographicai coverage of Great Britain and to
ensure that industries with known exposure to vibration were adequately represented in the
sample (- that is, to include industries of known concem but with a restricted geographical
distribution). The Royal College of General Practitioners and the Primary Care
Rheumatology Society were contacted to discover whether GPs who had an interest in
research were practising in the selected areas. Candidate practices were approached and
recruited. In a few locations where practices could not be enlisted in this way, practices were
identified from names in the Medical Directory. The locations of the practices that
participated are listed in Table 1, together with the industries they were chosen to represent.
Prior approval was obtained from the Local Research Ethics Committee in each area (30
committees in total). Each practice supplied the research team with a computer disc
containing the names and contact details of all men and women aged 16-64 on their age-sex

register.

To permit an examination of seasonal differences in the reporting of exposure and health, the
mailing was spfit into two tranches during different calendar periods. In the summer of 1997,
1 in 8 samples of men and women in the relevant age range were randomly selected from the
patient lists of 18 of the practices. A similar procedure was adopted in the following winter
for the remaining practices, except that the sampling fraction was varied to include a higher
proportion of men (1 in 6 men as compared with 1 in 12 women). The provisional mailing
lists were vetted by the general practitioners concerned and a small number of subjects (1%)
were excluded on their advice, generally because of terminal illness or recent bereavement.
The remainder was sent a postal questionnaire with covering letters from the study team and
GP. The first mailing was conducted in the third week of May and first week of June 1997
(11,965 subjects), and the second in the last week of January 1998 (9,236 subjects). Non-

responders were sent a single reminder after about five weeks.
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Members of HM armed forces were unlikely to be included in these mailings, as primary
care cover for the services is provided by military doctors rather than civilian practitioners.
To ensure their representation in the sample, a separate armed forces mailing was conducted
in January 1998. The sampling frame was restricted to members of the armed forces
currently resident in Great Britain, and a simple random sample of men and women aged 16-
64 was taken from each service, using central pay records for serving members as an
enumeration liﬁt. Nine hundred and ninety-three names were selected altogether, divided
between the services in proportion to their estimated national head counts, with the sampling
fraction set accordingly. This tesulted in questionnaires being mailed to 297 subjects from
the Royal Air Force, 220 subjects from the Navy and 476 subjects from the Army. For this
mailing, a covering letter was provided by the Director General Medical Services (in lieu of

the general practitioner), but the procedure was otherwise similar to that employed in the

principal mailings.

Study questionnaire

The questionnaire (Appendix A) was developed following consultation with health and
safety professionals, vibration specialists, trades unions, trades associations and members of
a former working group of the Faculty of Occupational Medicine. It underwent several

rounds of field testing and refinement, the details of which have been published'®.

In the context of this report, the questionnaire contained items on: current occupation and
industry; exposures to HTV at work in the previous 7 days (sources and durations of
exposure); first exposure to HTV; leisure exposure to HTV; upper limb numbness and
tingling in the previous 7 days and previous 12 months; and symptoms of finger blanching
(extent, frequency, precipitants, date of onset). Questions were also included on a number of
other occupational exposures that might be relevant to the symptoms of interest (cold store
work, work outdoors, lifting, digging, shovelling and keyboard work), as well as questions
that permitted an assessment of potential reporting biases (for example, 'dummy’ health
outcomes, to gauge gencralised over-reporting of symptoms; and mood and mental health

questions, to identify psychological variables that may affect propensity to report symptoms).
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Data processing

All questionnaire returns were double-entered on to computer. A cross-comparison of
duplicate entries was used to identify data entry errors, and then a set of checks was
performed to detect inconsistencies, and improbable or impossible values for variables. The

main procedures performed are summarised in Appendix B. -

Coding

Most responses in the questionnaire were of the ‘yes/no' variety; but open response questions
required formal coding to permit further analysis. The occupations of respondents were
coded to the latest revision of the Standardised Occupational Classification (SOC90)'7 and

industries were coded according to the Standard Industrial Classification Scheme (SIC 92)'%.

Information on current exposure to HTV was obtained principally from a question about use

in the past week of a closed list of named tools and machines (Question 11), namely:

Floor polisher Rock drill Nibbling machine

Nut runner Tamper Clinching and flanging tool
Impact wrench Scabbler Concrete vibrothickener
Impact screwdriver Stone-working hammer Nailing or stapling gun

Jig saw Rotary burring tool Pedestal grinder

Circular Saw

engraving pen

Pedestal linisher

Chain saw Hammer drill Hand-held portable grinder
Hand-guided mower Riveting hammer or dolly Hand-held polisher
Hand-held hedge trimmer Chipping hammer Hand-held sander

Brush saw Scaling hammer Shoe pounding-up machine
Barking machine Caulking hammer Vibratory roller

Stump grinder Rammer

Concrete breaker (road breaker) Needle gun

However, descriptions of exposure were provided by 561 subjects in response to an open
question about other sources of occupational exposure to HTV in the past week (Question
13). These were reviewed independently by a vibration specialist (MJG), an occupational
hygienist (BP) and an occupational physician (KP), to decide whether responses represented
substantive exposures, and if so whether they belonged to the pre-defined list, or whether

new categories should be created to accommodate them. Differences of opinion were
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resolved by consensus. This resulted in a few reports being classified as non-significant, and

eleven new response categories being created to add to the existing tool families, namely:

Metal drill Strimmer Jet wash
Surgical tool Screw driver Router

Disc cutter Metal saw Miscellaneous
Hair clipper Planer/planing tool

One hundred and thirty-six openly worded responses were not classifiable, and these were

coded as not exposed in past week.

Those who had ridden on a motor cycle in the past week during the course of their work,

were also classified as occupationally exposed.

Information was also collected on previous occupational and recreational exposures, and the

sources involved. Question 27 asked about occupational exposure to HTV for more than an

hour per week in any previous job; while Question 28 mguired about regular leisure time

exposure to HTV for more than an hour per week. Positive replies to these questions were

vetted independently by the vibration specizlist and occupational physician to confirm that

the sources of exposure described were substantive. All of the coded responses were used to

define a baseline category of never exposed to HTV in work or leisure ('a lifetime non-user’)

and three additional lifetime or 'ever’ exposure categories:

a) never exposed to HTV occupationally, but exposed at some time during leisure (‘a
leisure-only user'),

b) exposed to HTV occupationally at some time past or present, but never in leisure (‘a
work-only user"); and

¢) exposed to HTV at some time, both occupationally and in leisure ('a work and leisure-

time user").

All coding decisions on exposure were made blind to information on health status.

Health variables

The principal health analyses of this report concern Raynaud's phenomenon and
sensorineural complaints of the upper limbs. Several alternative definitions of these health

variables were explored:
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Raynaud's phenomenon

Three definitions:

e attacks in which fingers suddenly become cold and numb and at the same time turmn white
or pale ('yes' to question 38);

¢ similar attacks which were cold-induced ('yes' to questions 38 and 41a);

* cold-induced attacks in which a clear edge demarcated normal from affected skin ('yes' to

questions 38 and 41a and 42).

Sensorineural symptoms

Tingling or numbness lasting at least three minutes (2) during the past week and (b) the past
year, affecting the:

¢ fingers/thumbs ('yes' to question 35a);

e other parts of the hand(s) (‘yes' to question 35b);

e other parts of the arm(s) (‘yes' to question 35c);

¢ any of the above, disturbing sleep ('yes' to question 35d and any of 35a, 35b or 35c).

Several of these items have been tested and used in other investigations. Definitions of
Raynaud's phenomenon have varied between community surveys'®>, but the first of the
chosen definitions had been used in an earlier community investigation of Raynaud's
phenomenon, and was then reported to have a predictive value of 80% as judged at medical
interview'’; the second is generally regarded as even more specific?. In the study's
development stage we further tested the repeatability and validity of these questions in a
sample of rheumatology outpatients and general practice patients, including 18 subjects with
Raynaud's phenomenon™. They were found to have good to excellent repeatability (kappa
coefficient (x) for question 38 = 0.90 in 61 pairs; k for question 41a = 0.70 in 24 pairs), and
to have a high sensitivity (94%-100%) and specificity (75-78%).

The sensorineural questions were selected as potentially representing the diffuse digital
polyneuropathy and the peripheral nerve entrapment of HAVS. In the absence of a clinical
examination and electrophysiological testing the predictive value of these items is likely to
be more limited: exposure to HTV commonly causes transient sensory disturbance in healthy
individuals, while the reported predictive value of nocturnal arm symptoms in carpal tunnel

25,26

syndrome is around 40-60%~°. However, to improve the specificity, a threshold for

symptom reporting was imposed (a minimum duration of at least three minutes); and to

examine the extent to which complaints were explained by recent exposure a comparison was
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made between current and former users of tools (described below). Nocturnal parasthesiae
that disturb sleep may in any case be a more specific complaint in subjects with HAVS.+62728
The sensorineural items were also pre-tested in a sample of rheumatology outpatients and
patients from general practice, including nine patients with carpal tunnel syndrome?*, They
were found to have good repeatability (x = 0.63 in 65 pairs for finger symptoms in the past
week and 0.67 in 45 pairs for symptoms in the hand or arm disturbing sleep); while in
patients with carpal tunnel syndrome the sensitivity of the question on sleep disturbance was

75% and the specificity was 60% as compared with rheumatologist's opinion.

Categorisation of other exposures and risk factors
Several personal and occupational factors were considered as potential confounders of these
health outcomes, including: age, sex, smoking history, location of practice, physical

occupational activities and co-reporting of stress, depression and anxiety.

Age and sex were included in all analyses because of strong existing evidence of their
association both with Raynaud's phenomenon and with exposure'®>%. The other factors
were investigated because of a priori concems or evidence from the literature of a possible
association. Smoking has been reported to cause acute digital vasoconstriction’’, and an
association has sometimes reported with smoking***® and coronary heart disease®*>* in
studies of Raynaud's phenomenon. Attacks of blanching are provoked by cold, and may be
more common in temperate and cold climates™**. They can also be provoked by emotion,
and a relation has been proposed between job stressors and the prevalence of complaint®®,
Occupational lifting has been reported to have an independent effect®, although this has
seldom been explored. Finally, those who frequently complain of tiredness, stress and

depression may be more likely than others to report trouble with somatic symptoms such as

cold sensitivity of the digits and upper limb pains.

Exploratory analyses, including pairwise frequency counts, and i’ tests of association were
first conducted to determine how these factors covaried. The associations between the
physical occupational exposures reported in the questionnaire (question 9) were examined;
and similar analyses were conducted for psychological risk factors such as headaches, low
mood and feelings of constant tiredness and stress (question 53), after first collapsing the

response categories to create dichotomous variables (‘frequently suffer’ versus ‘occasionally
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or never suffer'). Occupational lifting was found to be strongly correlated with digging and
shovelling, and frequent tiredness with stress and low spirits, so these five variables were
collapsed into two new ones - lifting weights > 20 Ibs (10 Kg) in an average day; and

frequently feeling tired or stressed. The other physical factors were retained in later analyses.

Location of general practice was also considered as a possible factor of adjustment, but the
age-standardised prevalence of cold-induced finger blanching and sensorineural complaint
showed no systematic differences by latitude or practice type (urban vs rural), and no further

adjustment was considered necessary.

ANALYSIS

National estimates

The study sample was selected at random from practice lists, but the locations of the general
practices were chosen to ensure that occupations of known concern were represented and to
maximise the amount of information about job content in geographically localised industries.
To derive estimates for the population of Great Britain, and to allow for the possibility of
differential sampling and response rates between occupations, account was taken of the
relative frequency of occupations (or in some analyses industries) as compared with the
national popu]éﬁon. Tables from the latest available (1991) National Census*® were specially
commissioned from the Office of National Statistics to provide the estimated national
populations by occupation and industry in working-aged men and women, coded on the same
basis as for the sample. Thereafter, in most analyses, the numbers in the sample with
exposure in each occupation were multiplied by the relative numbers in that occupation in

the national population as compared with the sample:

Estimated national number with exposure within an occupation =
number within the occupation exposed in the sample x number belonging to the occupation in the population

number belonging to the occupaticn in the sample

Some analyses looked at the numbers exposed within an industry, and in these calculations
the numbers within an industry were used instead as the multiplying factors. The limits of

this approach are discussed later.
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Personal vibration exposures

Dominant axis frequencyTweighted vibration accelerations (ay,, values) were assigned to each
tool family from published and other sources of information. Further details are provided in
Appendix C. Average personal daily vibration exposures (A(8)) for the past week were then
estimated in current users by assuming the time dependency in ISO 5349, 1986" and

summing the partial doses arising from each source, as follows:

1

t. 2
A .=a :
P {5){480}

A, is the average 8-hour equivalent magnitude for ith tool

where:

ay,; 18 the worst-axis frequency-weighted acceleration for the ith tool

t;is total duration of exposure in minutes over the whole week.

And for several tools used in combination:
i=n
A®)=| 2 A
1=1
where:
n is the number of tools
A(8) is the average 8-hour equivalent magnitude (personal daily vibration dose) for all n
tools combined
A;1s as above
These expressions assume that the daily exposure durations in the past week were

sufficiently similar on each day for the average to approximate the likely risk.

For a few of tools, representative a,, values could not be assigned with confidence; and in a
substantial minority of cases estimates of the duration of exposure were missing. In such
cases total dose could not be calculated, but for subjects who were exposed to more than one

source of HTV sufficient information often existed to estimate the minimum A(8).

Risk estimates and attributable numbers

All statistical analyses were carried out using STATA, Release 5. Odds ratios and 95%

confidence intervals (95% CI)) for Raynaud's phenomenon and sensorineural complaints of
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the upper limbs were obtained from multiple logistic regression models with appropriate
adjustment for the potential confounding effects of other occupational activities and personal
factors. Prevalence rate ratios (PRs) and 95% CI were obtained by converting the odds ratios

and 95% CI according to a formula proposed by Zochetti et al®® .

Estimates were derived for the proportion of disease and the numbers of cases attributable to

exposure, using the following formulae:

_PR-D)

Attributable proportion {a )=
proportion (4, ) = § &1

where:

R = PR of Raynaud's phenomenon in those ever exposed to HTV compared with those never
exposed

p = standardised estimate of the prevalence of ever being exposed to HTV in the population

of Great Britain

Attributable number = a M

where:
a, 15 as above

n = standardised estimate of the number of cases of Raynaud's phenomenon in the population

of Great Britain

For the purposes of these calculations, the standardised estimates of the prevalence of
exposure and number of cases were derived by using the occupational distribution of adults

in the population of Great Britain (according to 1991 census) as the standard.

RESULTS

Questionnairé distribution and returns

Tables 1 - 4 provide information on the study sample and the pattens of response.
Altogether, 22,415 subjects were provisionally selected to receive a questionnaire, but 221 of
these (fewer than 1%) were excluded on general practitioners' advice, so that 22,194

questionnaires were mailed. One thousand and twenty-eight questionnaires (4.6%) were
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returned as 'address unknown', 'moved away' or 'deceased’, and 56 questionnaires were
subsequently excluded because their particulars (of date of birth and sex) implied that they
were completed by someone other than the intended recipient. This meant that 12,907 usable
questionnaires were received, leading to an overall response rate of 61% among subjects who

could be contacted.

The response rate varied between general practices (Table 1), being lowest in Lambeth (39%)
and highest in Devon (74.6%), but exceeding 65% in 16 of the 34 centres. The response rates
in the armed services were: 61% for the Army, 65% for the Navy and 73% for the RAF.

The response rate was higher in women than men (69% as compared with 55%), and higher
in older age bands than younger ones (Table 2), but was similar between the summer and

winter mailings.

The employment status of respondents is described in Table 3. Seventy-three per cent of
respondents were in a paid job or self-employed in the week preceding completion of the
questionnaire (79% of men and 65% of women). The majority of these respondents (9,084
out of 9,368) were at work in that week. Five hundred and thirty-one respondents (4% of
those making a usable retumn) held. a second job in the same week, but only 37 men and eight
_ Women reported using hand-held vibratory tools during this work, and so analyses that
concerned current exposure were confined to the main job held in the week preceding

completion of the questionnaire.

Table 4 compares the frequency of occupations in the sample with that of the 1991 National
Census™ and two recent random sample community surveys of occupational ill health and

“4 The occupational mix was generally similar, cxcept that the sampling

working conditions
design led to over-representation of the defence sector, and there was some under-

representation of managers and construction workers. *

* Residual differences were accounted for in the analysis by the method of scaling, described
previously.
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Estimates of exposure

Frequency of occupational exposure to hand-transmitted vibration

42.6 % of all male respondents (2,945 men) reported having had exposure to HTV at some
stage n their career (‘ever' exposure); 1,727 of these men reported exposure to a source of
HTV in the week preceding completion of the questionnaire (31.5% of those in
employment). The corresponding population estimates for working-aged men in the past
week were: 20.5% (95% CI 19.7-21.3%) for all subjects, or 31.9% (95% CI 30.7-33.1%) for

men who were at work.

Among women, all categories of exposure were less common: 7.9% of the sample (475) had
been exposed in one or other employment; and 3.7% (225 women) had been exposed in the
past week. In the national population, 2.9% (95% CI 2.6-3.3%) of all women and 6.4% (95%
CI 5.6-7.2%) of working women were estimated to be exposed in the past week.
}

Tables 5 and 6 present further details, including the estimated numbers in Great Britain who
were exposed to a source of HTV in the past week. The principal data are presented
separately. by occupation, by industry and by sex; and have been ranked according to the

estimated number of exposed subjects in the national population.

For all occupations combined, it was estimated that 4,207,500 men (95%CI 4,043,700-
4,371,300) in Great Britain were exposed to a source of HTV in the past week (Table 5). The
occupations which contributed the largest estimated numbers of exposed men were those
belonging to group 5 of SOC 90 (the craft and related occupations major group). These
included: metal working production and maintenance fitters (298,600 men exposed 95%CI
272,000-324,400), carpenters and joihers (254,400, 95%Cl 242,200-266,700), electricians
‘and electrical maintenance fitters (193,700, 95% CI 176,800-210,600), motor mechanics and
auto-engineers (157,300, 95%CI 138,900-175,600), plumbers and heating and ventilating
engineers (140,800, 95%Cl 127,000-154,600) and builders and building contractors
(131,400, 95%CI 119,200-143,700). These six leading occupational unit groups accounted

for 28% of the estimated men with exposure nationally.

The industries which contributed the largest estimated numbers of exposed men were:

construction (979,500 men exposed, 95%CI 907,100-1,052,000), motor vehicle maintenance
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and repair (276,900, 95%CI 233,800-320,000), agriculture (219,200, 95%CI 194,500-
243,900), manufacture of fabricated metal products other than machinery and equipment
(218,500, 95%CI 184,800-252,100) and defence (162,300, 95%CI 123,100-201,500) (Table

6). These five industries accounted for 49% of the estimated men with exposure nationally.

The estimated number of women with weekly exposure in Great Britain was 666,600,
(95%CI 582,300-750,900). The occupation with the largest estimated number of exposed
women was cleaner or domestic worker (240,800, 95%CI 193,200-288,500), followed by
hairdresser (11,800, 95%CI 3,900-19,800). The education sector gave rise to the biggest
estimated number of exposed women by industry (111,100, 95%CT 83,100-139,000).

Most common sources of hand-transmitted vibration

Table 7 lists the hand-held powered tools most commonly used in the previous week by
respondents, and the estimated number of users of these tools in Great Britain. Among
employed men in the sample, the most common exposure sources were: hammer drill
(11.9%), hand-held portable grinder (10.9%) and jig saw (7.5%). The national estimates for
these tools imply that these are very common exposures (e.g. more than 1.7 million users of
hammer drills, and more than 1.5 million users of hand-held portable grinders). Among

women, floor polishers were used most often, followed by nailing and stapling guns.

Eighty-one men and eight women from the sample reported occupational use of a motorcycle

in the previous week.

Occupational patterns of exposure

Exposure to several sources of HTV was comparatively common (Table 8). A total of 1,218
men (22% of employed men in the sample) were exposed to two or more sources of HTV in
the week prior to completion of the questionnaire. A significant minority of them (301 men)
reported using six or more tools in the previous week, leading to 2 population estimate of
784,400 (95%CI1 698,500-870,300) for this variety of exposure.

Figure 1 illustrates the overlap among men for the three most common sources of exposure in
the sample. A substantial proportion of hammer drill users also used hand-held portable
grinders and jig saws. The degree of overlap was such that although 1,663 tools were used

when counted separately, exposures were incurred by 1,026 men. Most of these men had
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exposure to other sources too. In women, by contrast, exposure to more than one source of

HTV was uncommon (only 39 subjects among 3,878 employed respondents).

- Figure 1
Overlap in the use of three common vibratory tools in the past week among male
respondents

Hand-held portable grinder

Hammeér drill

The distnibution of tool type by occupation is illustrated in Table 9, for occupations which
contributed most to national estimates of exposure frequency and tools which were most
commonly reported (- that is, occupations from Table 5 and sources from Table 7). The data
indicate that some exposure sources, such as hammer drills and hand-held grinders, are
prevalent across a range of occupatiohs. However, they also identify some occupations in
which selected exposures are exceptionally prevalent {(e.g. jig saws, hammer drills and
circular saws .in carpenters and joiners, and hand-guided mowers in gardeners and

groundsmen), presumably due to specific job requirements.
An attempt was made to define the common combinations of exposure by looking at the

pairwise association of sources for men with two exposure sources; but no more than 40

subjects were found sharing a unique combination of two or more tools.
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Durations of exposure
Table 10 presents respondents' estimates of the time they were exposed to common sources
of HTV in the week preceding completion of their questionnaire. Median usage times ranged

from 0.5 to 2.3 hours in men, but were longer in women who used floor polishers (3.4 hours).

The summary measures disguise variations between individuals and between sources: for
example, 12.3% of hammer drill users reported being exposed for 15 minutes or less over the
whole week, but 4.4% of them reported being exposed for more than ten hours; 1% of
pedestal grinder users estimated their exposure to be more than 10 hours over the week, as
compared with 7.6% of men who used nailing and stapling guns and 6.3% of men who used
hand-guided mowers. A significant minority (a fifth to a half, depending on the source) failed

to report an exposure time.

Personal daily vibration exposures in the past week
In employed men from the sample who supplied full information, 3.4% of the exposures
exceeded a suggested HSE A(8) action level of 2.8 ms? r.ms., 1.4% of these being above 5

ms”r.m.s. (Table 11).

Some exposure information was missing for 1,023 of the 1,727 male tool users, but in many
cases partial exposure information was available, and this indicated that a further 260 men
had a minimum A(8) >2.8ms>. The effect of including this information was 1o increase
substantially the minimum estimate of the number of men in the population exceeding this
action level to 1,198,200, (95%CI 1,092,000-1,304,400). Among women in the sample, these
levels of exposure were uncommon (only 9 of 3,878 employed respondents had a minimum

estimated A(8) > 2.8ms™).

Figure 2 presents further details in the form of a cumulative frequency curve showing the
estimated numbers in the population exceeding estimated values of A(8) in the past week.
Curves are drawn separately for men and women, and are minimum estirnates, as in some
cases exposure information was missing. They clearly illustrate the lesser exposures of

women.
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Figure 2
Estimated number of men and women in Great Britain with indicated minimum A(8)
exceedences in past week (see also table 11)
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In certain occupations and industries the likelthood of a high estimated daily A(8) was
greater than in others. Figure 3 and Table 12 present prevalence estimates for A(8) values of
interest in the occupations and industries where exceedance was common. Analysis is
confined to occupations with more than 30 respondents and industries with more than 60
respondents; and minimum proportions are presented, as exposure information was
sometimes missing. High values (A(8) values >5 ms™ r.m.s.) were most often seen in the
construction crafts (brickiayers and masons; builders and building contractors; carpenters and
joiners; plumbers; electricians and fitters), and in motor mechanics and agricultural and

horticultural workers (gardeners, groundsmen and farm owners).
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Figure 3
Occupations (SOC90) and industries (SIC92} in which substantial minimum A(8) values
most commonly arose among employed men (see also table 12)
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These trades also contributed the largest numbers to national estimates of the frequency of
substantive exposure (minimum A(8)>2.8 ms?) (Figure 4; Tables 13 and 14),* with some
115,000 carpenters and joiners, 90,000 builders and building contractors, 88,000

maintenance fitters and 72,000 motor mechanics estimated to receive daily exposures above
this threshold.

*Supplementary analyses by a more comprehensive listing of occupational group (SOC 90), by two-
digit SIC 92 industry code, and by region are presented in Appendix D and Appendix E.
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Figure 4
Minimum estimated number of men in Great Britain with A{8)> 2.8ms-? in past week by
occupation and industry {see also tables 13 and 14)
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For men, the median and interquartile ranges of A(8) from all occupational sources combined
were plotted by occupation (Figure 5). The highest median value occuired in builders and
building contractors, followed by welding trades and then carpenters and joiners. A wide

spread of values was estimated for some occupations, notably for bricklayers and masons.
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Figure 5
Median and interquartile range of minimum estimated A(8) in the past week by
occupation® in men with substantial exposure
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Occupational exposure to HIV and current employment status

Among men who reported having a paid job in the past week, 913 (16.6%) described
themselves as being self-employed. Men in this category were more likely to have used
hand-held powered tools in the past week (47.8%) than all men in work (31.5%), and more
commonly belonged to one of the trades with substantive exposure: for example, 92% of
farm owners and managers were self-employed, as were 79% of builders and building
contractors, 55% of plumbers and heating and ventilating engineers, 40% of carpenters and

joiners, 39% of bricklayers and masons, and 28% of gardeners and groundsmen.
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Leisure-time exposure to HTV

13.9% of men (964) and 3.2% of women (189) reported ever regularly using hand-held
vibratory tools outside work for an hour or more per week (Question 29). The most
commonly reported sources were: hand-guided mowers (334 reports); hand-held sanders
(297), hammer drills (207), jig saws (197), hand-held hedge trimmers (153) and hand-held
portable grinders (125). One hundred and two subjects reported using chain saws to this

extent in their letsure time.

Finger blanching

Prevalence and personal risk factors for Raynaud's phenomenon in the sample

Table 15 records the prevalence of Raynaud's phenomenon in men and women according to
three alternative definitions of disease, and the personal risk factors that influence them. The
data in this table are based on the whole sample, including the non-employed, and are

mdependent of exposure status.

The prevalence in men varied by definition with an overall prevalence of 13.0% (95% CI
12.2-13.8%) for blanching attacks_; 10.6% (95% CI 9.9-11.3%) for cold-induced blanching
attacks, and 4.1% (95% CI 3.9-4.3%) for cold attacks associated with a clear edge. In
women, the corresponding prevalences were: 15.6% (95% CI 14.7-16.5%) for blanching
attacks; 13.4% (95% CI 12.5-14.2%) for cold-induced blanching, and 5.3% (95% CI 4.7-
5.9%) for cold attacks with a clear edge.

For all definitions and in both sexes, the prevalence was found to rise with age, and
independent associations were found with complaints of feeling frequently tired or stressed
and having frequent headaches. A significant association was also found with a history of

ever having been a smoker in men, but not in women.

The frequency of attacks, extent of blanching and frequency of troublesome attacks in
subjects with symptoms is detailed in Table 16. The pattern proved to be similar, irrespective
of case definition. Around two-thirds of symptomatic respondents reported fewer than 10
attacks in the past year; and only 5 — 11% reported more than 50 attacks. About a third of
patients had disease affecting eight or more digits, and a quarter had blanching in 15 or more

phalanges. Forty per cent reported interference with activities, a fifth to a quarter had taken
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their complaint to a doctor and about half had suffered attacks in the surnmer months. There
were no significant differences on y® testing in the pattern, extent and frequency of disease

between male and female complainants.

Relation between finger blanching and lifetime exposure to vibration

The relation between lifetime history of exposure to HTV and Raynaud's phenomenon (three
alternative definitions) was examined with exposures classified into the four groups: never in
leisure and never in work (the baseline group); ever in leisure but never at work; ever at work
but never in leisure; and ever at work and also in leisure. Analysis was based on the whole
sample, and the prevalence rate ratios were adjusted for age, smoking status and complaints

of frequent headaches and frequent tiredness or stress.

Exposure to leisure-time and occupational sources of vibration were both associated with
finger blanching (Figure 6 and Table 17). The relation was evident in both sexes, but stronger
in men than women. Risk ratios became somewhat greater and the confidence intervals
somewhat wider as the definition of Raynaud's phenomenon became more specific, but
similar pattems were apparent for all definitions. PRs of around 1.4 - 1.5 were observed in
men and women exposed to HTV only in their leisure-time; for work-only exposures, the PR
in men was 1.9-2.0, but lower {(around 1.2) in women; and the highest risks were seen in
“people who reported both categories of exposure, varying from 2.08 (95%CI 1.27 - 3.16) in
women with cold-induced blanching attacks to 2.87 (95%CI 2.04 - 4.00) in men with clear-
edged attacks. Most of the associations in men and several in women were significant at the
5% level.

Further analyses were restricted to a single definition of Raynaud's phenomenon — namely
cold-induced finger blanching. This was selected because of the essential similarity of risk
estimates and patterns of disease for all three definitions, the general acceptability of this

definition, and the need to preserve sufficient numbers for subgroup analyses.
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Figure 6
Relation between lifetime exposure to hand-transmitted vibration and the risk of
Raynaud's phenomenon according to three definitions of disease (see also table 17}
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The data from Table 16 were used to define two categories of severe disease:
a) extensive disease - disease affecting eight or more digits or 15 or more phalanges (about
40% of cases); and

b) troublesome disease - disease which had prevented activity or had been taken to a doctor

(also 40% of cases).

Figure 7 and Table 18 examine the relation between these categories of severe cold-induced
blanching and lifetime exposure to HTV. In general, similar patterns and risk estimates were
observed in the subgroups, although larger risk estimates were observed for troublesome
disease than for blanching attacks as a whole. The highest risks were again seen in men, and
in those who used hand-held vibratory tools both in work and in their leisure. In men, the PR
for troublesome disease varied among occupational users from 2.46 (95% CI 1.88 - 3.23) in
work-only users to 3.39 (95% CI 2.46 - 4.64) in work and leisure users; and the PR for
extensive disease varied from 1.91 (95% CI 1.45 - 2.52) in work-only users to 2.47 (95% CI
1.73 - 3.49) for work and leisure users. In women, the risk for both categories of severe

disease was increased about three-fold in those who had both work and leisure exposure.
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Figure 7
Relation between exposure to hand-transmitted vibration and the risk of extensive and
troublesome cold-induced finger blanching (see also table 18)
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Prevalence and risk factors for Raynaud's phenomenon in current workers
Further analyses focused on those employed and at work in the previous week, as this group

supplied the most detailed information on exposure to vibration.

To identify other potential occupational risk factors, the relation was next explored between
disease frequency and work activities in employed men who had never been exposed to
HTV (Table 19). The factors considered were physical components of an average working
day in the present job — namely: work outdoors or in a cold store; lifting weights more than
20 Ibs (10 Kg) by hand; work with hands above shoulder height for more than an hour: use of
a keyboard for more than four hours; and riding on a heavy industrial vehicle* in the past

week.

*The questionnaire also inquired about exposure to whole-body vibration in the past week. This group
included workers who had driven or ridden on rock crushers, concrete production machinery, tractors,
loaders, excavators, bulldozers, graders, scrapers, dumpers, road rollers, mowers, off road forestry
vehicles, armoured vehicles, forklift trucks, mobile cranes, lorries, helicopters, planes, high-speed
boats, hoists/Tifts, ambulances, boats, off road cars/vans, guad bikes, fire engines, milk floats or
conveyor belts in the past week.
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A possible association was found with lifting weights in men (PR 1.42, 95% CI 0.98 - 2.07
for cold-induced attacks, with similar risk estimates for altemative definitions of Raynaud's
phenomenon); but no association was found with the other physical factors, including
exposure to whole-body vibration. In women, potential associations were found with outdoor
and cold store work (PR 1.44, 95% CI 1.00 - 2.01), work with hands above shoulder height
(PR 1.73, 95% CI 1.13 - 2.54) and riding on a heavy industrial vehicle in the past week (PR
1.24, 95% CI 0.66 - 2.19), but these were based on small numbers with exposure, and as the
principal interest of later analyses was health effects in men, lifting weights was taken
forwards as a factor of adjustment alongside age, smoking status, headaches and

tiredness/stress.

To confirm that the relation between lifetime exposure to HTV and risk of cold-induced
finger blanching was unaltered by the new factors of adjustment, and by focusing on
workers rather than the whole sample, the analyses of Table 17 were repeated in employed
subjects (Table 20). The risk estimates for occupational exposure were still significantly

elevated.

Pairwise risk estimates were then derived in relation to the baseline of never exposed for
workers exposéd in a previous job (but not currently); workers exposed in the past week;
workers substantially exposed in the past week (defined as minimum daily A(8) > 2.8 ms>
r.m.s.); and substantially exposed workers employed for more than five years in their present
job (Figure 8 and Table 20). Higher risk estimates were seen for exposure in an earlier job
than for exposure in the past week - e.g. PR for cold-induced blanching: 2.86, 95% CI 2.19 -
3.72 (past job) vs. 2.01, 95%CI 1.60 - 2.52 (past week); PR for troublesome blanching: 3.68,
95% CI 2.34 - 5.78 (past job) vs. 2.33, 95% CI 1.57 - 3.46 (past week). And higher risk
estimates were also observed for men with substantial exposure in the past week than for all
men with current exposure - e.g. PR for cold-induced blanching: 2.42, 95% CI 1.76 - 3.30
(daily A(8) > 2.8 ms?, past week) vs. 2.01, 95% CI 1.60 - 2.52 (any exposure in the past
week); PR for troublesome blanching: 3.04, 95%CI 1.79 - 5.09 (daily A(8) > 2.8ms”, past
week) vs. 2.33,‘95% CI1.57 - 3.46 (any exposure in the past week).

Among men with a minimum A(8) > 2.8 ms? in the past week, similar risks were found in

those employed for more than and fewer than five years. (60% of currently exposed men had

been employed more than five years.)
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Figure 8
Relation between exposure to hand-transmitted vibration and risk of cold-induced finger
bianching in employed men (see also table 20)

X

vy
25

X2

=
o ;
= J
R & : -
2 %% ‘% X b
T [ A —1— <X b % X
x | | b % 3
o P <X B el
2 1 3 % 2 N K
b Y 4 <
* / L .‘1 ’0‘ 4)01
7 oy &4 ol
2 / 0’4 J. 004 o
1 ) od X4 &
‘ ” TR BB
A q
Z 70
J X e
o 1 / Zill%: A B
Never Leisure only Previous job Past week, Past week, min
but not now min A(8) > 2.8 A(8) » 2.8, and

employed > Syrs
Exposure status

za A
[ Extensive disease = 2 8 digits or = 15 phalanges affected

Prablematic disease = attacks bad enough to prevent activity or to be taken to a doctor

Population attributable risks for finger blanching

As explained in the methods section, population estimates of the lifetime prevalence of
exposure to HTV (from all sources combined) were determined after standardisation for
occupation. (For this purpose people without an occupation were treated as a separate
occupational category.) Estimates of the number of cases of finger blanching in Great
Britain were similarly derived after standardisation for occupation. Relative risk estimates
(ever vs. never exposed to HTV) were obtained for each of the three definitions of Raynaud's
phenomenon after adjustment for age, smoking, frequent headaches, frequent tiredness and
stress and lifting weights > 20 Ibs in an average work day (this categorical variable was set as
zero in the non-employed). The proportion and numbers of cases attributable to HTV in the
population were then estimated using the formulae described in the methods section,
Attributable proportions and numbers were similarly determined for the two definitions of

severe Raynaud's phenomenon (extensive and troublesome disease); and for disease
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potentially severe enough to merit a DSS assessment for compensation under the British state

industrial injuries scheme. *

For men with cold-induced finger blanching, the attributable fraction from all sources of
vibration was estimated to be 29%, corresponding to a population attributable number of
673,500. For “the stricter definition of cold-induced blanching with a clear edge, the
attributable proportion was unchanged, but the attributable number fell to 255,500. In
women, the attributable proportion from vibration was much smaller (3%), leading to an
attributable number of 104,100 for cold-induced blanching, or 33,300 when attacks were

associated with a clearly defined edge.

Assuming the definition of cold-induced finger blanching, the attributable number of cases of
extensive disease was estimated to be 222,300 in men and 20,300 in women; the
corresponding numbers for troublesome blanching were 459,100 and 44,100 respectively.
Finally, the estimated number of attributable cases among current workers of disease severe
enough to potentially merit an assessment for state compensation purposes was 268,000 for

men and 33,400 for women.

Sensorineural complaints

Prevalence and personal risk factors for sensorineural complaints in the sample

The questionnairé collected information on eight categories of sensorineural complaint
acToss two prevalence periods: numbness/ tingling lasting at least three minutes in the past
week and past year in: the fingers, hand, arm, or upper limb disturbing sleep. In exploratory
analyses independent associations were found in both sexes between each of the definitions
and age, smoking history and complaints .of frequent tiredness, stress and headaches. The
strongest associations were observed for symptoms disturbing sleep, followed by finger
symptoms, and these two complaints were selected for later analysis because of a priori

interest in digital neuropathy and median nerve compression. It was further considered that

*This was defined as cold-induced blanching affecting the distal and middle phalanges of three digits
on either hand, with attacks in the summer as well as the winter, and attacks in the past year. Analysis
was confined fo current workers, but took no account of the DSS eligibility restrictions in relation to
occupation and exposure. In practice, not all workers with such complaints would qualify for an
assessment.
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recall would be more reliable for symptoms occurring in the past week. Table 21 presents the
mutually adjusted associations with age, smoking and psychological variables for these two
categories of complaint in men and women from the entire sample. These were found to be

related to reporting of symptoms.

Relation between sensorineural symptoms and lifetime exposure to vibration

After adjustment for these factors, a clear relation was seen with lifetime history of exposure
to hand-powered vibratory tools (Figure 9 and Table 22), similar to that observed for finger
blanching. Associations were apparent for both types of complaint and in both sexes (though
the associations were weaker in women); and again there was evidence of a relation with
leisure-time and occupational exposure to vibration. Risk estimates of about 1.5 were found
in men who had only used tools in their leisure time, and 1.6-2.2 in men who had
occupational exposure. As with finger blanching, the highest risk estimates were found in
men and women with lifetime exposures to both sources of vibration. The associations in

men were all significant at the 5% level.

Figure 9
Relation between lifetime exposure to hand-transmitted vibration and the risk of
sensorineural complaints in the past week (see also table 22)
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Prevalence and risk factors for sensorineural symptoms in current workers

Table 23 examines the relation between sensorineural symptoms in the past week and
physical ingredients of an average working day in employed subjects who had never been
exposed to HTV. Potential associations were identified with outdoor and cold store work,
lifting weights, and work with hands above shoulder height; but there were no associations
with use of a keyboard for > 4 hours/day or exposure to whole-body vibration in the previous
week. Hence, in further analyses of employed workers, cold work, lifting and work with

hands above shoulder height were included as factors of adjustment alongside age, smoking

and psychological complaints.

To confirm that the relation between lifetime exposure to HTV and risk of sensorineural
symptoms was unaltered by the new factors of adjustment, and by focusing on workers rather
than the whole sample, the analyses of Table 22 were repeated in employed subjects (Table
24). The risk estimates for occupational exposure were still significantly elevated, the
strongest associations being with symptoms disturbing sleep rather than symptoms in the

fingers.

Pairwise risk estimates were derived in relation to the baseline of never exposed for: workers
exposed in a previous job (but not currently); workers exposed in the past week; workers
substantially exposed in the past week (minimum daily A(8) > 2.8 ms® r.m.s.); and
substantially exposed workers employed for more than five years in their present job (Figure
10 and Table 24). Higher risk estimates were seen for exposure in an earlier job than for
exposure to HTV in the past week - e.g. PR for symptoms in the fingers: 2.17, 95%CI 1.73-
2.71 (past job) vs. 1.55, 95%CI 1.29-1.86 (past week); PR for symptoms disturbing sleep:
2.23, 95%CI 1.49-3.33 (past job) vs. 1.56, 95%CI 1.11-2.18 (past week). And higher risk
estimates were also observed for men with substantial exposure in the past week than for
other current users - €.g. PR for symptoms in the fingers: 2.60, 95%CI 2.06-3.26 (daily A(8)
>2.8 ms” r.m.s., past week) vs. 1.55, 95%CI 1.29-1.86 {any exposure in past week); PR for
symptoms disturbing sleep: 2.14, 95%CI 1.33-3.41 (daily A(8) > 2.8 ms” r.m.s., past week)
vs. 1.56, 95%CI 1.11-2.18 (any exposure in past week). Length of employment had little

effect on nisk estimates in the current job.
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Figure 10 )
Relation between exposure to hand-transmitted vibration and the risk of sensorineural
complaints in the past week in employed men {see also table 24)
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Relation between finger blanching and sensorineural complaints

Sensorineural and vascular complaints appeared to bear a similar relation to exposure, but
attacks of blanching may cause numbness and their resolution may cause parasthesiae. To
assess whether or not these effects arise independently, the extent of overlap was examined
according to exposure status (Table 25), and the prevalence of sensorineural complaint
stratified by blanching and exposure status (Table 26). Associations between exposure to
HTV and sensorineural symptoms were found, even in the absence of blanching. Similar
patterns were seen in men and women, and in association with exposure during leisure and
in a former employment, as well as current occupation. These data suggest that sensorineural

complaints in the fingers do not arise solely or principally as a result of blanching,.

Risk from individual tools

As discussed later, the capacity of this study to examine risk by individual tool type is
limited by the cross-sectional nature of the exposure information on named sources and the

multiplicity of tool use. However, 60% of workers had been in their current job for more than
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5 years and only 9.9% reported their exposure in the past week to be atypical, and on the
basis that current exposure may be a rough guide to the past, a series of exploratory analyses
were conducted of risk according to tools used in the past week. Risk was examined in users
of several tools, adjusted for the effects of other tools used in the same week; and also in men
exposed to a single source of vibration in the previous week.* The risks of finger blanching

and sensorineural complaint were examined separately.

Table 27 presents an analysis based on all working men which compares the risks of cold-
induced finger blanching from each of a number of common tools, before and after mutual
adjustment for other tools used in the past week. When no account was taken of other sources
of exposure, all of the common tools appeared to be associated with a significant risk of
blanching. After adjustment for other sources of exposure to HTV in the past week, the risks
mostly persisted, although the associations only remained statistically significant at the 5%
level for hand-guided mowers, metal drills, concrete breakers and chain saws. In some cases,
the risk estimate for blanching increased upon adjustment (e.g. hand-held sanders, mowers,
metal drills and chipping hammers), but in the case of jig saws, circular saws and impact
wrenches it disappeared. In users of a single tool (Table 28) excess risks of cold-induced
blanching were similarly observed with exposure to a number of sources, including floor
polishers, metal drills engraving pens, nailing guns, hand-guided mowers and hand-held
portable grinders. However, the numbers were small and the confidence intervals

surrounding the risk estimates were wide.

For sensorineural complaints (Table 29), significant associations were found between all of
the common vibratory tools and sensorineural symptoms in the fingers in the past week (PRs
1.46 - 2.17) when no account was taken of multiple exposures. After adjustment for use of
other tools in the same week, the risks from concrete breakers (PR 3.43, 95%CI 1.69-6.21)
and hand-guided mowers (PR 1.98, 95%CI 1.08-3.42) were still significantly elevated, and
those from jig saws (PR 2.29, 95%CI 0.85-5.59), hand-held sanders (PR 1.83, 95%CI 0.73-
4.13) and impact screwdrivers (PR 2.17, 95%CI 0.77-5.21) all increased. Apparent
associations with use of the hammer drill, hand-held grinder, circular saw, impact wrench

and chipping hammer disappeared.

* - . . -
The vibratory tools chosen for analysis were those previously determined to be most common

nationally (Table 7). However, a crude excess of finger blanching was also seen in users of many
other tools from the questionnaire.
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Associations were also seen between exposure to a number of common sources of HTV and
sensory symptoms disturbing sleep, though the picturc was mixed. Significant associations
were found for use of the metal drill, concrete breaker, impact screwdriver and hammer drill,
but after adjustment for other tools-used in the past week the only significant association was
with use of the concrete breaker (PR 4.64, 95%CI 1.67-12.1 1). In a few other cases the risk
persisted or increased afier adjustment - namely: hand-held sander (PR 2.11 95%CI 0.49-
8.45), metal drill (PR 2.19, 95%CI 0.77-5.89), impact wrench (PR 1.49, 95%CI 0.20-9.83)
and circular saw (PR 1.48, 95%CI 0.20-10.07).

Among users of a single tool, significantly elevated risks were found for floor polishers in
men (PR 1.94 for finger symptoms; and 3.37 for symptoms disturbing sleep) and nailing and
stapling guns in women (PR 2.53 for finger symptoms) (Table 30). Elevated risks were also
found for a number of other sources, including hand-guided mowers, metal drills and motor-

cycles, though these did not reach statistical significance.

Risk by current occupation

Finally, in Table 31 the risks of cold-induced finger blanching are presented by current
occupation, for jobs where exposures commonly exceeded a self-estimated A(8) >2.8 ms™
r.m.s.*. In men, significant excess risks were seen in carpenters and Joiners (PR 2.66, 95%CI
1.39-5.00), electricians and electrical maintenance fitters (PR 2.28, 95%CI 1.41-4.47), motor
mechanics (PR 3.23, 95%CI 1.49-6.67) and builders and building contractors (PR 3.37,
95%CI 1.42-7.38); elevated risks were also seen in bricklayers and masons (PR 2.37, 95%CI
0.87-5.96), gardeners and groundsmen (PR 1.89, 95%CI 0.65-5.08) and metal working
production and maintenance fitters (PR 1.52, 95%CI 0.77-2.94). In a number of occupations
slightly higher risks were found among those employed for more than five years. Among

women, no excess risk was seen in cleaners, domestic workers or hairdressers.

*These estimates were not adjusted for occupational lifting, as this proved to be very strongly
correlated with exposure in these professions. The independent risk from lifting in non exposed men
was 1.42 (Table 23), so these values may represent a small over-estimate.
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WORKPLACE VISITS

METHOD

More than 30 premises were visited, including a plant where motor vehicles were
manufactured, another where mattresses were assembled, a metal working shop in a
shipbuilder's yard, three farming and horticultural estates, two retail warehouses, a haulage
depot, a joinery, the works and gardens departments in a local authority and a university, and

depots involved in the maintenance of aircraft, buses, police vehicles and fire engines.

The visit programme followed an interim analysis of the first postal mailing and was
informed by it. A list of exposure sources was first assembled, based on the frequency of use
and evidence of potential health risk. Vibratory tools with the greatest national estimated
numbers of users formed the basis for a provisional list, namely:

hammer driil hand-held portable grinder

Jig saw circular saw

hand-held sander hand-guided mower

pedestal grinder impact screwdriver

impact wrench floor polisher

Workplaces in which these tcols were in use were identified, and in discussion with
managers the departments in which exposures of interest occurred were identified. Tool users
were selected for assessment in each workplace on the basis of availability, and with no
overall limit (range 3-22 workers). Each worker was asked to complete a questionnaire
identical to the exposure section of the postal questionnaire - providing details of occupation
and hand-powered vibratory tools used in the previous week. An attempt was later made to
verify, through interviews with line managers and by inspecting tool inventories, that the
tools described as being used could actually have been used; and to identify any tools that
had been reported but which could not have been used, or any that had been incorrectly

described.
Workers were next observed over a one-hour period during representative activities that

involved use of the hand-held powered tools, and a record made of the sources and the

durations of exposure. In each case the hand-tool contact time was directly measured using a
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stopwatch for the time when the switch was on or the power engaged (representing the true
interval that vibration entered the hand). The worker was asked after the observation period
to complete a second proforma, similar to the first but describing the exposures that had been

incurred during the time he (she) was observed.

Proformas were completed immediately after the observation period, or at the earliest
available work break. A record was made of when they were completed and whether or not

the worker regarded the observation period as 'typical of the job',

Openly worded descriptions of exposure sources were coded on the same basis as for the
principal survey - independently by an occupational physician and a specialist in vibration
research, with any disagreements resolved by consensus. Coding was performed blind to the

information collected by direct observation.

Additionally, a series of visits were made to workplaces where exposures to whole-body
vibration (WBV) were incurred. As for HTV, the visits were planned to sample exposures
that were common nationally, and these occurred in drivers of vans, buses, lorries, tractors,
fork-lift trucks and ride-on mowers, The same questionnaires were employed as used in the
HTV assessments, and again a direct comparison was made between observed and reported
exposures. For all subjects, the opportunity existed to report (and/or observe) exposure to
HTV as well as WBV (- in some cases both types of exposure were observed), so the

findings from both sets of visits were incorporated into the present analysis.

ANALYSIS

a) Reports of exposure in the previous week were compared with the inventories of tools
available for use as the 'gold standard'. Frequency counts were determined of the reports
considered to be feasible and those considered unlikely, and so the proportion of
plausible exposures was ascertained, overall and by tool type.

b) For the observation period, a similar comparison was made between the sources reported
as used and those observed in use. Contingency tables were drawn up, both overall and
for each of the 38 pre-defined tool categories in the questionnaire. The sensitivity and
specificity of the questionnaire were calculated in relation to- (a) being classified as a

user of any of these tools ; and (b) use of each specific tool from the list.
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¢) Scatter plots were drawn comparing workers' reports of exposure times in the
observation period with the times that were measured, and median (interquartile) ratios

of observed to reported exposure time were calculated, overall and for several commonly

observed tools.

RESULTS

Participants

One hundred and sixty-six male and 13 female workers were approached in total (median age
— 40 years, range 16-63 years) and all agreed to participate. These comprised 116 workers
selected primarily for their exposure to HTV and 63 selected primarily because of their
exposure to WBV. Occupations in the former group included: motor assembly workers (17),
cleaners (13), metal plate workers and shipwrights (12), gardeners and groundsmen (11),
motor mechanics (9), mattress makers (8), carpenters and joiners (7), woodworking
machinists (5) and metal working and maintenance fitters (5); occupations in the latter group

included drivers of lift trucks (25}, goods vehicles (10), buses (9) and vans (7).

Ninety-three per cent of forms (166) were completed within an hour, and eight others within
three hours of the observation period. In five others the time of completion was not recorded.
On inquiry, 114 of the 116 workers seen in connection with vibratory tool use reported that

the observation period had been 'typical' of their job. Two others did not specify.

Reported exposures in the past week

One hundred and twenty-five subjects reported exposure to HTV in the past week, and in 121
of these cases (97%), the exposure status was confirmed as feasible (Table 32). Altogether,
393 sources of exposure were reported (2.2 per subject on average), and in 260 of these
reports (66%) inquiry confirmed the possibility of these exposures. The feasibility of _
exposure accounts varied by tool type, from 19% to 100%, but generally exceeded 80%. It
was particularly high for hand-guided mowers (100%), impact screwdrivers {93%), hand-
held sanders (87%), floor polishers, nut runners and hammer drills (all 86%); intermediate

for impact wrenches (62%), and poor for riveting hammers (19%).

The entire accounts (positive and negative reports) of 75 subjects (42%) were confirmed as

reasonable after inquiry and inspection of tool inventories. In a further 52 subjects (29%),
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one or more exposures were reported that did not appear feasible. In 90 subjects some
exposures that appeared feasible were not reported, although no evidence exists that these
were true errors of omission. The possible causes of error were explored in the observational

part of the investigation (below).

Exposures in the observation period

Sources
The powered tools most commonly observed in use were: hammer drills (30), nailing and

staphng guns (24), impact screwdrivers (18), nut runners (15), portable grinders (14), floor
polishers (13) and jig saws (13).

One hundred and thirteen subjects were observed using hand-powered tools in the workplace,
among whom 69 people used a single tool, 31 used two tools, 8 used three, and 5 used five.
This compared with 110 people who reported exposure (Table 33). The sensitivity of the
questionnaire items to detect exposure was 96% (i.e. it detected nearly all persons with
genuine exposure), and its specificity was 98% (i.e. nearly everyone classified as non-
exposed was truly so). All but one person who claimed to use hand-held vibratory tools was
observed using at least one such tool (i.e. the positive predictive value in this sample of being
a vibratory tool user having reportéa such an exposure was 99%). Among the 69 subjects
who reported no exposure, one person was observed using a hand-held vibratory tool

(negative predictive value 94%).

When specific sources were considered, 179 separate reports of exposure were recorded as
compared with 180 observed exposures. The specificity of reports by tool type was 93-100%
for all subjects (and even higher among those with any exposure to HTV). The sensitivity
varied by tool type, from 39% for impact screwdrivers to 100% for circular saws, floor

polishers and hand-guided mowers.

For the last two of these sources all reports were confirmed by direct observation. In other
cases there was evidence of some misclassification between particular pairs of tools: eight of
10 subjects reporting exclusive exposure to the riveting hammer were actually using nailing
and stapling guns; in three instances where hand-held sanders were reported as used, only

portable grinders had been observed; and eight of 29 subjects who only used a hammer drill
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reported using a riveting hammer with or without another tool. Another source of error lay in
the inadequate description of some tools by subjects: in five subjects observed using a
hammer drill their various reports of using a 'drill’, an ‘air drill’, a "portable drill' and a 'hand-

held drilling machine' led to them being misclassified as non-exposed.

The entire accounts (positive and negative reports) of 131 subjects (73.2%) were confirmed
by observation (Table 34). In a further 13 subjects (7.3%), an exposure was reported that was
not observed; in 13 subjects (7.3%) an exposure was observed that was not reported; and in
22 others (12.3%) elements both of over-reporting and under-reporting were observed. The

errors became more common the greater the number of tools actually used (Table 35).

Durations of exposure

Figure 11 compares the reported exposure times from all sources of HTV with the times
observed. The plot illustrates the strong general tendency to over-report exposure times; the
wide scatter of reported times for similar periods of true exposure; and the evident tendency
to round estimates up or down to the nearest whole multiple of five or ten minutes {digit
preference). In a few instances times were reported that were longer than the period of
observation, illustrating the difficulties subjects had in comprehending instructions and the
line of inquiry.

Figure 11
Reported versus observed exposure times for sources of hand-transmitted vibration
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The ratio of reported to observed times by tool type is presented in Table 36, as median and
interquartile values. The median number of repetitions (times each tool type was used in the
observation period) is also recorded. The degree of over-reporting varied by tool type, from a
median of 1.2-fold (IQR 0.8-2.0) for hand-guided mowers up to 6.3-fold (IQR 3.4-7.6) for
hand-held sanders. The median value for all tools was 2.5 (IQR 1.6-5.9). The three lowest

ratios arose for sources of exposure with the smallest median number of repetitions.

The ratio of reported to observed times fell as the true period of observation increased - from
a median ratio of 5.8 (IQR 2.7-11.7) among 24 subjects truly exposed for < 2 minutes over
the hour to 1.2 (IQR 1.1-1.2) among nine subjects exposed for more than 30 minutes of
exposure. The opportunity for over-reporting also fell as the true period of exposure got
closer to the period of observation: the last column of Table 36 illustrates the maximum
theoretical range of over-reporting possible in each time band. The data suggest that this

constraint may have accounted for a part but not all of the effect.
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DISCUSSION

This national survey of exposure indicates that in a given week approximately 20% of all
working-aged men (4.2 million men) and 3% of all working-aged women (667,000 women)
are exposed to hand-transmitted vibration at work. It further estimates, based on self-reports
of exposure times, that the daily A(8) in 5.8% of working-aged men (1.2 million), and 0.2%
of working-aged women (44,000) exceeds the suggested action level of 2.8 ms? r.m.s. The
occupations and industries contributing most to national estimates of exposure prevalence
have been identified, as well as those in which individuals with high levels of exposure are to
be expected; and the commonest hand-held vibratory tools in use, and the common exposure

patterns have been described.

The data also provide an estimate of the lifetime frequency of occupational and leisure-time
exposures, and indicate that these too are very prevalent: 42% of men and 8% of women
from the sample had worked in jobs with exposure to HTV at some stage; and 14% of men
and 3% of women had regularly used powered tools outside work for more than an hour per

week.

The findings further imply that vibration is a common cause of Raynaud's phenomenon in
British men, and that many more cases of VWF exist nationalty than previously estimated;
while the sensorincural data supplement the picture, by providing an indication of the
additional numbers with neurclogical complaints. Excess risks of finger blanching were
found in many occupations where exposures have been estimated to be common and

substantial.

POTENTIAL BIASES AND LIMITATIONS

Before considering the public health implications of the study, however, it is necessary to
reflect on some of its potential biases and limitations. On the exposure side these include the
validity of self-reported exposures and the potential for misclassification and quantitative
errors; the representativeness of exposure histories; the assumptions inherent in extrapolating

from a sample to the population; and possible response and reporting biases.
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On the health side, the principal concern, in a study which manifestly concerned vibration
and health, is that risk might have been overestimated if subjects with exposure and disease
participated preferentially (response bias), or if subjects were more likely to recall exposure
in the presence of disease than without it (reporting bias). Estimation of the attributable
numbers requires information on the prevalence of exposure, its risk, and the frequency of
disease in the population, and so may be affected by several sources of error or bias. These

issues are discussed in the commentary that follows.

Exposure

Misclassification of sources of exposure
Three principal sources of error need to be considered: lapses of memory; failures of
recognition or representation; and confusion between leisure-time and occupational

exposures.

Errors of recall are more likely for earlier career exposures than exposures in the past week,
and these are most likely to be omissions, leading to underestimation of the frequency of
lifetime exposure. Even s0, some workers may have reported tools as being used in the past
week which were not, but which they did sometimes use in their job. Such errors, if common,
would lead to an overestimate of the number of weekly tool users, the number of tools used

in the past week and the personal daily vibration dose; but not the numbers with exposure in

the current job.

Information on current sources of exposure came either from closed questions about a pre-
defined list of tools or from an openly worded section evaluated by a panel of vibration
specialists. All of these reports are likely to represent substantive sources of exposure, but
error might arise in the closed list if respondents failed to recognise a tool name or confused
it with another that they had used; and in the open response section if they described tools in
an ambiguous or misleading way. Such errors could lead to an over- or under-estimate of the
frequency of exposure. (As an example of the former, users of ordinary drills might report
instead that they had used a hammer drill; as an example of the latter, they could have failed
to recognise the tool as a hammer drill and reported only the use of a drill in the open

response section - which would be misclassified as non-exposed to HTV.)
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Another possibility is that recreational activities were sometimes reported as if they were

occupational. This risk might be expected to be higher for some tools, such as hand-guided

mowers, than for others.

One test of these concerns is to examine the face validity of common sources of occupational
and recreational exposure. This was done for users of hammer drills, hand-held portable
grinders and jig saws (the three commonest sources of exposure} and for users of hand-
guided mowers, hedge trimmers and strimmers (three exposures that are may arise
recreationally as well as occupationally). Exposures in the former group largely arose from
occupations where use was expected or considered plausible, lending .support to the data.
Thus, 71% of men who reported using a hammer drill came from the occupational groupings
of metal processing, electrical processing, other processing and construction (HSE
occupational groups 18, 19, 21 and 23); 69% of men who used hand-held portable grinders
and 67% of jig saw users came from these same professions. However, only 31% of men
who used a hand-guided mower, 35% of men who used a hedge trimmer and 61% of men
who used a strimmer came from the farming, fishing or forestry industry; and only 19-35%
of these exposures were specifically in gardeners. So a possible bias due to the false

reporting of leisure-time exposures cannot be discounted in the case of gardening equipment.

An independent test of the accuracy in reporting sources of exposure was conducted during
the observational workplace visits (Tables 32-34). Accounts of exposure in the past week
were generally confirmed as plausible on careful inquiry, while in the observation period the
questions used to determine overall exposure status had a high predictive value in this sample
with no false positive classifications and few false negatives. The questionnaire items on
exposure to particular tools had a high sensitivity and specificity. Some misciassifications
arose at the level of individual tools, because of confusion of tool names or inadequate
descriptions: as a result, use of the hammer drill, nailing gun and portable grinder were
under-reported and use of the riveting hammer and sander were over-reported. However,
three-quarters of subjects made no errors or omissions of reporting at all. Among the
remainder elements of over- and under-reporting were equally represented over the many
items tested. The data suggest that false reporting of exposure sources is not a large source of

error, but becomes smaller as fewer tools are used.
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Representativeness of exposure histories

The questionnaire collected information at two limited calendar periods. The responses
included people who were employed but absent from work (e.g. those who were sick or on
holiday); and encompassed a variety of exposure patterns, some typical and some less
representative. Short cycle variations and periods of atypical exposure might be expected to
even out in a large sample, and do in any case contribute to the broad picture of national
exposure, which 1s dynamic rather than static. But estimates in occupations with strong
seasonal differences in vibratory tool use, such as farming and construction, could convey a
misleading impression of the annual exposure picture. In practice however, these effects are
likely to be small: only 9.9% of men and 5.8% of women with exposure in the past week
reported their exposure to be atypical of the job*; and a cross-comparison of responses within
occupations between summer and winter mailings identified only minor differences at
different calendar periods in the proportions in commonly exposed occupations and in those

directly reporting exposure and substantial exposure (Table 37).

Response biases

The response rate in the study was 60%, with higher participation rates in older subjects and
in women than in men. White-collar workers were also slightly over-represented in the
sample. To compensate for over- or under-sampling and a difference in response rates by
occupation, estimates were standardised according to the occupational profile of the 1991
National Census. However, differential response rates might still have influenced the
estimates of prevalence of exposure if these were related to the type and extent of exposure.
In particular, an overestimate might have arisen if older men used tools less often the
younger men, or responders within a profession were more commonly exposed than their

peers who did not respond (e.g. because they were more interested in the survey and

therefore more likely to make a return).

To test the first of these possibilities, the frequency of current exposure to HTV was

compared in younger and older male responders (Table 38). The likelihood of reporting

*171 men reported that exposure was atypical, among whom 80 provided further usable particulars:
49 men said they used tools less often ordinarily, and 31 more often. Managers, teachers and HGV
drivers mainly belonged to the former group (12 vs 2}, whereas farm, forestry and construction
workers tended to belong to the latter group (22 vs 14). Only 13 women described their exposure as
atypical.
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exposure, overall and in several commonly exposed occupations, showed no consistent

relation with age, so this appears unlikely to be a major source of bias.

The second possibility, that respondents tend to over-represent the frequency of exposure in
their profession, was explored by comparing the prevalence of exposure in willing
responders (people who responded at the first invitation) and reluctant responders (those who
required a reminder) (Table 39). If exposed subjects had a greater interest in the survey than
others, the frequency of exposure might be expected to be higher in the former group than the
latter. In the event, only minor differences were apparent between these two groups,

providing no evidence of a response bias.

Extrapolating to the population

Figures based on a sample can only provide an estimate of the true value for the whole
population. The sample appears to have adequately represented occupations in the general
population (Table 4), but in any case the method of scaling takes account of residual
differences in occupational frequencies between the sample and the population estimates.
One inevitable limitation is that the numbers by occupation in Great Britain today probably
vary from those of the 1991 National Census. In most cases the differences are likely to be
unimportant, but in shrinking industries (like coal mining) fewer workers will be exposed

than these data imply.

Underlying the survey is an implicit assumption that members of a particular occupation are
representative of that occupation in terms of exposure. In using occupational {or industrial)
frequency as the scaling factor two further simplifying assumptions are made - that there is
little heterogeneity between industries within an occupation (and vice versa), and that any
geographical variation in exposure within occupations and industries is adequately
represented in the broad geographical sampling base, or unimportant as a source of error. In
practice, heterogeneity exists within the sample and in the national population, but given the
small numbers of exposed people in the various occupation-industry combinations {(no more
than 71 in any one combination) the validity of these assumptions cannot be readily tested.
However, the overall estimates of exposure, particularly those for larger occupational groups,

are unlikely to be seriously biased, and these should provide an adequate basis for decision

making.
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The aggregated estimates, by virtue of their large sample size, have narrow 95% confidence
intervals, but in many cases population estimates have been derived from small sample sizes
within an occupation or industry. This represents a limit on precision and resuits in some

relatively wide confidence intervals in the data that have been presented for some groups.

Quantitative information on exposure
Personal estimates of exposure are subject to several potential sources of error and bias - in

ay,, assignment, in self-assessment of exposure times, and in the method of dose calculation.

The task of a,, assignment was based on a qualitative appraisal of the available data.
Generally, several sources of information were consulted for each exposure source, but a
different choice could have been made. One value was ascribed to each family of tools, but
quite wide variation exists within a family and between tools of the same type in different
stages of ageing, repair or design modification. In a few cases a paucity of dependable data
prevented any value being assigned, and missing exposure details required the calculation of
minimum rather than absolute A(8) values. Personal daﬂy vibration exposure was calculated
according to a widely promulgated method of dose summation, but there is some general
uncertainty about the best method®. Finally, reliance was placed on self-estimates of the
duration of daily exposures - an approach traditionally assumed to be adequate, but seldom

tested. These limitations are not particular to this investigation, but general to the field of

inquiry.

The accuracy of quantitative self-estimates of exposure was tested in the observational visits,
Several systematic errors were found, particularly when exposures were brief, intermittent
and from many different sources. The bias was towards overestimation of the exposure time.
The spread of estimates was wide in some mstances, and there was evidence of rounding
errors and digit preference. In some cases there was confusion with length of time taken to
complete the job (although the difference from hand-tool contact time was carefully
stressed); in others the task may have been perceived as too difficult, discouraging
meaningful attempts at estimation. Self-estimates of duration of €Xposure were more accurate

when tools were used in a more nearly continuous fashion.

The obscrvational data themselves may contain some sources of imprecision - relatively few

occupations and exposure sources were sampled, and the true duration of exposure was based
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on a stopwatch measurement of the time vibration entered the hand - which may be less
precise for short duration intermittent exposures. But measurement and sampling errors were

probably small in relation to the size of effect discovered.

The effect of overestimating exposure duration may not be so great as first appears. Dose and
risk are assumed to be proportional to the square root of the daily exposure time in hours:
roughly speaking, the observational data suggest a 2.5-fold over-reporting of exposure time,
but this would translate into a dose (A(8)) only 60% too high.* Furthermore, the errors may
not be large in relation to other sources of error in dose estimation such as a,, assignment

(where the interquartile range of published values often varies by four or five-fold).

Nevertheless, tables that contain quantitative estimates of exposure must be regarded as
- indicative rather than definitive. One important issue in interpretation is whether similar
biases may have existed in the epidemiological studies that promulgated suggested action
levels. This is discussed more fully below, but these data can probably be related to standards
and exposure limits developed on a similar basis. Furthermore, health effects have been
demonstrated at and below a self-reported A(8) of 2.8ms” r.m.s. and excess risks were
discovered in many occupations estimated by these means to be significantly exposed.

Workers with high self-estimated exposures were found to be 'at risk’, and to this extent the

data inform policy.

Health estimates

Response and reporting biases

The possibility of bias was investigated in several ways. Firstly, a comparison was made
between the risk estimates in 'willing' and 'reluctant’ respondents. If there were substantial
response bias, a higher frequency of disease might be expected in people who responded to
the first letter of invitation (willing respondents) than those who answered only after a
reminder (reluctant ones). The prevalence of cold-induced finger blanching and sensorineural
symptoms was similar in the two groups, and provided no evidence of éuch an effect (Table
39).

*We have nor attempted to apply a simple multiple 1o correct for this effect in the data from the postal
survey in view of the small number of direct observations, the variation between individuals and tool
types, and the other sources of error in dose estimation.

53 Contents



Secondly, to test the specificity of association, whole-body vibration was used an alternative
measure of exposure; and low back pain was explored as an alternative measure of health.
Any bias which was related to vibration per se might result in elevated risks of health
complaints for whole-body as well as hand-transmitted vibration. But in current riders of
industrial vehicles who had never been exposed to HTV the risks of blanching and
sensorineural complaint were not elevated (PR for cold-induced finger blanching 1.07,
95%CI 0.68-1.68; PR for sensorineural symptoms in the fingers in the past week 0.89,
95%CI 0.62-1.28; and PR for upper limb sensory symptoms disturbing sleep in the past week
0.93, 95%C1 0.50-1.70™).

Similarly, any general tendency in vibration-exposed workers to over-report symptoms might
result in excess risks for symptoms outside the upper limb, but no excess of low back pain
was seen in current users of hand-held powered tools (PR for low back pain in the past year
1.06, 95% CI 1.00-1.12; and PR for low back pain in the past year making it difficult or
impossible to put on socks or shoes 1.03, 95% CI 0.93-1.14%).

Finally, alternative definitions of finger blanching were used to examine how the risk
estimate was altered by varying the specificity of case definition. If response biases were
substantial, the risk estimate might be expected to fall as the case definition became more
specific. The opposite pattern was observed (Table 17), a finding that implies that bias was
probably not substantial.

COMPARISON WITH OTHER STUDIES

Exposure

This study indicates that exposure to HTV is far more common than estimated by
Kyriakides' and Bednall'"*. There are a number of possible reasons for this, but the most
important appears to be that previous sampling was selective as to industry and source of

exposure. No data were coliected in the previous studies from at least 28 of the 38 industries

*Risk estimates were mutually adjusted for age (in 5 bands), smoking, frequent headaches, Jfrequent
tiredness/stress, cold work, lifting weights, work with hands above shoulder height and use of a
keyboard for more than 4 hrs/day.

#Risk estimates were adjusted as above, and also work out of doors/in a cold store and estimated
personal daily dose of whole body vibration (eVDVT Jrom all sources combined, in tertiles).

54 Contents



in the SIC-92 2-digit code groups where we have found exposure; within an industry, often
only restricted aspects of exposure were assessed (e.g. only chain saws in agriculture and
forestry); and many of the tools in our questionnaire were omitted or incompletely surveyed
(including floor polishers, nut runners, impact screwdrivers, jig saws, circular saws, hand-
guided mowers, hand-held hedge trimmers, brush saws, barking machines, stump grinders,
tampers, scabblers, hammer drills, needle guns, nibbling machines, motorcycle handlebars
and nailing and stapling guns). The emphasis appears to have been on sources reported to
cause health problems and exposures that were explicitly reportable and compensatable
under statutory rules. However, HSE has always advised that other hand-powered tools may
produce hazardous levels of vibration, and many additional sources now appear in the
Industrial Injuries Advisory Committee's revised list of compensatable exposures, given
disease of sufficient severity®’. These extra tools alone may account for an estimated
additional 1.5 million users nationally. Finally, differences also arise because we have
sampled more completely from small businesses and the self-employed, where the proportion

of exposed workers is higher.

While this survey was being conducted, another independent estimate of community
exposure was reported in the Office of National Statistics' Omnibus survey*’. A questionnaire
on self-reported working conditions was administered to a sample of adults in private British
households, selected from a national post code address file. Face to face interviews were
conducted in August and October 1995. A question on exposure to HTV was posed as part of
a much wider survey of economic activity which had no particular focus on vibratory tool
use, blue collar work or work-related illness. A comprehensive definition of exposure was
employed (the use of power tools which transmitted vibration to the hands') but no pre-
defined check list of substantive exposure sources, as employed here. Nonetheless, a very
similar estimate of exposure was obtained. Among 2,230 employed individuals, 27% of men
(95%CT 24%-30%) and 7% of women (95%CI 5%-9%) reported using hand-held powered
tools in their job. A more detailed comparison between the present survey and this Self-
reported Working Conditions Survey shows striking similarities in the respective estimates

of exposure frequency by occupation (Table 40).

Hence, estimates which were collected independently, during different calendar periods, by

different methods, and in a different context, show a high degree of agreement. In the context
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of this study, this provides reassurance about the representativeness of exposure information

and suggests that response and sampling biases have not caused important errors in the

numbers estimated to be exposed.

Health

National estimates of the incidence of disease attributable to HTV come principally from
compensation claims under the DSS Industrial Injuries Benefit Scheme and employers'
‘Statutory reports under the Reporting of Injuries, Diseases and Dangerous Occurrences
(RIDDOR) Regulations. In 1996/7 232 cases of HAVS were reported under RIDDOR and in
1995/6 3016 claims of VWF were assessed by Special Medical Boards in consideration of
State Benefit*®,

Unfortunately, these sources do mot provide an adequate basis for determining the true
prevalence of complaint, or of the distribution of illness by occupation, industry or tool type.
Under-reporting arises under the RIDDOR regulations because many employers are unaware
of the requirement to report and many employees do not present their complaints to a doctor.
Also, many general physicians fail to recognise the occupational basis of the illness
presenting to them, and those that do are not required to notify their patient's employer

(indeed, considerations of medical confidentiality make it more likely that they would not).

DSS statistics reflect awareness and willingness to lodge a claim on the part of the individual
and other particulars of the scheme, more than the incidence of disease. The influence of
local knowledge is reflected in widely disparate rates of new assessment between industries.
In 1995, for example, 45% of all claims came from coal miners®® who represented around
0.1% of British industry®. The scheme also has a restricted eligibility: only disease of
sufficient severity, arising from use of a qualifying tool in a qualifying occupation, may be

assessed; and the self-employed cannot be considered.

To gain a more complete picture of work-related health complaints, HSE commissioned
trailers to the Labour Force Surveys of 1990 and 1995. The Labour Force Survey (LFS) is a
rolling survey of private households in Great Britain, conducted by Office of National
Statistics to collect data on individuals' economic activity. In 1990 a sample of respondents

were asked additionally to identify the worst work-related disease they had suffered (if any)
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in the past 12 months, and to record the doctor's diagnosis, or to describe the problem in their
own words. Fifteen respondents were considered to have VWF, leading to a national estimate
of 7,300 cases®, but this number appeared incongruously low when compared with the
preceding five years of state benefit claims, and a revised estimate of 20,000 was made,
extrapolating from industry-based surveys of exposure and disease™. In 1995 respondents to
the second LFS were allowed to volunteer information on several work-related complaints,

and the estimated number of VWF cases was revised upwards to 36,000,

Neither LFS inquired directly about symptoms of cold-induced finger blanching, and the
accuracy of the derived estimate hinges on whether VWF is well recognised by sufferers or
not. It is known, for example, that people only occasionally present symptoms of blanching

Cal 9,20
to a physician'*?%%

, and it appears plausible, especially in outdoor work, that an association
between pale numb fingers and occupational exposures might go unrecognised. In some
cases, because of intermittence or regression of symptoms, the attacks may not have occurred

in the previous 12 months. The execution of the study during a temperate period of the year
could have hampered recall of symptoms, although our data (Table 37) do not provide

evidence of any strong seasonal differences in the reporting of blanching.

The prevalence of Raynaud's phenomenon in British men has been reported previously to lie
in the range of 5-16%'>**, The LFS data imply therefore that no more than 5% of disease in
workers arises secondary to vibratory tool use. Clinical experience suggests that this may be
a substantial underestimate (- according to Coffman, HTV is probably the commonest cause
of Raynaud's phenomenon in men’'), but the proportion of disease attributable to vibratory

tool use has never been formally estimated in British community surveys.

Elsewhere a few international studies have considered the problem. Maricq ef al investigated
a multi-stage probability sample of households in South Carolina using an interview-
administered questionnaire’. The case definition was based on a history of unusual
sensitivity of the fingertips or toes to cold together with unusual colour changes of pallor or
cyanosis. The crude odds ratio (OR} for cold sensitivity was 1.9 — 2 in men and 1.4 in women
with current exposure to hand-held vibratory tools; while the prevalence of the exposure was

around a third in men and under 3% in women.
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In a second multi-centre investigation in Charleston, -Touloﬁse, Nyons, Grenoble and
Tarantaise, the OR of Raynaud's phenomenon in lifetime users of vibratory tools was
estimated to be 1.93 (95% CI 1.07 - 3.49) after adjustment for sex, climate, education, age,

body mass index, cardiovascular disease and family history™.

Harada er af assessed the prevalence of Raynaud's phenomenon in four thousand residents of
the Ehime prefecture in Japan who attended periodic health examinations®. The diagnosis
was based on clinical opinion supported by a positive identification of blanching in a set of
hand photographs. Among 30 of the 61 male cases (49% of affected men) the presumed

cause was exposure to HTV; in women, two of 49 cases {(4%) were ascribed to this cause.

International differences may exist in the extent of exposure and the likelihood of blanching
attacks™*, but this small literature is consistent with our own estimates of risk, which imply

a higher attributable proportion than previously suggested among British men.

Our data indicate, therefore, that exposure to HTV is far more common than previously
supposed; that health effects are commoner too (including attributable cases of more severe
blanching), and that these findings are unlikely to be heavily influenced by biases and errors.
The findings are consistent with a small alternative literature - in particular the estimates of
exposure frequency by occupation are close to those recently obtained by an independent
community survey. One source of error, previously suspected and now confirmed, lies in

self-estimates of exposure time, which are systematicaily biased upwards.

DISCUSSION POINTS

Attributable numbers

Although the risk estimate was not altered much by varying the definition of disease, the
prevalence of disease in the population, and hence the estimated numbers attributable to
HTV varied by more than two-fold, depending on whether or not a clearly demarcated edge

of blanching was required in the case definition.
Two of the three definitions that were explored represented subsets of a higher level

definition (those with cold-induced blanching were a subset of those with blanching; and the

‘clear edge’ group were a subset of those with cold blanching), but the relation between these
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groups is not well understood. rLewis, as a result of his historic experiments in the 1930s
referred to a biological continuum in which “the transition from normal subjects to those in
whom the obstruction becomes complete (and that are properly called cases of Raynaud's
disease) is not abrupt but quite gradual”®’. But another possibility is that the difference lies
solely in people's self-awareness and articulation of symptoms, as blanching is sometimes
reported to be patchy and mottled, rather than discrete and uniform. For this reason three

estimates have been presented.

In trying to gauge the true prevalence of Raynaud's phenomenon and vibration-related
blanching, one approach might be to validate the case definition against clinical opinion, or
objective tests of finger blood flow and sensorineural disturbance. Survey questions have
been assessed against the former criterion, but so far not against the latter. In Leppart's
community survey of women from Sweden®', 80% of those who reported 'cold and white
fingers' were verified as having Raynaud's phenomenon at a clinical interview. In another
community study, a similar predictive value was reported by Heslop et al'® using the first
study definition of 'attacks in which fingers suddenly became cold and numb and at the same
time turmed white'. Finally, the questions we used wére pre-tested in a sample of
rheumatology patients, including sufferers from Raynaud's phenomenon and were found to
have a sensitivity of 94%-100% and a specificity of 75-78%, when compared with the

diagnosis at clinic™.

Under-researched tools

The data identify some sources of exposure as common in Britain that have been omitted

from earlier inquiries. What strength of evidence exists that tools such as floor polishers,
metal drills, impact screwdrivers, circular saws, jig saws and hand-guided mowers are

associated with health risks?

At present this appears to rest almost entirely on the measured levels of vibration in a
selection of these tools. This has led to proposals for some of these tools to be included in
parts 2-17 of ISO 8662°; for vibration type tests to demonstrate tool safety standards under
CEN/TC231/WG 2 (N99 March 1994); and to such sources being included in the Industrial
Injuries Advisory Committee's recent list of compensatable exposures'’. By contrast, there

have been few reports of adverse health effects arising from these sources. A search of the
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EMBASE (Excerpta Medica) database, 1980-98 and. MEDLINE (National Library of
Medicine, USA) database, 1966-98 failed to identify any articles in which key words such as
'mower', 'circular saw’, 'jig saw', "impact screwdriver', nut runner' and floor polisher' were
used in conjunction with search criteria for Raynaud's Phenomenon and VWF; and little or
no published information on health risks from these sources or from metal drills and hammer

drills could be discovered in ISVR's international library of vibration research.

Such exposures appear to have been overlooked hitherto in health inquiries, and are worthy
of formal study. This cross-sectional study's capacity to determine the risk attributable to
individual tools was limited by two main factors:

a) It was not possible to establish a lifetime history of exposure to named tools in a postal
questionnaire. Instead, information was sought on named tools used in the past week.
The risk-conferring exposures are likely to be chronic and cumulative, and respondents
could have incurred higher or lower exposures at earlier stages in their employment
history.

b) Multiple tool use was common in the sample (Table 8), making attribution of risk by tool
type uncertain.

Exposures in the past week were generally reported to be typical of the current job and 60%
of male tools users had been employed for more than five years in this job, providing some
basis for regarding contemporary exposure as a proxy for the longer term pattern, but the
data that relate risk to tool type should be viewed as exploratory rather than indicative. The
analyses in Tables 27 and 29 adjust for other tools used in the past week: persistent risks are
unlikely therefore to be accounted for by this particular factor; and risks were seen in single
users of several unusual tools (Tables 28 and 30). Hence, we were not able to exclude a
possible independent risk from several under-researched but common sources of exposure,

and further targeted investigation is warranted.

Exposure times and the dose-response relationship

Little attempt has been made in the past to verify workers' accounts of their exposure
histories. This is surprising given the evident difficulties in quantitative estimation - which
include the need to remember and name several different sources of exposure; to comprehend
the difference between hand-tool contact time and the time taken to complete the task and to

distinguish these events; and to recall intermittent and irregularly spaced exposures over the
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course of a particular week. The magnitude of errors, their direction and the parameters that
influence them are reported here. These indicate that substantial overestimates can arise,
depending on the tool and the pattern of use. Errors are largest for brief, intermittent and

multi-source exposures.

In the context of this national survey it is clear that people are quite good at reporting their
exposure sources but not their exposure durations. The tables which present A(8) values
contain estimates of the numbers above HSE action levels defined conventionally using self-
reported exposure times, and for exposure defined in this way and according to these
methods there is evidence of an excess risk. This should form a basis for setting preventive
poiicy in groups with high self-estimated levels of exposure, but the findings of the
observational visits need to be confirmed and studied in a2 wider range of settings and they

carry a number of implications that extend beyond this report.

One point of concern is that the investigations that have influenced currently proposed safety
standards may have contained similar errors. To what extent is unciear. Much 6f the
information came from the forestry industry where studies focused on the chain saw, a tool
that is used fairly continuously; but data on other tools including pedestal grinders, hand-held
grinders, rock drills, chipping hammers, and caulking guns were also considered®® . The
basic relationships are considered to apply to workers who operate a power tool all day long
on a near daily basis. This allows interpretations that differ in the assumed duration of daily
exposure to vibration by factors as great as those measured during the observations in this
study. A degree of over-estimation of exposure time may therefore have biased dose
estimation in the investigations used to propose the ISO standards. Later attempts to compare
observations with the dose-response model may have Been affected by a similar bias, the size
of which will vary from industry to industry. Departures from the predicted risk in some jobs
have sometimes been taken as evidence against the method of frequency weighting applied in
estimating the magnitude of vibration, but they may also reflect different biases in the

estimation of exposure duration that occur between tools and occupations.

A related concern is that health effects may have arisen at a lower threshold than allowed for
in current safety standards. This is important and needs to be tested. If true, one practical
consequence would be that a safety target set according to objectively determined exposure

times would not confer the anticipated degree of protection; and in enforcement policy, a
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practical dilemma would arise in balancing the desire for objectivity of risk assessment with

standards promulgated on a less secure basis.

A relation has often been found between cumulative exi:osure in self-estimated hours of
exposure and risk of VWEF**®, How could such a finding arise if estimates of exposure time
are flawed? There are several possible explanations:

a) In the derivation of cumulative dose according to current standards such as ISO 5349,
more weight is given to magnitude of vibration and exposure times longer than a day
than hours within a day (the first two factors are assumed to be directly proportion to
dose, while the latter bears a square root relation).

b) Furthermore, self-estimated exposure time in hours tends to be correlated with that in
years™®, and workers are quite accurate in dating the duration of their employment®; so
years of exposure may provide the basis for the association.

c} Another possibility is that workers err in their absolute estimates of exposure, but not so

much as to alter their relative ranking, and they tend to be correctly placed in tertiles of

daily exposure time or dose.

Frequency of exposure and disease

The scale of exposure to HTV is large, and raises significant public health concerns,
particularly when allied with the health data. Clearly the strategic need to limit exposures at
source is emphasised - and the data provide evidence concerning the occupations, industries

and tools that should be the priorities for corrective action. But there are many logistic issues.

In some instances, technical solutions exist that enable vibration levels to be reduced
substantially at source®, but in other situations the only present recourse is to limit exposure
times, perhaps to seemingly unrealistic levels. (For many common sources the action limit of
2.8ms™ r.m.s. would be exceeded after quite brief objectively determined daily exposure
times®', and in multiple tool users this might result in an even shorter allowable interval per

tool, depending on the pattern of use.)
Multiple tool use is common in Britain and all of these exposures may be problematic. The

data do not distinguish in multiple tool users particular patterns that are risk-conferring, and

so all sources may need to be regarded as contributing to the total risk. (Indeed, the evidence
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suggests that exposures away from work matter too, and that workers with occupational and
leisure-time exposures should be encouraged to limit their exposure to each of these sources).
The idea that all exposures may need to be controlled contrasts with the current approaches
to state compensation - which ascribe risk to individual named tools, and takes no account of
combination use — but corresponds to HSE guidance which emphasises the need to assess

risk from all sources of high-magnitude vibration.

Health surveillance

HSE recommends a programme of preventive measures and health surveillance at an A(8) of
2.8ms” r.m.s. and would enforce this under the Management Regulations®. (ISO and BS
tables predict at this threshold that 10% of the workforce might be expected to develop finger
blanching over an eight year period®). Elsewhere, HSE advises, because of the uncertainty
about the dose-response relation, that it would be prudent to conduct health surveillance on
all regularly exposed workers, and that risk control measures should be contemplated
whenever tingling arises in the fingers following exposure®. Our data are compatible with
this advice: health effects were seen at and below self-estimated exposures of 2.8ms” r.m.s.
(see Appendix F) and at true ievels likely to be lower again. But the data do indicate the
enormous scale of the problem. Providing health surveillance for more than a million men in
Britain poses a considerable challenge in relation to the supply of competent practitioners.
Services would need to be based on a screening filter that was simple and pragmatic (for
example, a short questionnaire or interview with an occupational health nurse), with further
inquiry and investigation reserved for people with a relatively high prior probability of
disease. Facilities for objective testing are scarce and expensive, and may in many instances

need to be reserved for cases of enforced career change or legal dispute.

Problems of risk assessment, risk conirol and monitoring are likely to be more acute among
small businessmen, as they are often self-employed and lack a sophisticated health and safety

infrastructure within their companies.
If many cases arise in workers who do not have access to occupational health services,

family doctors also need better information. In the survey only about a quarter of men with

blanching saw a doctor about this, and only about quarter of those who did could recall a
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diagnosis of 'Raynaud's phenomenon', 'white finger', 'dead finger' or 'VWF'. General

practitioners need to know that this problem is commor, and about sources of further advice.

The data raise other important practical questions about occupational placement. Given the
scale of complaint, what should be the threshold be for Job change? If a low threshold were
set, would it be practical for so many people to be relocated or to avoid further exposure?
Only limited information exists on the natural history of complaint at present. This suggests
that vascular symptoms may be capable of slow improvement, given sufficient curtailment of
exposure, but that neurological symptoms do not improve®®’. However, the studies that
provide this view are small and potentially subject to selection biases; and information on the
rate of progression and remission, and the factors that influence it, is limited. In providing
advice on placement, it would appear desirable to know more about natural history and the
continuing tisks of exposure, and this information is best collected in the context of a

prospective study.
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b)

d)

g)

h)

CONCLUSIONS

It is estimated that some 4.2 million men and 667,000 women in Great Britain are
exposed to HTV at work in a one-week period. Personal daily vibration exposures exceed
a suggested action level equivalent to 2.8 ms™ for 8 hours (A(8) > 2.8 ms? r.ms.) in
some 1.2 million men and 44,000 women.

High estimated doses (A(8) > 5 ms™ r.m.s.) arose most often in bricklayers and masons,
gardeners and groundsmen, carpenters and joiners, electricians and electrical
maintenance fitters, and builders and building contractors. The highest median A(R)
values were seen in builders and building contractors, followed by welding trades, and
then by carpenters and joiners.

Excess risks of cold-induced finger blanching were found in all of these occupations, and
in workers with an estimated A(8) > 2.8 ms~ in the past week.

The findings in this report may have been influenced by response bias, but those on
exposure are consistent with estimates from a recent independent survey, those on health
are consistent with a small international literature, and an internal examination of the
data has not revealed any evidence of substantial biases.

Exposure to HTV is surprisingly prevalent and vibration-induced white finger is a
common cause of Raynaud's phenomenon in men.

Many tools which are common in Britain have been overlooked in previous surveys of
vibration exposure and health. These may confer heaith risks, but the evidence on this is
limited at present.

Workers, though fairly accurate in describing the sources of their vibration exposure,
tend to systematically over-estimate their exposure durations - leading on average to an
approximate 60% increase in the implied exposure dose. The importance of this source
of error in the research used to evolve safety standards is unclear. |

Even after allowance for this bias, many men in Britain are likely to have substantial
levels of exposure.

The scale of exposure and symptom reporting is large and suggests the need for targeted
action on the sources of exposure. Preventive measures and health surveillance are
justified for many men in Britain, but there are signiﬁcént logistic problems, especially

in the self-employed and in small businesses.

65 Contents



a)

b)

RECOMMENDATIONS FOR FURTHER WORK

This study is limited in its reliance on self-reported estimates of exposure and health.
Before translating the findings into public health policy it would be helpful to verify
them in industries where exposures and health complaints are predicted to be prevalent.
Several sources of exposure have been identified which are common in Britain, but
which have been overlooked in health inquires. These health risks should be assessed
formally through targeted investigation.

This study was also limited in the level of detail that could be collected on lifetime
¢xposure patterns; and in its cross-sectional nature which makes it difficult to examine
dose-response effects and the contribution of individual tools. An examination of the
dose-response relationship would appear justified, as the observational data cast further
doubt on the scientific basis of the standard proposed in the draft European Physical
Agents Directive, and thereby raise practical dilemmas in enforcement and compliance.
Studies of exposure and response have all been cross-sectional and have attracted many
criticisms®: the question is better addressed through prospective inquiry looking at
incident complaints in high risk industries and occupations. Prospective investigation
would also provide information on the natural history of disease, which could aid
decisions of placement and career counselling. Such a study seems justified, given the

high prevalence of exposure and the evidence on public health risk.

ACKNOWLEDGEMENTS

We are grateful to the thirty-four general practices, to H M Armed Services and to the Royal

College of General Practitioners and the Primary Care Rheumatology Society for their help

in the postal survey, and to the employers who assisted us in the workplace observational

study. Many staff in the MRC Unit at Southampton helped in the mailing and in data

handling. We are particularly indebted to Ian Bowes and Vanessa Cox for their role in the

collection and processing of the data, and to Denise Gould and Sue McIntosh for their work

in preparing this manuscript.

66 Contents



REFERENCES

Lorigia G. Il Lavorco co i martelli pneumatici? Boll Inspett Lavore 1911;2: 35-60

Taylor W, Pelmear PL. Vibration White Finger in Industry. London: Academic Press,
1975.

Alaranta H, Secppalainen AM. Neuropathy and the automatic analysis of electro-
myographic signals from vibration-exposed workers. Scand J Work Environ Health
1977;3:128-134.

Silverstein BA, Fine LJ, Armstrong TJ. Occupational factors and carpal tunnel
syndrome. Am J Ind Med 1987;11:343-358,

Koskimies K, Farkkila M, Pyykko I, et al. Carpal tunnel syndrome in vibration disease.
Br J Ind Med 1990;47:411-416.

Wieslander G, Norback D, Gothe CJ, Juhlin L. Carpal tunnel syndrome (CTS) and
exposure to vibration, repetitive wrist movements, and heavy manual work: a case-
referent study. Br J Ind Med 1989;46:43-47.

Gemne G, Saraste H. Bone and joint pathology in workers using hand-held vibrating
tools. Scand J Work Environ Health 1987;13:290-300.

Yuguchi M. Roentgenological studies of elbow joints in patients suffering from vibration
disease. J Science of Labour 1990;66:6-138.

Malchaire J, Maldague B, Huberlant JM, Croquet F. Bone and joint changes in the wrists

and elbows and their association with hand and arm vibration exposure. Ann Occup Hyg

© 1986;30:461-486.

10.

11.

12.

13.

Sakakibara H, Suzuki H, Momoi Y, Yamada S. Elbow joint disorders in relation to
vibration exposure and age in stone quarry workers. Inf Arch Occup Environ Health
1993;65:9-12.

Bovenzi M, Zadini A, Franzinelli A, Borgogni F. Occupational musculoskeletal disorders

in the neck and upper limbs of forestry workers exposed to hand-arm vibration.
Ergonomics 1991;34:547-562.

Faculty of Occupational Medicine of the Royal College of Physicians. Hand-transmitted
vibration: clinical effects and pathophysiology, Part 1. Report of a working party.
London: RCP 1993, Appendix A2.

Kyriakides K. Survey of exposure to hand-arm vibration in Great Britain. Research Paper

26. London: HMSO, 1988.

67 Contents



14.

15,

16.

17.

18.

19.

20.

21.

22,

23

24.

25.

26.

27.

Bednall AW. Survey of exposure to hand-arm vibration in Great Britain: mines and
quarries. Research Paper 29. London: HMSO, 1991.

Bednall AW. Survey of exposure to hand-arm vibration in Great Britain: railway
maintenance. Research Paper 35. London: HMSO, 1992.

Palmer K, Coggon D, Griffin, Pannett B. The development of a self-administered
questionnaire to assess exposures to hand-transmitted and whole body vibration and their
health effects. J Sound Vib 1998; 215: 653-686.

Office of Population Censuses and Surveys. Standard Occupational Classification 1990.
London: HMSO, 1990.

Office of National Statistics. /ndexes to the Standard Industrial Classification of
Economic Activities 1992. London: HMSO, 1993,

Heslop J, Coggon D, Acheson ED. The prevalence of intermittent digital ischaemia
(Raynaud's Phenomenon) in a general practice. J Royal Coll Gen Practrs 1983;33:85-89.

Maricq HR, Weinrich MC, Keil JE, LeRoy EC. Prevalence of Raynaud phenomenon in
the general population: a preliminary study by questionnaire. J Chronic Dis
1986;39:423-427.

Leppert J, Aberg H, Ringqvist I, Sorensson S. Raynaud's phenomenon in a female
population: prevalence and association' with other conditions. 4ngiology 1987;38:871-
877.

Silman A, Holligan S, Brennan P, Maddison P. Prevalence of symptoms of Raynaud's
phenomenon in general practice. Br Med .J 1990;301: 590-592.

Weinrich MC, Maricq HR, Keil JE, McGrgor AR, Diat F. Prevalence of Raynaud
phenomenon in the adult population of South Carolina. J Clin Epidemiol 1990:43: 1343-
1349.

Palmer K, Smith G, Kellingray S, Cooper C. Repeatability and validity of an upper limb
and neck discomfort questionnaire: the utility of the standardised Nordic questionnaire.
Occup Med (1999);(in press).

De Krom MCTFM, Knipschild PG, Kester ADM, Thijs CT, Boekkooi PF, Spaans F.
Carpal tunnel syndrome: prevalence in the general population. J Clin Epidemiol 1992;45:
373-6.

De Krom MCTFM, Knipschild PG, Kester ADM, Spaans F. Efficacy of provocative tests
for diagnosis of carpal tunnel syndrome. Zancet 1990;335: 393-5.

Stewart AM, Goda DF. Vibration Syndrome. Brit J Ind 1970:27:19-27.

o8 Contents



28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Bovenzi M, Petronio L, Marino F. Epidemiological survey of shipyard workers exposed
to hand-arm vibration. Int Arch Occup Environ Health 1980;46:251-266.

Iwata H, Makimo S, Miyashita K. Prevalence of Raynaud's phenomenon in individuals
not using vibrating tools. Jpn J Ind Health 1987,29:500-503.

Harada N, Ueda A, Takegata S. Prevalence of Raynaud's phenomenon in Japanese maies
and females. J Clin Epidemiol 1991;44:649-655.

Keil JE, Maricq HR, Weinrich MC, McGregor AR, Diat F. Demographic, social and
clinical correlates of Raynaud phenomenon. Int J Epidemiol 1991;19:221-224.

Maricqg HR, Carpentier PH, Weinrich MC, Keil JE, Franco A, Drouet P, Poncot OCM, et
al. Geographic variation in the prevalence of Raynaud's phenomenon: Charleston, SC,
USA, vs Tarentaise, Savoie, France. J Rheumatol 1993;20:70-76.

Riera G, Vilardell M, Vaque J, Fonollosa V, Bermejo B. Prevalence of Raynaud's
phenomenon in a heaithy Spanish population. J Rheumatol 1993;20:66-69,

Valter I, Maricq HR. Prevalence of Raynaud Phenomenon in Tartu and Tartumaa,
Southern Estonia. Scand J Rheumatol 1997;26:117-124.

Maricq HR, Carpentier PH, Weinrich MC, Keil JE, Palesch Y, Biro C, Vionnet-Fuasset
M, et al. Geographic variation in the prevalence of Raynaud's phenomenon: A 5 region
comparison. J Rheumatol 1997;24:879-889.

Kaminski M, Bourgine M, Zins M, Touranchet A, Verger C. Risk factors for Raynaud's
phenomenon among workers in poultry slaughterhouses and canning factories. Int J
Epidemiol 1997;26:371-380.

Goodfield MJD, Hume A, Rowell NR. The acute effects of cigarette smoking on
cutaneous blood flow in smoking and non-smoking subjects with and without Raynaud's
phenomenon. Br J Rheumatol 1990;29:89-91.

Letz R, Chemiack MG, Gerr F, Hershman D, Pace P. A cross sectional epidemiological
survey of shipyard workers exposed to hand-arm vibration. Br J Ind Med 1992;49:53-62.

Brand FN, Larson MG, Kannel WB, McGuirk JM. The occurrence of Raynaud's
phenomenon in a general population: The Framingham Study. Vascular Medicine
1997;2:296-301.

Office of Population Censuses and Surveys. Census 1991: Economic Activity Report.
London:HMSO, 1993,

International Organisation for Standardisation. Mechanical vibration - guidelines for the

measurement and the assessment of human exposure to hand-transmitted vibration.

Geneva: ISO,1986: 5349,

69 Contents



42.

43.

45.

46.

47.

48.

49.

50.

51.
52.

53.

34.

55.

56.

57.

StataCorp. 1997. Stata Statistical Software: Release 5.0 College Station, TX: Stata
Corporation.
Zocchetti C, Consonni D, Bertazzi PA. Relationship between prevalence rate ratios and

odds ratios in cross-sectional studies. Intern J Epidemiol 1997; 26:220-223.

. Jones JR, Hodgson JT, Clegg TA, Elliott RC. Self-reported Work-Related Hiness in

1995. Results from a household survey. London: HSE Books HMSO, 1998,

Jones JR, Hodgson JT, Osman J. Self-reported Working Conditions. Health and Safety
Executive, HMSO, London, 1995,

Griffin MJ. Measurement, evaluation, and assessment of occupational exposures to hand-
transmitted vibration. Occup Environ Med 1997.54: 73-89.

Department of Social Security. Hand Arm Vibration Syndrome (Vascular and
Neurological Components Involving the F ingers and Thumb). London: HMSO, 1995
Health and Safety Commission. Health and Safety Statistics 1996/7. London: HMSO,
1997.

Hodgson JT, Jones JR, Elliott RC, Osman J. Self-reported Work-related Illness. London:
HMSO, 1993.

Benn T. Estimation of the prevalence of hand-arm vibration syndrome in Great Britain
Proceedings of the Institute of Acoustics 1993;15:463-470.

Coffman JD. Raynaud's phenomenon. London: Oxford University Press, 1989.

Lewis T. Raynaud's disease, with special reference to the nature of the malady. Brit Med
J1932;136-8.

International Organisation for Standardisation. Measurement of vibrations in hand-
powered tools - Parts 2-17. Geneva: ISO/DIS 8662/2-17.

Brammer AJ. Relations between vibration exposure and the development of the vibration
syndrome. In: Brammer AJ, Taylor W, eds. Vibration Effects on the Hand and Arm in
Industry. New York: Wiley, 1982, p283-290.

Brammer AJ. Threshold limit for hand-arm vibration exposure throughout the workday.
In: Brammer AJ, Taylor W, eds. Vibration Effects on the Hand and Arm in Industry. New
York: Wiley, 1982. p291-301.

Matsumoto K, Itoh N, Kasamatsu T, Nirotashi I. A study of subjective symptoms based
on total operating time of chain saw. Jap J Ind Health 1977:19:22-28.

Miyashita K, Shiomi S, Itch N, Kasamatsu T, Iwata H. Epidemiological study of

vibration syndrome in response to total hand-toel operating time. Br J Ind Me:'
1983;40:92-98.

70 Contents



58.

59.

60.

61.

62.
63.

65.

66,

67.

Tominaga Y. Dose-response relation for the vibration syrdrome. In: Brammer AJ, Taylor
W, eds. Vibration Effects on the Hand and Arm in Industry. New York: Wiley, 1982.
Palmer KT, Crane G, Inskip H. Symptoms of hand-arm vibration syndrome in gas
distribution operatives. Occup Environ Med 1998; 55: 716-721.

Correa-Villasenor A, Batutista L, Rothman N, et al. Job histories obtained by interview
from semiconductor manufacturing workers: a reliability study. 4m J Epidemiol
1991;134:737-738.

Health and Safety Executive. Vibration solutions - practical ways to reduce the risk of
hand-arm vibration injury. London: HSE Books HMSQO, 1997.

Health and Safety Executive. Hand-arm vibration HS(G) 88. London:HMSO, 1994.
International Organisation for Standardisation. Mechanical vibration - guidelines for the
measurement and the assessment of human exposure to hand-transmitted vibration.

Geneva: ISQ:5349. 1986

. Riddle HFV, Taylor W, Vibration-induced white finger among chain sawyers nine years

after the introduction of anti-vibration measures. In: Brammer AJ, Taylor W, eds.
Vibration Effects on the Hand and Arm in Industry. New York: John Wiley & Sons,
1982. p169-172.

Hursh HJ. Vibration-induced white finger - reversible or not? A preliminary report. In:
Brammer AJ, Taylor W, eds. Vibration Effects on the Hand and Arm in Industry. New
York: John Wiley & Sons, 1982. p156-167.

Pyykko I, Korhonen O, Farkkila M, Starck J, Aatola A. A longitudinal study of vibration
syndrome among Finnish forest workers. In: Brammer Al, Taylor W, eds. Vibration
Effect on the Hand and Arm in Industry. New York: John Wiley and Sons, 1982. p157-
167.

Futatsuka M, Ueno T, Sakurai T. Follow up study of vibration induced white finger in
chain saw operators. Brit J Ind Med 1985;42:267-271.

71 Contents



8'09 7069 $19 P19 S96IE LIT SIEIOL
6'8€ SLE 891 £E11 0 £E11 SNOUBA paquie]
59 Skt 123 L1t L vl smal) sdiyg peaquang
1’9 L7z 61 6LE L 98¢ Ismypui’]
LOL [A%4 9] L9 0 LT9 Ansaiog weyxay
7'£9 8z 11 oSk 4 8SY Surfurend) UoLIEUIAE)
095 L1y 0z ¥oL 0 ¥9L Juumu eo) Aqpeg
0'19 ££€ 61 $9¢ 0 $9% ySrapseq
679 L A 0611 9 9611 Aqraqq
VL9 965 St 676 0 626 meday IINYIA % Yoro) Aguaroy
869 LS 381 L88 $T zi6 spoo]
L9 £vS 0l 6v8 L 968 SunsomBuyg Laeey Mg
8¢S £pl 81 ¥8¢ 0 ¥8z asedMIN
L'ES LSE 16 951 81 viL 3uipping diys modse[n
€L £61 9z v £ LEh PISUJAYS
09 She (44 £65 81 119 Y3no1gsa]ppIN
£19 LZE 11 L6¥ SI zis aInjoejnuey [BIRA uojdureyraajom
969 SIE 67 608 L 916 B [IEEN
o€l 8LT SI 96¢ [/ 86€ amymondy 10A3(]
+3a.- H—uo-r:..uu.- ﬂu_eﬂoﬂu:cu pajrewt u«:O JICIPERY pa)39as hbm:@—: 201081 d —m._ozow j0 :oﬁmooq
asuodsayf o sLaquiny JOU S.qUINN StaquoN sIdquinyN spquIny

Bujtewr /661 - (2) 01ULD AQ pue |B18AC ‘se)el asuodsal pue UORNGUISIP eIRUUONSeNT)

L elqeL

Contents

72



Paspa0ap 40 ADMD PIA0NI FADI O] UMOILY JOU PUD ‘O] PAJIDIL 24300 OYM ISOY) BUOWIY
(uonpIad 2 2Y1 YK TUBISISUOD XAS PUB g [0 21Dp) pariiifuod pup,

[Jpaspadap, 10 .A.Q\:_c paaou, ..h..qm.&_ﬁﬁt S} 2 UMOUY JOU, SD PAULILIIL m.NL..—QEﬁO.&hNHU-\.Q kmﬂut-@(ﬁ

201Apy sapuoiyovad pnasuald uo Supmua oyy wof papnjoxs i3quiny,

19 S009 pIP 62701 pSL6 08S sjejo,

1'19 067 I 9Ly 0 9Ly 901AI3S pauKty Auuy
L'v9 6€1 S 022 0 02z 201AIAS PAULEY AneN
LeL 912 0 L6T 0 L6T 901AIDS pauUUy IV
66 022 It 06¥ 9 S6f SNOLIBA uojog
9'¢ch £€1 ve 6Z€ z £ SNoLIBA WEYSIMa]
9'L9 91¥ 0z ¢£9 4 6£9 Buryew soyg [epuay
1'ss 0L LE LZS ] 8¢ sma19 sdiyg LS
L'99 8¢ 114 0zs 4 vZs A15210] peaydpisyooy
1'L9 $9¢ Lz 698 S .8 pue[od
'99 802 44 SEE L Tre urdueng) u33pIqy
$'99 $LO 97 %01 12 7901 Aq108
v'v9 .£56 |4 6.8 9 688 Sururw [e0) PIRYsue
799 €97 54 6% 6 10¥ aredal apryea 29 Yoeo) Aqia(
L g1z 4! 4% 0 (433 duposugua Laeay spae]
v ¢3¢ 0g £98 SI 8.8 durpping drys A[ISEIMIN
6'LS 6% fA! ¥69 01 $OL loqre], vod
6'5S Lyv 123 rEs I gt8 SuLoggnuen 213N weyBuuLn g
199 €17 v £9¢ 8 L€ jlopng
9'pL, 6 8 pEl S 6¢€1 amymondy uoAS(]

+EE w_.u:.::o._ uu_nﬁu«:.cu pajiewt %:o panda [PETRETEN Axsnpug aapead
asuodsay] o, SIqUINN jou SIIqUINN SIAQUIN N SIQUINDN SIaquun |e.1au2d Jo HoPEBIT

Buyrew 8661~ (9)

Contents

73



£ LST o'v VLT 'y 1€ {1270) 03 150d w1 p[ay qof puosag
1'79 0ZLE 9'LL 4139 vOL 7806 (010) W9om ised o) UL JIOM Y
L'b9 R8¢ 6L 06+ 9L 89€6 (80) pasordus jas 10 (90) qof pred ur 3eam ysed ut pakojdurg
% ON % ON % oN
(b66 s=1) (€16 9=1) (Lo6 Z1=H)
UUIOA Al s)plqng v

sjuspuodsal au) jo s3|IspaloRIEBYD JusWAo[dwy

€ ojqej

muwnm_‘_nbtcu SOM N.QB::QEM@B& Y} awil} 2y} 10 (@ 24am ng .ﬁmmﬂntmhhh. Som 1811 M:.u_?__munt_ 21} HIYM $O 249N OlfM LIUIOM G§ DD UM £§ apnju sasuodsos mﬂ.har

0'69 p66S r'es £169 019 L0671 1e10],

0 S S Burssmu
YLL 6801 TIL Litl ovL 90ve L5958
9L 66t1 9 591 7’89 156¢ ¥e - Sy
8'0L yerl TLS 6091 6'¢9 ££0g |28 3%
979 S6El [A54 91¢1 4y 1162 ve - 6T
019 L8L 1A% % vi8 90§ 1091 vZ - 91

asuodsay ¢, pauan)ay oN asuedsay o, pawInyay oN asuodsay o, pauan)ay oN
(sa£) puegq ady
UIWO AL [TE TN spalqng v

Xes pue ebe Aq ales asuodsas pue swnjoy

< 9qelL

Contents

74



uawidopdiusa up asoyl fo aup salmuariay 7 xipuaddy *S661 W suoyipuc) Sunjiopm papoday-j[as, u paufap sy,

0’1 ¥'o 7o £0 (87) snoaue|[22s1y
'l 1 81 91 (¢} 3urioys 79 Buraow [euayEp
01 80 80 01 (97) seanerado Loungoew 2 podsuen 15O
ST 6'€ 6¢C 6T (g7) seane1ado yodsuex) peoy
0 - 10 70 (¥2) Surmu [eo)
€T LT 't o'v (£7) uononysuo)
'l 0T A €T (zz) uonoadsur ‘Ajquesse aanaday
Ls L'y Ly 9¢ (12) Bwissaooid 12190
01 Ll 'l LA (07) Smissaooid auxay
6’1 Sl 0t 07 (1) Butssaoord [earnos(y
s L'y oS S9 (g1) Suissaooid [N
L't 7 Tt A4 (L1) Ansaioy 73 Surysy ‘Gunurey
01 11 60 80 (91) sao1a10s Jeuosiad 1BYIQ
Le Ve F'e 8¢ (1) s1aua])
01 11 9'0 Lo (y1} Lineaq 2 a1e
6t St 't 6T (g1 s1avjilom oxeD)
I'e ve 6'¢t £ (z1) Bunme)
L8 't T ¥ (11) seo1a105 aanodtoxd 3¢ ALINDSG
9 69 L v (01) Surppas
ov 13 4 <y A {) [E1IRIRI00
§01 ST I'il v'11 (8) (LIRS
58 56 ¥'ol1 901 (1) yeueSeuey
6v 09 Ve TS (9) Burrasurus 29 0UANOG
't | 81 A (5) sprods 23 onsne ‘Areragr]
L'E 't Ve 8T (y) a1R]jom % wonesups Iagio
6T r'e 9t 6'T (¢) sy
'y oy Le e (7) Bumyoea],
6'S I'L €8 99 (1) jusuageuewr Surpoddns paje[o1 79 JEUOISSAJ01]
(%%) 8/L661 (%) ;,S661 suonipuo)) (%) ,, 5661 (%) 4, 166 T

A3aang yuaaan)

Supjiop Jo £3ax0g

Aaaang 3alog anoqey

SNSUI)) [EUoEN

sdno.ioy jeuonednddQ

y3jeay || jeuonednooo Jo SABAINS JOYI0 OM] pUR ‘SNsSuad LE6L 84l 01 uonejal uy eidwes Apms oy} jo uonnguisip jeuciednasQ

v eiqel

Contents

75



payfisso aiaymas)a jou = dau

53po2 dRouB j1un (g HOS o1 43fo4 woNDARIZO YOD3 424D SiFqUInY YT

“2)chuvs ay1 Ul (g 1SD3] 12 YR SHONBANI0 0 pauLfuoI UG SDY SISAIDUY "PRJpUNY 1S24D3U dY] 0] PAPUNOI U32q 20Dy Saandyf uonvmdod ay g,

(00861 - 006°C) 00811 WA L 0y (099) s1ssarpney
(005'38¢ - 00T'€61) 008°0bT 6'LE 19 191 (856) sonsawrop ‘siouea)
(00605, - 00€'28S) 009999 ¥ (44 8.8¢ suonvdnazo [y

NTWOM
{00¥'6€ - 009°17) 00s°0€ 9T 97 19 (668) 29u saanerado auoem pue juepd 12410
(00L°TS - 00F'81) 005°S¢ 67l ¥l ¥6 (1tp) uswasnoyaiem 2 s1adasy a101g
(001°8% - 00£°0E) 00Z'6¢ <8¢ I€ £ (066) S19710 PaJE]dI PUE SISINOQE] 19130 [[V
(00L'S¥ - 006°v€) 00£‘0 TLT §S1 1L§ (009) 532105 pauLie Y1) ‘SyueI I3Y)0 pue SOON
{00818 - 002°5£) 005°85 vEl Iz LST {z1.8) s3191yoA spo0E peol JO SIPALI

(00L'69 - 00£°15) 00509 §9L 6€ is (006) s120Mm LR

(001°78 - 000°LY) 005b9 £'¢9 61 0¢ (856) sonsawuop ‘s1oues))

(005'¥8 - 00L 61) 00129 605 ez ¢ {ov8) (saanrerado 100} auIyaRW DN dul) saAHe12do [00) SUIYOR
(001°001 - 00¥98) 00289 avl S 101 (6.1) sarnsnpur astatas ut siojaudord % srefeuepy
(00€ ‘901 -006 ‘t) 001°L 161 81 b6 (0171) s1o8eurw sourUAUIRI PUE SIAIOM UCTIZNPOIJ]

(00Z'¥6 - 000°€L) 009°¢8 8.8 67 £t (L£S) sopen wplom

(00Z'L6 - 00S'EL) 00£°68 0°e8 143 147 (00¢) suoseur ‘s1okepyoLig
(00t'501 - 00T‘p8) 008°¥6 0'L8 or 9% (6S) uswspunoI3 ‘sISUAPIED)
(00S ¥¥1 - 000°€6) 008°811 ¥'69 §T 9¢ (091) s1smymonoYy ‘s158euU pUE SIAUMO ULIe]
{(ooL*cP1 - 002'611) 00¥°I€1 | € 8¢ (+0s) sropenuod Suipjing ‘s1oping
{(009°bST - 000°LZ1) 008°0t1 ¢'06 8¢ [A4 (z5s) sepen psjefal pue sisauidus Sune[nuaa pue Fureay ‘sraquun|d
{009°SLT - 006°8€1) 00€°L81 9't8 of o (ops) (s19amBus joned prox -our) sIsaulius ojne ‘SOIUEYIA IOJIOW
{009°01Z - 008°9LI) 00L°€61 T8 08 $6 (176) s1511 SoULUAUIEW [E211)03[> PUE SUBIOIRIO[H
(00997 - 00T THT) 00¥'F5T v L6 £01 (0L) s1aurof pue siyuadie)
(00t¥ZE - 000°TLY) 009862 89. 611 sl (915) s1any ssueusjureur pue uononpoid ‘Funpiom [l

(0S 1LE°P - 00L'€40°F) 00§02 SIE LeLl 065§ suoypdna20 iy
NAW
(1D %S6) pasodxa pasodxo ¥ smsodxa ‘ON
0 "ou pajuunsy ’ s ON ,uonednaag
ujejLLg Juais) Jo uopejndog adueg

uejug jeesp u

einsodxs yum siequinu pajewnsas pue gidwes eyl ul uonjednaoso Aq jaem ised ey} uj uoneiqia pelywsuesl-puey o} emsodxs Jo Asuenbely

S ejqelL

Contents

76



‘ajdiuns a1yt w1 9 15031 IV M SILISHPU} 0} PautfiLos uasq Soy SISAIDUY “paipuny 1534031 1f] O] PIPURDL UIFQ DY sa.m3yf vonomdod ayf

SAPQUINH 2p02 76 DS HEIP-7 40 SI2YODIG Ul SLIGUUNU YT 4

(001°Z§ - 008°T1) 00S°2¢ I'vi 6 9 (£6) SAUIANOE SITAIDS ISYIQ)
(000°6€1 - 001°€8) 00T°TTE (AL bs (414 (08) uoneonpy
§ 21901 238 Y 144 RL8E sarqsaput jiy
NIWOM
(00£'c9 - 00F'0F) 006°1S g1e 129 0Ll (ov) A1ddns 137em joy pue eals ‘sed ‘Krornoalg
{000°6L - 006'87) 000°'¥$ 091 Sl 6 {(9) SUOTIEITUNUILGOI[3) PUE 150
(000°€8 - 002'9¢) 009°68 961 0t o1 (1) sa8esaasq pue sjonpord pooj JO a1jaBINUB
(009°L8 - 006'9¥) 00€°L9 891 g¢ 80T : (§8) 310m [EI00S pue Yijeay
(00006 - 009°tS) 00E°TL $'S Sg LL (L) STeIot o1seq JO IMIdE NUEN
{00£'101 - 009°59) 00¥°€8 £0F 0 174! () SI9]1RL-TUSS PUR SIO[IRI) ‘SI[AIYIA JOJOUI JO DINOTINUEHY
(00€°LI1 - 0OE'LS) 00£°L8 '€ §T 01 (<) SjurINg)Sa1 pUE S[I0H
(001°S11 - 005°L9) 00£°16 69% 0t 9 (s¢) ustudinba podsuen 1910 Jo SImjoeynUE
(002021 - 00£89) 00S‘¥6 102 oy 661 (08) uoneonpy
(009°€S1 - 00£°5S) 00¥ 101 9l Sl 011 {(pL) senLAnoR ssaulsng IPYQ
(00€p¥1 - 008'89) 005901 81 5T LET (09) saurpadid e1a podsuen ‘podsuen pue’]
(001°9€1 - 005°18) 008801 ¥'6€ LE 6 (z6) senianoe Sunods pue [eIN[nd ‘[BUOHEIIITY
(006°6L1 - 000°65) 00S°611 00T A 09 (1<) sajpAd10j0W pUE SI[OIYAA J0j0M JO 3da0X3 ‘SopEl) UOISSIRLIOD PUE IPEL) J[ESAOYM
(005°10Z - 001°€T1) 00£°T91 1’81 4 667 (1) f1moas [eroos Aros[ndwiod ©9oua)ap pue uonenSIUIWpE SIqng
(001°25T - 008'¥81) 00$°817 £'9F L8 881 (87) wswidinba pue Ksauryoew dooxa ‘sjonpoid fejow pajestiqe; Jo MOy
(006°€¥T - 00S'¥61) 00Z°612 799 701 ST (1) SOUIAIIOR 901AT5S Paje[al pue Suuny ‘AIm[uondy
(00¥$9Z - 008°€81) 009°vZT 1'9¢ 98 67¢ (z<) spood poyasnoy pue jeuosiad jo medor ‘sa[d£210j0W pue $3jONaA 10j0UI JO 1d0dX3 ‘apen [1elY
(000°0Z€ - 008'€ET) 006'9LT 0'v9 LS 68 {0S) 191} SATIOWIOJNE JO o[es UIe}al ‘SA[DADI0IOUI PUE SI[IIYAA JOI0W JO Jfedal Pue dUBLSIUIBW “ITeS
(000°250°1 - 001°206) 00S°6L6 129 99Z 8Tv (§¥) uondunsUL)
¢ 31qu1 29§ st LTl 06§ sarSApul iy
NHIW
(1D %S6) pasedxd pasodxa aaunsodxa "ON
‘ou pajeuInsy % UM ON Ansnput
upeiLig Jea1n) Jo uonendog ardmeg

weug jesin uj

einsodxa yum siequinu pajyewnsa pue ejdwes ay uj :Ansnput Aq jeam 3sed sy uj uoREIGIA paj)wsuRl-puey 0} einsodxe Jo Aouenbaid

9 9lqel

Contents

77



ajduins aly uy S40y.10M 2)DUI[ [0 94.¢() UDYE SS2) SUYIO 1Y,
21dIIDS Y1 U} SIDYLOM BJDMU JO 9517 UDY] SSD] SADYIO [IF e n
“yaam ayJ ui 106} uani8 v pasn oyl puadojds u osoly) 01 42fa4 $aBa0ad BY] "paipuny 1S2.402U BY) 0] PAPUNOI Uudaq aany sandif uoypmdod oy,

(00Z'181 - 009°c01) 00¥TH1 €1 15 und Sunjde)s 10 JutfreN
(00£°LES - 00£°81T) 000'8LT Iz 18 1aystjod 10074
NITNOM
(008vLT - 008°161) 00£°€ET 7T 611 papIssejoun)
(00L'9Z¥ - 00E'TIE) 005°69¢ 87 . 951 [{Ip 2N
(00€°EEr - 00S°LIE) 00%'SLE 6'C Ls1 und Surjdes 1o JureN
(00£'99¢ - 005'vrE) 00%'S0p o€ $91 mes urey)
(00L°0¥S - 001°00%) 00¥°0LY 0'€ 991 133{821q 23210000
(001‘08% - 00£°95€) 00Z°81¥ I'g 0L1 Jowey durddiy)
(00E‘L¥FS - 00L°30F) 000°8LY 7t 9L1 Iamou paping-puey
(00£°019 ~ 0OE 1LY) 008'0%S I't €22 19ALIPMaI0s Jorduf
(002809 - 00LTLY) 00L°0bS it €€ youdm Joedu]
(00L'91L - 00£°995) 00S‘ 119 gy 992 1apund [eysapag
(000268 - 00Z°S1L) 009°€08 v's 862 Ispues p[ay-pueH
(00¥°0Z0°T - 009°2€8) 005926 £9 8pE MES 1R[0011)
- (00T's91°1 - 008°296) 005'990'1 SL 487 mes 3
(00Z°LL9"1 - 008°TPY 1) 0000951 601 009 1apund a[qenod pjay-pueyq
(006'9v3°1 - 001°009°1) 00S°€TL'T 611 159 [IHp Iownuef]
.'CZHE
(1D %S6) pasodxa pasodxa v “oN
° *0U pajBuInsy ° o0
ey jeain) jo uonpendog ajdueg

ureiug eain
uj ednsodxe Yum ssequinu pejewlise pue ojdwes ays ul yoam 1sed syl ul uopeIgiA pelwstRI)-puey 0] aingodxe J0 $89JN0S UCLLLUOD 1SOL
L 9|qe]

Contents

78



‘Juawmdopdts uy asoyl 0 13fa4 5aBviHadaad |y papuny 1524034 21} 01 PaPUNHOL USIY DAV SIIDIINSS uonvndod aiyj,

(00¥'1Z - 00T°€) 00£°T1 70 L (00£°0L8 - 005°869) 0P F8L S 10€ 92
(609°8€ - 00F) 00561 10 4 (00S'60F - 001°162) 00£°0S€ A 1€1 S
(00Z°TL - 008') 005°8€ 1'0 S (008°78¥ - 009°09€) 00L 12F A LLl ¥
(00$'TT - 00E°E) 00671 0 L (00L'LYS - 001°LLY) 0¥ 79L £s 68¢ €
(00598 - 00L6T) 001°8S 0 91 (00¥'8€8 - 001°LLY) 008°LSL 8¢ 0Zg z
(00£°865 - 00L'ISY) 007°sTS 8F 981 (009vZT'1 - 008°9£0°T) 00L°0€1°1 €6 60S I
(006°005°6 - 006'S1£°6) 00F'80¥°6 (A7 £59¢ (000°L6L 8 - 008°TLY'S) 006'P£9°8 $'89 £9L¢ 0
(1D %S6) N % ON (1D %456) *ON pajBwINSE % "ON
pajemnsy ¢ j °
$32.1N0S$ JO "ON
e Jea1o) Jo uonemdog spdureg ueyLIg JEaAn) Jo uonjejudog apdweg
IO AN Al

LAIeLg jeain ul

saiouanbely payewnse pue sjdwes ey} W sejousnbely paasesqo jesm Jsed syl Ul UCHBIQIA pelisuRl)-puey o} ainsodXe J0 §82IN0S JO JaqLUNN

8 ejqel

Contents

79



$2p00 dnold jumn (g DS 01 43f24 UODANII0 Y202 421fD SadquUINU Y[,

@veyogseusiiod 10014 (g)g (oo @ (0  (©o @ (o) o 191 (856) sonsauop ‘siouedl)
NAAOM
{0s) s1 1aysiod 1001y (0)0 {0)o (0)o (€ o (0) € (0¥ cor ot (856) sonsawop .E__sn_w
seAaneiado
OOz (6019 9oz (oNe @z (es (TR GO6 S5 o) o N om) mozﬁmﬁwww oo,
T (0o D1 (9E  (ovy O O ©DT 101 g sors u sioudord 3 Emmmwm
: . : . . . . . (011)
TG (Evw e @oe (v e (L (€9)  ¥6  5io3pupw souruoITI pUE S19YIOM UOBONPOL]
(g'ge) 1€ sounuey Swddiyy  (0'elt (T'S1)S o e aakw (Ire)s (Cevr (819 €€ (L£9) sopen Buippom
(¥'+7) 01 tounuey suolg .
(L1€) €1 Joyeasq sporouoy PO BTN (o (Tzs  (s61)8 (ov)9  (Tvewr  (g8ploT I¥ (005) suosew ‘s1akepjoug
(8'Ly) Tz Tounuiy 33ps}y ;
(6°¢L) p¢ 1omow popmg-puey  (0)0 0 (4214 wele (@ (s'9)¢ {6'01)8 (0en)9  9F (¥65) usispunoid ‘s1puspren
(8zs) el mesureydy (96} (9°6) (X974 (9°6)¢ (r1ovy {€'8)¢ (199)e1 (w61 9¢  (091) sisumnontoy ‘S108euLW UL SISUMO ULIE]
5apeq paejad
€9 oe  (Of  CIDs @l @0SNT  (ETBL  CEBIE T iy soourdus Sunepuan e
: raumrey Surddr .
ﬁwmmvmmﬁ ooy ooy LED6 (000 D1 (£9or Lyl (9zsdr  (gshz  (£9L)6T 8¢ (p0S) S1019E1UO0 SuTp{Ig ‘SIPIINE
sIaauidus Joped
wonor (Govee  (ssewl  (€st @ (€9 @se  (SsDwl s peo1 o) szooudd e oo
(sonormmp e (O 1D (L6l (riaor @oe Qe W OeNe  (1'89)59 6 19731 9OUEU)UTLL JEOLII30 pUE ms_o_hwwm
) MES UIE]
@.vaa_m G ws___um (sonLl (61X OzDEl  (g'ss)s (os0I8  (szedss  (ogic  (008)e8 €01 (0L) s1outof pue srayuadre)
(9°€1) 1 1oumey Surddiyoy . ) _ . . . ) : (915) s1ony
(1) €7 TowunInN (gve e1owe Bvedrs  (0oDs1 (061 (eei)oz  (019)6L  (9€E)Ts ST soueuayurew pue uoponpoxd ‘Sunyiom (21O
NAN
s[oo} pasn h—:ﬁEEcu PO JIALIPMAIDS PuIIM ..-uv-__.um Apues AMES AES w-—, .—Hﬂ-_mau np 0
guunE— uvu&:—— [e1sapad PRPY-pury B[ ) PY-pusH JIMWIEH N :e_uﬁa_q-uuo

100} pasn ogm uonjednade uy (o4) *oN

sjuapuodsal ul uonednooo Ag uojeiqia pejjiwsues)-puey o) ainsodxe Jo 8duejensid

6 elqel

Contents

80



a8up. apnaonbio) = YOlis

(oz-s0) 01 0°0¢ 00 00 0'sT 0'Sy 00 0z Tomout paping-pueq
(oz-10) S0 LSt 6§ 86 g6 ST vig s ung guyders 10 JuipeN
(8-81) vt $'81 ‘6 LSy '8l 66 $'T I8 1systjod 1001
INAINOM

(sc-80) 61 86 L9 6¢l 0Ll oLl L6 591 Mmes ureq)
(t9-¢1) €t 90§ 09 691 Syl 801 Al 991 12)e31q 9J2IIU0D
(0v-€0) LO 9'LE 9L Ll Sy 861 gL LSt un3 Surgdess 1o SutjreN
oL-s0 ¢1 1'$S 8¢ rara! 8¢ 8Tl £'8 961 Tp el
(ceg-s0) S 93¢ £s €61 Tl ¥z I'L 0L1 rawwey urddiy)
or-s0) 01 6T 6°¢ 08l %4 997 ra | €€ youaim 1oedul]
(€c-¥0) 01 692 v's 991 v6 097 LSk £TT J3ALPM3IS joedu]
©1-70) S0 67T ol 96 68 1'9¢ 6T 997 Iapund [eisapad
(og-01) 0T ¥z £9 $91 6€T €Le L1 9Ll Tamouws papind-pueH
O¥-s0) 0¢T 6'6€ or 184 161 861 0’9 862 1apues ppay-puey
(0g-s0) 01 667 L'e Y A 0'sT $€l 8he. MES IE[NOIT))
0z-s0} 01 viT Lt Tl 9'tl £1¢ 8el r4ts aes 81f
(sz-¢0) 01 28T r4 €yl gl L9 $el 009 19punid ajqepiod piay-puey
(sz-+v0) 01 $'LT vy $'El ¢¢l L'8T €71 159 J[13p JounueH
, INHIN

sanoy (4OI) BuyssIN 01<  0I-ST< §T-I< I-§T0<  ST0> pasodxa so21m0
JUT} URIPIJAI Haam jsed 3y} 1240 s.In0Y (1} 10} (00} 203 Bursn spaalgns pasodxa Jo o, ‘ON S

yeem ysed ey} ul uopeidia pajlisuel}-puey o} pesodxs e1om oym sjuepucdsal Buowe 5[00) Al0JRJqIA UOWLIOD }SOLL 8} 0} sinscdxe jo uopeIng
Ol eiqel

Contents



{sa4nsodxa jp jou 1ng awios 4f sau a3vsn pup sonipa “Vp) uonvuLiofuy amsodxa joniod ypm spERpIAIPYT SOPRIINT "
Bupssuu Som uoNDWLIOSUT U] 2ansodXa 40 B WoKM 10f 54051 joof
paspiety 1saimau 3yj o papunod usaq aapy saandyf uoymdod ayg,

{00$°ZL - 00£°ST) 006ty T0 6 {00v'v0E1 - 00°260°1) 00Z'861°T '8 374 Sg'Z< ,(8)y wnunuiu
(00Z°66¢ - 00T +82) 00L°T¥E e 1gl (008°565°7 - 008°€2°D) 008'65¥°'T 9'81 £Z01 Ldussi
(00L'21-0) 00¢'¥ 10> 1 (00$'¥ST - 001°291) 00£°807 #'1 LL <
(006°L9 - 0) 006°1€ 10 € (006°vE€ - 009°62T) 002'782 0z 801 $-81<
(009°L9 - 00E'€T) 00¥'SY 0 91 (00L°£9L - 001°119) 001°689 1's 78T 87" 1<
(000°86Z - 00¥'381) 00Z'¢Ye 61 VL (00£°8€9 - 006°061) 009°L9% 3 LET 1-0<
(0060056 - 006'SI1E°6) 00v'80¥°6 T¥6 €59¢ (000°L6L'8 - 008‘TLY'S) 006v£9‘8 $'89 £9L¢ 0
(1D %56) ‘ON pRyewInSy % "ON (1D %86) "ON PajBuinsy % "ON (s'wr st)
LUIEILIg J8I Jo uonendog apdweg »UIEILIg JE3I) Jo uoneindog adureg ((®)V) “96_

(8L8E = u) udWOA

(065 = #) LN

ainsodxa jewosiag

joam 1sed oy} ul uoiledqia paljiisuen-puey o) saeinsodxe uoneiqia Afiep jo spnjubew pajewnse oy

L1 algel

Contents

32



spuppuodsad ) 1SD3] J0 M SILUSRPUI PUD SIUIPUOS2L (E ISV I HfIIM suonpdnIo0 01 paufitor uasq swy SISKOUY
PRYISSDID BAYMSS[D JOU = I2U

sapoa dysnput 76 IS HEIP-Z O 43fo4 $1aYI04q uj SIdGUINY YL 4

$52p02 dnoa8 ppun (g DOS 01 43f24 SI2YIDAG W) SI3QUINU DY,

(sL) LHunoas

01 L ¥s {21008 A108{nd11I0 $031I0JOp PUE UONELSIUILIPE AN 6'1 61 TE (ZL8) S9151yaA SP0O3 PEoI JO SIAL(Y
o1 8T £6 (c¢) SjuBImEIsal pue SPIOH 9°C 9'c 6L (012) sweaurdus
SurAuenb pue Surunn ‘Teddunu TEINGOTLS TALD
. : : (z5) spood proyasnoy pu jeuosiad : . .
s 6¥ el J0 meda ‘sayo1yaA Jojow jo 1dadxa ‘open ey 0t 0t 0t (188) S19AUIP 1L} [EORIEYOM PUE 1| 0
(A4 8's ol (09) saurjadid eia podsuen ‘podsuer; puey €€ '8 9T (668) 2°u saAneiado sulyoew pue yued BYO
LT 9t Y (L) SaNIALIOR SSAUISNG IO 123 £t £el (866) sonsawiop ‘s1aUea[)
: : : : . : : (919)
e vi tie (z6) sontatoe Suniods pue [EIMIN2 ‘JeUoRERIoay rs 9t 5’58 s1531] souBUAjUTEU put UoHONPold ‘Fupiomn [EIRA
7€ ¥ 901 (9} SUOLENRUNUUCII[I] PUL JSOJ £9 1'ee 129 (17S) S1aN1 SOUBUNIEW [EILNO3]3 PUE SUBIANNIA[H
: : . (bg) sronren : : . ‘
et I8 o8t -UI3S PUE SIS]IEX ‘S3{OTYIA 10JOU JO SIMNIBJNUBRIA] '8 e oLy (091) sistImnonI0Y ‘s1aFeueu puz SISUMO ULE]
. . . (27) uswdinba pue Atunyoety . . . (zcs) sapen
£y (A 144 1dasxa ‘sponpord jeleu pajedtiqe] Jo SNyaeniein §'6 9°8L 069 pajejo1 pue s13aurSus Sune|nuaa pue Suneay ‘srequinid
L'y L 0'sT (s £) yaudraba y1odsuen 1ayjo Jo armpoenuey 0'¢l €8z 1'€9 {b65) uowspunold ‘s1ouspien
: : . (92 . . .
s 58 oLl s)onpoid [eISUTW SY[RISW-UOU IST)O JO SIMOBIAULIN gyl LT¥ 9°6L (L) s1surof pue srauadie)
6S 001 672 (o) A1ddns 1a1eM J0Y pUe Wweays ‘sed ‘ANo1N0d]H 1'S1 9'7Z 0'vE (066) S39310Mm P3JE[21 puE sIoINeqe] JaqIo ||V
<9 71T £o (1) S311ANOE 30IAISS Paje]a1 pue Sununy ‘AmNoL3y (A4} 90 4 818 (££6) sopen Buplam
. . . . ) ) {0¥s) (s1eaudus
e Ot vt (L) steaut 215eq JO AMOBIIEA vl (412 €L [onyed peox -ouT) s193UI3US OJNE ‘SOTERYISW JOION
1ot 4 Ly (05) safofosojous L'ET rA%) 18 (y0s) s103081U00 SWIp[Ing ‘sispling
pUE §2}OI3A J0j0UI Jo 1edal pue soueusjulBw 3[eg ¢ 91 e :
4l 6t 18 (sp)uononmsuoy €67  L'IE 19¢ (008) suoseiu ‘s1oAeP{OLIH
Lt I's 6Ll sarasnpuL Iy Lt '8 6Ll suonndnado |1y
SU°S SUIg'g LS LSWOS  swgy ,SWl uone dn20

Jo (8)v Buipadaxa spafqns %

[Aasnpuy

10 (8)v Suipaaaxa spalqns 9,

_sjuepuodsai ejew Buowe esole Ajuownuiod 150w san|eA (g)y Ajlep WNWIUILL jelURISGNS YaI4yM Ul sayu)snpuy pue suonednaaQ
L ejqel

Contents

83



$3p02 dnoad jin 5 DOS 0F £3fo.4 uoypdNI20 YD L31fD SuaqUINY 1) i,
“3[duins ay1 U1 (Of 1503} 1D yirm stojipdnaso o) pauLfiod uaaq SO SISAIDUY PaIpURI IS2409U JY] 0] PIPUNOL UDIG dADY SanBif noypmdod sy ],

(0052, - 0081 006°c# 20 : 6 8L8€ suoypdnaoo iy
p NHTNOM
(004°2T - 009°L) 00Z°s1 97T 21 €5 {066) S19104 pajR[al pUE S13MOQE] IO [V
(00t*8Z - 00T°S) 00891 LTl L ¢S {o¥8)} (seanerado [oc) aumporm DN dur) s3aneiado Joo) SUTYOBA
(0005t -00991) 008°0¢ €8T £l 9% (65) uswspunod ‘souspren
(00€°LY - 000°81) 009°T€ L1g €l 182 (00$) suosew ‘s1adepyjorig
(007°19 - 008°P1} 0003 (A4 8 9¢ (091) S1SUMNONIOY ‘SI9TRUBLE PUR SI2UMO ULIR,]
(00¥°66S - 001°LT) 00Z'ct 'Sy ST €€ (££5) sepen Furpjam
(00£°59 - 00T°€T) 00S v 9'82 Al A’ (Z£s) sapen pajera: pue s1aouwidus Junenuaa pue Junjesy ‘sraquinyg
(000'0L - 00L°1€) 006°0S 1'ze Iz $6 (1Z¢) s1ony soueuOUIEW [ILHII[D PUE SULIILIA]H
(006°56 - 009°Lt) 008°IL 7'8¢ 1z S {0¥§) (s10owdua joned peos ouT} s123UITUL OJNE ‘SIIUBYIIM JOIO
(00¥*€ 1T - 002°29) 008°L8 9T ¢t 1391 (91¢) s121) 2oueuajuTEw pue uoponpold ‘Furjiom [elay
(000°Z11 - 00Z‘89} 001°06 TE9 ¥T 8¢ {p0s) srooenuod Surpping ‘siapjing
(00ZT#1 - 009°68) 00¥'ST1 L'ty 144 £01 (0Ls) s1owof pue sxajuadrer
{00Z'p0E°T - 000°260°T) 001'861'1 1g (974 06¢§ suoypdnaoo 1y
NI
D %s6) ASWET< (B)V ynm SUgT< @Y - swgr<@®Y
“ou “uiw pAJERUNSH A 9% Uy Yias fou uly
Juonednaag
WLy yeaan jo uonendog adureg

Juieg jeein ul Jequinu pejewnse pue ajdwes ayl
ul ebrjuadied pue saquinu :ucpednaso Aq yeam jsed eyl ul ("s'wl ,SWIZ T < (81Y) UcneIgIA papsuell-puey o) einsodxe jo Asusnbayy wnwiuwpy
£l oiqe)

Contents

84



$3p02 S 1BIpP-7 a4v SIPYODLG ) SidGUIRN DY L,

2JduDS 244] W (9 JSDI] IV YHM SHLUSHPHU] 0] PAULU0D U3DQ SDY SISATOUY “Papuny JSo4pau 3if] OF papuNoL uaaq vy saanSif vonnmdod ay [,

£1 a1qui 23§ 0 6 8L8¢ sarpsnpul iy
NAWOM
(00182 - 000°7) 000°ST LT 9 667 (c.) Knmoas [eroos A10sindurod ‘asuajep pue uonensIUTUpE A[qnd
(00037 - 00V'T) 00Z°S1 8L S $9 (¢¢) uswdinbs podsuex 19140 Jo amgoRjnUE
(00L'EZ - 000°6) 00£°91 001 Ll OLL {ot) A1ddns 13jem Joy pue weajs ‘sed ‘ool
(009°9Z - 008°9) 00L°91 '8 01 vel (¥£) SIRIED-TUISS PUE SI3[IEI) ‘SS[OIYIA J0JOUI JO AMIEINUL
(00£°S€ - 006°S) 009°02 vl L 6 (z6) senwanoe Suntods pue [eInd Teuonesiovy
(009°2€ - 00L'8) 00,02 0°€l 01 LL (L7) S[EIoW 2158q JO SINJORJNUEHA
(000°LS - 00Z°TT) 001°¥¢€ 8's 8 LE1 (09) soupadid e1a podsuex Sodsuen pue
“Te - nAQt ’ . (z5) spood pjoyasnoy pue [guosiad
(00819 - 008°T2) 008'1v 6y o1 6t jo xedai Sa[oA010j0W puE SI[IN2A Jojou JO ydooxo ‘apen e}y
) et . . (87) yuawudmba
(0007L ~005'T€) 00L7cs ri Iz 881 pue Lmmyoew jdeoxa ‘sionpold (et pajedliqe] Jo AmIBynuepy
(00¥°T6 - 005°6¥) 006°0L ats £€ sl (1) sa11A1}0€ 2014108 paje[al pue Sununy ‘armnoldy
et gt ‘ . (0S) [T 2ATIOWOMNE JO 3]2s Ule)al
(0oL¥ET - 00L°65) 00226 s 0z 68 ‘sa[oAoIojour pue $3[OIYaA Iojotw Jo Iedol pue asueURIUIEI ‘3[eg
(00Z°875 - 00V'T6E) 00€°09Y 767 st 8Ty (s¥) uononnsuo)
£1 21qvi 238 I'g (444 06¥8 sarpsap |1y
NI

(1D %S6) SWR'Z< (8)V UNM SwgT< (8)V SWgL< 0

"OU Ui pajElulsH YA 9, WA (8)V 1M "ou U1y N

useag jeaas) jo uonemdog

Adweg

JAasnpuf

- . LAY ERNY

 uiejug jeesn uj sequinu pelewunse pue sjdwies ey
uy eBejuasied pue Jaquinu :Ansnpul Aq yeem jsed eyl ul ("Wl L SW §'Z < {8)Y) uoneIqIA peylsuBI}-puey 0} ainsodxe Jo Asuenbely winwiwn

vl elqel

Contents

85



~ oI

vIDp SHISSHU-UOU Y1 SIIDLGNS fo adquiny
(4243) puy fo 4nopo fouiou pup saSuf fo 1uvd afod wssmiaq paoyon 23pa 1wa g 'z 4ad sp = ¢ O uifocg
(4243) suoiptos proo Ag uo dnolq ing *f 4ad sv = 7 vopuyag
(4242) afDd/a11im UAN] DY DUIDS BYY] ID PUD GUINU PUD PO 21I002G SHIIP YIIYM Ul SYIOIID = | NI,

PaIShipy jponinu 34v () So104 3104 29u3jwasd 2y “2)duivs ajoym 2yl 1o pasoy s7 SIsAjpuy

(9'1-260) 0TI {(99)sL  vpil (S¥1-90'1) vT'1 (0'21) se61 0SII as1-#1'D) I€1 (602) vz 7911 ayorpesy]
(LS'1-660) ST1 (#9)9€1  SEIT (as1-s1°1) 11 (9'91) 9s¢ pIT To1-921) ¢v1 Fotovy 7912 ssans/ssaupany) juanbaig
(€€T-980) L0t (LS)Lbl €852 (0Z'1-260) sO'1 $'vi) si€ 18ST (cz1-1L60) 601 (€L1) 0sp <092 Supyows 1Ay
(8TT-v60) L¥1  (I'S)1S 1001 (Zv7-Lv'1) 691 (6's1) 091 +001 (8s'T-59'1) L0z (s'61) L61 €101 $9~ 65
(o'z-s11) st1 (€9 LL  8TTI (s97-59'1) 01'C (£'81) szz ccu1 (19z-69°1) 112 (9°07) ssz opel vS st
(ILz-61'1) 081 (#9)88  TLEI (Lrz-€€1) oL (&v1) 10T 1LE1 Gzz-1wn (e 9gz €851 v —S€
(60Z-6%0) L£1 (64)99  19¢1 (PST-06'0) 8I'1 (0o1) 9€1 9€1 (65'1-86'0) STl (®11) 191 59¢1 vE - ST
001 (sgliz  99L 00’1 A8 v9 oL 00°1 (€6) 1L 19 p7—91 @8y
NIAOM
(81'Z-91'1) 651 (I'®)IS  1£9 (8o'1-z1°1) 8€E'1 {6£1) €11 0%9 Fo1-v'D) i1 (¢'12) 651 0OF9 ayoepesy
(6Lz-1L1) 81z {€L)oer 1981 (8zT-1L1) L671 (s21) 9zZ¢ 6581 (8Tz-9L'1) 00T (F'12) cor 9881 §501)8/SSaUPAIN Juanbar]
(bL'T-09'1) 01'C  (8S)0IT 009¢ (£81-9¢1) 851 (6€1) 005 86s¢€ (sL1-€€1) €571 (9'91) €09 t£9E Sunjows 19AH
(gzs-LL1) soe (zL)ss  €2T0 (86T-7L'1) LT2T (sL1) g1z Lezn (s8'z-sL1) vTr (s’07) vsT LeT] $9—6¢
(tee-671) vzT (Ts)ze 8951 Fre-1710) 1971 ('21) s61 8951 (Trz-8z1) <91 (1's1) 657 1851 ¥S—Sh
(coc-860) zL'1  (8E)6S  ISSI (0L1-v60) LT'1 (s6) ov1 TKSI (LLr-son) Lel (TT1) 061 1961 b - St
(2Z8'1-€50) 660 ('DIg  pLbI (8E1-vL0) 101 (€L) 801 #ivl (se1-L00) o'l (88) 1€ 8% pE— ST
001 DT 6LL 00°1 r9) 05 6Lt 00'1 (L) 09 18L $¥7-91 8y
NI
TAL
(ID %5S6) ud Mwww,_.ﬂ..z JON (1D %S6) ¥Md 5_3.“.“;.2 JON (1D %56) ud _Ea.w.m.v.oz LON
£ uopugaq 2 uopuugaq |1 uonmpQq

uouswousyd s,pneudey Jo ysu pue 3ousjessid ey) pue si0joe) jRUOHRANITO-UOU UBBMIEq UOTIE[BY
Sl ||qel

Contents

86



‘uoILfAP 1DAB}2 2Y] 0F FUIP090D UOUDHIOUY S,PNDULDY YHM ISOY] 1O PaSDq S1 SISKIDUY “BuIop SOM diYS/aY IDIA 1O KD OF 31qDUN Shm pudpuUOdsaL a1f] IDYY) poq O YOIY,,
(4aa3) puvy fo anojoo [pwiou pun +a8uif o rivd oppd usamsaq paotiou a8pa 4vapo g 7 4ad sp = ¢ uOIIMYE(] (4243) SuoyLpUOD Plod 4q o pyBnoaq ng '[ 4ad sv = 7 uonnysq

(4242} aq0d/anyM Win] Uit} FWDS 2Y] 1D PUD QUINK PUD PO 214000q SNBIP YIIYM U} SYIDND = | MO,

(A [A 9¢ It 6t 1L £ty OF 6t 144 mssIN
1'Zs 91 I'Ls 191 TSy 09¢ 08t 15t 0'8% obv 005 0S¥ A
sy bl Let Il (A1 84 76y 09¢ ULy 9vp I'sy  90F ON
:(12A9) JIWILINS U1 SYOBNY
13 S 4 st L e Ll 9Cc 6l re 6t Ty 8¢ BurssTiy
LSt 18 I'vec 89 o1z L9l 681 8¢l L e 661 6L1 SaA
0cL  0fT peL  LOT 69L ¢I9 98L  SLS vl ¥69 6L €89 ON
:(19A3)
10J00p € 0} U3de) SYOENY
g0 1 12 SR 4 't 6 81 £l (LA ) ve | £ BurssIA
gey  Lel £ty TL 9t 16T 6t L8T 0LE  Opt 08¢ Trt SeA
9 LLL £'6s 951 ¥'T9  Lov 06 Ty 019 04§ L'8s LTS ON
((1049)
JLnanoe Sunuaaaid syoeny
S6C €6 vet €8 06T 1T L'8C 01T L9t 0S¢ 0'sc  €TT S1<
0es  L91 g1 9vl ¥or ot €9r 6tt &8 Tsv P'sy 60¥ ri-v
LSS 8BEL €S 9'1C 7Ll 0'¢T  £81 R AN 34 9°6C 997 £>
:sa8ueeyd jo oN
6vc Ol T'1e 88 6ttt T9T 8¢t Ore t0g 8T 98T LST 8<
90y 8T1 g1y 811 06t TIt L'ee LT LLg TSt 6'T¢ 96T L-¢
vre LL oLe 9L 1'8T Pt SEE  S¥T (A4 {1 98¢ LpT [3
*SIAIp Jo “oN
£l 14 §C L U 4 I's L€ 9¢c ¥t Y [AS Buissun
vs Ll 128 B B4 §9 T§ 8L LS 89 19 98 LL +0§
¥9C €8 $0t 98 01T L91 9ttt EL1 v'oc 161 e 60T 6r — 01
0L9 1t Lss LS $°69 PSS 'ty SO I'69 9¥9 Peo 798 ‘ 63
:(awak Jad) Louanbaiy yoeny

Yo ‘ON Yo ‘ON % 'ON % ‘ON Yo ON Y% ‘ON

UIUIOAL UIAL UIWOAN I TIUIOA W
€ uopupRq Jzuohunp(qg Juonunag

uoustwiouayd s pneuAey 0 suontuyep 8a1y) 0} Buipiosoe Ayjiqesip pajeisosse s)i pue ‘Buiysuelq jo Asuenbal) pue Jueix3

g9l °lqel

Contents

&7



sfovppay juanbayf pup ‘Ssaus 1o ssaupadi) jusnbaaf ‘Buryous 4043 930 1af paisnlpp - sonvs s1v4 souspasad = Y4
apdwins Fjoym Yyl uo paspq st SISKUY
{422} pupy fo unojod jpuou puv 1a8uif fo 11vd apod waamiaq paottou aSpa 4vap ng ‘7 4ad sp = ¢ uoaT
{4242} suonIpHOd pjod Aq uo yBnoiq inq ‘1 4ad s = 7 wouIfaT
{4242) Dpd/aNYyM wing DNll} 2UDS Y1 1D PUD QURN PUD PIOI 314035G SHITP YoTYM Ul SYIDHD = | wonnufa(,
Dibp BUiSStui-uon yiim spafqns fo saqunyy,

89v-zo1)  LTT (sz1) 9 8P 00y -v07) 18T 06) ¢ £09 (12A3) 2INSI9] pue Y10
(cL1-9L0)  si1 (£9) vt 08¢ (89T-75'1) 0T (s's) i1 011z (3042} Auo Y10
(8s'z-9L0) T (8L) o1 621 (Zor-ze0)  €Lo (07 9 L0t (1243} £uo amsia]
00'l sy e 908% 001 rz) 6L £1£€ INSIS] 10 YIOM & J9ASN
L€ uonuyaq
(O1¢-L21) 80T (987) 1 6t {Log-907) €8T (zoz) oul 6§ (1349) a1nstay pue yIom
(ss'1-560y Tl (991) €9 08¢ (zee-90) L6l (Ivi) 96z LO1Z (1940) Auo oM
(orz-<0'1) 61 (zoz) 9z 6z1 (961 -860)  0Op'1 (ro1) 1t 90¢ (1a2) AJuo amnsia]
001 {rz) 19 zisy 00°1 (99 otz vIEE QINSI] JO J{I0M 1B IOASN
: 2 uongag
(ore-e61)  1gT (£L€) 61 1§ (88T-€07) T (6'€T) sti 909 {19A3) 21InS13] pue YoM
(0s'1-960) 0TIl (e #L 8¢ (TTT-$9'1) 61 (6'91) o09¢ 0€ie (1349) Aquo yrom
(66'1-€0°1) vl (1¢0) o 0tl (96'1-01'T)  8¥1 (€e1) 1t 60€ (1943) AJuo 21ns15]
001 (ov1) soL 878Y 00'1 (Te) €Lt LTEE 3INSI3] 10 JI0M JB 19A3N
T uonmugaq
Jd s . 4 s .
13 %s6) ud (%) *oN +ON (D %56) Ad (%) *oN +ON snje)s ainsodxy
UILLIOAN U

(aswvos)p jJo suoniuyep esiy) o} Buipiodoe)
uouawousyd s pneudey 40 jsi 8y pue UolRIGIA PEIIWISUERL-PUBY 0) 6iNSOdXa BLIe))] UBSMIEq LONBIOY

£1 ejqel

Contents

88



SIYIDPDIY PUD $534I5 40 SS3Upa] puanbaf Buryows jua.rnd ‘a8v 4of paisnfpp - sonpa 3104 2dusAdId = Y4

apduivs ajoym ait ue pasnq si sisdppuy

401I0P 0 O} UYD} 8q 0} 40 A11ANID Juan24d oF YEnoua poq syIVITY,
sauppoyd ¢f Z 40 s4aBuyf @ 2 Sunoaffo Bunyouvig,

38p 40f vypp Supsstu-uou yim spalgns fo pquiny

(0Ts-L€1) LLT (€91) 8 6v (rov-9¥'7) 68°€ (o1 19 6§ {1943) amnsia] pue jiom
(161-680) 1€1 (o) 62 08¢ (cze-881) 9p¢C {99) 6€1  L0IT (1949) Ajuo srom
woz-150) 0’1 (T9) 8 621 (80°€-80'1) +8'1 (6%) I 90¢ (1343) AJuo ansiaf
001 (0s) 1wz Tisy 001 ) 18 pIgE pasodxa 1aaau

"aemwum__u wosAqnoldJ,
(pL's-6S1) oIt (£91) 8 6t (6ve-€L'1) LV (92) sy 565 (1943) 2InSIO[ pUE oM
(9y'1-450) 160 (Ly) 81 08¢ (TsT-s¥'1) 161 O3 4 § SR 1] (4 (1049) Aquo y1om
(tzz-850) 911 (z9) 8 621 (0s'z-8L0) Qv'1 6¢) 90¢ (1243} Ajuo aimstaf
00'1 (6v) 9¢£2 At 001 0 L8 pIEE pasodxa 1easu

:,3SEIASIP JAISUIIXY

(1D %S6) 4d mm.wmv:.mk JON (1D %s6) ud ™ M.mv 0 JON UOLIA)LID
%) ON DM 1% 0N A)LI3A9s pue snye)s arnsodxy
UIWOAN U

Buiyouejq JeBulj peonpul-pjod 810AaS §0 YSH eyl pue uonelgia pajiusuel)-puey o) einsodxe usemieq UonEejeY
8L elqel

Contents

89



40 1j2q +0da4u00 ‘ol Y ‘aurBua a41f “ay1q ponb ‘uparvd pooa ffo ‘Ipoq “asuvmquiv yilsi0y ‘woq paads ySy

SOYITPYRY pup 52415 40 SSBUPI Nianbalf fo Lioisiy puv Supjows 4242 *98p 4of parsnipv osip PUD PIISRipD AoRIMI 2.0 - SOID.L 3104 2UDAsLd = Y
PANSIB] A1DY] U1 4O YLOM ID A []] O] PaSOGX2 Uddq L2431 34Dl pup Yaam isod oyl w1 oM 10 2450 oym SHuapuodsa. o} pautfuoo sy sisajouy,
apfan [panynodp

§1 3jquL 0] 810u10af 235 SHOINULDP 40.] .

‘Yoo41p 1oys0 “aardovyay ‘Kuio} ‘oup.id apiqows Yonay fippeof apnan

paunonin ‘apanaa Aisaaof pvoa ffo ‘tamomut “iagjo4 pro. tadwnp sadpios iapp3 LAZOPJING “LOIDABIXD “13ppo] 4o1In ‘Kizutgapw uononpoad a1a.49u0a UBUYSIAZ YOO U JO 42PLI 40 420047

ROZETEN
(tee-9v0) Lz1 (@ ¥ 69 (61°2-990) ¥T1 (wsp) o1 <9 (66'1-¥9°0) ¥T'1 69n) 11 <9 [eTISnpuI £aeoY JO Japu
jaom ysed uj
(Ss1-220) 601 (6%) 67 9001 (b’ 1-56'0) L1T (O€I) 1€1 8001 @ri-L60) LI'] (0s1) 151 6001 Ewm_ﬁsﬁéomaz
. ) . . X i I | 2 w3y
(Se-660) L6T  (98) 6 S01 (bse-€r't) €L1 (8'61) 1z 901 (9zz-501) L61  (L12) €2 901 1PINGYS 3A0qE SPURY Y4 y10M
(£5'1 - 59'0) 00°1 (6%) 8T 1L$ (01°1-€90) 80 (I'I1) €9  oL§ 81'1-2L0) 760 (o€r) 8¢ ws $q1 07 < sim Buryyy
(€0'2-150) 801 @9 11 11z (10Z-001) #v1 (9°S1) €5 11T (88'1-86'0) LE'T (s1) L8 112 210)S P[OS B Ul 10 SINOPINO JIOM
:Aep aFerane uj
NIAOM
. S JATNYUIA
(Lez-sv0) 01 D 8 sop (89'1-89'0) L0'1  (L9) Lz sob (o¥'1-79'0) 960 (re) o Loy [ergsnpur ?m%_whh.uv:
yaam 1sed ug
(€ST-p€0) €20 (€1)6  S69 (80°1-Lv'0) 1L0 (0F) 8T  S69 (R0'1-15°0) +L'0 6¥) ¥£ 569 I ¢ T pieoqAaY jo ssn
- ae . ooy s ) . e . . 1y 1 2 ydiey
(sre-9¢0) o1 (s s, vooI91 Lsr-1v0) 180 (T9) 01 191 (6v1-vv0) 280 (s} T 191 JOP[NOYS SAOGE SPUTY YA J10M
(SLT-1L70) OF'} #F2) 61 008 (LO'T-860) Tv1 (St} 09  66L (1rz-201) 1871 (16) € . £08 sq[ 0 < Sim Funyn
(1rz-0s0) €01 (TT) €1 s8¢ (8S°1-120) 901  (0°L) 1+ 8¢ (651 -2L0) 111 (£9) o0s  L8S 310§S P[03 € UT JO SIC0PINO YIom
:Aep aBe13A UT
_ NEIN
J9 Pm ] I ynm ) I s .
(1D %S6) ud (%) oy +°N (1D %S6) ud () oy  +O°N (1D %%s6) ud (%) ‘0N +ON
£ uontugaq T uontuga( J uonmygq

uoneiqia paljpusuely
-puey o} pasodxe _1aAsu sjuspuodsas uj uouswoustd s,pneuiey Jo ysu pue aaus|enasd eyl pue siojoey jeuoednaoe jeasAyd usemieq uonejey

6l &lqe]

Contents

90



App 28p4240 U1 Sq) 07 TSI But}fi} Pup SAYIDPDIY ‘SSAUIS A0 SSPUPDAY JONbIL ‘BUNYOULS 43D ‘x2S 40f ASHIPY SYJ YOIM 1spd 211 1Y YOM D UGN 0] PAULfUOD St SISAIPUY
Dyop BuISsI-uou ynm S3[gns fo aquiny
ADII0P D 0} uaYDI 3 0} 40 L1anIp Jusaa4d 0] yBnoua puq YOOIy,
saBuvjoyd ¢ = 40 saaduif g = Bunoafjp Sunpuvg,

. ) . . . “ ) . . . . ) s1K G< pakojdwa pue
(9cs-€9'1) 86T  (§8) 0T  9£T (ogg-9z'1) tre  (s8) 0T  9¢C (o9e-LL1) ¥§sT (661 b 9% g7< (8)y Un “jpon 1sed
(60's-6L'1) HOE (1g) €€ 60% (ogg-gz1) cor  (£L) o¢ 60¥ (ogg-9L1) v (8D L 60 8'7< (8)V unu Yaom Jsed
(or'c-LS1)  ££T {65) 96 891 09Z-+¥71) 081 (9°%) 6 8¢91 (zs'z-09'1) 102 (9'p1) 6£C 8¢9 Joam sed
(8L's-v€T)  89¢€ (L'6) 0S LIS (96€-9971) LsT (L8 s¥ L1s (zre-617) 98z (12D #I1 LIS mou jou juq qof snotaald
(sT¥-90'1) 11T (€v) o1 £€T (297-090) 9T1 (¥e) 8 €£T (ovz-zo'1) L1 (66) €T €€T (3942} AJuo 2mstaf

001 1) sp a2 001 #'27) 8¢ (A4 d 001 (LS) Obl  THKE pasodxa 12A9N
(Lev-8L1) LLT (£1) s¢ 8Ly (8T€-0v'1} SI'T (6'9) €€ 8Ly (66'7-18'1) ¥£z  (PLD) €8 3Lb (1943) 21nsta] pue JIOA
(cog-s¥1)  0OIT (1¢) 16 €081 (ogz-s1t) €91 (8v) (8 €081 (agz-zs'n) 481 (LT 6IT €081 (3949) Aquo 1o
(€6€-901) LOT (€y) o1 ££T (997-€90) 1¢£1 e 8 ££T (szz-z0'1) ss'1 (66) €T £€ET (3249) Ajuo a1nstay
: 00'T (81) s¥  T¥vT 00'1 #) 8 Wt 001 (£S) obl  THHT pasodxa 1aaaN

dd . Lt | . Iy )
(1D %s6) dd Y (%) ON * N (12 %656 d s (%) OoN TN (13 %56) 4d (%) oN N sn)ejs aansodxy
,ASBISIP aBUIdqO.Id LASEISIP AAISUXF NEI2AQ

uaw paiojdwa v Bulysuelq Jabiuly peanpul-p|oo Jo S puR UORBIGIA papiwsuen-puely 03 ainsodxa uaamjeq uoclieey

0z e|qey

Contents

91



(5¥d) so1p 2104 a0uappaaad pajsnipn Ayonima yim ajdups afoym Y1 uo paspq st sisljpuy
pipp Juissti-uou ynm spxafgns fo 42quny
daz)s Buqansip puv yasm 1sud ayi uy wap 4o puvy ‘snSip ayi w samunu £ 1503] 10 Bunsvy ssauquin 40 JujSurf :
¥aom 3sod ay ui spBip ay; wi soynupu § 153} 10 Suyisv) ssauguinu 40 SuySury, '

Contents

(8TZ-¢s1) %1 (0'v1) 951 8111 (To1-vT1) T (¥'s2) L8T 8TI1 ayoepeay
(Zze-91') #9C (Te1) sLz LLOT (1sT-961) 0T (¥'92) ss§ 6607 Ssans/ssaupalm jusnbary
Bo1-s1') T (96) vz 8152 ao1-2z1) €1 (8°07) LT8 8€6T Supjows 3247
(Tes-sv7) 9¢ (s'11) 011 196 @s1-0T1) 611 (s02) 102 086 $9—¢¢
(69v-L17)  61'€ F11) 9¢1 0611 (89'1-2Z1'1) 8¢1 (307} 6¥C 8611 vS—Sb
(cLz-o0z'1) A (s9) L8 6V%1 (0€'1-580) 901 (gsps1z 8651 b — ¢
(9TT-160) 61 {1s) 89 LZE1 {b0'1-990) €80 {(zzi) 691 £eel ¥E— ST
00'1 (F'g) o9z 6SL 001 (o'v1) 011 9L yZ — 91 198y o
NIWOM o
(soz-¢€L1)  s1¢C (s'81) s11 779 (coz-¢s1) 9Lt (ove) Tie 79 syoepeay
(sze-s20) oLz (s'+1) 992 S5 0TT-9L1) L61 (¢80 szs 1#81 SSoIS/SSaUPal Juanbasy
(€6'1-0€1) 81 (96) 6t¢ 6vS¢ (€8°1-¥11) 791 (8'17) 822 TLSE Supjows rag
(06'¢ -88°1) 1L'T (21} 51 SIZI (s 1-501) 6T (0'£7) 082 LIZT §9—¢¢
Lez-1rn 91 (08) w1 439 (62 1-480) 901 (r61) 00¢ £rs S —SF
@I'z-860) 1 o) tot yESI Lor-oL0) %0 (9os1) 112 9791 ¥ - S¢
{s'1-€90) 960 (¥ 99 SoPb1 (€60-090) SL0 (1-c1}z6l 99%1 vE-S2
00'1 (6¢) o¢ L9¢ 001 (¢'s1) 811 1LL v 91 08y
NAW
swoydwids ] suroydurds .
(1D %s6) Ud wim () oy +ON (1D %s6) ud i (o) oy +ON
$19am Jsed ‘doags Burqanysip swoyduilg M9am jsed ‘swoyduds saduyyg

swoydwAs |einauyosues Jo js| pue edusjeaald ey pue sioloey [euoiednd0-UOU UBBM)B] LOIE|RY
LZ elqel



‘sayonpoay juanbaif puv ‘ssoais 40 ssaupay juanbaif ‘Burjows 342 ‘230 40f paisnipp (SYd) SONDI 3iv4 2ouBDABA] IAUDS B]OYM dif} UO PasD] S1 sisdpouy

1Z 31QDL 01 2101100f 335 ‘SUOTHUI2P 40,y
pop BMISSI-UON i S10a1QNs fo Jaquuny

(FS€-180) LLT s L 9% oez-1L1) €Tz (LLD) €1 Ly (1940} 2InsID pue YIom
(181-+60) 1€1 €1 v £9¢ (9zT-61'1) €81 (1'62) €6 0LE (1242) Auo yIom
(bTz-080) 9€'1 (rer} si 74 (Lez-v0'1) 651 (807) 9T 4 (1042) AJuo 21ns1a]
001 (69) sz TILY 001 (£¢1) 9zt ZELY 2INSI3] 1O JIOM 18 J9AIN
Yo jsed ‘deoys Smqmysyp swoyduids
(LrZ-160) 951 (6T1) LL 96 (bsz-681) 0Tz  (I'1E) 8! 109 (1243) 2INSII] pue YIOM
(PL1-91°1) £¥1 (€6) €61  PLOT (0g'1-0¥1) 65’1 (907) 61y  £80T (1249) Kquo y1oMm
(091-9L0) 1I'T (L) ¥z £0€ (88°1-81'1) 081 (s'61) 09 80€ (1242) Ajuo ainsta]
00'1 (s¥) opl  ¥8IC 00T (611} 168  06Z€ INSI3] 10 JI0M 18 J3AN
R sed ‘swoydmis 18urg
(1D %S6) ¥d swoyduies (ED %S6) ud swodwils .,
¢ s (%) oN  * ¢ unm (%) 'oN * snje)s aansodxg/woydwisg
U0 U

yoom 1sed ey ul swoldwAs |enauitosuss J0 jsU 8Y) PUB UOKERIQIA palljisuell-puey 0) einsodxa BLullog| Ussm)aq uoleiey

€z s|qel

Contents

93



'SIYIDPOIY PUD §53415 40 Ssaupa4nt mianbaaf fo iorsry pup Buryouis 1aaz ‘a8 aof paysnipn ospo
PP PaISH{pD QDRI 24D SYJ "PNSID] U} 4O YAOM H] HONDAGIA PAHRUSUDA-PUDY 6} PasodXa 1aaq 443U PDIf OYM PUD Y2am Isod 17 11 YAOM JD .90 oYM Sjuapuodsas of paurfuod st sisCipuy
20144 JoMNI1ATD .
40 3j2q 404241100 WOl Yjpu ‘2uiBua a4if ‘ay1q ponb ‘upapvd pro. ffo ‘woq ‘asupmqun ‘Yisioy ooy paadsySiy Yvioup woy1o uadootay ‘Kio] ‘2upid aqon Yonap ifipyof 2ponaa
paamony "apjan Ai1sa40f ppoa ffo “iamon “sa1j04 ppod ‘4aduinp ‘4adpads Uappal UsZOPIING L0IDADIXD U2PDO] 019D ‘Lidtyonur uopINPo.Ld 21249100 UBYSRLD Y204 [0 49PL 40 43034(T
[Z 2]GP.L 0 2JOUI00] 295 ‘SUCHINBP A0.f,

(OLv-TT1)  8b'T (v 6~ #9 (6£T-L80) 61 (ren) s <9 {(8)2I01q2A [ensnpu} AAeay Jo JopH
yaem 1sed ug
(8€1-690) 860 (re) 1s 766 (6£1-260} €11 (6c1) 8¢l £66 SIY < pIeog4ay Jo asn
(€LT-€L0) €1 #6) 01 901 (z8'1-LL0) 121 (8'00) @ 901 T 12 YSB19Y I9p{noys 2A0qe spuey yim Jiom
(Zs'1-690) €01 (s9) Lg 996 (1$'1-660) o0T1 (wLr) oot 99¢ §q] 0Z< sim Bunyy
(6£'7-780) 1t'1 (rs) L1 602 (80z-¢1'p) ss1 (£12) sv 1z 210]§ P[02 & UI 10 SIOOPINO JIoMm
:Aep ofelaae uf
NANOA
(0£1-050) €60 oy 91 zov (8T1-790) 680 o1 v £0F 4(S)3[OTY2A [eTnsnpul AAe3Y JO IOpLI
aam ised uj
(85’1 -6¥'0) 680 (z?) s1 169 (81°1-€90) 980 (TL) oS 169 STy pZ pIeoqAY Jo 38N
06Z-1L0) S¥1 #'9) o1 951 (20'z-980) vE'1 (6's1) sz LS1 Ty 12 W31y ISP[NOYS IA0QE SPUB 1M FIOM
(irg-6T1) 61'C (Ts) 1w 68L Fez-zen) oLl (L'€1) 801 681, sq] 0z s Suyy
(LeT-¢80) 11 (0¢) 62 LLS (se1-220) 660 (o11) 29 08s © 910]5 P[OD € UL 10 SIO0P)NO JI0M
:Aep oBeraae uy
NI

(D %S6) ud swopdwids (1D %S$6) ¥d swopduis -,

ypM (%) oN  * ° P (%) oN  *

o ysed ‘daags duyqamsip swoyduidg JPam sed ‘smoydwids aadury

uopeiqiA pajwsues}
-puey o} pesadxe Jeneu sjuspuodses u) swolduds jeInBuUIOSUasS 0 YsuU pue asusjeassd ay) pue si0)oe) [euonednano [easAyd usemieq uoneey
£c 9qel

Contents

94



s_m.uwnn A3pnRois

¥22M Jspd 3y} ul y40M 10 uaui 0 pauifuos s1 sis{jpuy
DI0p BUISSIU-U0N I SIDafqNs fo Jaquiny
JZ 21qp[ 0f 3)ouj00f 338 'SUOTIINIfAP AO,f,

00GD SPUDY YHM J40m pun BHIping pa10.aS1ifod U Ul 40 SI00PI0 Jiom ‘(op 2804240 u) 5G] 7 T S Buryfi] 'Sayoppuay SSaais 40 ssaupa) uanbay ‘Bupjotus 1oas ‘230 uof paisnipv syd

sIf G« padojdua pue

(Lge-0£1) 97T (zg1) o¢ 872 (Lre-101) see (8'2¢) 9L (434 7 WU Y99 )se
87< (8)v wrw y d
(ire-€€1)  pI'T (oz1) 18 o0t (9z°€-907) 09C (Lgg) 8¢1 olf §'7< (8)V ur “Joom iseg
8rz-11'1) 951 (81 921 v191 (0% 1-67'1) ST (r17) 8pe LT91 yoam jse
(ecc-6v1) €ZT (i s z1s Grz-sLn 0 (867) vS1 L1S Mo Jou yng qof snofaarg
(8¢€-801) T6'1 (09 1 £€T 6rz-zr'n is1 rs1) 9¢ X4 (1949} £juo 2ansto]
00'1 0e) T g1z 00°1 (te) cte 0zre pasodxa 134N
vz e-851) LTT (901) 1§ £8¥ wsz-2L1) 01C (1'gy) Lel 38F (1949} 2InsI9] pUE J10M
(zez-oz1) €91 (89) oUl TLLY 691-071) g1 (0'81) ozE 8LLI (1948) £[uo yiom
(60E-¥0'1) 181 09 I £€7 (zoz-60'1) 05’1 (#s1) 9¢ ¥€T (13A9) Ajuo aIns1a]
00°1 o) €It 00't (ze) ¢zT 0TVt pasodxa 1aa0N
(1D %56) swoyduis ‘0 I %56) swoyduids 0
1D %56) ¥d JON D %S6) 4d s (%) “ON JON

mm (%) oN

aams ysed “daajs Buyqamsip suopdwdg

Jpam ysed ‘swroydwiAs 1a3ury

snje)s auansodxq

usw peAojdwe u] swoldwAs [EINBUNOSUSS JO NS PUB UONBIGIA pellilisuel-puey 0] sinsodxe Uaamleq uolie|ey

e eiqel

Contents

95



ayduis ajoym ayl uo pasoq st sisdpouy

SiBrp ayp uz yoam jsod ayy wy samuw g 1S09] 1o Suypsv) BunSuyssauquin = NG (1943) Bupounyq 423uif paonpui-pjoo = Jy "o1p SUISSHU-UOU fIM L2QUnN

(aansia] 10 yiom) A LH 01 pasodxa Isag

(re)  se sy oo (s91) 68 (6v9) 0s¢ 655
(6€) 181 (L8) €1t (T11) 158 (19L)  so9¢ otLY ALH 01 pasodxs 19AaN
o) o5z (1) 1% (811)  v99 (SvL)  88iv 619¢ [e12AQ
NANOM
oL Lz Ty vz v1) oty (s'0) 8012 6L62 (oms19] 10 y10M) A LH 0} pasodxd 1oy
(€ st (€v) £rl (£'6) 1€ (1v8)  66LT gees AJLH 03 pasodxa 19asN
(0s) sz (tg) 9ig (811)  8iL (eL)  p80s 9959 [[2I2A0)
NAA

PANSAHY m>-ZmB>+m~—@ )‘ON SNSRI SUNS/OAdY +ON £108a)ed aansodxq
{+]

}oom 1sed ayy uj s1ebuy ey u Bubun pue sseuquinu pue Bupyouelq 1abuly peonpul-pjoa usemieq uonejey

§¢ a|qel

Contents

96



yaam 150d 11 Y40 10 53122105 A0f St S1spotey
s)B1p ay1 up yoam tsud aljp up sapnun § 1502) v Sunso) BuyBuyy/ssauquini = N

51824 g< qof ur pue _ Swr '7< (8)V UT Yaam sed

o) o 4 {00z} 1 4
Mo.e 0 z {Lo1) 1 < £SW 8'7< (8)y urur ‘yoam iseq
g'ey) vl 81 (ze61) ¥¢ €91 ¥oam 58
Mo.ﬁw £ I Mo._mw 9 €1 (huasaid mou) qof snotadig
) ) €1 £€€1) 8 49 Ajuo amsia]
(L'er) oot 192 (s11) 662 90£Z IaAaN
NIINOM
Ma.mhw ve A4 MENW 6¢ £vl s1eak ¢ qo{ Ut pue st §'Z< Mww< I yjaam seqd
0'¢9) of Lz £97) L8 phe £ SW 8°7< (8)V UIUK Y2am Jseq
(Fos) L1 11 (Ls1) LIz 9911 F3am 158
(9'68) $9 44 (807) ¢8 LIg (3ussaxd you) qof snotaarg
(8'st) 11 €1 (se1) oz 781 AJuo arasta]
(s27) 8¢ 001 (0'8) s8I 0g1e 19A3N
NAW
A+NS 2A-NS IA+NS 2a-NS
(o4) "ON "ON (%) ‘ON ‘0N £L108aed aansodxyg
dupppueg dumpueiq oN

snjejs ainsodxe pue Buiyauelq Jebuyy peonpul-pjoo 0} uopieel u yaam ised uj squiny) pue siebuiy ul swoldwAs [RINBULIOSUBS JO BOUBIRASIJ

9¢Z o|qe)

Contents

97



SayoDppaY Juanbaif puv ‘553415 40 ssaupaay tuanbaif ‘Sunjows doaa ‘38p 1of papsnfpy sy 4 i1y yoem 1sod syt w FAOM 1D uati 0f pautfiios sy Sisdipuy
241812) il 4O Y40M JD PaSOdXd 4oadp,
yaam jsod ay) ut 5100} 42110 Jo asn dof pasafpy,
HONDULIOfUY SUISSIU-HOU YnM 4oquunpy,

(L6T-681) #0T (Tsz2-09'1) 10T (%4 8€91 joo) 1210 Auy
(z9s-001) 6¥T (i8'v-8727) #c¢ LE 961 MES ey
Ore-os1)  15¢ (€Tv-681) 98T a3 9¢] 13)2a1q 9)219U07)
(SLL-150) 07T (Zzv-T6'1) 18T rA3 091 Joururey Surddiy)
(19v-050) 191 (zsc-6v'1) €T 9¢ £p1 ung gurjdejs;3ureN
(65°5-€1'0)  $6°0 Lze-15)  vTt LE T : youaim joeduay
{(L6v-ST'1) LY (9¢-¢6'1)  6€¢ vz 0sT - [[4p [N
(Te1-150) €12 (e8¢-¥8°1) 19T A4 80T TaAupMaIds Joeduf
(Lrs-zL® 007 (08z-z€1) €61 6¢€ 092 13pung [e)sapaq
BLy-#£1) 652 (te-zs'1) o€t € 891 Jomowr papm3-puepy
(s€9-160) 05T (Sre-091) 922 z5 932 Iopues pay-puey
OLy-110)  8L0 (ave-LL1) Lz 19 8Z¢ MES Ie[noII)
(#9'9-910) 111 (987-6¥'1) LOT £9 68¢ mes 3if
(Ier-$80) €61 (€LT-08°1) €0T 88 vLs  1epun3 sjqenod play-puey
(Z8T-v80) ss1 {¢8z-091) ¢€1¢T 101 619 [[11p Joutruef]

00'1 00’1 ovl e +ALH 01 pasodxa 133N

0,
15 %s6) (1D %5S6) 4d LOA4'0N LON 3yInog

,5[00} 19Y)0 10y paysn{pe Y4

joem jsed ey u) eunsodxe Jo 82inos o) Buipsoase usw uj Buyouejq 18buyy paanpu)-pjoo 40 ¥siJ pue Asuenbely
LZ e|qe]

Contents

98



“sayonppay Juanbaf pun ssaais 40 ssaupadi) juanbayf ‘Bupyorus 4saz a3p 40f porsnipp sy J Yoo 150d BYJ i YA0M T UDMOM PUD Ut 0 PauLfuod s SISApouy

2.4NSII) UL 4O YAOM 0 PASOAYD LIADN],
oop Bupssiu-uou yjim S13afgns fo soquiny

(6LT-2L0) 6¥'1 (v'81) L 8¢ und Susrdeys/urieN
(88°'1-85°0) LOT (rv1) o1 L 1aystjod 100[]
001 (rz1) sot. LOOE LALH 0} pasodxa 1243N

NAINOM
(Z89-08°0) 65T (os1) ¢ 0z uad uraeiduyg
(9s¥ - Lt'0) 951 (oc1) ¢ €7 3mOtil papin3-puer
0T's-L15°0) 981 sz ¢ 74 ung Suigdeys/3urjieN

(9Ts-vL0) 11T (Lon) v 4 1opun3d sqeprod play-puefy _
(6L%-TL0) 961 (s v [43 9[0A310J0
(€1'9-ze'1) T0¢ (881) 9 43 flup 1ee
(s¢9-2781) SS°€ (570 6 oy 1oysijod 100
(08°2-€90) 9¢'1 (96) L €L [[Hp Iounuey
00'1 (Ls) ovl e LALH 03 pasodxs 1aAaN

NI

. (1D %S6) ud u-__.ﬁ_."..\”w men“a_k JON aaunos aansodxyq

woam jsed ay) uj uopeIqIA peljwisue-puey Jo 80nos oifiuis e o} pesodxe siajiom Ul Bulyouelq 1e6uyy paonpul-p|oo jo jsi pue Asuenbesy

82 e|qel

Contents

99



WYBIDY LIPMOYS IACGY SPUDY YNM Y4OM pun ‘Suippng parp.aSiifa
1 1 40 5.100pino YoM ‘Bunfiy pucyvdnos0 ‘ssais pup ssaupaa ‘sayoppvoy wuanbaaf Burjows 143 ‘a8p aof pa1snipn aip sy 4 yaem 1Sod ay1 111 y40m I usNL OF PANLfHOD ST SISAIDUY
FAOM 4O DANSIOL Ul 202N,
a1qv1 2t} ul S|00; 43410 O} d.4nsodxa 40f parsnipy
IZ a1quf 01 330Uj00f 295 ‘Suoinfop 404,
piop SUISSIU-UOU Ynm 5)0a1fgns fo Jagruny,

(tLc-980) €51 @rz-111) 951 @re-e1) ssl (981-6T1) $S'I 143 LZ91 (s)joos 1ayzo Luy
bT$-0£0) 0F1 (ozg-z60) £L1 (TLe-660) 8L'1 (ksz-181) 661 0s 967 MES urey))
(rrzr-01) 9% (€9°¢-€0'1) s6'1 (1279-69'1) €€ 8oc-6¥1) LI'T 9% 81 IoeaIq 31310000
- (8€°€-16'0) LL1 (sTE-200) S0 (18'z-¥<'1) 96'1 S 191 Tounuey Suyddiy)
(6L¥-600) oOL0 (97€-56'0) LL'Y (soc-ss0) s¢g1 (ssz-721) 6L1 8¢ ShI und Juideys/SurenN
(€8'6-070) 6¥1 (SFT-vL0) 9¢1 (1¢€-€z0) 960 (gsz-1€1) v 09 812 Youaim joedwy
(68°s-1L0) 61T (PT¥-7€'1) 65T (LsT-650) LT1 (017-960) 91 87 6t1 I1p [Be
- (Lre-zor) 181 (hzs-LL0) L1z (zsz-L21) 181 65 - 90T ISALIPAMAIDS Joedur]
- (LL'T-960) +9°1 (icge-0s0) 9¢1 (£9°2-9%'1) L6l oL LST Tapunid [e)sapad
(9L€-s¢0) LI'T (oc'z-19'0) 171 (@re-s01) 861 (08z-8€1) 661 Ly L9l Tamoull popng puey
s¥'8-6v0) 112 (55°2-98°0) 61 (€1'¥-€L0) €871 (igg-LT1) Tl 4} 87 Iapues pjay-pue
(00°01-0z0) 8t'1 (vz-€80) 1 (cre-120) 180 (szz-€T1) 191 08 6Z¢ MES B[N
- (ot'z-880) st (655 -$8°0) 62T (Lrz-€z1) 91 16 88¢ s 31f
(6s'c-170) 680 (00Z-280) 6TI (£07-9¢°0) 880 (86'1-0T1) 51 9¢1 vLS Tapunid siqeuod ppay-puey
(€0°¢-¥50) 671 (L61-00'T) €1 {ov'1-0v0) 9L0 (681-21'1) ov'1 LEL 619 [[LIp Iounue
00'1 00t 001 001 €27 0ZHe Jpasodxa 1343N
(1D %S6) (1D %5S6)
d pasnfpy (1D %s6)dd 4d oISy D %se)dd - o 0N a>1m0g
Ao ised ‘doars Burqunysip swoydwidg uw_uuk ysed ‘smoyduds aaBury ’

yeem ised ey} ui einsodxe Jo 821nos 03 Buploooe usw ul swopdwAs jerneunosues Jo ysu pue Asuanbaly
67 e|qe

Contents

100



1Y B12Y J2PINOYS 2A0GD SPUDY HM yiom pup Suipnng paiviadLifal v
U1 40 SA00PINO Yiom ‘Builfi [puonpdnodo 'Ssaqs pup ssaupaat 'sayopoay puanbaaf ‘Supjorrs saaa 980 4of paisnipp aup SYJ "Yoam 1sod ayi Ul Y40M D UBHION PUD U 0] pauifuod §1 s1sdjouy
2.4N512] U] 40 YdOM U} pasadxs taaaN],
Dop Suisstu-uol yim sjafqns fo saquiny
[Z 3GV, 0F 3joujoof 398 ‘SUOIUIEP 40,],

(18'2-90°0) ¢£¥0 0 1 of F8c-051) €67 (1sg) <1 LE ung Jurdess o SurpreN
(8T'¢-8L°0) 91 @1 8 oL (86'1-0L0) 071 (€07) #1 69 1aysijod 100[,§
001 Fs) 091 696 00’1 (oc1) cov 0L6T LALH 01 pasedxa 1aaaN

NZWOM
(169-7¥'0) 781 (s9) ¢ i€ (L£€-790) €51 (t1o1) ¢ 1£3 apaf21030
-) - - 0 €7 (L8'1-%00) 620 @y 1 4 13punid s[qenod poy-puey
-) - - 0 1§4 (00v-650) L1971 (e} ¢ 1z uad SwaziSuy
(s89-890) 1TT re) ¢ A3 (65°T-8€0) 01 (cz1) ¢ 43 [ivp 1E18 W
(ToL-6€1) LEE (ov1) 9 47 (or'c-101) ¥61 8€) o1 v Joystjod 100
(ors-11'0) $80 Oy 1 4 (99°c-L90) 191 (807) ¢ v : ung Burjde;s 1o urieN
(30'9-11°0) 060 €y 1 £7 (1'F-£L0) L8] “wiy s €7 12M0W PIpmE-puet
(197-€2°0) 080 (zv) ¢ IL (cz1r-0Z0) 150 (o) ¢ 1L [[Hp 1weHy
00'L o) © €IV 00't (T6) €Iz 0T +ALH 0} pasodxa 10aaN

NAN

(1D %s6) 4d sulojiuifs ‘0N (1D %S$6) Ud supduiis ‘oN
o ynm (24) ‘oN + ° M (%) "oN * 33Ino§
Yoam ysed ‘daajs Buiqamsip swopdwids Jeomgsed ‘swoyduids rdury

yoom Jsed ayj ul uopeiqIA pejlwsUel-pURYy Jo 82:n0s 8)6uls e 0) pesodxa sieom ul yeam jsed ul swoldwAs jemBulosues Jo JsH pue Aouanbely
0€ elgel

Contents

101



SIYIDPHIY

juanba.f puv "passaqs/padir Apjuanbaf ‘Buryouts 4oaa ‘(¢ - Cp pp - Cf 'FE - OF ‘Spuvq sa.4yp ) aBv 4of paysnfpy sy yam Jsod up y10m Ip uanios puv ust op pauifiod sy sisdpouy

yaam isod oy up aansodxa oN,

DIDP SUISSIN-UOU YHM SJIRIGNS JO dsquiny

(8T1-5L0) 860 6Cl  STT 996 (Tr1-4L0) €60 971 9T €80T LPALINA00 AT 01 ams0dxa yorgam ul suoRednaoo Iyl
(9L€-0£0) €T 13 G 4 LI (98'1-220) L9°0 6L € 8¢ (099) s12ss21pITRY
(EL°1-£40) 880 9¢r 8 6§ (ST1-290) 0L0 €8 91 91 (856) sonsatuop ‘s1oued[)
001 8¢l 8L 019 00°1 S'€l 091 9811 LALH 01 amsodxa ou Yy suonednasg
NINOM
(00'g-s0'1) 9L1 0T LET  S9TT (6sz-211) +L1 66 165  1S6E pa1mnaoo A TH o1 amnsodxs yorga w suonednddo 1130
(L0°6-08°0) 68T €rl € Iz (96'S-L8°0) LET TEl ¢ 8¢ (005} suoseu ‘s1adepiotrg
8¥'s-01'0) 180 005 I 0T (80'6-590) 681 86 t 182 (¥65) uowspunois ‘s1ouspien
(65°L-80°1) 96T 961 ¢ 43 (029-86'0) LS €Vl S ¢ (091) SISLMNONIOY ‘SISTRUR PUE SISUMO ULLIE]
(Fr1Ir-1001) sL'e 681 € 9[ (BeL-TH1) LE€E 007 L 43 {p0g) s1opoenUes SUIp|Ing ‘sIAp[Ing
(tz9-790) 90¢C I B o€ (L99-6¥'1) €T¢ LLl 6 Is (0¥} 75 s129mBua oINE ‘solURYIAW J0JON
(€5'S-L60) 95T 1St 8 £$ (LPy-1¥'1) 8TT A A 68 (1Z¢) stenly souvHAUIRW [BI1OR ‘SUBIILLOI[H
(s19-11'1) 99T €91 8 6 (00's-6£'1) 99T I'sT vl £6 (0,5 s1ourof pue s1ayuadie)
(€o'c-vL'0) $9'1 901 11 01 {(b6'T-LLO) TS'T L'g €1 6+1 (916) s1any soueusjurews pue uononpord Supjrom [elo|
00"t [4 T 4! 69T 001 0§ S¢ 1434 LALH 01 amsodxa ou gy suonednooQ
} NAW
duiouejq ] upueg .
WO %SOUL  yyu (o) on +*N WD %SOV yyu(op)-on  +°N uopednnQ
qol yu21an2 Ul SAB3A < eRAD

uonednoso Jusuna u; siesA Aq pue uonednaoso Aq Bulyoue)q 1ebuly peanpui-pros 4o ysu pue Asuenbaiy

LE elqel

Contents

102



vL 6 9z ce 1epun1d aqepod pray-puey
LL S Ll [44 1apunig [e1sapag
18 t £l 91 ung Surydeys 10 Sulren
61 £l € 91 £10p 10 Xaumuey SULSATY
98 £ 61 (44 TIHIp Iauue ]
001 0 €l £l Iamotu papm3-puey
08 14 9t 0z MES IB[NOIL)
v8 9 e Lt mes 3if
£6 1 £l ¥l 10ALIpMaIDS Joreduf
9 3 el IT youaim joeduw]
98 3 81 1z Iouuni np
98 [ [ 4! Iaystjod 10014
L8 v 9c 113 Iapues p[ay-puey
99 £ET 097 £6f §30.4108 J1y
5j00 ],

L6 ¥ IZr £zl HONDLQIA PapnUSUDII-puny 01 ansodxa Auy
:apdoag

oN Sax
JAqISEIT % aqIsEay” mwﬂwﬂﬁ

SE PIULIJUOGY JAQINN

sauinbn aosejdyiom Aq pauluielep se “jeam ised eyl uj uorRIQIA pajjiWsuei)-puey o} sainsodxe psliodal-jjas Jo Ayjiqiseaqy

ZE eiqe)

Contents

103



Contents

(1 10)) aaouuonsanh ayi up 1511 paulfap-aad ayp wo.af s.unsodxa fo sa0.4n0s wo pun $P0nNS J10 U0 pasoq s1 SISAIDUY,

86 06 £l 01 Iapues pRY-puey
001 98 4| 4 sopursd ajqeriod piay-pueH
86 8¢ Ll ¥e un3 Surdes 10 SuipreN
£6 001 £l 1 AJ[op 10 Iaunuey 3unasryg

001 12 91 0t [JLIp ISR =3

001 001 01 01 Iamour papm-puey =t
86 001 6 9 MBS IE[NIN)
86 69 4! £l mes Jif
L6 6¢ 4! 81 JOALPM210s Joedu]
€6 Il £l L youaim joedur]
L6 99 Sl 61 ISUUNI JnN
001 001 €l el Jogstiod 10014
66 69 641 081 S22LN0S JIY
, 1S[o0],
86 96 o1l £l UORDAGIA PIRIUSUD-PUDY 0] 2ans0dxd Auy
:apdoag

(%) (*) splodag PaAlasqo

ApaRdsg A)ADISUAG Joaaquiny  Jaquuiny

,ainsodxe o sanunos :a2g[d}JoM U3 U] SUD[IRAIGSHO JI0JIp pue UDRRIGIA pajlwsurl}-puey o) sainsadxa pajodes-jjas usemieq Jualuaaiby
£F o|qe]



a8up. apnaonbaag - YOI

wonmMLIGf} BUISSI-UOU M “ON,

(68's-79'1) 8re
(L81-L81) €91
(00z-sL0) LI'L
(sz9-0T1) 80T
(zzs-€81) €5¢
(00'01-00E) 95§
(ts'L-zr'e) 1£9
(99'6-00'7) 99T
(169-677) LSV

(65'8-19'T) 96T
(05°L1-89'E) 00V

PO
0l ¢l
07 01
1Y Il
St 8
ov §
L 8
08 9
08 Il
001 8
001 L

Spoor iy

1oystpod 1oo[,]

Iamow paping-puep]
Jopuni2 o[qepod prey-puey
mes 3ip

youaim yoeduy

Iapues pjey-pueH

{IIp Jounuery

ungd Suipdeys 1o JuijreN

IoUunI N

ISALIPMIIDS uomﬂaw

(I0I) ueipoAl

sauIp} aansodxa
Jo onea paasasqo :pajrodoy

Pasn sem
100} sau)
JO 1aquUNU URIPIA]

PIATISQO SEM
007 woym
uy opdoad jo saquiny

3nanog

§]00} Alojeiqia paramod-puey UoWWIOD 10} Sl sinsodxe paliodes pue poalesqo UBEMIa( UONR|BY

Contents

105

SE ejqel

6'9L 01 1'€T £ 0 ] 0 0 tl €<

0'6C 6 8'6¢ 8 6'Cl 17 £t 01 83 [4

17 £ 6'C [4 911 3 I8 9¢ 69 1
0 0 0 0 S1 I $'86 £9 99 0

% ‘ON % "ON % ‘ON % ‘ON
(s9A- as[e} pue saa4 aspey) (524~ as]E]) (saa+ asjey) HONEAIISO s1algns asn uf paAIIsqo

paadasqo paytodai jou paALasqo jou Aq paurayyuod JO TdGUIMN] $32.1N08 Jo Jaquny]

y1oq Suntoda-1A0 pue JApury

g PIAIISQO Saamsodxy

nq pazaodar saansodxy

syaodaa N1y

poued uonealssqe ey Buunp uoneiqia pejjwsue}-puey o} ainsodxa jo sadinos jo Suijiodal ul UOISSILIO pue 10110 o SUIBYIE]

€ elqel



aZup. apraonbaaiu) = YOI
uopPWA[itt SUISSIU-UOU M LBGUITN,

oo 01 [ (68 -#9't) 8pC ro1 v

701 FT1-601) SI'T 6 0g<

ALK (gorz-Le1) L1 61 o€ - Si<

rARUE (89t -L8°1) 86T 0f S -5<

0 O I (81°L-807) 00t A §-7<

% 01 0f (69'11-0L7T) 8L'S {4 (o

tRUIXEul (O ueipay spa3f{qns {ssynunu)
1BanAI0AY L, *

Jo Jdquny awy) dansodxs pasrasqQ

samu) 3.nsodxa Jo o paAIsqo :pajroday

suoneinp einsodxe pealesqo pue payiodes ueemieq uotiejey

Contents

106




sBunrow aayzadsad 3y fo yopa i s4apuodsad fo a3puaoiayg,

uoRpdno20 a8 v urynm univ oo fo o8viuada]

¢'L LSl L 9T 2o jsed ‘dasys Suqinysip swoydmdg gL £6T oL ¥IT yoam jsed ‘das[s Surgrmsip stuoydukg

¥L1 SOt 0ST SIS Foam ised *s1a8ury SunFunyssouquunn 9Ll 085 791 00S yeam ysed ‘s1a8ury SurjSunyssauquunn

el 87 CEl 80§ ‘(1249) uryoue(q 1o3uy ponput p[o)) 't z9g 7ol SIg (1943) Bunyoueq 1oFury paonpur p[o)d
:Jjo Bupugepdwod (%) ‘oN ;o dupeduwod (9) “oN
o> € 0l> 9 (p1om) yoom sed *, swgz< (8)V U SL ST 9 16l (yom) yoom ised ©, swg'z< (8)Y W
I'e <9 I't 961 (oprom) yaam jsed ur pasodsy 8'ST 68 0'vT 6£L (dtrom) yeom 15ed ur pasodxg
I's 0Ll S0l 00F (auns1af 10 j1om) A LH O) pasodxa 13ay 19y €0S1 'Sy L8€1 (oansta 10 1om) ALH 01 pasodxa 1047
: Smpe)s aansodxyg : SmE)S aansodxqg
L'ES 8211 Tvs  TL0T amsodxa yim suonednado YO SEF 911 v'8r 06¥1 amsodxa Yy suogednado 0y
0l 0z 01 6¢ {9) uuzawmFus pue 2ouadg Q7T 06 €T 1L (1 1) 52014305 2Ano3101d pue (unoag
St ¥L 't 611 (s1) sxouea) 91 TS 01 Ig (97) seanerado Arpuryoew 29 podsuen IR
o 11 €0 T {1 1) seo1AJ9s aand9j01d pue HInssg 91 TS ral B R (z2) uonoadsur ‘Apquuasse aannaday]
01 §1 01 Tt (07) Buissasord ajuxay, 08 97 1'9 881 (17) Butssaooxd 12y
'l €2 01 TE (¥1) Limeaq pue ney 97 68 I't S6 (61) Surssasoxd Jeoinosyy
01 T 0l Lz (z7) wonoadsut ‘Alquuasse aannaday L el ST 8L (£1) 2amnonide pue Bunysy ‘Fuure]
91 f¢f €1 8P (12) Bussaooxd YO 6L 95T 0L 91T (81) Burssavod [ejay
01 12 01 ¥t {£1) axmynonde pue Juiysy ‘Surwre,] St sl ¥'€ €01 (£7) wononnsuo))
: Ayuanbayy pnonednaag : fouanbay euonednadg
g8P9  €9fl 0¥9  8he DI04 1Y 0'8L THST 9°LL 88T qa0m uf

%  CON % ‘ON % ON % CON
(€s-09) 1¥ (is-0g) oy (40I1) uerpay (Sg-c) ¢v (€s-1¢) v (a01) uEIpa
T o1y (aen) voy (as) ueay :(£) 28y (e vzv (c€n) 81v (as) uespy HEVEY )
(zorz=1) (€78 =) (8sze=4) (6LoE =1}
JIJULAA J3urums JRUIAN JOTERUNS

TAUIO AL

U

sjuapuodses (REEL) 19IUIM pue (/GG L) Jowtuns ey] usamlaq sniels Yyjjeey pue ainsodxe 3o uosuedwon

LE olge]l

Contents

107



Paifissopd a1aymas(a Jou = 29U $2pod dnoad Jun 608 24D S1ayov4q W saandif 3y :

DIOP 330 JNOYIIM SI9YL0M 2]DUL p SAPRJIXT,

(L1'y - 80°0} LSO I'1I 6 61 it S'LI ov {099) s1esso1pnEl]
T1-vL0)ert 9'6¢ 101 0'SE 09 6'LE 191 (856) sonsowop ‘sisues[)
(551 -080) €0°T 6% £981 L§ 110z gs R8¢ suoyvdnaso i1y
SUDIAOM TTVINIL
(€9'7-SL°0) 0b'1 98y 99 9'vE 97 9y 19 (668) 9au saaneiado amyosew pue juepd k=il
(8S¢ - 90} TL'T 6l 187 €1t £S 6vl 6 (1) uswrasnoyarem 2 s1adoa) a0ig
(S81-vL0ILI'T 0'€9 LT 8¢S 97 $'8S £ (066) s19310m pajejoI puE SI2IMOqE] JSYIC [V
(69°0-81°0) €0 $'01 9L L'6T Ser I'LT LS (009) 830105 pauwIe 1) ‘SYURL IS0 PUE SOON
(8S'T-¥b'0) LO'T 9'¢l 01t 8Tl Ly el LST (z£8) s91°o1yaa spood peot Jo sI2AL(]
Orz-orns €6 97 009 5T $'9L IS (006) s1>p0Mm wie]
(TTT-¥L0)8T'T £EL ST I'Ls 4! £'€9 0g (856) sonsawop ‘s1aued])
(L1'T-9L°0) 621 L'LS 9z 8t 62 605 S (0v8) (saanerado j0o3 suryIBW DN OUT) SAALLIAdO (00} FUTYIER
(09°'L-880)65°C 1z zs 8 6V 6l 101 (6L1) semsnpuy 2914135 W s0jo1xdord 2 sioFeuepy
(@1-1£0)1L°0 L9l 09 §¢T ¥E 161 ¥6 (0171) s198euBW SOUBUINIIEUI PUE SIOYI0M HOINPOI]
(9€'1-08°0) ¥O'I $'68 61 L's8 1 6'L8 €€ {LgS) sopen Suippop
(6£°1 - 080} 501 58 07 18 1T 678 It {00¢) suosew ‘srafepyoug
(L1'1-5L'0)¥60 9'p8 9 0'06 0T 0'L8 9t (p6S) usspunold ‘s1ouspien
(b0'1 - 9t°0) 69°0 16§ 7T LS8 14! 69 9¢ (091) sIsumNORIOY ‘s1aZeueiu pUE SIUMO ULR,]
(Z0'1-+L0) L8O 0'L8 (¥4 0001 ST 126 8¢ (y05) s10)0enu0d BUIpIng ‘siap|ng
(es'1-2670)81°1 796 14 18 91 $'06 A (Tes) sepen pajejar pue s1zaurdua umeyuas pue Sugeay ‘siqumid
{IT1-2L0) €60 008 0z L's8 g€ 9'c8 99 (ov5) (sreaur8ua [oned peos -our) sweTSUS 0)nE ‘SONTEYSAL JOIOP]
(b0'1 - ¥L°0) 88°0 T6L €S 06 A P8 6 (1Z$) s301y SouETo)IeW [E3(1199]5 PUE SURIOLHOI[
(€T1-660} 11T £'86 6§ 9'88 2% Y6 €01 (0L) s1ourof pue sroyuadiz)
(90'1-9£°0) 06°0 el 6 078 19 8'9L $S1 (91¢) s1epy soueudjurew pue uononposd ‘Furjiom [erp
(50’1 - 06°0) L6°0 018 9zL1 61 6142 $lE 98¢ suoypdnoao 1y
SUAMIOM TTVIN
(601 - £6°0) 101 602 rE9P 80C 0£L¥ 80z $9£6 suonpdna20 j1y
SYA0M TIV
pasodxa ajdures pasodxa apdues pasodxa  opduues
£ Al_ Wpa\emawe Yo ur-oN % ugoN % a1 “oN {uonednng
S4 0v> SA 0p< 10§ d Spro-aeaf gp< Splo~aaL gp> sade Iy

~ebe AQ pue UoEdNo00 AQ Joam 1sed &} ul uoneIqiA palljwsuel-puey o} einsodxe |euoednasc Jo edus|eABly

8€ e|qel

Contents

108



TL L0l €L LZE 9L 991 89 T yoam sed ‘dasys Suiqimsip swojduisg
¥l 022 I'9F 8T SLT  SEE SOl  ¥Z8 Foam ysed ‘s1a3uyy BulSunyssouquiny
T 181 L€l 919 rad SR 4 €01 LIS (3949) Buryoue[q Ia8uly paanpul pjo)
(o4, pue *ou) sniels Yoy
01> T 0> L 9L o1 09 662 (3f10m) 3j0am 3sed *, swg-z< (8)V U
(X3 4 8¢ €L1 012 LTS yor 0071 (j10m) y3am 3sed ut pasodxg
76 651 L6 6EV 0Ly 668 I'sy  §sTT (oansio] 10 jiom) ALH 03 pasodxa 1947
:(e4, pue on) snyejs ainsodxy
L'6S  $88 ¥99 €667 06L  TIS1 69L 6L6E DJLOM U]
% oN % oN % "oN % ON
(1s-0£) oF (zs-08) ov (1s-67) 6t (zg-T8) v (401) uepay

(0er) cor (Ter) sov (Te1) 668 (o0g) 81v (as) ueay :(4) 23y
:saanyeaj aydeaSowaqg

(espi=4) (1isp = 4) 161 = 1) (100§ = %)

Japurumag NEJRET| JapuytEdL FEIVE]]
0) papucdsay 3s11j 0) papuodsay 0} papuodsay )s15 0) papuodsay

UAWOAA

uagy

6€ olqeL

siepuodsel aje| pue Aues usamieq suosuedwos einsodxe pue yyesy ‘odeibowag

Contents

109



Z Xipuaddy ‘IOH ', §661 ¥l Suoipuoyy Supjioy pariodat-fjag, i pauifep sy,

€0 95t §6 1T 80 LLE 0 (60) Je11E12139g
ve 6T 01e ¥ Ler 1L ¢ (971) 52014195 [enosiad 1410

. . . (10) yuswuaBetew
$0  ou re ogt L 058 (4 Sunroddns paje[ai % [eUOISSajoI
£0 699 9T €It 01 T86 £ (80) 1eoHRID
6 STt orl v 09 89t 14 (€1) s123104 218D
s g6l 134 B 29 76 L¥bE 14 (¥0) 218][2Mm 79 UOREINPI 1Y)
£C bt £el  STT L9 89§ S (01) Burjes
8¢ 01t [AA B4 [ B YA 9 (1) Suuae)
0L tF 8CT LS 091 001 S (o) suods 29 ansnyre ‘AIeInr]
vT  StE | 0 S 4 ve Tt L (80) Bursiy
00 08 L0 §TT €0l ££¢ 8 (¢z) seanerado podsuen peoy
L8  0£T €11 081 L'6 08¢ 8 (z0) Sumorag,
9% 192 Y61 6ES £rl  £El 4 (£0) [ersoBeURIy
N 7413 SIE  06¥€ 807 89t6 7 suopdno20 1ty |
8 65 S0l 00¥ 01 65F 81 (90) Surzaurdua 29 aoualog
I 81 8FT ST £Fl E€1 €T {L7) Sunio)s 3p Sulrour fers)ely
g6t 6l vl 8§ vy 18T ST (§1) s1euea[)
v 06 rye 1TL T 118 9 (11) sa0143s 9anoR0id 79 Lunosg
'8 Lg §6E € 0'sT 08 Lz (07) Buwissacoxd apuxa],
00 1 I'og €8 86T V8 67 (97) saanelado Lraumyoewr 2 podsuey) 1810
PSS e 6 TLL 9 Ve (1) Aneaq 79 atey
9'ST 6¢ 8¢y 68 €8t 871 ov (z7) uonpadsul ‘Ajquiasse aannaday
€Ti I8 00s  0¢y 134 A $ % (44 (12) Swssasoad 2O
00z S§ PrL 661 979 tsC €S (£1) Ansaro) 7 Juiysy ‘Funure]
00 T 6’89 081 L'89 €81 LS (61) Burssasord [edLR3[H
80¢ €1 6€L TLY 8L S8¥ €L (81) Buissacord fer N
00 ¢ 0'6L 8L P8L 0sT 9L (£27) vononusuo)

pasodxa o, ‘ON pasodxa o, *ON pasodxa v, 3jdures ur ‘o pasedxa oy,
RO U nv 4,S661 AaAms ,sdnoad jeuonednasg
Apmg judLIn) SuONIpI0d SunjioA

S661 suohtpuodn

Buiiopn peucday-jos Jo Aeains 3SH a8yl yum peledwos se ejdwies Apnis :uopeIgA pajljuisuel}-puey 03 einsodxe yum siayiom jo uonsodoid

0% ejqel

Contents

110



APPENDIX A:
POSTAL QUESTIONNAIRE USED IN THE NATIONAL SURVEY OF
VIBRATION

MIIRG

MEDICAL RESEARCH COUNCIL

National Survey of Health
and Vibration

The answers given on this form are confidential.

You do not need to write your name on the form.

Replies will be seen by MRC staff ONLY.
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YOURSELF
SECTION ONE ABOUT YOURSELF
1. Please fill in your date of birth | , 1 l | | I , |
day month year

and your sex male D female D
2. How tall are you? feet inches

or - ° cm
3. Are you right or left handed?

Right I::' Left I:I Able to use both hands equally D

4. How would you best describe your racial origin?

Eurcpean D India!PakistanD ~ Afro-caribbean I:I
South-east Asia I:I Otherl:l

5. Have you ever smoked regularly (i.e. at least once a day for a month ar longer)?

No D Yes D
If yes, how old were you when you first smoked regulary? ) D:I

years
And do you stili smoke regularly? No I:] Yes D
If no, how old were you when you last smoked regularly? []:]

years
6. Have you had a paid job during the past week? No D Yes I:l

If no, please go to Section Four on page 14

If yes, please continue,

112
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MAIN JOB

SECTION TWO MAIN JOB

7. What was your main OCCUPATION

office)?

In what INDUSTRY did you carry out this occupation (e.g.
during the past week? farming, shipyard, car factory, shoe shop, hospital, insurance

10.

On what date did you start this job?

Are you self employed in this job? No D

Does an average working day in the job invoive any of the following?

Working outdoors for more than two hours No [:I
{i.e. not in a building or enclosed vehicle)

Working in a refrigerated building or room No D
{e.g. a coldstore)

Lifting or moving weights of 20 Ibs (10 kg) No D
or more by hand

Lifting or moving weights of 56 Ibs (25 kg) No D
or more by hand

Digging or shovelling No D
Working with your hands above shoulder height No [:I
for more than one hour

Needing to shout most of the time to be heard by your No D
colleagues

Use of a computer keyboard or typewriter No D
for more than four hours

Work on a night shift. Na l:]
Were you at work in the past week? No D

If no, please go to Section Three on page 12. If yes, please continue.

113

Date stared

HENEE

month

year

Yas D

Yes I:]
Yes |:|
Yes I:I
Yes D
Yes D
Yes D
Yes I:l
Yes D
Yes D

Yes D
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MAIN JOB

PAST WEEK

11.  During the past week, did you use any of the following powered tools or
machines in the job? (tick as many boxes as apply)

Tool or machine

Floer polisher

Nut runner

Impact wrench

Impact screwdriver

Jig saw

Circular saw

Chain saw

Hund-guided mower

Hand-held hedge trimmer

Brush saw

Barking machine

Stump grinder.

Concrete breaker {road breaker)

Raock Dill

Tamper

Scabbler

U ddodonongd

114

Tool or machine

Stone-working hammer

Rotary hammer swager

Rotary burring tool

Engraving pen

Hammer drill

Riveting hammer or dolly

Chipping hammer

Scaling hammer

Caulking hammer

Rammer

Needle gun

Nibbling machine

Clinching and flanging tool

Concrete vibrothickener

Nailing or stapling gun

Pedestal grinder

Uy duooddoooon
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MAIN JOB PAST WEEK

Continued

Pedestal linisher D Hand-held sander D

Hand-held portable grinder E] Shoe peunding-up machine D

Hand-held polisher [I Vibratory roller ’:]
Or None of these [:l (If none, go to question 13, page 6)

12.  For those tools/machines that you have ticked in question 11, we would like
to know the total number of hours (or minutes) you worked with them over
the whole week.

Please only count the time that the tool was SWITCHED ON AND HELD. If
you cannot give the exact time, please give your best estimate.

Wirite the total time you used it

Write the name of the tool/fmachine below over the whole week in the
boxes below
" HEmEE
hours mins
2 HEEN
hours mins
3 HEmEN
hours mins
* NN
haurs ming
° L) L
haurs mins
® HEmmEn
hours mins
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MAIN JOB PAST WEEK

13.  During the past week did you use any other powered tools or machines in the
job that vibrated your hands?

No D Yes D

(go to question 14) (continue below)

If yes, we would like to know which tools or machines, and the total number of
hours (or minutes) you worked with them over the whole week.

Please only count the time that the too! was SWITCHED ON AND HELD. ¥f you cannot
give the exact time please give your best estimate.

Write the name of the | Write the total time you Describe the job that the
toolimachine below used it over the whole tool/machine was used to do
week
hours mins
hours mins
3 HimEl
hours mins
hours mins
’ [TT [T
hours mins
5 L UL
hours mins
’ L] LI
hours mins
° L) L]
hours mins
116
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MAIN JOB PAST WEEK

14.

15.

In your main job, do you ever use other powered vibrating tools that you have not
already told us about (e.g. tools used only occasionally or at certain times of the

year)?
No D Yes D

If yes, which tools?

Was your use of powered vibrating tools/machines in the past week fairly
typical of the current job?

Not applicable (don't use them) D No D Yes D

If no, in what way was it unusual?

H7 Contents




MAIN JOB

PAST WEEK

16.  During the past week did you drive, ride or stand on any of the following

machines or vehicles in the job? (lick as many boxes as apply)

Vehicle or machine

Car (other than going to and from work)

Van {cther than going to and from work)

Bus or coach (other than going to and frem work)
Train (other than going to and from work)

Motor cycle (other than going to and from work)
Rock crusher

Concrete production machinery

Tractor
Loader
Excavator
Bulldozer
Grader

Scraper

L]
]

Vehicle or machine

Dumper

L]

Other earth-moving machinery |:|

(specify)

Road Roller

Mower {seated)

Off road forestry vehicle

Armoured vehicle

Other off-road vehicle
(specify)

Lift truck/Forklift truck

Mobile crane

Lorry

Helicopter

Other aircraft

Highspeedboat, hovercraft

or hydrofoil

Or None of these l:l (If none, go to question 18, page 10}
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MAIN JOB

- =

PAST WEEK

17.

For those machines or vehicles that you have ticked in question 16, we would
like to know the total number of hours (or minutes) that you drove/rodelstood

on them over the whole week.

Please only count the time that the ENGINE WAS RUNNING OR POWER ON.
If you cannot give the exact time, please give your best estimate.

Write the name of the machine/vehicie below

Write the total time you
drove/rode/stood on it over the
whole week in the boxes below

hours mins
hours mins
hours mins
hours mins
hours mins
hours mins
hours mins
NN
hours mins

119
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MAIN JOB

10

PAST WEEK

18,

During the past week in your job did you drive/ride/sit or stand on any other
vehicles or machines that caused vibration or frequent jolting or both?

o]

(go to question 19)

Yes D

If yes, we would like to know which machines/vehicles, and how long in total

you drovefrode/stood on them over the whole week.

Please only count the time that the ENGINE WAS RUNNING OR POWER ON. If you
cannot give the exact time, please give your best estimate.

Write the name of the
vehicle/machine

Write the total time over
the whole week

Describe the job the
vehicle/machine
was used to do

1.

hours mins
2.

hours mins
3.

hours mins
4.

hours mins
5.

hours mins
6.

hours mins

120
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11

MAIN JOB , PAST WEEK

19. Was the time you spent over the past week riding/driving/standing on such
machines typical of the job?

Not applicable D No D Yes D

(Don't ride or drive vehicle or machine)

If no, in what way was it unusual?

20. In your main job do you ever ride onl/drivelstand on vehicles or machines
(other than those you have already described) that cause vibration or

frequent jolting that you can feel (e.g. vehicles only used occasionally or at
certain times of the year)?

No D ' Yes D

If yes, which vehicles/machines?

1. 4.
2 5
3 6.
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PAST WEEK

OTHER JOBS
SECTION THREE OTHER JOBS HELD
21, Did you work at any other job during the past week? No l:] Yes D

22

23.

24,

I no, please move on to Section Four on page 14.

If yes, please continue

What was the other job?

Occupation Industry

Are you self-employed in this job?

" Does an average working day in the job involve any of the following?

Working outdoors for more than two hours
(i.e. not in a building or enclosed vehicle)

Warking in a refrigerated building or room
(e.g. a coidstore)

Lifting or moving weights of 20 Ibs (10 kg)
ar more by hand

Lifting or moving weights of 58 Ibs (25 kg)
or more by hand

Digging or shovelling

Working with your hands above shoulder height
for more than one hour

Use of a computer keyboard or typewriter
for more than four hours

Needing to shout most of the time to be heard by your colleagues?

Work on a night shift

122

Nol:l

NOD
NOD
No[ ]
No[ ]
NOD
NOD
NOD
NOD
NOD

Yes D

ves[ ]
Yes D
ves[ ]
Yes D
Yes D
Yes D
Yes D
YESD
Yes D
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OTHER JOBS ' PAST WEEK

25.  During the past week did the job involve work with a powered tool or
machine that made your hands vibrate?

No D Yes D

If yes, we would like to know which tools and for how long (in hours or minutes) you worked with them over
the whole week. Please only count the time that the tool was SWITCHED ON AND HELD.

. . Write the total time you used it over
Write the name of the tool/machine below the whole week in the boxes below
*- [0 [
hours mins
2 HEmEn
hours mins
hours mins
: HEmEn
hours mins

26. During the past week did the job involve driving/riding/standing on a
vehicle/machine (such as those listed in question 16 page 8)?

No D Yes D

If yes, We would like to know which rmachines or vehictes and for how long {in hours or minutes) you
drove/rode/stood on them over the whole week. Please count only the time with THE ENGINE RUNNING OR
PCWER ON.

Write the total time you drove/rode/stood on

Write the name of the vehicle/machine below it over the whote week in the boxes below

' LI L]

? - LU L

hours mins

123
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PAST JOBS EXPOSURES

SECTION FOUR EARLIER JOBS AND EXPOSURES

27.  Other than in the work you have already told us about, have you EVER
had a paid job which involved working with a powered tool or
machine that made your hands vibrate for more than an hour a week?

No D Yes D

{go to question 29) {continue)
_Approximately how old were you when you first did this work? D]
years
28. What were the tools/machines you used at that time?
- {Question 11 page 4 lists some possible toals)
1 3
2 4
And what was the job and industry?

Occupation Industry (e.g. farming, shipyard, car factory etc.)

28.  Inyour spare time {i.e. outside work), have you ever regularly used a tool or machine
that made your hands vibrate, for more than an hour per week?

No D Yes I:I

(9o to question 30) {continue)

Approximately how old were you when you first did this? D:I

years
And what were the tools or machines? (Question 11 page 4 lists some possible tools)

. Contents
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PAST JOBS HEALTH

30. Inyou spére time (i.e outside work and going to and from work), please estimate for
the past week the total number of hours (or minutes) you spent driving or riding in
the vehicles listed below. If you cannot give the exact time please give your best

estimate.
Total time over week Total time over week
Car or van [ 1 ] [ | I Train [ I I I | I
hours mins hours mins
Bus or coach I i } [ I l Matoreycle I I | [ [ j
. hours mins hours mins

31. How long altogether have you worked in noisy places where you had to shout to be

heard?
Never [I less than 12 months D 1-5 years D
6-10 years I:I More than 10 years D

SECTION FIVE HEALTH

32. During the PAST 12 MONTHS, have you had back pain in the area shown in the
diagram, which lasted for more than a day? (Do not include pain occurring only
during pregnancy, during menstrual periods, or during the course of a feverish iliness

such as 'flu).
No D YesD

If yes, did the pain spread down your leg to below your

knee?
No D Yes[l

Did it make it difficult or impossible to put on socks, stockings
or tights?

NG difficulty D Difficult but D Impossible D
not impossible

And have you had the pain during the past week?

No D Yes D

125 Contents



HEALTH

16

PAIN

33.

Answer the questions below using the tick boxes - one tick for

PAIN IN THE PAST WEEK AND PAST YEAR:

even if you have never had any trouble in these parts of your body.

each question. Please answer these questions

During the past week have you had
pain lasting a day or more in your;

During the past 12 months have you
had pain lasting a day or more in
your:

During the past 12 months have
you been prevented from carrying
out normal activities (eg. job,
housework, hobbies) because of
pain in your:

Knees Knees Knees
No Yes No Yes No Yes
Hips Hips Hips
No Yes No Yes No Yes
Shoulders Shoulders Shoulders
No Yes No Yes No  Yes
,:I D right shoulder [:I right shoulder D right shoulder
D left shoulder D left shoulder D left shoulder
D both shoulders I:l both shoulders D both shoulders
Neck Neck Neck
No Yes No Yes No Yes
Wrists/hands Wriststhands Wrist/hands
No Yes No Yes No Yes
fight wrist/hand right wrist/hand right wrist/hand
D left wrist/hand D left wrist/hand D left wrist/hand
[:] bath wristsfhands D both wrists/hands [:l both wrists/hands
Elbhows Elbows Elbows
No Yes No Yes No Yes
right elbow right elbow D right elbow
[:l left elbow I:] left elbow I:, left elbow
[ ] both elbows [] toth etbows [ voth eibows
126
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HEALTH HANDS AND ARMS
4. If you have had elbow pain in the last year, have you received an injection from a doctor
to treat it?

No D Yes D No elbow pain|:|

35. NUMBNESS OR "PINS AND NEEDLES" IN THE PAST WEEK AND PAST YEAR.

Int the past week have you had In the past 12 months have you
tingling or numbness that lasted at had tingling or numbness that lasted|
leas? three minutes in your: at least three minutes in your:

Fingersthumbs?

COther parts of the

L~

nand(sr? NoD YesD
L
L]

QOther parts of the
amis)?

If yes to any of the (PAST WEEK)
above, has tha
tingling er Na Yes|:|
numbness disturbed
your sleep?
36. Is your little finger (or little and ring finger) of either hand

permanently bent as shown opposite so that you cannot
straighten it, even with the other hand?

NOD Yes D

37. In the past year have you once or more had episodes when a finger or
fingers have locked {got stuck), in the position shown in the diagram
cpposite and needed to be straightened using the other hand to heip?

Nol:] Yes D

If yes, how many fingers have got locked or stuck?
(write a number in the boxes below)

Number in the right hand D Number in the left hand D
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HEALTH FINGERS AND THUMBS
a8, Have you ever had attacks in which any or all of your fingers suddenly became cold and numb,
and at the same time turned white or pale?
No D YesD
If no please move on to question 47. If yes please continue
39. Approximately how old were you when you first had one of these attacks? D]
years
40, Which fingers/thumbs have gone white or pale? ({Indicate by shading the parts that have
gene pale on the diagram).
Leh Hamg P.gRt Hand
41, Have attacks ever been brought on by any of the foliowing?
Cold conditions NOD YESD
Washing up NoD Yes[l
Use of a tool or machine NOD YesD
(If yes. which tools or machines?)
42, During an attack, have you ever noticed a clear "edge" between the white
or pale part of your finger and the normal colour of your hand?
No D Yesl:l
43. Have you ever had an attack during the summer?
No |:| YesD
44, Have you ever had an attack so bad that you were unable to carry on
with what you were doing at the time? .
No |:| YesD
45, Have the attacks ever been bad enough for you to see a doctor about them?

No D YesD

if yes, what did the dactor say the problem was?

' 128
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HEALTH FINGERS AND THUMBS

46. How many attacks have you had during the past 12 months?

DD 1-9[] 10-49D 50-99|:| 1oo+|:|

47, Have you ever noticed that any of the following have also gone white or pale?

Toes No[:| YesD
Ears No|:| YesD
Nose No[l YesD

48. tn the past week have you found it difficult to do any of the following activities? (please tick).

No Gifficult but Impossible
difficulty not impossible

Turn a door knob or lever

Ogpen a tight jar lid

Put en a jacket or pullover

Fasten buttons

Pour from a jug or teapot

O 0000
004U
0Ooggnd

49, Do you use a hearing aid? NOD Yes|:|

{if you do, please answer the following questions as if nat wearing the aid)

50. How well you ¢an hear a person who is talking to you when he is sitting on your RIGHT SIDE in a quiet
room? (Please tick one box)

Cannot hear him at all D With great difficulty D With moderate dificulty D

With stight difficulty D With no difficulty D
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HEALTH OTHER HEALTH PROBLEMS

51. How well you can hear a person who is talking to you when he is sitting on your LEFT SIDE in a quiet
room? (Please tick one box)

Cannot hear him at all D With great difficulty I:I With moderate difficulty D

With slight difficulty D With no difficulty I:I

52, During the past 12 months have you had noises in your head or ears (such as ringing, buzzing or
whistling) which lasted longer than five minutes?

No, never D Yes, but not most of the limeD Yes, most or all of the time D

53. OTHER HEALTH PROBLEMS:

How often do you suffer from the following?

Headaches Never D Occasionally D " Frequently D
Feeling constantly tired Never D Occasionally D Frequently D

Feeling low in mood or spirits Never D Occasionally D Frequently D

Feeling tired or under stress Never D Occasicnally D Frequently D

iil.tttntxtt.!n**ittt!ﬁt*tti!ttt*it*nttti*itti!

You have finished. Thank you for completing the form. Please
could you now post it back in the envelope provided? We are
grateful for your help.

130
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APPENDIX B:
PROCEDURES ADOPTED IN DATA CLEANING AND CODING

1. Sex and date of birth

In assembling the mailing lists a check was made of the dates of birth supplied. Subjects

whose ages fell outside the study range (16-64 years) were excluded from the mailing.

A comparison was also made between the details of dates of birth and sex supplied by the
respondents and those on the general practitioner's source file. Missing responses were made
good by matching the questionnaire with the source file and substituting the expected values
according to GP records. Where inconsistencies were detected between the two sources of
information a number of conventions were adopted to determine eligibility for the study and
the correct values of parameters. Thus, when the respondent was of the expected gender but
their self-reported date of birth varied by only one digit from the GP's record, the value
supplied by the subject was accepted as the true one; similarly, when the date of birth was as
expected but the gender was not supplied, the expected gender was assumed. However, when
the date of birth was very different from that expected, or the gender differed from that
expected (and the first name was not common to both men and women), it was presumed that
the questionnaire had been completed by a subject other than the selected one and the subject

was treated as a non-responder.

2. Employment status

People were coded as a worker/in employment if: (a) they reported that they had had a paid
job in the past week (Q6); or (b) that they were currently self-employed (Q8); or (c) that they
had been at work in the past week (Q10). In the absence of one of these conditions, any
exposure information supplied for the past week was set to missing. Workers were counted as
at work in the past week if they answered 'yes' to Q10 and/or provided exposure information
under Q11-13 or Ql6-18.

3. Coding of exposure

The principal conventions adopted in coding of exposure have been described in the main

text. In addition a number of other conventions were adopted:
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Sources. Descriptions of the sources reported in Q12 (pre-defined list) and Q13 (open
response section) were individually vetted to identify simple mis-spellings, abbreviations or
common synonyms for tools, especially those belonging to the pre-defined list. Where
sources and durations of exposure were reported in Q12 but omitted from Q11, exposure to a
source from the closed list was deemed to have occurred and the Q11 value was changed

from 'no’ to 'yes'.

Durations of exposure. Where information was not supplied on the exposure time (Q12/Q13),
the estimated A(8) was either set to 'missing’ or 2 minimum value was calculated, depending
on the other information supplied. Non-explicit information on duration of HTV exposure
(e.g. 'only a few minutes over the whole week’, 'or machines used during the week, not able to

say'} was treated as missing.

Suspected double reporting. Where identical sources and exposure times were reported in
both the closed and open questions on HTV (Q12 and Q13), the information in Q13 was

censored in case of double reporting.

Exceptional durations of exposure. Where individuals reported unusually prolonged periods
of tool use during the past week (>60 hours), a check was made of their occupation and the
nature of the reported exposures. Seven records were examined including those of a labourer,
a tree surgeon and a locksmith - and these were accepted. One subject claimed a similar
period of exposure to whole-body vibration; and two claimed more than 120 hours of

exposure during the week: these three responses were coded as missing,.

Representativeness of exposure. In Question 15, subjects were asked whether or not exposure
to HTV in the past week was 'typical of the current job', and space was provided so they could
describe any unusual features. Written responses were individually vetted to decide whether

exposures were ordinarily more common or less common.

4. Coding of health outcomes

The principal conventions adopted in coding of the health outcomes have been described in
the main text. In addition a number of other conventions were adopted. In particular when
respondents reported that their blanching was cold-induced (Q41a) but omitted to record that

they had had blanching attacké (Q38) the latter value was changed from missing to 'yes'.
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In Question 40, subjects with blanching were asked to indicate the parts of the fingers and
thumbs affected by shading a hand diagram. In coding their responses, the boundaries of a
phalanx were defined by its external outline and its palmar creases: any shading within this
area was counted as positive, and the number of affected phalanges was determined without

any system of pattern-weighting,

In Question 45, subjects who had visited a doctor concerning their blanching were asked to
record the doctor's opinion of the problem. A hand search was made of all the responses, in
order to identify reports that might be compatible with Raynaud's phenomenon or VWF (e.g.
terms such as 'Raynaud's’, 'white finger', 'dead finger’, 'blanching', '"VWF' and 'vibration-

induced").

5. Coding of other workplace exposures and psychological factors

In Question 9, subjects were asked about ingredients of an average working day in the job -
such as the need to lift weights, work in a cold store, or use a computer keyboard for more
than four hours. Some respondents had difficulty in deciding upon their answer. By
convention, when both the 'ves' and 'no' boxes were ticked, the information was treated as
mussing; and if neither was ticked but a description written, the replies were individually

veited. One common reply - 'sometimes’ - was treated as a 'no’ in coding.

In Question 53, subjects were asked about how often they suffered headaches and feelings of
tiredness, low spirits and stress. The frequency of their symptoms was rated on a three-point
scale (‘'never', 'occasionally’, 'frequently’): where more than one box was ticked, the lesser

frequency was assumed.

6. Other conventions

A few other conventions were adopted. These included checks for improbable heights and
impossible or improbable dates for the commencement of smoking; and conventions similar
to those described above for dealing with questions where too many boxes had been ticked.
These had no direct impact on the data presented in this report, except for one item on the age
at commencement of current occupation. Values were treated as missing if they indicated an
age greater than the respondent's current age or younger than 10 years old. Incomplete
information (e.g. missing day and month information) and impossible values {e.g. month >

12) were treated as missing.
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APPENDIX C:
REPRESENTATIVE anw VALUES ASSIGNED TO SOURCES OF
HAND-TRANSMITTED VIBRATION

Table C.1

Representative anw values assigned to sources of hand-transmitted vibration

Source ms” r.m.s. Source ms” r.m.s.
Floor polisher 20 Rammer 325
Nut runner 6.1 Needle gun 16.0
Impact wrench 5.0 Nibbling machine 8.0
Impact screwdriver 4.0 Clinching and flanging tool 13.6
Jig saw 4.2 Concrete vibrothickener 35
Circular saw 1.7 Nailing or stapling gun *
Chain saw 10.0 Pedestal grinder 12.0
Hand-guided mower 4.0 Pedestal linisher 4.0
Hand-held hedge trimmer 4.0 Hand-held portable grinder 53
Brush saw 7.0 Hand held polisher 35
Barking machine 15.0 Hand-held sander 6.0
Stump grinder 6.0 Shoe pounding-up machine 12.0
Concrete breaker (road breaker) 17.0 Vibratory roller *
Rock drill 320 Metal drill 3.0
Tamper 12.0 Surgical tool *
Scabbler 29.2 Disc cutter 3.1
Stone-working hammer 10.7 Hair clipper *
Rotary hammer swager 16.7 Strimmer 8.0
Rotary burring tool 4.1 Screwdriver 1.0
Engraving pen 5.0 Metal saw 49
Hammer drill 11.0 Planer/planing tool *
Riveting hammer or dolly 55 Jet wash *
Chipping hammer 11.5 Router 2.1
Scaling hammer 214 Motor cycle handlebars 1.5
Caulking hammer 7.8 Miscellaneous *
Unclassified *

These values, which represent dominant-axis values, have been assembled from a variety of

sources, including:

1. Several confidential reports received by the Institute of Sound and Vibration Research,

Southampton University.

2. Nelson CM, Griffin MJ. Vibration-induced white finger in dockyard employees. ISVR

Technical Report No. 170, Institute of Sound and Vibration Research, University of

Southampton, 1989,
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¢) Nelson CM. Hand-transmitted vibration assessment - a comparison of results using single
axis and triaxial methods. United Kingdom Group Meeting on Human Response to
Vibration, ISVR, University of Southampton, 17th to 19th September 1997.

d) International Social Security Association (ISSA) Vibration at Work. International Section
"Research' Institut National de Recherche et de Securite (INRS), Paris, France 1989.

e) Griffin MJ. Measurement, evaluation, and assessment of occupational exposures to hand-
transmitted vibration. Occup Environ Med 1997;54. 73-89.

f) Hewitt SM. Hand-transmitted vibration exposure in shipbuilding and ship repair.
International Congress on Noise Control Engineering, Inter-Noise, Liverpool, United

Kingdom, 30th July to 2nd August 1996, 1707-1712.

For each tool, several sources of information were generally consulted and a judgement taken
on the quality of available data. Single values have been selected, but in practice variations
are likely to exist in the true vibration magnitudes between tools that differ in their model
type and source of manufacture; between similar tools when used for different tasks, or fitted
with different accessories; and between tools from different eras of design (some older
designs have been replaced with newer, low-vibration versions). To confirm the
appropriateness of the choices made, a number of measurements were made on common
sources of exposure and these are reported separately (in Hand-transmitted vibration:
Evaluation of some common sources of exposure in Great Britain). In general, the median

measured values approximated closely to the selected values.

For a few tools (marked with an asterisk in the table) it was not considered possible to assign
a representative a,,, either because of insufficient information, or because sources within a
group were considered sufficiently dissimilar to negate the approach (such groups were
created from smaller single user categories, and so contribute to the tool user tables but not to
the A(8) tables). For nailing and stapling guns, which have transient impacts of low irregular
frequency, the appropriate method of dose estimation is contentious, and so no partial A(8)

values were calculated for these tools.
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APPENDIX F:
SUPPLEMENTARY INFORMATION ON THE RELATION
BETWEEN ESTIMATED DOSE (A(8)) IN THE PAST WEEK AND
HEALTH COMPLAINTS

The data from the postal survey permitted an analysis of the relation between estimated

average personal daily A(8) in the past week and symptom reports. It should be noted,

however, that this cross-sectional study design is limited in its capacity to examine the precise

form of the relationship, for two reasons:

1. Respondents only provided information on exposures in the past week: higher or lower
exposures may have prevailed at other times.

2. In many cases exposure information was missing. The dose-response pattern could only
be fully explored in workers who supplied complete information - a group who might not

be typical of all exposed respondents.

Despite these limitations an exploratory analysis was conducted. Few exposed men reported
that the last week was atypical, and more than 60% of tool users had been on their present job
for more than five years, providing some basis for regarding the past week as a rough proxy
of the longer-term exposure pattern. The effect of missing information was also assessed in

workers with partial information for whom a minimum A(8) could be estimated.

Table F1 examines the relation of A(8) in the past week with finger blanching and
troublesome finger blanching. Among subjects for whom full exposure informatton existed,
there was evidence of an increased risk over baseline at all levels, but particularly for
exposures > 5 ms™ r.m.s, when the PR for blanching was 3.03 (95% CI 1.74-5.02) and that
for troublesome bianching was 3.77 (95%Cl 1.60-8.46). Higher risk estimates were obtained
in the exposure band 1-2.8 ms™ than in the next highest band (>2.8-5.0 ms'z); but risk
estimates in those with a minimum A(8) > 2.8 ms™ were also greater than for the 2.8-5.0 ms™
band. The probability of having incomplete information tends to increase as the number of
sources of exposure increases, and perhaps also as the level of exposure and risk increase.
This factor may distort the exposure-response relation, as evidenced by the pattern in subjects

with full information, and so provide an explanation for these findings.
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For sensorineural complaints a similar relation was seen with dose in the past week (Table
F2). Among subjects who provided full exposure information, increasing risk was seen with
increasing estimates of daily dose, particularly for symptoms felt in the fingers. When the
highest exposure band was compared with the bascline of never exposed, the PR for
symptoms in the fingers was 3.13 (95% CI 2.02-4.58); and the PR for symptoms disturbing
sleep was 2.01 (95% C1 0.87-4.46).

Table F.1
Association between cold-induced finger blanching and magnitude of daily
vibration exposure {A{8})} in the past week in employed men

2 All disease Troublesome disease”

A(B) level (ms™) PR (95% CT) PR (95% CI)
Never exposed to HTV 1.00 1.00
>0-1 1.66  (1.07-2.54) 0.80 (0.28 - 2.25)
>1-2.8 200 (1.39-287) 1.87 (0.96 - 3.60)
>2.8-5 1.54 (0.83-2.75) 1.51 (0.52-4.26)
>5 3.03 (1.74-5.02) 377 (1.60 - 8.46)
Missing 2.04 (1.58-2.63) 2.85 (1.85-4.37)
Mmimum A(8) >2.8 242 (1.76-3.29) 304 (1.80-5.09)

“Attacks preventing activity or taken to a doctor
Analysis is confined to men who were at work in the past week
PRs are adjusted for age, ever smoking, frequent headaches, tiredness, stress, and
occupational lifting

Table F.2
Association between sensorineural symptoms and magnitude of daily vibration
exposure {A(8)) in the past week in employed men

2 Symptoms in fingers , past week Symptoms disturbing sleep *
A(B) level (ms ) PR (95% CI) PR (95% CT)

Never exposed to HTV 1.00 1.00

>0-1 1.21 (0.82-1.76) 0.87 (0.41-1.83)
>1-2.8 1.29 (0.92 - 1.79) 1.08 (0.59-1.97)
>28-5 1.92 (1.22-2.92) 1.36  (0.62-3.01)
>5 3.13 (2.02-4.58) 201 (0.87-4.46)
Missing 1.57 {1.27 - 1.94) 1.74  (1.20-2.52)
Minimum A(8) >2.8 2.32 (1.78 - 3.00) 214 (1.33-341)

"Tingling or numbness lasting at least 3 minutes in the digits in the past week
“Tingling or numbness lasting at least 3 minutes in the fingers, hand or arm in the past week
and disturbing sleep
Analysis is confined to men who were at work in the past week
PRs are adjusted for age, ever smoking, frequent headaches, tiredness and stress,
occupational lifting and work outdoors or in a refrigerated building
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In reading these tables the limits of study design should be borne in mind. The findings in

Table F1, in particular, are compatible with increased risks at an A(8) < 1 ms”, but they may

also be explained by higher exposures in earlier work periods.
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