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Preface

This book contains the extended abstracts to the X2001 Conference on Exposure Assessment
in Epidemiology and Practice in Goteborg, Sweden, June 10-13, 2001. The excellent work
performed by the contributing scientists has made this book a first-class, up-to-date, state of
the art review on what is known about exposure assessment today.

The outstanding scientific quality of the extended abstracts was secured through the work of
five international programme committees. The chairmen for the committees were: Chemical,
Patricia Stewart; Ergonomic, Alex Burdorf; Physical, Ulf Bergqvist; Psychosocial, Annika
Harenstam and Biological, Jean-Francois Caillard.

Financial support to the conference and thereby to the publishing of this book was made
possible by contributions from The National Institute for Working Life, Stockholm, Sweden;
The Swedish Council for Working Life and Social Research, Stockholm and Volvo. Without
the excellent skills of the organizing committee - Ulrika Agby (administration and layout),
Ann-Sofie Liljenskog Hill (administration) and Christina Lindstrom Svensson
(administration) - the production of this book would not have been possible.

We want to express our gratitude to the contributing authors, session chairmen and to the
participants who presented papers and contributed in the discussions, for making X2001 an
outstanding meeting.

Goteborg in June 2001

Mats Hagberg Bengt Knave

Department of Occupational Medicin The National Institute for Working Life
Goteborg University, Goteborg Stockholm

Linnéa Lillienberg Hakan Westberg

Occupational and Environmental Medicine Occupational and Environmental Medicine

Sahlgrenska University Hospital, Goteborg Orebro Regional Hospital, Orebro
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I ntroduction

The purpose of an exposure survey and the available budget will to a large extent determine the
number of measurements to be taken. However, required accuracy and precision, feasibility and
patterns of variability in exposure concentrations will be the key factors in the design of an
efficient and at the same time effective measurement strategy.

M easurements of workplace exposures are crucial not only for evaluations of hazards and
risks present in the workplace but also to design and evaluate subsequent control measures.
Developments in portable measuring devices have resulted in increased numbers of personal
exposure measurements and often at the same time with higher temporal resolution. Nowadays,
dosimeters exist that are able to create thousands of 1-second average exposure levels.
However, at the same time atendency can be seen in which practising occupational hygienists
tend to shunt away from proper assessment of occupational exposure. It seems that they are
increasingly encouraged to rely on limited validated expert systems like EASE and one-stop
approaches like COSHH Essentials in which proper exposure assessment has no role. In
occupational epidemiology an opposite development is ongoing, that moves away from expert
approaches. Currently more often actual measured exposure concentrations are being used in
order to derive quantitative rel ations between exposure and health effects.

Whatever the purpose, efficient measurement strategies are urgently needed in order to make
the best of the available limited budgets.

Considerationsfor designing efficient measurement strategies

Efficient measurement strategies can only be designed when we have a clear idea what we want
to discern from the collected data. Exposure concentrationsin the workplace have been known
for their extreme variability especially when shorter averaging times are being considered.
Long-term trends in exposure concentrations at an average rate of 6% have been described
recently for workplace exposure situation in western industrialised countries (1). Variability in
yearly average concentrations will however be much smaller when compared to variability in 8-
h shift-long measurements that are estimated to vary between 3 and 4000 fold (2,3). For 10-sec
point estimated levels of magnetic field exposure for workersin the utility industry it was
estimated that levels on average varied an additional 50-fold (4). To what extent exposures vary
is depending on alot of factors some concerned with the exposure itself, but the majority linked
to work content, tasks performed, production, environment and personal characteristics. In
addition analytical and sampling error play a (minor) role.

With knowledge of the components of variability more efficient measurement strategies can
be designed. For a survey focussed at hazard control, restricting monitoring to groups of
workers subjectively assigned a high risk will be more cost-efficient. However the subjective
method used to distinguish groups of workers should of course be valid. Limited validation
studies of expert systems like EASE (5), however, point at considerable imprecision and lack of
accuracy. In addition worst-case measurement strategies will yield data that will only be of
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limited value for subsequent epidemiological studies. Lack of datafor groups exposed to
low(er) concentrations will hamper research that gains most from variability in average
concentrations between groups or between individuals.

On the other hand surveys relying on measuring randomly selected workers on randomly
selected days will in most cases provide all essential (statistical) characteristics of the exposure
(except very infrequent occurring exposure situations) but at much higher costs. However, a
few recent studies have shown that “ self-assessment” can yield accurate data at much lower
costs, since the involvement of the costly expert is restricted to designing and statistical
evaluating the collected data (6-10). Of course restrictions are numerous and quality control
and motivation of self-assessorswill be of crucial importance, but it shows that measurement
strategies involving randomly chosen workers and days can be carried out without skyrocketing
Costs.

Conclusions

Recent developments in instruments, measurement strategies and self-assessment approaches
together with increasing knowledge of sources of exposure variability enables the exposure
assessor to design more effective and cost-efficient measurement strategies. The time has
arrived that we can design efficient measurement strategies that will keep us from being “ penny
wise but pound foolish”.
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I ntroduction

Over the last decades, working conditions have changed considerably. Working life is now
characterised by an increasing degree of complexity and differentiation of working conditions
within the work force (1). Population studies are particul arly important at times of major
change in order to identify new exposure patterns and inequalities in working conditions and
health between groups. Established knowledge may no longer be valid and surveys may fail to
ask the gquestions relevant to understanding the health-promoting and hazardous aspects. There
isaneed to develop analytic strategies for the identification of social settings as arenas for
intervention. A person-oriented multidisciplinary strategy might be an alternativeto a
traditional risk-identifying variable-oriented approach (2). Other aternatives are qualitative
explorative studies and multilevel analyses by combining data on individual aswell as
structural levels.

One aim of the present study was to develop a person-oriented, multivariate approach to
occupational-health studies that is: (a) capable of identifying groups with similar conditionsin
contemporary working life; (b) relevant for studies of associations between work and health;
and (c) an appropriate basis for preventive actions at a contextual level. In order to identify
characteristics and early indicators of changes in modern working life, qualitative analyses of
interviews and multilevel analyses on individual and organisational data, were performed. This
presentation focuses mainly on the results of the person-oriented approach.

Methods

The study had a cross-sectional, exploratory, extended case study design. Eighty work sites and
asample of employees at each work site were chosen by means of a strategic selection process.
In view of the exploratory objective— designed to obtain knowledge about contemporary
working life (including new phenomena) — the study group of 102 women and 101 men is
characterised by variation. The data were collected within an interdisciplinary Swedish study —
the MOA Study (standing for Modern Work and Living Conditions for Women and Men:
development of methods for epidemiological studies) —between 1995 and 1997.

Two methodological perspectives (internal and external) were adopted. Data at the
individual level were obtained through external assessments, observations, interviews and
guestionnaires, and at the organisational level, through interviews with managers. In order to
identify groups with small, within-group differences, cluster analysis was chosen as the most
appropriate technique (3). The 32 chosen variables covered aspects of working and living
conditions such as: supporting and straining psychosocial factors, ergonomic-physical and
occupational-hygiene exposures, employment conditions, work/leisure balance, work location
in time and space, and changes. The next step was to investigate whether the clusters
congregated in specific areas of the labour market or types of organisations. Finally, the
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clusters were compared with reference to individual characteristics, such as demographic data,
self-reported life-style factors and health.

Results

The final analysis produced eight clusters. Their characteristics are summarised in figure 1.
Both new and well-known patterns were distinguished. The results illuminate the significance
of structural factors, as the clusters were concentrated in different industrial sectors or social
positions. The “boundary-less’ cluster identified working and living conditions on the increase
(4), particularly among well-educated, young employees. The “restrained” seemed to reveal and
explain problems arising in the welfare services. The conditions in the “locked” cluster
describe situations related to on-going privatisation, contract-work, and increasing use of
information technology (5). The characteristics of the “changed” cluster fit well with other
reports on the working conditions within lean organisations(6). The “exposed”, “heavy and
monotonous’ and “mobile” clusters describe still frequent prevailing conditions, particularly in
labour intensive work sectors.

Figure 1. Characteristics of the identified eight clusters.

Boundaryless;, merging work and private Restrained; high psychological demands,
spheres, time pressure, high mental work many obstacles and lack of resources at work,
load, long work hours, little time for deteriorated working conditions, straining
relaxation, imbalance between spheres, domestic work, little time for relaxation
good physical work environment
Changed; increasing responsibilities and
(Decent; high control, supportive demands, more work tasks, high physical and
psychosocial climate, access to resources| | mental work load, many social contacts and
at work, seldom time pressure and conflicts at work
overtime work, office work hours, good
kwork/ leisure balance Exposed: chemical/physical exposures at
work, physically demanding time-bound tasks,
L ocked: time-bound, many superificial customer contacts, irregular
repetitive work in awkward work hours, many hours of domestic work
sitting positions, low support,
small control possibilities, M obile; low mental and Heavy & monotonous;
irregular work hours, many high physical demands, high physical demands,
superficial customer contacts, unregulated work hours, solitary, insecure work,
many hours of domestic work, || Very physically and few learning possibilities,
imbalance between spheres socially active leisure time passive leisure time

There were also differences between the clusters regarding demographic data, life-style factors
and health. Working conditions seem to simultaneously develop along different linesin
contemporary working life, as recognised by other researchers (1,7). The person-oriented
analysing approach, and the qualitative analyses of interviews, helped to make conditions
visible that seem to be important for health. Unsatisfactory ergonomic and physical/chemical
working conditions, in combination with insecure positions and small possibilities for

devel opment, were congregated in the same clusters of employees. Furthermore,
changeableness, work/leisure balance, and the opportunity of controlling work hours seem to be
important factors for certain groups. Time-bound work in awkward positions and many
customer contacts in combination with result monitoring, are examples of aspects worthwhile
studying in relation to health.



Discussion

The study was performed at a time when epidemiological methods and analytic strategies were
being debated and the term “risk-factor epidemiology” has been proposed (8). The strategies
presented here arein line with a proposed development of a more socially oriented perspective.
Therelatively small study group and the cross-sectional design naturally limits generalisability.
On large popul ation samples, questionnaires are recommended by economic reasons, and the
model based on only self-reported data, is now being tested. In order to investigate mechanisms
involved in inequalities in health, atime dimension should be added. We do suggest, however,
that the main characteristics of the clusters are representative of Sweden during the study
period.

Conclusions

A person-oriented approach seems to reveal characteristic exposure patterns in contemporary
working life. The combination of psychosocial, ergonomic-physical and occupational hygiene
factors showed how these conditions are intermingled and, in combination, create settings with
different risks of ill health. Finally, we conclude that a person-oriented, multivariate approach
can be recommended for the identification of exposure patternsin the future as a complement
to traditional risk-identification strategies.
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I ntroduction

Assessment of occupational exposures poses difficulties in the community setting because the
range of occupations encountered makes it impossible to carry out measurementsin all settings.
The expert assessment method (1) is considered to be the best avail able method of assessing
exposures in community-based studies (2) but there been very little hard evidence of its
validity. The present study was undertaken to examine the validity of occupational exposure
assessment by raters.

Materialsand M ethods

The gold standards for the study were industrial hygiene measurements that had been carried
out and recorded in a government database between 1978 and 1989 (3). A brief description of
each of the monitored jobs was written up and these descriptions were used by three expert
raters to allocate exposures. The raters received a sheet for each job containing the following
information: jab title, company, company address, a5 to 10 word description of the main tasks,
and a start and end date. There were 50 available monitoring results from 47 different subjects
each of which were assessed for 20 different exposures. For each substance, for each job, the
raters were asked how likely it was that the subject had been exposed to the substance, the
frequency of exposure during a usual working week and the level of exposure (using the same
criteriaas for the monitored results).

Each of the 50 known monitoring results was compared to the rater’ s assessment. The rater
was considered to be correct if he or she had stated that the correct substance exposure was
possible, probable or definite in that job. Sensitivity was calculated as the proportion of correct
responses over the total number of possible correct responses.

Results

The raters correctly stated that exposure was present in 45 of the 50 the monitored exposures
with amean sensitivity of 90%. If we discount exposures which were classified as * possible
exposures, they allocated an average of 73% of the correct exposures.

About athird of the known exposures were allocated correct levels of exposure by the raters.
There was atendency to over-estimate level slightly with 35% of levels overestimated and 28%
underestimated. Frequency of exposure was estimated correctly for half of the assessments,
with about the same proportion of frequency ratings underestimated (26%) and overestimated
(23%).

Other than the monitored exposures, there were an additional 466 exposures coded by the
three raters, an average of 3.3 extra exposures per job. Raters allocated between 0 and 9 extra
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exposures per job. The extra exposures tended to be rated at lower frequency, level and
confidence.

Discussion

This study has shown that the expert assessment method is a valid measurement of occupational
exposures with a sensitivity of 90%. Each of the three individual raters had sensitivities higher
than the mean sensitivity of 64% found in a recent study which used the same set of monitored
jobs (3). Inthat study, the raters were experienced occupational hygienists or occupational
physicians, who had not previously used the expert assessment method.

Under usual circumstances, the raters usually discuss their assessments between themselves.
For this validation study we asked them to assess the jobs independently. Only two monitored
exposures were missed by all threeraters so it is likely that the usual panel approach would
have increased the sensitivity of this method.

The job descriptions were minimal, with only a few words to describe the main tasks done by
the worker. Inthe Siemiatycki method, a much more detailed work history istaken. Inthis
current study, the raters were therefore working with much less information than they would
have been provided with under usual circumstances.

The validity of expert assessmentsis likely to be different according to the mix of substances
in the validation data set. However, we were unable to examine substance specific validity
because of the small sample size.

The raters allocated an average of 3 to 4 extra exposures per job. In the previous paper by
Benke et a (3) any additional exposures were considered to beincorrect. However, in our
'gold standard’ jobs, monitoring had not been performed to confirm the absence of exposure.
The jobs which were used in this study would have been monitored because of some concern
about exceeding regulatory standards for one or two substances and not to ascertain al possible
exposures in that job. We contend that the extra exposures allocated by the raters are relevant
to epidemiologists who are interested in cumulative exposure. The extra exposures are
probably less relevant to practicing occupational hygienists who are primarily interested in
exposures which are present at high levels. In support of this argument, we found that 24% of
the monitored exposures were rated at high level compared to only 6% of the extra exposures.

In conclusion, we found that experienced expert raters are able to give a valid assessment of
community-based exposures. Because of their experience, they are able to identify exposures
of interest to epidemiologists even when these exposures are not at alevel which would justify
monitoring by hygienists.
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I ntroduction

Population-based case-control studies have frequently relied on self-reported questionnaire
responses to provide occupational exposure data. More recently, using questionnaire data,
expert evaluated semi-quantitative assessments (i.e. low, medium, high or definite, probable,
possible) have been used. A case-control study examining occupational and other risk factors
for prostate cancer, conducted in northeastern Ontario, Canada, provided an opportunity to
compare these two methods.

M ethods

Cases, aged 45 to 84 years, were identified through the Ontario Cancer Registry with a first
primary cancer of the prostate diagnosed during the period of January 1995 to December 1998.
Male population controls were age frequency-matched to cases. Cases and controls received a
mailed questionnaire which sought to obtain a detailed occupational history. For each of their
jobs (current and all previous, greater than 1 year in duration), each subject was asked to
provide start/stop dates, job title, a description of both the job duties and the industry/employer,
and use of protective equipment. In addition, for each job subjects were asked to indicate self-
assessment of exposures (ever/never, frequency and intensity), for a selected list of workplace
hazards, including dusts, metals/metal compounds, combustion products, diesel exhaust, asphalt
fumes, welding fumes, lubricating oils/grease/oil mists, ionizing radiation, polychlorinated
biphenyls, asbestos and sunlight at work.

Subsequently, a second, independent set of exposure variables was obtained through a
process of expert judgement. An experienced occupational hygienist reviewed the occupational
history component of each participant’s file, blind to case/control status and all other
information, and based on the job title, description and dates, ranked exposures to workplace
hazards for intensity (low, medium or high, relative to current occupational exposure limits),
frequency (daily, or less than daily) and exposure period (less than 2 hours/day, more than 2
hours/day). Workplace hazards included the materials described above, with the exception that
metals and metal compounds were assessed individually by element (i.e. nickel, cadmium,
chromium, lead and mercury) rather than in total, and PAH exposure was evaluated as airborne
and skin contact separately.

2,390 subjects (756 cases and 1634 controls) with a total of 8,240 jobs were included in the
analyses. For both the self-assessed and expert- evaluated exposures, a Cumulative Lifetime
Exposure Index for each workplace hazard was derived by taking the sum of the product of
intensity, frequency and job duration.



Results

Using the self-assessed exposures, statistically significantly elevated risks for prostate cancer
were found for diesel exhaust (age-adjusted odds ratio (OR)=1.27, 95% confidence interval
(CD=1.02-1.58) and sunlight (OR=1.31, 95% CI=1.05-1.64) exposures. The age-adjusted ORs
for PAHs, as the sum of diesel exhaust, asphalt, combustion products and lubricating
oils/greases, approached significance (OR 1.21, 95% CI 0.98-1.50). Using similar analyses
with the expert-evaluated exposures, sunlight was associated with a significantly elevated
risk (OR 1.35, 95% CI 1.08-1.68), however, there was no elevation of risk for PAH
exposures.

For the purposes of this report, direct comparisons were made between self- and expert-
assessed exposures, for sunlight, PAH, and asbestos, hazards for which such comparisons
could be readily made. The Pearson Correlation Coefficients for the Cumulative Lifetime
Exposure Indices are presented in Table 1, calculated excluding those subjects for whom both
the self-reported cumulative index and the expert-based cumulative index was zero. All
correlation coefficients were statistically significant (p<<0.0001)

Table 1: Pearson Correlation Coefficients

n R?
PAH 1442 0.41
Asbestos 743 0.42
Sunlight 1347 0.68

To further examine the potential for misclassification, particularly at the extremes, the
cumulative indices were classified as never, low and high, where the split between low and
high was based on the median. For asbestos, there was 77% perfect agreement, with a
weighted Kappa of 0.60 (Table 2). Of the 1461 subjects for whom the expert-evaluated
cumulative exposure index was zero, 87 (6%) self-reported an exposure greater than zero. The
expert-assessment indicated greater than zero exposure for 15% of subjects self-reporting no
exposure. Conversely, of the 298 subjects for whom the expert-assessed index was high, 46%
reported no exposure.

Table2 Asbestos Expert- versus Self-Assessed Cumulative Lifetime Exposure

EXPERT
0 Low High z
0 1374 172 79 1625
SELF
Low 49 123 83 255
High 38 63 136 237
h3 1461 358 298 2117



Using the same 3x3 tables for sunlight and PAHs, the weighted Kappa values were 0.73 and
0.42, respectively. Based on an expert-assessed exposure of zero, 14%, and 49% of subjects
self reported greater exposures, for sunlight and PAHs, respectively.

Discussion

Although they were relatively small, risk estimates for prostate cancer were affected by the
method used to determine exposure and, generally, fewer elevated risks were identified using
expert-assessed exposures.

The correlations between self- and expert-assessed exposure indices were, not surprisingly,
heavily influenced by the large number of subjects for whom there was no exposure assessed
by either method (i.e. Expert = Self = zero). Disagreement increased in the higher exposure
categories, with a tendency for self-assessed indices to be higher than expert. The highest
degree of agreement between the methods was found with sunlight, likely because outdoor
jobs, where sunlight exposure would occur, can fairly readily be distinguished from indoor
jobs. Chemical exposures are more difficult to identify and quantify. Asbestos is a relatively
well known hazard, while PAHs consist of a group of complex chemicals, not necessarily
recognized by workers, perhaps explaining the poorer agreements found.

Conclusion

This study has demonstrated that there is some agreement between the two methods.
Dichotomous exposure classification (Ever/Never) results in relatively good agreement
between the two methods, indicating either could be used. However, this will not allow
analyses of dose-response relationships and, therefore most studies would require semi-
quantitative measures. The potential for misclassification of exposure appears to increase with
the level of detail, and is also dependent upon the nature of the workplace hazard being
considered.
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I ntroduction

One of the methods for retrospective exposure assessment in population based case-control
studies, is the case-by-case expert assessment. In this method, a detailed job description,
obtained from each study subject by an interviewer, is evaluated by one or more experts (e.g.
industrial hygienist, occupational physician, chemist) following a standardized approach. An
exposure code is assigned to a list of exposures of interest.

A multi-centre lung cancer case-control study using local experts for exposure assessment,
offered a good opportunity to investigate the range in performance of experts, who were trained
uniformly but worked independently. In particular we compared their inter-rater agreement. It
also offered the possibility to compare the agreement between experts for different exposures
and study the causes behind disagreement and how it could be reduced in the future.

Methods

The context is a multi-centre lung cancer case-control study, coordinated by the International
Agency of Research on Cancer (IARC). The inter-rater trial included 8 centres, each with one
to two experts: three centres from Slovakia, and one centre each from Russia, UK, Poland,
Hungary and Romania. The trial was initiated in November 1999, after most of the experts had
attended 3 centrally organized workshops, and had accumulated some experience in assessing
exposure of their own study subjects.

The trial consisted of assessing exposures for 19 job descriptions from 6 study subjects from
different centres, including frequently occurring jobs such as a painter, carpenter, machinist,
welder, quarry worker, boiler operator, lathe operator and electronics fitter. For each job, the
experts assessed exposure to a list of 70 occupational agents, for which three indices of
exposure had to be assessed (confidence, intensity, frequency). All indices had a 3-point scale.
Frequency indicates the proportion of the working week; intensity the estimated concentration
relative to an agreed concentration in air; confidence the opinion of the coder of the likelihood
of exposure: possible, probable, certain. Detailed benchmarks were included in the protocol to
optimise equal interpretation of each scale by all experts involved in the study.

Results of the trial were analysed by using each job-exposure decision as a separate
observation. Since 70 exposures could be assessed for each of the 19 jobs, a total of 1330 job-
exposure decisions were made by each centre. Cohen’s kappa statistic was calculated for
agreement on the presence of exposure, confidence, frequency and intensity. Agreement with a
reference assessment (that of the main person leading the training workshops) was also
calculated.
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Results

The chance adjusted agreement between centres in presence of exposure (confidence 1/2/3=yes
versus 0=no) is fair, indicated by a kappa of 0.55. In pairs, the agreement between 2 centres is
always in the range of fair to good (kappa=0.45-0.63). The agreement in confidence of
exposure was fair (kappa=0.45), mainly due to agreement in confidence 0 and confidence 3
assessments (kappa of 0.55 and 0.58). The agreement in frequency and intensity of exposure
was lower (kappa=0.42 and 0.41).

By exposure, great differences were seen in agreement. For eight out of 70 exposures
excellent agreement (k>0.75) was achieved (arc and gas welding fumes, sand, wood dust,
cement dust, diesel engine emissions, inorganic pigment dust and wood combustion fumes). For
16 out of 70 exposures the agreement was fair to good (k=0.40-0.75), while for the remaining
part of the exposures agreement was poor (n=15) or could not be calculated because it was not
assessed (n=31).

For some exposures, low agreement appeared to have been partly generated by real

Figure |: Measures of agreement with reference assessment, by centre
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differences in use of materials between countries (engine fuels, metal pigments, type of
asbestos). When these exposures were excluded from analysis, overall agreement improved
(x=0.60). For some other exposures disagreement was partly generated by differences in
interpretation of the protocol for exposure assessments (PAHs and respirable free silica).

It was also studied how far the experts diverge from a standard assessment done by the
workshop leader. Figure 1 plots the different measures of agreement of each of the centres with
the reference assessment, against the prevalence of positive job-exposure decisions. The
‘reference’ assessed a total of 170 exposures (out of 1330 job-exposure decisions), which can
be expressed as a prevalence of positive job-exposure decisions of 0.13 (indicated by the dotted
line in the graph). The prevalence of positive job-exposure decisions of the participating
centres ranged between 0.08 and 0.16. Of the 170 exposures assessed by the reference, 48% to
75% were also assessed by the individual centres, as indicated by the sensitivity. The
specificity was above 0.9 for all centres. The chance adjusted agreement (kappa) of each centre
with the ‘reference’ for presence of exposure (conf 1/2/3= yes, conf 0=no) did not differ greatly
between centres (between 0.53 and 0.64).

12



Discussion

When several experts work independently on exposure assessments in a multi-centre study, it is
essential to train the experts according to a common protocol and evaluate their performance. In
a multi-centre lung cancer case-control study the overall agreement between experts appeared
to be good for presence of exposure, but only fair for intensity and frequency. As also seen in
other studies, the agreement depended greatly on which exposure was assessed. The trial also
pointed out some systematic differences in application of the guidelines between experts, and
some true differences in exposure profiles of the same occupations between countries. Only a
small part of the disagreement could however be due to this. The results of the trial can be used
as an indication of reliability of the experts but also as a means to recognize in which areas the
performance of the experts should be improved (e.g. intensity, frequency, some exposures).

Conclusions

Experts involved in a multi-centre lung cancer case-control study, showed fair to good
agreement rates with each other and with a standard assessment. The range in performance of
experts, who were trained uniformly but worked independently, appeared to be small. The trial
pointed out that the uniform training of the experts was successful, but also highlighted some
areas in which the performance of experts could be improved.

13



Retrospective exposure assessment and quality control in a
multicentre nested case control study

Tinnerberg H ®, Heikkila P @, Huici-Montagud A ©, Bernal F @, Forni A “, Lindholm C ©,
Wanders S ©, Wilhardt P, Bonassi S®, Hagmar L ® and the European study Group of
Cytogenetic Biomarkers and Health

! Dep. of Occup. and Environ. Med, University Hospital, Lund, Sweden, e-mail:
hakan.tinnerberg@ymed.lu.se,

% Finnish Institute of Occup. Health, Helsinki, Finland,

3 Centro Nacional de Condiciones de Tr abajo, Barcelona, Spain,

“ Dipt. di Medicina del Lavovro, Clinica del Lavoro “ Luigi Devoto” , Milan, Italy,

® Finnish Center for Radiation and Nuclear Safety, Helsinki, Finland,

® Dep. of Occup. and Environ. Med, Telemark Central Hospital, Skien, Norway,

" Danish National Institute of Occup. Health, Copenhagen, Denmark,

& Dep. of Environ. Epidemiology, Istituto Nazionale per la Ricerca sul Cancro, Genova, Italy

I ntroduction

Cytogenetic biomarkers of genotoxic effects, such as chromosomal aberrations (CA), have been
used in the identification of populations exposed to genotoxic agents. The underlying
assumption has been that such biomarkers may not only reflect hazardous exposure but also
predict the cancer risk for the exposed group. Recently, the European Study Group on
Cytogenetic Biomarkers and Health (ESCH) updated cancer incidence and mortality datafrom
aNordic and an Italian cohort, and the analysis supported the cancer risk predictivity of CA
frequency (1). One of the most important modifiers of the association could be exposure to
carcinogens, related to an increase in both CA and cancer risk. To clarify this, a case-control
study nested within the two cohorts was conducted. The study showed that exposure to
occupational carcinogens or tobacco smoking did not modify the relative risk of cancer
predicted by CA (2).

The aim of this paper isto describe the exposure assessment strategy used, how quality
control (QC) was performed and the outcome of the QC.

M ethods

The exposure assessments were performed by five occupational hygienists (OH), one from each
country. Two independent OHs verified the reliability of the exposure assessment procedure.
The exercise was divided into six steps:

1) Theliterature from the original cytogenetic studies were reviewed and a matrix
comprising 24 exposure indices was constructed and criteria for exposure classification were
established. The exposure assessments were semiquantitative (no, low, intermediate and high
exposure) with the exception of three agents for which the subjects were classified only as
exposed or non-exposed.

2) The cases and controls were identified. There were 93 incident cancer casesin the Nordic
and 62 deceased cancer cases in the Italian cohort. For each case, four matched controls were
selected. The total number of cases and controls was 582. The examination for CAswere
performed between 1965 and 1990.

3) Data on the exposures were collected. Availability of information and best-fit procedures
varied for the countries. The subjects or their next-of-kins were approached by a postal
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guestionnaire, followed by telephone interviews conducted by the OHs. Besides the
guestionnaires, information on the working histories and exposures were compiled from the
companies, the original cytogenetic studies, medical records, interviews with co-workers,
safety- and occupational health care personnel, and exposure data banks, when feasible.

4) In order to harmonise the occupational exposure assessments, a set of brief job
descriptions, and assessed exposures were translated into English and sent to the independent
OHs. Based on the descriptions, 27 subjects were selected for the harmonization of the criteria.
The selection was done in order to cover as many agents as possible at various exposure levels.
All exposure information for these subjects was sent to the five participating OHs and the
exposures were assessed. Inconsistencies and borderline exposures were thereafter discussed at
ameeting.

5) The occupational exposure was assessed, blind with respect to case-control status, from
the year of finishing school until end of follow up.

6) Final assessments were submitted to a QC procedure. Fifty-five subjects were randomly
selected, and their occupational histories were trandated into English. The occupational
histories included 193 unique exposure periods, and exposure status and level was assessed for
24 exposure agents in each period. A new period was defined as a change in exposure status
assessed by at least one OH for at least one agent. Thus, each OH assessed the exposure status
and level for altogether 4632 (193x24) period-exposure combinations. The assessments of the
OHsfor all 4632 combinations were compared to find the degree of agreement. Furthermore,
the exposure of the subjects in the epidemiologic study was classified in three groups; 1)
intermediate or high exposure to IARC group 1 carcinogenic chemicals; 2) other exposures
defined in the matrix; 3) no exposure.

Results

For the majority (93%) of the period-exposure status combinations, all the OHs assessed that
the subjects were not exposed (Table 1). The degree of total agreements on the exposure status
was 95%. Out of 90 subjects assessed as exposed by all OHs, 49% were classified at the same
exposure level. Out of the 222 periods whaose exposure status were deviating, 69 % of the
classifications where in the low exposure category.

Table 1. The number of agreements in exposure status by 5 OHs in the QC round.

No of OHs classifying period as exposed 0 1 2 3 4 5

No of combinations 4320| 96 56 36 34 90

The classifications used for the epidemiological study, were restricted for the time period five
years before CA-test. In this period, 33 out of 55 subjects were assigned the same exposure by
all OHs. For 13 subjects one OH deviated, for 8 subjects two OHs deviated and for one subject
were al three levels assigned. For 10 of the 22 subjects where at least one OH deviated on the
exposure assessment, the original assessor was one of the OHs with another opinion then the
others.

Discussion

In afirst step an exposure matrix was constructed based on the exposuresin the original
cytogenetic studies. Exposure statuses and level s were estimated by using a quantitative
definition of the boundaries of each category. There islikely to be less error and variation in
the interpretations among raters when assigning a semiquantitative or quantitative estimate than
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when assigning an ordinal score (3).

The harmonisation was an important step. Several misunderstandings in the coding
principles could be ruled out and further it resulted in more accurate definitions of exposure
categories and cut-off limits. During the harmonisation it was also obvious that actual work
practices differed between the countries, and identified occupations and situations that were
particularly troublesome.

The degree of total agreements on the exposure status was high (95%). However, out of 312
combinations when at least one OH had assigned exposure, only about 30 % were assigned
exposure by all OHs. There are several reasons for this dicrepancy, such as that the OHs have
different experience and knowledge, but also that the information the assessment was based
upon was translated into English, and all details originally obtained could not be written down.
If the QC, instead of administrated only by e-mail, would have been performed as a round-
table, several misunderstandings could have been avoided. However, when using the criteriafor
classification that was used in the epidemiologic study, 60% of the subjects would have been
classified in the same exposure category of all 5 OHs. Furthermore, for almost half the number
of the subjects where the assessments deviated the original OH was among the OHs with
another opinion, indicating that he/she had more/other information or experince than the others.

Conclusions

A useful multicentre procedure with a harmonisation procedure for exposure assessment in
nested case-control studiesis presented. The QC procedure indicated that some of the
inconsistencies in the assessments between the OHs were due to different level of information
between the original OH and the others.
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I ntroduction

The EASE expert computer system was devel oped to assist exposure assessment for both new
and existing substances. The model can be used to predict exposure both by inhalation and the
dermal route using task and situation specific information about the substance and methods of
control. The aim of this study was to measure typical dermal zinc exposures for arange of
different industrial situations and compare the measured levels with the corresponding EASE
predictions.

There are two principal criteriathat are used in the EASE model to predict dermal exposure:
the dermal contact level (possible values— none, incidental, intermittent and extensive) and the
pattern of use (closed system, limited use — termed ‘inclusion into matrix or non-dispersive use
in the model, and uncontrolled release — termed ‘wide dispersive use.” The exposure
predictions or ‘end-points’ can take one of five ranges, from ‘very low’ to 5 - 15 mg cm™
day™.

Assessments of dermal zinc exposure were carried out in two galvanising factories, azinc
refinery and four factories producing zinc powder products. The tasks carried out at these
factories could be categorised in terms of three different EASE exposure ranges or ‘endpoints’.

Methods

Samples were collected using moist wipes. Recovery trials were carried out to determine the
sampling efficiency of the wipe method by measuring the recovery of known amounts of zinc
oxide and zinc dust applied to the skin of human volunteers. Control samples were collected
from non-occupationally exposed individuals to establish abiological baseline or background
level of environmental exposure.

Samples were obtained using three serially applied wipes to the palms, backs of the hands
and forearms using a 25 cm” template pressed up against the skin. The three wipes
corresponding to each anatomical area were bulked together to form a sample corresponding to
askin area of 25 cm® Samples were collected twice during the working shift and once at the
end of shift. End of shift samples were aso collected from the forehead, neck and chest.

Results

The swab sampling method had an average efficiency of 102 %, with individual recoveries
ranging between 70 — 126%. The average zinc concentration on the hands of the control group
was 0.6 ug cm®. This corresponds to atotal mass of approximately 1.2 mg of zinc on the skin
of both hands. The residual zinc concentration on the skin of non-occupationally exposed
individuals corresponds to the practical detection limit for the method.

The tasks representing the lowest potential for exposure were within the galvanising industry
and metal handling areas of the zinc refinery. These tasks were assessed in terms of EASE
criterion as ‘ non-dispersive use with intermittent direct handling’. Tasks within the zinc powder
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products manufacturing industry were classified as ‘ wide dispersive use’ with either
intermittent or extensive direct handling. The measured dermal exposures for each of the
scenarios are summarised according to the EASE classification and predicted exposure in Table
1, below.

Table 1 Comparison of predicted dermal zinc exposures versus measured exposures

EASE  Predictedrange Measuredrange Geometricmean  GSD n

CaeOY  (ugem?) (Hg cm?) POSTE (ug em?)
(ug cm?)
1 100 — 1,000 9-68 21 17 29
2 1,000 — 5,000 60 — 330 160 17 17
3 5000—15000 290 - 1,092 655 16 13
EASE category:

1 — Non dispersive use with intermittent direct handling (galvanising factory and zinc refinery)

2 — Wide dispersive use with intermittent direct handling (zinc oxide/zinc dust production —
furnace/warehousing)

3 — Wide dispersive use with extensive direct handling (zinc oxide/zinc dust production — bagging/other
dusty jobs)

Discussion

From these results it can be seen that EASE consistently over-estimated dermal zinc exposures,
generally by an order of magnitude. However, as the EASE predictions increased so did the
average measured exposures.

Validation of the sampling technique showed that sample recoveries could vary between 70 —
126 %. Thisimpliesthe field measurements may be subject to measurement errors of about
+30%. Given the high level of variation in the manufacturing processes and the way individual
operators carry out their work, it would appear to be sufficiently accurate for most purposes.

Higher dermal zinc levels were measured on the palms of the hands compared with the backs
of the hands. Theratio of zinc concentrations on the palms to backs was approximately 3:1
using all of the available data.

The measurements of cumulative exposure by this technique are based on the assumption
that concentrations of zinc will continue to increase indefinitely with time. In practice, the
dermal zinc loading may of course reach a‘steady state’ level early on and there may also be
self-cleaning of the skin as contact is made with tools, surfaces and clothing.

Conclusions

The dermal exposure measurements were lower than the predicted levels generated by the
EASE model. EASE consistently predicted dermal exposures that were too high, by about one
order of magnitude. However, the EASE predictions increased in line with the measured
exposures. The computer model was not principally devel oped to predict dermal exposure to
dusts or powders and this may be the reason for the relative inaccuracy of the predictions. Itis
clear that further work is necessary to refine the EASE model in order to improve its reliability
in these circumstances.
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The dermal exposure results for the zinc powder manufacturing industry may be usefully
extrapolated to estimate exposures in end-user applications or for tasks involving contact with
other similar powdered substances. However, the exposed subjects did not perceive arisk from
dermal contact with the zinc products, and although gloves were worn, these had little effect in
reducing dermal exposures. The level of contact with more hazardous substances is therefore
likely to be lower, due to behavioural and organisational factors resulting from increased risk
awareness. Caution will therefore be required when using these data to estimate dermal
exposures for other similar situations.
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I ntroduction

Occupational skin exposure assessment to chemicalsis an important issue of growing
interest[1]. However, methods to measure dermal exposure to irritants and allergens, such as
acrylates, have been lacking. Acrylates are reactive and biologically active, and well known as
skin irritants and contact sensitizers. They are practically non-volatile and remain on the skin,
clothes and other surfaces for along time after deposition. Therefore dermal exposure to UV -
coatings (ultraviolet radiation curable coatings), used widely in the wood working industry
causes a significant potential risk for harmful dermal exposure at the workplaces. This paper
describes some of the key points about the project that was performed to broaden our
knowledge regarding dermal exposure assessment to acrylates.

Methods

Different non-invasive skin sampling techniques - surrogate skin (patch), removal (e.g.,
washing, wiping, scraping, brushing, tape-stripping), and fluorescent tracer techniques - were
evaluated concerning their advantages and limitations for assessing occupational skin exposure
to an acrylate compound in UV-coatings. Tape stripping method met the requirements set for a
good method and was developed further. Various parameters were tested for their effect on
removal efficiency of the two selected tracers on three different surfaces (Table 1).

Table 1. Parameters tested to find the best performing tape for measuring skin exposure to an
acrylate compound.

Parameter Test surface

Glass Guineapig skin Human skin
Tested tapes (n) 12 9 2
Number of test (n) 3 6 4
Deposited dose (ul) 5 525 1,2and 25
Deposition time (min) 20 1, 15, 30, 120 30
Sampling time (min) 1 0.5-2 2
Successive strippings (n) 2 3or2 2and 1
Test compounds (n) TPGDA TPGDA TPGDA and

UV -coating

A guantitative gas chromatographic method was devel oped for analysis of TPGDA
(tripropylene glycol diacrylate), amajor constituent of UV-lacquers from the tape. A pilot
study was performed to verify the suitability of the devel oped method for workplace
measurements and to aid to plan a sampling strategy for the field measurements. Workers
dermal exposure to UV -coatings was measured at three to four occasions during work-shift
(Figure 1) at two different working days at seven workplaces employing the devel oped tape
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sampling method. Additionally, workers were interviewed at both measuring rounds to find out
other factorsrelated to risk for skin exposure. Statistical analyses were performed to test for
differences between two independent samples and to compare the mean exposure levels
between groups.

Figure 1. Sampling points for measuring dermal exposure to an acrylate compound. Point D is
on the dorsum of the hand. Each skin site was sampled with a single tape-stripping. Additional
sample from the middle of the forehead was collected at the end of the work shift.

Results

Several variables affect removal efficiency of a contaminant, such as the type of adhesive layer
and tape, applied dose, deposition time on the skin, tape adhesion time, and the number of tape
strippings. Fixomull®- tape was the best performing tape and a single sampling with it removed
85% of the TPGDA and 63% of the TPGDA in UV-coating at exposed skin sites with good
accuracy[2].

Skin exposure was found on 16 of 23 workers at 6 of the 7 workplaces, and from 36 (5.4%)
of the 664 sampl es taken from the hands and the foreheads of the workers. Skin contamination
could be found from all the measured skin sites and at all measuring moments during the work
shift. The average TPGDA mass on the positive skin samples (n=36) was 30.4 ug and for the
first and second round it was 30.6 pg and 28.3 ug, respectively.

No statistically significant differences were found at skin contamination levels within two
distinctive worker groups — controllers, who handle acrylates frequently during work shift, and
the other workers.

Based on the questionnaire on average 79 % of the workers had found UV -coatings from
their skin more than once within aweek. Working clothes had been found to be sticky due to
contamination with UV -coatings at 45% of the caseq[3].

Discussion

Several variables affect dermal exposure and therefore the method to be developed for
measuring purposes have to be selected based on the properties of the specified chemical.
Factors such as vapour pressure, lipid/water solubility, exposure time and behaviour of the
substance on the nonviable epidermis (stratum corneum) can guide the scientist. Type of
industry or occupation as well as work tasks are factors that can also affect the selection of the
method —i.e. the sampling should not take too long time. To find the optimal tape for
measuring skin exposure several critical factors have to be considered and tested of which
removal efficiency isof great importance[2].
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Several factors were found to impact on workers dermal exposure to the studied acrylate
compound, such as job activities, work experience, personal habits and hygiene, use and type of
protective measures as well as attitude towards them, type of operation, and engineering of the
workplace][3].

Study design and sampling strategies play important role in order to map the actual dermal
exposure and in order to be able to incorporate statistical methods to aid in dermal exposure
assessment.

Conclusions

For industrial chemicals, no substantial data on dermal exposure are available. The large
number of samples collected from the skin together with questionnaires to the workers provides
detailed information about the workers dermal exposure to acrylates. This study provides the
first overview of the dermal exposure in wood working industry, indicating that skin exposure
happens on adaily basis and that thereisarisk for harmful skin exposure which may lead to
alergy.

From the results could be concluded, that the devel oped tape sampling method is well fitted
for screening purposes — both at high and low levels of contamination and in different
occupational settings.

The tape sampling method provides a powerful tool to quantitative assessment of skin
contamination to acrylates. Tape sampling is applicable for investigation of skin contamination
to many compounds with low vapour pressure, but need to be validated for each purpose.

Thereis great need to develop dermal exposure assessment methods for other industries and
occupations where harmful dermal exposure takes placeg4]. Further studies are warranted to
devel op methods for monitoring skin exposure to other allergens and hazardous compounds,
such as oxidative hair dyes known to cause significant skin problems (hand eczema) among
hairdressers.
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I ntroduction

Dermal exposure to hazardous chemicalsin the workplace is an important occupational hygiene
issue and agrowing field of interest to health professionalsin both occupational hygiene and
dermatology. Methods devel oped to measure the quantity of chemical contaminants deposited
directly on the skin under occupational or experimental conditions include the use of passive
exposure patches, clothing, skin swabs, liquid rinses, and tracers. While these direct methods
for measuring dermal exposure provide information on the mass of a chemical contaminant that
has been deposited on the skin, they fail to relate the amount of contamination on the skin to the
amount actually absorbed into and through the skin and consequently made available for the
uptake by the body (total body dose). We have further developed and evaluated a non-invasive
tape stripping method of the stratum corneum using adhesive tape to determine the amount of
naphthalene as a marker for dermal exposure to jet fuel.

Materialsand M ethods

Two sites on the ventral surface of each arm (four sitestotal) on 22 subjects (11 femalesand 11
males, age 33 + 9 years) were exposed to 25 l of jet fuel (JP-8). There were four sites
corresponding to 5, 10, 15, or 20 min of JP-8 exposure. For al subjects 5- and 10-min sites
were on the right arm and the 15- and 20-min sites were on the left arm. A control tape-strip
sample was collected from an unexposed site on each wrist for GC/MS. Five sequentia tape-
strip samples from an unexposed site were collected from 12 individuals for keratin analysis.
In addition, keratin samples (five sequential tape strips) from sites exposed to 5, 10, 15, or 20
min of JP-8 were collected from three individuals. JP-8 was applied neat, nonoccluded, using a
mircopi pette and the application chamber. After the desired exposure time elapsed, adhesive
tapes (Cover-Roll™, Beiersdorf AG, Germany), precut to 2.5 cm x 4.0 cm, were applied to the
exposed site and removed after a two-minute adhesion time. The samples were extracted with
5 ml of nanograde acetone containing 20 pl of 25 pg/ml naphthalene-d8 as an internal standard
and analyzed by chromatography/mass spectrometry.

The amount of keratin protein was determined from separate samples, collected in asimilar
manner as the samples for naphthal ene analysis, by extracting the samples in a buffer and
quantified using a modified Bradford Method (Amresco™, Solon, OH). A standard curve was
obtained using human keratin (Sigma, St. Louis, MO). Confirmation of the extraction of
keratin was verified by western blotting using a monoclonal mouse anti-human cytokeratin
antibody (Dako™ Corporation).

The study was approved by the Institutional Review Board on Research Involving Human
Subjects, School of Public Health, the University of North Carolina at Chapel Hill.
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Results

The average amount of naphthalene collected on the first tape strip at the 5-min site was 21,550
ng (12.4 pl JP-8) and decreased to 242 ng (0.14 pl JP-8) at the 20-min site. The average
amount of naphthalene collected on the second tape strip decreased from 147 ng (0.08 pl JP-8)
to 22 ng (0.01 pl JP-8) from 5 to 20 min. The total amount of naphthalene collected with two
sequential tape strips ranged from 21,697 ng at the 5-min site to 265 ng at the 20-min site.
There was no significant difference between males and females, age, ethnicity, or skin
pigmentation at the significance level of 0.05.

For unexposed sites, the average amount of keratin removed by the tape strip varied from 44
ug for the first tape strip to 22 ug for the fifth tape strip. The amount of keratin removed by a
tape strip decreased with sequential tape stripping. There was a no significant difference in the
removal of keratin per tape strip between sex, age, ethnicity, or skin pigmentation at the
significance level of 0.05. For the exposed sites, the average amount of keratin varied from 43
ug for the first tape strip to 22 ug for the fifth tape strip. There was a no significant difference
in the removal of keratin per tape strip between the different exposure times at the significance
level of 0.05. The correlation between the removal of keratin per tape strip from unexposed
and exposed sites was 0.6 for the first tape strips and 0.9 for the second tape strips.

Discussion

After asingle tape stripping from the stratum corneum there was a rapid decay and/or removal
of naphthalene after a single exposure of compound over a twenty-minute exposure. A second
tape strip demonstrated subsequent penetration of the stratum corneum by naphthal ene.
Although no significant differences were observed by amount of keratin removed with samples
evaluated thus far, larger population studies may show factors which might influence the
amount of stratum corneum removed via tape stripping.

The techniques devel oped may have awide range of applications from determining the
actual amount of compound absorbed into the skin, assessing exposure in field studies,
development of better models for the prediction of exposure, and determining risk. In addition,
normalization of atape-strip sample against keratin may prove to be required for future
determination of keratin adducts per unit amino acid residues.
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I ntroduction

Traditionally contamination, especially skin contamination has been evaluated during work
operations by three different methods:

1. By fixing tags of fabric or special paper to the object studied

2. Taking samples directly from the surface studied

3. Using fluorescent whitening agent, FWA

While using the tags there is a supposition of even amount of the studied agent on the larger
area around each tag. On the other hand tags can be fixed onto such places where the
contamination is supposed to be greatest, and thus get the estimation of worst possible
contamination. This method is, however laborious and needs always chemical analysis.

The sample can also be taken directly from the surface studied, for example the
contamination of hands can be studied by washing hands using water-alcohol mixture and by
wiping from the other parts of e.g. body. The method how to wash the handsis al'so
standardised. This method also supposes that all 100% of the agent can be washed and wiped
from the surface.

Some agents which are wanted to be studied are fluorescent by themselves. In that caseif we
want to estimate how great the contamination of some surfaceis, we need only fluorescent light
and a calculation method to evaluate the amount. However, most of the liquids of interest are
not fluorescence. Therefore FWA must be added to the liquid in interest.

Some methods to use fluorescence tracer to eval uate contamination have been introduced
since 1989 (e.g. Fenske et al.) but these methods and equipment are quite expensive, not
suitable for field studies and the error of the estimation has been reported to be even +70%.

New method

The goal of our project was to develop a new method using FWA. It should be portable, sheep,
and fast to use. It means that the equipment should be as simple as possible and the calculation
method to estimate the contamination should be able to compensate the simple equipment. At
the beginning of the project the minimum demand was to be able to calcul ate the area
contaminated, but soon we found out that also the amount of the tracer could be calculated
quitereliably.

The hardware of the system consists of two ultraviolet tube lamps, digital camera (3,4
megapixels resolution) and an effective PC computer. The software has been done by using
Matlab® application software.

The areawhich isilluminated by only two lampsis not even. It means that the intensity of
the same tracer spot is different in different places of the illuminated area. Therefore, the effect
of the uneven illumination must be corrected by calculation. The calibration of the illuminated
areais done by taking digital pictures of known tracer spot in different places of the illuminated
area and then calculating a correction surface for the area. In fact, this means that we can use
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many kind of illumination conditionsin this method, if needed. Including thisillumination
calibration we also need dimension calibration. It is done smply by marking to the illuminated
area a known unit of measure.

Digital cameradivides the picture into pixels, in our case into 3,4 million pixels. Adding
together the number of the fluorescence tracer pixelsin the picture we get the contaminated
area. The intensity of the fluorescence tracer spot is also not even. So, every pixel in the tracer
spot area can get a different intensity value according to how much fluorescence tracer thereis.
Adding together these intensity values the amount of the FWA can be calculated also.

In the taken picture of the studied surface can be some other than fluorescence tracer spots.
These not interesting spots or areas must be eliminated from the picture before calculations. All
colours can be divided into three components, red, green and blue (RGB). Wedid useasa
contamination surface pure white cotton (cotton is the most common material of overalls used
at worksites). In our case, we found that when using the green component of the picture taken
from the contaminated white cotton fabric, even if there were other than tracer spots (e.g. dirt,
used ail...) the tracer spot could be thresholded very effectively from the background. The other
possibilitiesin our software isto use other two (red or blue) colour components or grey scale
thresholding.

Results

In the laboratory experiments several tests were done by using different spot volumes. Also
blindfold tests were done so that the person who made the measurements did not know the
volumes of the spots. In these tests the relative error was less than 10%.

One demand for this system was to be able to useit in field conditions. So, in summer 2000
we installed the lamps into a van, installed the program into alap top computer and used the
system in a study "Exposure to and health effects of chemical and biological agentsin
mechanical wood harvesting”. The FWA was mixed into the harvester chain oil and pesticide
tank, respective. The operator was dressed by awhite cotton overall. After the working period
the overall was undressed and hanged evenly on to the illuminated area of the lamps. The
photos were taken and the analyse could be done in some minutes.

Conclusions

The analysing system proved to be accurate enough. It also fulfils the demand of the standard
EC 91/414. It is easy to use and the whole system proved to be very easy to use a'so in the field
conditions, even in forestry.
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Exposure modeling of risk factors for muscul oskeletal disorders of the upper extremities allows
for possibility of defining the multifactorial dimensions of exposure, or the inclusion of

multiple variables into an index. Modeling can be based upon a priori definitions (1),
pathomechanisms (2, 3), or statistical methods (4, 5). Factor analysisis atechnique used to
understand the relationship of the structure of variables (6).

It isthe aim of this study to use previously defined exposure models and to assess the
association of musculoskeletal symptoms of the upper extremities. The two exposure models
were defined using factor analysis. Thefirst index islabeled ‘ physical work load’ and was
constructed by Torgén using this same data set (7). The second index was constructed by
Ostlin to assess physical strain at work (8).

Materials and Methods

Subjects. The study group consisted of 225 females and 211 males below the age of 59 yearsin
1993 (4). Exposure. The PWL (physical work load) index was divided into three exposure
levels, separately by gender. The PSAW (physical strain at work) index was divided into four
exposure levels. Both indices were based on the subject’ swork in 1993. Outcome. Data
concerning regional musculoskeletal symptoms in the upper extremities using the Nordic
Muscul oskeletal Questionnaire (NMQ) were collected and included the elbow and hand/wrist.
The reports of symptoms at twelve months and in the last seven days were used (9). Three
upper extremity diagnoses were constructed based on the report of symptoms by interview and
physical examination. The three diagnoses were Carpal Tunnel Syndrome, Epicondylitis and
Tendinitis. Statistical Analysis. All datawere analyzed using SASv.6.12. The prevalence of
muscul oskeletal symptoms in the upper extremities were studied and prevalence rate ratios
(PR) and 95% confidence intervals (c.i.) were calculated.

Results

The one-year prevalence of symptoms was higher than the one-week prevalence for both body
regions (elbow: 22.5% vs. 10.8%, hand/wrist: 24.3% vs. 10.3%, respectively). Symptoms were
generally higher in women than in men. The highest prevalence among the diagnoses was
Epicondylitis (10.3%), followed by Tendinitis (4.8%) and Carpal Tunnel Syndrome (4.5%).

All diagnoses were more prevalent in women than in men. Table 1 presents PR and c.i. for
each exposure model and regional musculoskeletal symptom. Table 2 presents PR and c.i. for
each exposure model and diagnosis.
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Table 1. Prevalence ratios and 95% confidence intervals for regional muscul oskeletal
symptoms based on exposure modeling.

Elbow Hand/Wrist

PSAW 12 months 7 days 12 months 7 days
Low 1.00 1.00 1.00 1.00
Low-Medium 1.29(0.83-1.98)  1.09(0.56-2.15)  1.26(0.84-1.89)  2.22(1.04-4.71)
High-Medium 1.42(0.86-2.34) 1.90(0.97-3.70) 1.02(0.61-1.72)  2.73(1.24-6.01)
High 1.38(0.80-2.39)  0.78(0.28-2.20)  1.19(0.70-2.03)  3.41(1.56-7.45)

PWL 12 months 7 days 12 months 7 days
Low 1.00 1.00 1.00 1.00
Intermediate  1.06(0.65-1.73)  0.99(0.46-2.13)  1.05(0.66-1.67)  1.59(0.64-3.96)
High 1.76(1.16-2.67)  1.80(0.94-3.43)  1.60(1.07-2.39)  3.64(1.74-7.61)

Table 2. Prevalence ratios and 95% confidence intervals for muscul oskeletal diagnoses based

on exposure modeling.

Carpa Tunne Tendinitis Epicondylitis
PSAW Syndrome
Low 1.00 1.00 1.00
Low-Medium 2.68(0.90-7.99) 0.85(0.21-3.41) 1.06(0.49-2.30)
High-Medium 1.76(0.44-7.11) 2.14(0.72-6.40) 1.69(0.78-3.65)
High 2.25(0.57-8.92) 3.33(1.19-9.29) 2.36(1.14-4.89)
Carpal Tunnel Tendinitis Epicondylitis
PWL Syndrome
Low 1.00 1.00 1.00
Intermediate 6.52(1.13-37.55)  1.71(0.40-7.27) 1.20(0.56-2.57)
High 9.93(2.04-48.32) 4.32(1.39-13.42) 1.80(0.91-3.55)
Discussion

Both exposure indices were associated with symptoms and diagnoses of muscul oskel etal
symptoms of the upper extremities. The PSAW index was more consistently associated with
both types of outcomes. In many cases, the results suggested a dose-effect relationship. Ina
previous study by Ostlin, muscul oskeletal disorders were studied as a group and there was a
greater prevalence of these disordersin the higher exposed group (10). The PWL consistently
demonstrated an association at a higher exposure level. The associations were stronger than in
the PSAW index, and greater when based on diagnosis rather than symptoms.

The use of factor analysis as an exposure modeling method iswell established. Two
exposure indices previously constructed using factor analysis were used in this study. These
indices have not previously been applied in studying regional muscul oskeletal symptoms and
disorders of the upper extremities. In many epidemiol ogic studies of musculoskeletal disorders,
the researcher is confronted with the issue of modeling physical exposure. Often, these
exposure models are not reapplied in subsequent studies or in different settings. This study
demonstrates the potential for utilizing findings of other researchersin similar or new settings.
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Theterm “exposure’ has suffered from inconsistent and confusing usage in many fields
including environmental and occupational health sciences (6). The concept of ergonomic
exposure has also been difficult to define. There have, however been a number of ergonomic or
physical exposure models presented (1, 2, 5). The aim of this paper isto present a model that
addresses current concerns about exposure, unifies a variety of physical/ergonomic exposures
and includes the concept of human behaviour.

Ergonomic Exposure Terminology

To avoid adding to the confusion about exposure terminology we will explicitly define our
terms prior to describing our model. When possible we will use terms and definitions from the
exposure analysis literature (6). The concept of exposure, in the most direct sense, involves the
contact between an agent and atarget. In our proposed model, (see Figure 1) we consider the
target to be biological or human tissue(s) and the agent to be force. Environmental source we
define as any physical entity (including gravity) that aworker comes in contact with. Human
contact therefore is any and all contact between the worker and the environmental source(s).
The behavioural concept of work strategiesis defined asthe *way’ aworker chooses to perform
tasks that involve contact with environmental sources. We can refer to potential dose as the
amount of agent potentially available to interact with the target. Transmission and
transformation refersto the transfer of the agent (force) through various tissues to the target
and any changes that may occur during this transfer. The concept of dose involvesthe
quantifying the interaction of the agent and the target, which we will call internal dose. Injury
mechanisms are any processes that result in tissue damage as a result of the agent’ s interaction
with the target tissue. Effect/biomarker refersto any observable outcome of theinjury
mechanism(s). The natural history of the disorder represents any and all processes that
perpetuate the disorder to a point where it is recognisable and early expressions of injury can be
observed. Health outcomes are the actual diagnoses of the injuries.

Ergonomic Exposure M odel

The proposed model is described in a manner that is consistent with inhalation, dermal and
ingestion exposure models, (3, 6). The model focuses on a single agent: force. While force may
not be the only agent in ergonomic epidemiology we suggest it iskey (4). Therefore by
definition there can be exposure if there is human contact with something in the environment
which resultsin force(s) on the target(s). That something could be aweight to be lifted, a chair
to sit in, a computer mouse to manipulate, or a vibration from a hand held tool or simply
gravity. It may even be that the mgjority of force is produced solely from within the target when
contact is made with a computer mouse or keyboard, Table 1.

The proposed model allows discussion of awide range of physical exposuresincluding hand
arm and whole body vibration, manual and office work scenarios.
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Table 1. Two Examples of Ergonomic Exposure Processes and Indicators
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Figure 1. An ergonomic exposure model, details explained in the text.
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The estimation of occupational exposures requires valid estimation of both task duration and
task-specific exposures. Exposure assessment becomes more complicated as the number of
tasks increases and as the exposures within each task fluctuate more over time. We propose that
these two features of ajob determine the “job routinization level.” To characterizeajobin
these terms, the analyst needs to determine, first, whether aworker performs one or multiple
tasks; and second, whether the tasks involved are routine or non-routine. A task is here referred
as “routing” when it is performed regularly and has no or few variable work elements, so that
the frequency of occurrence, total work cycle (task duration), and type and intensity of stressors
(task exposure) are al relatively constant. “Non-routing” tasks may entail variability in either
task frequency, duration, or task exposure; there may even be a significant proportion of time
in-between tasks. The aim of this paper isto present a classification system of the continuum
of routinization in modern work that can guide the devel opment of exposure assessment
strategies.

Methods and Study Population

A fixed cohort of about 1200 automobile manufacturing workers has been under follow-up
since 1992 (1) to study upper extremity musculoskeletal disorders and ergonomic exposures.
At baseline, occupational exposure to ergonomic stressors was assessed both by interview
(psychophysical items used to construct a primary exposure index) and by direct observation
with a standardized checklist. The checklist was designed for analysis of tasks with relatively
fixed frequency and duration, and with the assumption that the work cycle could be observed
multiple times as needed to capture each exposure dimension. Jobs with multiple routine tasks
were handled by computing time-weighted average exposures. About 10% of the study
subjects were not observed because their work was highly variable (table 1). At the one-year
follow-up, psychosocial strain was assessed with the Karasek-Theorell Job Content
Questionnaire (JCQ).

At the six-year follow-up, preliminary observations and discussions with plant personnel
showed that substantial changes in production technology had occurred, with attendant work re-
organization. Previously most of the cohort members had held highly routinized jobs, which
were relatively easy to analyze using the checklist for assessment of (each) short-cycle task.
However, alarge number of subjects were now employed in jobs with more varied tasks and
content. It became clear that the previous checklist would no longer serve for the entire range
of jobs from classically routine (short cyclic) to extremely non-routine, such as the tending of
automated processes.

Using the criteria of task frequency and duration and task-specific exposures, we developed a
set of five categories of routinization that cover the possible combinations of routine and non-
routine tasks within any given job (table 1). A second checklist and sampling strategy were
developed for non-routine tasks, involving the analyst’ s integration of multiple elements of a
long task (2) so that al observations could be made during a single performance of the task.
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Table 1. Automotive workers observed at baseline and six years, by routinization level

Routinization Category 1992: 1998:
# workers (%) # workers (%)
1: single routine task 318 (50%) 142 (19%)
2: multiple routine tasks 251 (40%) 142 (19%)
3: mix of routine and non-routine tasks - 150 (20%)
4: single non-routine task - 148 (19%)
5: multiple non-routine tasks - 185 (23%)

The routinization categories were developed to guide job analysis, not necessarily asindicators
of exposure. However, there was atrend of increasing job control, as defined by the JCQ scale,
with increasing level of routinization (table 2).

Table 2. Changein ergonomic exposure index (psychophysical data, range 0-25) from baseline
to 6-year follow-up, and psychosocial characteristics (mean + standard deviation), for
automotive manufacturing workers surveyed in 1992 and 1998.

Routinization Number of Change in ergonomic Psychological Job control
category subjects exposure index demands

1 92 -04+6.3 51.6+4.3 58.7+ 85
2 81 -25+49 519+44 596+ 9.6
3 117 -13%£53 505+ 4.4 644+ 87
4 87 -24+£64 50.2+4.0 655+ 7.6
5 101 -38+£59 492+ 4.6 67.2+10.0

Discussion and Conclusions

The data obtained have some important limitations. Ergonomic analysis of non-routinized jobs
was time-intensive and not all jobs were fully observed, especially where there were occasional
(but high-exposure) tasks. In particular, non-routine tasks, because they vary from one
occurrence to another, must be observed more than once. However, since their occurrenceis
not always predictable, this can require the analyst to spend a substantial amount of time on the
shop floor waiting for these tasks to be performed. Thusit was logistically difficult to observe
infrequent and unpredictable tasks. Although the goal was to generate comparable data for
these jobs, calculation of a UE ergonomic exposure score for jobs with non-routine tasks
(categories 3, 4, and 5) till requires extensive data management. If the historical developments
in production technology could have been predicted in advance, we could have utilized at
baseline a checklist and a sampling strategy with broader applicability that were less dependent
on short-cycle work organization.

Increasingly, job rotation and tending of automated equipment produce complex work
organizations, in industry and service sectors. For estimation of occupational exposures, it is
important to employ a methodology and sampling strategy appropriate to the job routinization
characteristics of a study population. This requires advance evaluation of both the number of
component task(s) and the routineness of the task(s) in each job. It is recommended that
researchers explicitly characterize their study population in terms of job routinization level in
order to design an appropriate ergonomic exposure assessment effort.
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Hand-arm vibration syndrome (HAVS) is clinically defined as episodes of vasospasms
producing blanching, feeling of numbness and cold in the distal extremities (1). This syndrome
can produce changes in the vascular, neurologic, and osteoarticular systems and has been
associated with workplace exposure to prolonged use of vibratory tools and repetitive hand
trauma (1-3). The National Institute of Occupational Safety and Health estimated that 1.2
million Americans have vibration exposure, and that in selected populations symptoms of
HAV S may be highly prevalent (3).

In epidemiol ogic studies of workplace associated musculoskeletal disorders, exposure
assessments usually assume the exposure closely precedes the onset of the muscul oskel etal
disorder. Inthe case of HAVS, it has been suggested that the exposure has occurred over a
long time period (4). Littleis known about the association of cumulative years of risk factor
exposure and HAV'S, particularly in the general population (5).

The aim of this study is to assess the prevalence and association between cumulative
exposure to vibration and associated symptoms of HAV S among the general working
population of Stockholm County, Sweden.

Materialsand M ethods

Subjects. The study group consisted of 224 females and 211 males below the age of 59 yearsin
1993 (6). Exposure. Datainclude the present time, 5 and 10 years ago, and were based on
reports of “work with hand-held vibrating tools’ using a continuous visual analog scale. The
cut-off point for potential high risk was set at 40% or more of thetime. Outcome. Data
concerning present symptoms of HAV S during the last 12 months for at least 7 daysin arow
(unusual weakness or fatigue; hands falling asleep, loss of feeling or tingling; finger(s) turning
white when exposed to cold or moisture) were collected by interviewing the subjects.
Confounders. Age and the psychosocia variable work engagements were examined as
potential confounders. Statistical Analysis. All datawere analyzed using SASv.6.12. The
prevalence of HAV S symptoms were studied and logistic regression was performed in order to
simultaneously adjust for age and work engagements. Resulting odds ratios were converted to
adjusted prevalence ratios (aPR) using a binomial model with alogarithmic link (PROC
GENMOD, error=binomial link=log) with corresponding 95% confidence intervals (c.i.) (7).

Results

The prevalence of 'unusual weakness or fatigue' was 11.49% (15.63% among females and
7.11% among males). The prevalence of 'hands falling asleep, loss of feeling or tingling' was
18.16% (23.21% among females and 12.80% among males). The prevalence of ‘finger(s)
turning white when exposed to moisture or cold' was 12.18% (14.29% among females and
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9.95% among males). Adjusted prevalence ratios and 95% confidence intervals are reported in
Table 1.

Table 1. Adjusted prevalence ratios and 95% confidence intervals for HAV S symptoms based
on present, 5 and 10 years cumul ative exposure.

No. Hand(s) Hand(s) Asleep, Finger(s)
Exposed Weak(ness) Tingling/Numbness Blanching

Males

1993 exposure 18 1.60(0.78-3.27) 0.93(0.46-1.87) 2.69(1.63-4.46)

5-yr exposure 17 3.10(1.76-5.47) 1.68(0.96-2.92) 3.68(2.35-5.78)

10-yr exposure 16 3.99(2.33-6.84) unknown 3.71(2.31-5.95)
Females

1993 exposure 3 2.16(0.93-5.02) 1.77(0.77-4.09) 2.39(1.02-5.56)

5-yr exposure 3 2.62(1.12-6.13) 1.85(0.80-4.28) 2.52(1.08-5.89)

10-yr exposure 3 2.68(1.14-6.28) 1.86(0.81-4.31) unknown
Overall (adjusted for gender)

1993 exposure 21 1.85(1.06-3.22) 1.22(0.70-2.11) 2.66(1.73-4.07)

5-yr exposure 20 2.70(1.69-4.31) 1.67(1.05-2.65) 3.44(2.35-5.03)

10-yr exposure 19 2.82(1.78-4.46) 1.79(1.13-2.84) 3.47(2.40-5.01)

Discussion

In this study, symptoms of HAV S are associated with workplace exposure to hand-held
vibrating tools. The overall prevalence of tingling or numbness and blanching was similar to
that reported by Palmer, et al. in Great Britain for symptomsin the last 7 days (20.2% and
10.9%, respectively) (8). An association exists between vibration exposure and HAV'S
symptoms among the general population, which exhibits a dose-response; the association is
stronger as the time of cumulative exposure increases. A previous study demonstrated
vibration exposure was a dominant factor in devel oping vibratory white finger, similar to
HAVS (5). Theinfluence of vibration exposure increased over forty years. Inour study, a
similar trend was seen and involved all three symptoms of HAVS. While the strength of the
association appearsto differ among males and females, further research is needed in this area.
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Musicians at al levels of performance may experience health problems from the physical and
mental demands of their work (1). The most common complaints among musicians are

muscul oskeletal symptoms. Few studies have investigated the work environment, including the
physical and psychosocia factors, affecting music teachers (2). Music teachers working at
municipality music schools are exposed to a special work environment as they teach many
individuals ranging from compulsory school to secondary high school. Their work places are
often spread out at different locations throughout a large region, which means that they travel
many miles every day. Work also includes alot of lifting and handling of instruments. Since
music teachers educate and provide skills to future musicians, it isimportant to explore their
work environment. By acting as good role models, they may help their students stay healthy and
prevent musculoskeletal disorders. The aim of the present study was to investigate work place
factors as well as musculoskeletal discomfort and psychosocia work factors among music
teachers.

M ethods

A guestionnaire consisting of items from the standardised Nordic Questionnaire on

muskul oskeletal pain and discomfort and the Karasek-Theorell Questionnaire on psychosocial
work factors was mailed to all 23 municipality music schoolsin the northern region of Sweden.
The questionnaire also included additional items on playing habits, weekly amount of
performing and practice time, and perceived causes of symptoms and workload.

Results

Out of the 287 music teachers, 208 (72.5%) (88 women and 120 men) participated in the study.
An analysis of the dropouts showed that gender, age, length of employment, and major
instrument played did not differ for the respondents.

Of the total participants, 82% of the music teachers reported that they experienced
discomfort during the preceding 12 months. The highest prevalence was found in the neck
(59%), the shoulders (54%), and the low back (45%). Femal e teachers reported significant
more symptoms than male in the neck (p=0.019), the shoulders (p=0.02), the thoracic back
(p=0.000) and the feet (p=0.012). Results of musculoskeletal discomfort according to
instrument are shown in table 1. Factors that were believed to cause the symptoms were work
and playing postures (41%), practice time, stress (31%), hearing problems, (9%) and
environmental causes such as temperature and ventilation (5%). The rest claimed other causes
or had no opinion.
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Table 1. 12-month prevalence of musculoskeletal discomfort in music teachers, according to
instrument.

Instrument Neck (%) Shoulders (%) Low back (%)
Brass and woodwind (n=69) 59 55 41
Guitar (n=34) 59 71 50
Piano (n=43) 58 44 51
Violin (n=31) 58 58 45
Voice (n=18) 50 50 29

Table 2. Mgjor instrument played by the 208 music teachers.

Instrument Women (n) Men (n) Total (n)
Brass and woodwind 22 47 69
Guitar 6 28 34

Piano 26 17 43
Percussion - 10 10
Violin 17 14 31
Voice 15 3 18

Other 2 1 3

Total 88 120 208

Table 3. Characteristics of the population of 208 music teachers at municipality music schools.

Women (n=88) Men (n=120)

Age, mean (SD) 40.3 years (8.2) 43.9 years (10.1)
Job experience mean, (SD) 15.2 years (8.3) 16.7 years (9.5)
Full time/part time work > 50 % (n) 44 54

Part time work < 50 % (n) 44 63

Playing, work time, mean, (SD) 12.6 (7.8) 11.3 (6.8)
Playing, leisure time, mean, (SD) 4.3 (4.6) 5.6 (5.1
Schools per week, mean, (SD) 4.4 (2.4) 4.7 (2.6)

The psychosocial work was characterised by high demands, sufficient control, and good social
support. There were no gender differences. The teachers reported that they had to work hard
(76%), with high intensity (80%) and under time pressure (40%). The job required skills and
creativity (99.5%) but was repetitive (87%). The teachers felt that they had influence over what
and how the work tasks had to be done (99%). They also stated that the social support from
superiors (95%) and colleagues (95%) was good.

Half of the participants worked less than 20 hours per week as music teacher at a
municipality music schoal (table 3). The job was often combined with other jobs such as
church musician, musician in a symphony orchestra, or music teacher at the Music University.
Most of the teachers had four to five work places per week. The practice and playing time was
16.9 hours per week including work and leisure time.

Discussion

Muscul oskeletal pain and discomfort in the neck, shoulders, and back are common among
music teachers. The prevalence was higher among female teachers than male and also high
compared to the general population. The results of this study are in agreement with other
studies on professional musicians (3). The psychosocial work environment was fairly good and
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the teachers themselves believed that their discomfort was due to the work and playing postures
aswell astime pressure. This finding may indicate that further investigation of the work
environment is necessary. While the response rate of this study was somewhat low, it issimilar
to an other study among Canadian musicians (4). Another factor influencing the results may be
that pain and discomfort among musicians may be seen as a weakness, and therefore, the
teachers may not have wanted to reveal their health status. Individual structured interviews may
have been a better format for obtaining this information.

Conclusions

The work as music teacher was perceived as positive but with a high extent of muscul oskeletal
pain and discomfort. Further investigations should be targeted at exposure assessments of
ergonomic and physical factors such aswork and playing posture. Different approaches may be
needed to measure exposure among various instrumental groups.
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I ntroduction

The last decade has seen substantial advancesin linking outcomes of MSD (muscul oskel etal
disorders) with the combined contributions of biomechanica and psychosocial risk factors and
the work organization that underliesthese levels of risk. It isof great interest for prevention
strategies to identify easily identifiable economic characteristics of companies that might
indicate increased “ shop floor” MSD risk. The aim of this study was to explore several
categories of economic variable that might fulfill this function.

M ethods

The study analyzed data from the 1993 Dutch Monitor Study, consisting of interviews with
employersin 528 companies and questionnaires collected from random samples of their
employees (n = 7717). From the employee questionnaires, 4 psychosocial risk scales (Demands,
Autonomy, Skill Discretion and Social Support) and 4 biomechanical risk scales (Repetitive
Bend/Twist, Static Bend/Twist, Reach/Prolonged Postures, and Physical Exertion) were
constructed. A single item assessed employee perceptions of management action in health
matters. 8 MSD indicators included scales of: exhaustion, physical strain, combined MSD
symptoms, pain (3 measures: upper extremity, whole body, and low back), and 2 single items
[extended sick leave (>3 mo.) and partial disability]. The employer interviews provided 19
measures of company economic position in the market economy (see Figure 1). After
examining univariate relationships, multivariate linear models were explored at the company
level, to determine associations between these economic independent variables and the 17
employee-reported measures or MSD risk and MSD indicators. SPSS“Enter” procedure was
used. The number of significant (p<0.05) and near-significant (p<0.10) entries of the
independent variables into these 17 models were summed separately for positive associations
(increase in MSD risk or indicators) and negative associations (reduction in MSD risk or
indicators). These models were also stratified by 6 economic sectors. Food & Entertainment,
Wholesale, Banking & Insurance, Service, Industry | (Textile, Chemical, Electrical), Industry I
(Graphics, Metaworking).
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Figure 1. Associations between company economic variables and employee-reported MSD
risk factors and MSD indicators. Y -axis = number of times the economic variable
demonstrated a significant (p<0.05) or near-significant (p<0.10) entry in the 17 regression

models. Dark bars = increasein MSD risk or indicators. Light bars = reduction in MSD risk or

indicators.

The pooled sample of 528 companies showed both positive and negative associations for
amost all of the 19 economic variables (Figure 1). However, the economic measures can be
divided into 3 groups (Table 1): those that predominantly are associated with increased levels
of MSD risk and indicators, those predominantly associated with decreased levels, and those
with mixed associations that vary by sector (or demonstrated too few entries to generalize).

Table 1. Economic factors grouped by predominant effect.

Increase Risk/Indicators

Decrease Risk/Indicators

Vary by Sector/too few

Poor Economic Position
Supply Problems

Poor Competitive Position in:
Summary measure

Prices

Quality

New Products

Prices. Unpredictable
Unpredictable Demands for:
Terms of Delivery

Prices. Rising or falling
Rising Demands for:
Summary measure

New Products
Unpredictable Demands for

Quiality

Problems getting workers
Rising Demands for

Quiality

Terms of Delivery
Unpredictable Demands for:
Summary measure

New products

Stratification by sector revealed substantial sector-specific differences. For example:
1. “Problems getting workers’ was protective in the Wholesale and both Industrial
sectors, but it was detrimental in the Banking/Insurance and Service sectors.
2. Incontrast to the other 4 sectors, any change in market prices (even if unpredictable)
was protective in the Banking/Insurance and Service sectors.
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Even within sectors, variation in association was aso observed depending on the type of
dependent variable. For example, in the Wholesale sector, employer reports of a poor
competitive position with respect to prices were associated with increased psychosocial
stressors but decreased body pain measures.

Discussion

The identification of company-level economic indicators of MSD risk factors and MSD
indicators experienced by employees appears to be a very complex undertaking. Economic
measures proposed in this study as potential indicators demonstrated mixed positive
(detrimental) and negative (protective) associations. The strength and sign of associations
between economic “exposures’ and these outcomes depends on several variables: the sector of
the company, the class of outcome explored (employee-reported MSD risk factor or MSD
indicator), and even differences within these classes (e.g., biomechanical or psychosocia MSD
risk factor). It seemslikely that the meaning of the measures varies by sector and by context.
For instance, we had hypothesized that unpredictability would show generally detrimental
associations with the outcomes. Thiswas generally true for unpredictable changes in market
prices (with the exception of the striking reverse association in the Service sector). But
unpredictable changes in market demands for quality were strongly associated with
improvementsin MSD risk and indicators. Likewise, rising demands showed generally
protective associations with outcomes if they were demands for new products, but this
association was reversed if the rising demands were for improved terms of delivery.

This research provides hypotheses for economic indicator measures and some of the
covariates that must be measured to interpret their meaning. More research is required to make
these meanings more precise and to generate measures that would be useful in directing
prevention efforts towards particular companies.

Conclusion

The identification of company-level market position measures that would be useful in
indicating companies at risk for higher MSD incidence is a complicated endeavor. Some
measures showed fairly consistent associations with increased MSD risk and MSD indicators:
poor economic position, supply problems, poor competitive position, and unpredictable market
price changes. Another set of measures was generally associated with improved conditions, as
reported by employees: rising or falling prices, rising demands for new products, and
unpredictable demands for quality improvements. But other measures showed both detrimental
and protective associations, depending on sector. Directions for further research are presented.
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This project isareview of the existing literature on stress and immune system effects with the
purpose of identifying biological measures of stress feasible for use in occupational or
population health studies.

It was while reviewing the literature on immune system and hormonal measures that it first
became apparent that a distinction must be made between acute and chronic stress. For
example, lymphocyte stimulation assays are consistently decreased with exposure to chronic
stress but there is no such consistency with exposure to brief, acute stressors. It isimportant to
consider the relationship between acute and chronic stress. Does the acute stress response
become chronic under the influence of repeated acute stressors, factors such as long-term loss
of personal control, or "inappropriate" responses to acute stressors (i.e. 'biological embedding’)?
Or, do chronically-stressed persons become adapted to their life stressorsin such away that the
stressors themselves stop having a biologic effect or do they stop perceiving their stressorsto
be stressful ? We hypothesize that biological embedding leads to subtle, long-term changesin
endocrine, hemostatic, and immune system function even if individuals have seemingly
accepted the conditions of their lives. This review was restricted to studies examining immune
system changes in persons exposed to chronic stressors.

M ethods

We have previously proposed criteriafor an ideal chronic stress marker (1, 2): it should be
associated with stress, should have a half-life of months to years, and should have awell-
defined distribution in the general population. In addition, when reviewing the literature for
potential candidates the following criteriawere used for evaluation: 1) consistency - hasit been
associated with stress in more than one study by different researchers studying different groups,
2) isthere a dose-response relationship between the measure and stress, 3) isthe odds ratio or
risk ratio greater than 2.0 and statistically significant, 4) the stress occursfirst, followed by a
change in the parameter, 5) biological plausibility of the measured change, 6) isthe analytic
method sufficiently sensitive to measure the substance in al subjects, 7) is the distribution of
cofactors such as gender and age understood?

In addition to the above criteriaimmune system measures provide some unusual conceptual
and analytical issues. First isthe problem that the most accessible portion of the immune
system, the blood, probably does not represent what is happening in the remainder, and
considerably larger portion, of the immune system: areas such as lymph, spleen, thymus, bone
marrow, tonsils, etc. And, in addition isolating cells for analysis and this may alter their
membranes, activity or cell status because of the change from their native milieu.

Sample collection and analysis issues are dightly different for some immune measures than
the usual workplace or population measures. Assays such as cell stimulation assays that require
live, unstressed cells have severe restrictions on the amount of time that can elapse before
analysis can begin. Many analyses are also very labour intensive, time consuming and
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expensive; which will limit the population size that can be studied. Of even more concernis
that, for most of the immune measures reviewed here, there is no gold standard method or any
alternative.

Interpretation of the findings from immune assays is the third area of concern. Typically
findings of a statistically significant change in immune system parameters are interpreted as if
the physiological system is not functioning appropriately. But, the immune system is till
largely a‘black box’ and the clinical/health importance of statistically significant changes
found in some research studiesis not clear. Nor isit clear what illness condition might occur as
aresult of the measured change in an immune parameter. It is possible that a given changeis
normal fluctuation or that the failure to find a significant change in a parameter may occur
because the change occurred in a compartment of the system that is not reflected in the blood.
The added complexity of psychoneuroendocrine interactions makes interpretation difficult and
subject to dispute. Lastly, theill effects we are trying to describe may be caused by numerous
small changes that 'sum up' to produce disease.

Results

Comparing studies for this review was difficult because studies differed in techniques used,.
parameters measured, or had missing parameters or incomplete parameter description.

Ennumeration Assays Thiswas a difficult section to review because the cell surface markers
used to label the cells are not always clearly described and, as knowledge has grown, markers
have changed. The methodology is now automated and analysis must begin within 3 hours of
sample collection. Population studies are all based on pre-marker technology and the findings
are not transferable to marker-based analytic methods. There does not seem to be any consistent
associ ation between any specific cell type/marker and chronic stress (3).

Cell Activity Measures The analytic methodology is very labour intensive and time from
sample collection to the start of analysisis critical. When studies are restricted to chronic
stress, lymphocyte stimulation assays show a consistent decrease in those who are stressed or
an increase with stress-relieving techniques (3). Studies measuring natural killer cell activity do
not show the same consistency in findings (3).

Immuoglobulins and Complements Analytic methods are well established and automated
medical laboratory procedures, and population distributions are well understood. Thereis no
support in the literature for an association between the complements and stress (3). There are
very few studies that examined an association with immunoglobulins and results are mixed (3).
One of the few to find an association (4) may show why other studies have failed to find an
effect; the difference in the mean 1gG level between the top and bottom stress categoriesis
extremely small and only analyses with alow technical error can detect differences.

Cytokines Of all the molecules that have been identified asimmune system signals only
interleukins, interferons, and tumour necrosis factor have been examined in the context of
chronic stress. Results are mixed (3), possibly because at least some have circadian rhythms (5)
and the cytokines are present at such low concentrations that many subjects do not have
detectable levels. Interleukin-6, currently being examined in work stress (6) and over-trained
athletes (7) shows some promise as an immune measure of stress.

Antibodiesto Latent Viruses It is hypothesized that chronic stress down-regulates the
cellular immune response and the literature does show significantly increased levels of latent
virustitres in subjects under chronic stress as compared to those who are not (3). An anti-stress
intervention has also been shown to decrease levels (Esterling 1992).

Response to Immunization It was theorized that people undergoing chronic stress would be
slower to respond to immunization. The most difficult problem in using this measureisto
identify a novel antigen for the population being studied. And, testing requires repeated
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samples which increases costs and may lead to sample attrition. There are only afew studies
but most have showed a delayed response to immunization (e.g. (8, 9)) but further research on
larger populations is needed (3).

Conclusions

Only three immune system measures have literature support: lymphocyte stimulation assays,
antibodies to latent viruses, and response to immunization. Unfortunately the methodol ogy for
lymphocyte stimulation assays is not practicable for alarge survey and it might be difficult to
identify a novel antigen for an immunization response test.
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I ntroduction

In the car body-sealing department at a large automobile plant in Sweden, a re-organisation of
the work from lineout to line production was performed to meet the requirement to increase
production capacity and quality (1, 2). A team organisation with short-cycle production targets
was created to fulfil the goals, and in that process the company aimed at a broad-based
participation. The new production system was planned to lead to rotation between work tasks,
increased work contents and better ergonomic conditions.

The aim of the present study was to compare the results from the two data collection
methods used in the study.

Methods

The study started in the spring 1997. During the summer holiday the same year the line
production system was installed. The process of change was followed until the spring 1998,
when the workers had got used to the new production system. Circa 90 operators, more than
half of them females, were employed at the car body-sealing department at the time when the
study started.

Information about the psychasocial working conditions were collected both by use of
guestionnaire and interview. The questionnaire-based information about the psychosocial
working conditions was collected before the line production system was installed, in the spring
1997, and in the spring the next year, 1998. Seven questions were analysed in the present study,
covering the areas of mental demands, control, stimulation, emotional climate at work and
social support from colleagues and superiors. They were combined into indices and
dichotomised at the 75™ percentile. Differences between the answers before and after the
implementation of change was calculated. The questionnaire also covered physical working
conditions and health problems. That information have been analysed and presented elsewhere
(2). The response rate was 87 percent at the first occasion (78 of 90 distributed questionnaires
were returned). At the second occasion, 74 percent of those who answered the first
guestionnaire returned a second one. The responses from these 58 persons, 33 women and 25
men, were analysed. Structured group interviews, focused on psychosocial working conditions,
the implementation of the changed production system (presented el sewhere (3), were performed
by two psychologists at the same periods as the questionnaires were distributed. The
psychosocial themes in the interviews the same as in the questionnaire. In these interviews, 25
randomly selected operators from 4 teams of operators participated. The interviews were taped.



Table 1. Prevalence of different psychosocial exposures

before and after the change Results

When comparing the

(Tgss) 1998 operators’ view of the
Low occupational pride 42 56 psyChQSOCIaI working
High demands 27 26 conditions before and after the
Low stimulance 37 55« implementation of the new
Poor emotional climate 31 43 production system, many had
Low control 29 90" experienced deterioration. The
Poor social support from superiors 13 42* increase of operators who
Poor social support from colleagues 16 16

experienced low possibilities
to control their work was
threefold, from nearly thirty percent to ninety percent. Low stimulation at work was reported by
circathirty-five percent before the implementation of the line production system, and by fifty-
five after the implementation. The proportion of subjects reporting poor social support from
superiors was more than three times higher in 1998 than 1997.

In the interviews it was obvious that the experience of demands in work had increased after
the implementation of the new work organisation. The operators were also more bound to their
work place than before, and it was hard to get replacements when they needed to go to the
bathroom and such things. In case of emergency, an operator had to stop the whole line, causing
everyone working at the line an involuntary break in the work. Several workers expressed
experiences of being "robotised”. Earlier, it had been possible for apair of operatorsto decide
when to start with a new car body, to work hard for awhile to be able to take a break later in
the day. In the new work organisation this was not possible, which increased the feelings of
having less control over the work. The possibility to influence work was much smaller after the
implementation of the new work organisation, both because of the line and because of the
fragmentation of the job tasks. Before the change, each operator sealed a half car body that took
circa 30 minutes. After the change, the sealing tasks had been divided in several, causing the
work cycleto be aminute, or less than a minute, to be compared with the former 30 minutes.
The occupational pride had been reduced because the work had been a hard one to learn before
the change. The training period had been aslong as six months. After the change, it was
possible to learn just asmall part of the former job task in only a couple of hours, something
that many operators experienced as degrading. The teams were in general satisfied with the
support they gave each other, but because many operators had been employed lately, the job
rotation had not been implemented as planned (no time for training the new), something that
many operators was disappointed with and that caused hard feelings between "old" and "new"
operators. The new work organisation did interrupt old work pairs of operators, something that
many operators had dreaded beforehand, and even if they did appreciate the new work teams,
many still miss the relation they had with their old partner. In general, there was afeeling that
the emotional climate had deteriorated. In the teams, there was a common feeling that there was
no support from the superiors. They did not listen to the operators, did not listen to their
suggestions of improvements, did not give information about decisions taken by the
management that had impact on the operators work and so on. This may partly be explained by
the new work organisation, where the superiors can't be present to the same degree as before
the change, but also by the fact that the operator can't |leave her/his place at the line to search
for the supervisor. In the new system, the operators shall indicate that they want to have contact
with a supervisor by asignal system, that indicates on a display where and which problem that
has occurred.

*=gtatistically significant difference between 1997 och 1998
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Conclusions

The information collected by questionnaire and interview was partly the same, but partly
complementary. Some of the results from the questionnaire were easier to interpret when
adding the information from the interview, where it had been possible to ask subsequent
guestions. In the interviews, the operators were very explicit with why they were experiencing
for example feelings of reduced occupational pride or lack of control over their work situation.
Another thing that came up in the interviews was that the more experienced operators, with
long employment time, had had previous negative experiences of implementations of changes
within the company. Their view of the company's general way of implementing changes was
that, regardless of what has been planned, changes are implements in a hectic and unstructured
way, that makesis very hard for the operators to participate with their knowledge and
experience. Such information is hard to receive by use of questionnaire, and our conclusion is
that we gained alot by using both questionnaire and interview as data collection methods, even
thus the interview method is much more time consuming, both for the researchers and the study
participants.
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I ntroduction

Efficiencies for the accurate assessment of occupational exposure have been suggested for
task-based (TB) in comparison to full-shift (FS) methodologies, especially in cases of high
variability in time-at-task (TAT) and in FS exposures'. TB methodol ogies have been
proposed as particularly relevant in industries such as construction, in which workers may
conduct numerous tasks, with a high degree of variability between workers, and workdaysz.
We have compared TB with FS exposure assessment for a group of construction workers
from five trades in order to describe the potential errors associated with a TB approach, and to
demonstrate how the method of deriving the TB estimates affect this relationship,

M ethods

502 noise dosimetry readings were collected among 5 trades (Carpenters, Laborers,
Ironworkers, Operating Engineers and Electricians) working on 9 construction sites using
data-logging noise dosimeters, programmed to record the exposure level each minute of the
work-shift. In addition to obtaining the one-minute exposure levels, TAT cardswerefilled
out by each subject on each day of testing, allowing for the one-minute sound levelsto be
coded according to the task and other potential determinants were taking place during each
timeinterval. We derived estimates using severa linear models using both specific tasks, and
combinations of simplified exposure determinants. Linear model s were devel oped regressing
the one-minute L a,q 0N various combinations of potential determinants, including Grouped
Task (6 levels), Grouped Tool (9 levels), Site Type (4 levels), Trade (5 levels), and specific
Task (53 levels). Variablesthat would not usually be available, such asindividual subject,
were not included in these models.

Full shift (FS) average exposure levels (Lavgx ) Were calculated using the one-minute levels
observed on minutei=1 to n on shift k (Ly;), using:

n Lki/
Lopg i = ER{Log ,).2 " - Log, (n)}

i=1
where ER isthe exchange rate (5 dB), as specified by the US Occupational Safety and Health
Administration (OSHA) exposure standard. Task-based (TB) estimates of Laygk (TBLevely)
were similarly calculated using the model -predicted one minute exposure levels (note these
predictions are constant over the duration of a‘task’). To correct for the bias introduced by
the reduced variability in the predicted values in conjunction with the non-linear relationship
between Lix and Laygx , the TB Laygx Were recalculated using the functional form of L aygk
and assuming an underlying normal distribution for the one-minute model residuals. That is,
the corrected TB estimates of L gk are of the form,

[TB Lygx ) =[TB Level,] + [ Residual Mean,] + f] Residual Variance]
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where (TB Levely) isthe estimate defined above, and the last two terms are functions of the
shift-specific mean and variance, respectively, of the model residuals. FS measurements and
TB estimates of the exposure levels were compared by regression analysis. Sources of error
between the FS measurements and TB estimates were explored by comparing models with
and without corrections for the Residual Mean and Variance.

Results

197 subjects were monitored for atotal of 502 shifts comprising 248,677 minutes of exposure
measurement. The one-minute noise levels had an average of 75.7 +12.8 dBA. Results of the
5 models for task-associated exposure levels are shown in Table 1. The model r’sare low,
explaining a maximum of 12% of the minute to minute variability. Shift-specific model
residual s were described in terms of their mean (between shift variability) and variance
(within shift variability). For al five models, the between-shift means had a mean of about O
and SD of 6, and the within shift variances had a mean of about 107 + 47. The calculated FS
exposure for the 502 observations was 82.6 +6.2 dBA. In comparison, the simple TB
exposure (using only the model-predicted means) was about 76 with SD ranging from 2.1 to
3.5, indicating alarge biasin the TB exposure estimates (Table 2). Thisbiasis dueto the
importance of within shift variability in the non-linear calculation of the shift-long exposure
level. If the exposure levels are adjusted for within-shift variability, the exposure levels are
about 83.5 (SD range, 3.9-4.5), much closer to the calculated FS level (Table 2). Even with
the correction for within-shift variability, only amarginal improvement of the relationship
between the FS measurements and TB estimates is obtained (r? up to about 0.3). Further
adjustment for the between shift variability in exposure means produces little change in the
exposure levels, but avery substantial increase in the relationship between FS measurements
and TB estimates — with r* up to 0.9. Unfortunately, the between-shift variability istypicaly
unavailable when using a TB exposure assessment procedure, so this adjustment may not be
generally possible.

Table 1. Models predicting average noise exposure levels (dBA) for combinations of task,
tool, site and trade (n=248,677)

M odel Variables #'Tasks r*
1 Grouped Task 6 0.053
2 1 + Grouped Tool 15 0.073
3 2 + Site Type 19 0.108
4 3+ Trade 23 0.111
5 Task 53 0.120
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Table 2. TB estimates of exposure, and relationships (r* ) between FS and TB noise exposure

levels (dBA) (n=502)

M odd
TB Estimate 1 2 3 4 5
TB L osha (Predicted)
Mean 76.0 76.1 76.1 76.1 76.2
(SD) (2.1) (2.6) (3.5) (3.5) (3.5)
r? 0.083 0.17 0.26 0.27 0.30
TB L osa (Predicted + Variance)
Mean 83.4 83.5 83.5 83.5 83.6
(SD) (3.9) (3.9) (4.5) (4.4) (4.5)
r? 0.11 0.20 0.30 0.32 0.31
TB L ogna (Predicted + Mean + Variance)
Mean
D 835 83.6 835 835 83.6
(SD) 69 (69 (6.9 69 (6.9
r? 0.89 0.90 0.90 0.90 0.89
Conclusions

Task-based exposure estimation may have significant advantages to full shift measurement,
especially in industries such as construction in which workers have highly variable work tasks
and conditions, and therefore, exposures. However, between subject and between shift
variability remains a very large source of error in TB exposure estimation. In our study, only
about 30% of the variability in daily exposures could be accounted for with aTB
methodology. Even this may be somewhat optimistic, as our estimates were derived from the
same data on which the FS exposures were measured. For noise exposure measured in dB,
which accumulate in a non-linear fashion, within-shift (or within task) variability is avery
important source of biasin exposure estimates. Use of task-associated simple averages,
which artificially compress exposure variability, to estimate the FS exposure resultsin avery
substantia negative bias. Additiona work is needed to identify methods of accounting for
between-shift variability through, modeling or additional exposure measurement.
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I ntroduction

Both ergonomists and practitioners responsible for occupational health and safety in a company
normally use and appreciate indices of workload and environmental exposures presented in the
simplest possible figures and numbers. Therefore, in traditional standards, rules, and saf ety
regulations, the physical environment is normally rated in 8-hour-based mean valuesvia
connecting intensity and duration of stress by means of a multiplication, i.e., amutual
settlement of high load within a short exposure time and a low stress height within alonger
lasting exposure. This principle is well-based on the experience that a low workload can be
tolerated for alonger duration than a high workload. But does this confirm the hypothesis that
equal energy or dose, or equal demanded output, also involves equal short or long-term human
responses? Unfortunately, standards and conventional guidelines for occupational health and
safety are more closely related to physics than to physiology. Y et, in order to really protect man
at work, ergonomics must be more concerned with physiological costs of work and
environmental stress than with physical principles of equal energetic dose.

Traditional assessment of intensity, frequency, and exposur e time of sound exposures

The intensity of sound events has always been quantified in decibels by the sound pressure
level in alogarithmic scale. Of course, that is a pragmatic scal e because a tremendous span of,
e.g., 12 decimal powers of sound intensity can be condensed into easily manageabl e values of
only 3 digits (e.g., 0to 120 dB). However, scientists and practitioners nowadays till have to
work with this scale, despite the somewhat paradoxical fact that the psychophysical basic law
of Weber-Fechner has meanwhile proven to be incorrect for acoustic stimuli. Although the
formulafor the sound pressure level is due to Weber-Fechner’ s law, the resulting logarithmic
scaleis hot in accordance with human sensation. Therefore, instead of the incompatible
logarithmic scale, a scale of loudness with linear units in Sone due to sensation derived from
Stevens's law of power should be used.

With the intention of specifying sound immission with regard to intensity and frequency in
one single val ue frequency-dependent filters A, B, C, or D should take into account the
physiological characteristics of hearing. Thefilters A, B, C, and D, however, as areciprocal
approximation of the phone curvesin different volume ranges, are based on the subjective
comparison of sequentially presented tones and, therefore, cannot lead to an adequate
assessment of noise, which normally is a mixture of inharmonious sounds. Furthermore, in
most cases today, only the A-weighting network is used for al volume ranges, although doing
so conflicts with scientific knowledge. This discrepancy sometimes leads to the fact that, to the
disadvantage of man, sound pressure levels of some noise sources do not represent the real
sensations of man.

Sound pressure levels mentioned in ergonomics and in al legal regulations, standards, and
prevention instructions (cp., €.g., NN 1990, NN 1996, NN 1998, 1SO DIS 1999) do not refer to
amomentary sound event; they normally refer to therating level L, as an average value for the
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noise exposure associated with an 8-h working day. The energy equivalent calculation of the
mean valueis, of course, applicable to a great many working situations. However, situations
also exist where a purely formal calculation yields peculiar results which lead to a serious
misinterpretation.

When applying energy equivalence, (cp. Fig. 1) 85 dB for 8 h are equivalent to 88 dB for 4 h,
91dB/2h,or94dB/1h. Thismutual settlement of noise level and exposure timeis correct as
far as sound dose and sound energy are concerned. However, with regard to physiological and
psychological aspects of work, inevitably some discrepancies result.

L1dB(A] A 113 dB(A)/45s Stress
Iog H
te,, =45s 2t =455
BExp Exp Stress
110 113 (L)
dB(A)
105 o
Stress Duration log t
Time t Time t
100 I 100
97
95:— = 04
91 Rating Level
90 o8 L,q =85dB(A)
85
85— l
Vaum T T T 1
4515 30 7 2 4 Exposure Timetg,, [h] 8

Figure 1. Sound pressure levels of different durations leading to an equal rating level (in this
case 85 dB(A)) when applying the ” 3-dB-exchange rate”

Ninety-four dB / 1 h (cp. right part of Fig. 2) — as previously described are energetically
equivalentto 85dB / 8 h, i.e., they correspond to an L, of 85 dB. If only the energy, i.e., the
sound dosg, is considered, what is shown in the |eft part of Fig. 2 also holds true. In this case,
94 dB for 1 h and an additional 75 dB for the remaining 7 h also result in an L, of only 85 dB.
Physically seen, thisis correct, but it is comparable to the situation of filling up quiet periods
with noise, and from a psychological point of view it is likely that nobody would prefer a
situation as described in the left part of Fig. 2. Provided that the noise distribution shown here
would stem from 2 machines, strange effects would also result with respect to technical
approaches of noise control. If an engineer in this case would decide to completely insulate the
machine which emits the lower level, the rating level would not be influenced at all. The
application of the measure "rating level” consequently allows these strange ratings, aslong as
the lower value of noise remains a certain amount below the peak levels. For an equal exposure
time, adifference of only 10 dB between the two levelsis aready enough to neglect the lower
level, which absolutely agrees with legal regulations, standards, and national or international
guidelines.
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Figure 2. Elucidation of discrepanciesin rating noise via the 3-dB-exchange rate

When continuing to halve the exposure time and when applying the ” 3-dB-exchange rate” as
shown in Fig. 1 —from a purely arithmetical point of view —even a quarter of an hour of techno
music in adiscotheque at 100 dB would correspond to an 8-h working day at 85 dB, whichis
dtill tolerated in the production sector according to almost all international standards (cp. NN
1997). Nevertheless, physiologically seen, high sound levels for a short period of time, e.g.,
100 dB over 15 min or consequently 113 dB for 45 s have to be assessed much more
advantageously than continuous noise. This can be demonstrated, e.g., by temporary threshold
shifts (TTS) resulting from different noise levels with corresponding exposure timesin an
energy equivalent arrangement (see Irle et al. 2000).

The equal energy principle and the conventional rating of continuous and impulse noise

But may the mutual compensation of stress height and exposure time to the advantage of man
be applied without limit? Can 120 dB, 130 dB, 140 dB, 150 dB, or even 160 dB at an
adequately reduced exposuretime (of 10 s, 1s,0.1 s, 10 ms, or 1 ms) be assessed to be
identical to or even more advantageous than, e.g., the above-mentioned 113 dB / 45 s? From a
physiological point of view the answer must be "no,” even though TTS may level off
completely. Nevertheless, in the past, the energy equivalent compensation of a halving of the
duration with alevel increase by 3 dB and vice versa (or the factor 10 in duration versus level)
has become the basis for cut-off level diagrams to avoid hearing impairment which are applied
incivil aswell asin military sectors (cp. NN 1987).

In the case of impulse noise, exposure times even reach down into the range of ms. When
establishing alogarithmic scale for the exposure time in addition to the already existing one for
the noise level in dB, the straight line in Fig. 3 illustrates the energy equivalence for the rating
level of 85dB, e.g.,

e 1 x 1-msimpulse of 160 dB, * 10 x 1-msimpulses of 150 dB,
¢ 100 x 1-msimpulses of 140 dB, * 1000 x 1-msimpulses of 130 dB,
* 9000 x 5-msimpulses of 113 dB, and * 85 dB for 8 hours (28 800 s), respectively.

Although the unevaluated noise level in industry may not exceed 140 dB according to revised

noise regulations (e.g., NN 1990, NN 1997) due to the limit linein Fig. 3, the varying time
structures of the sound exposures are not considered.
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Figure 3. Conventional noise rating according to the principle of equal energy with atolerable
rating level Lq Of 85 dB(A)

Equal work or energy, a principle beyond ergonomics limits

But can these procedures of traditional occupational health and safety, really guarantee a safe
degree of hearing protection? The answer is no, because they are based solely on the principle
of equal energy, and thisis a principle beyond ergonomics limits. Traditional cut-off level
diagrams as well as the determination of the rating level can only represent an aid for the
evaluation of the sound energy acting on man. But when stress is quantified only with regard to
physical aspects, man and his physiological characteristics are principally not included in the
approach of the assessment.

The calculation of the total stress by a multiplication of intensity and duration indeed isa
common procedure for the assessment of other kinds of the physical environment, too.
However, if man isinvolved in work, which is, of course, unalterable in ergonomics, plausible
limiting conditions may never be neglected in the domain of stress.

A performed output (physical work) can be calculated by the height and duration of work,
e.g., the performance on a bicycle ergometer. However, thisis only reasonable within
physiological limits of the endurance level. A male worker may be able to perform about
50 Waitts for extended periods of time. For instance, the product from 50 Watts and 60 min
working time (e.g., Bs = Hz x Tz asseen in the front part of Fig. 4) isidentical to the work
resulting from 100 Watts and a working time of 30 min or also 200 Watts performed for 15 min
(analogousto B; = H; x Ty). Yet, can the strategy of mutual compensation be continued
arbitrarily ad libitum? The answer must be no. At least in the limiting ranges, human nature
does not play along. Nobody will be able to comply with a demand of 500 Watts for 6 min or
1000 Watts for 3 min. The principle of equal work, i.e., the mutual compensation of intensity
and time, cannot meet physiological laws.
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Figure 4. Equal dynamic work, i.e., product of stress intensity and duration (lower frontal part)
resulting in varying "biological cost”, i.e., work-related increases of heart rate during and after
stress (upper part behind)

This can be shown via the general responses of the heart rate to the above-described workload
constellations (see upper part of Fig. 4).

For physiological reasons, occupational situations must not occur which, e.g., result in
critical heart rates of about 180 beats/min, even if this occurs for only a short time. In this case,
the mutual settlement of high workload and short duration must reach an upper limit. But itis
exactly this procedure — a procedure which is based solely on physics rather than ergonomics —
which is practiced when applying the equal energy principle, i.e., the 3-dB-exchange rate, to
assess short duration continuous and impul se noise.

Risksin occupational safety and health by the application of the equal energy hypothesis

Drawing inferences about the reported theoretical considerations on the one hand (which are
presented by Strasser and Hesse (1993) and Strasser (1995) in much more detail), and regarding
the results of several experimental investigations into the physiological costs of noise on the
other hand (see Hesse el al. 1994; Irle et al. 2000), it should become evident that real risks exist
in occupationa safety and health rules which are based on the equal energy hypothesis or the
principle of equal work.

When, e.g., thinking about the fact that the prick of a needle into afinger, awaysis one and
only one singular event of a mechanical irritation which causes pain, which cannot be
converted into the caressing of this very point over alonger period, the inevitable issue raises
whether our sensory organ "ear” may represent an exception in the case of impulse noise. Can
the ear actually be expected to tolerate 160 dB for 1 ms or 100 noise eventsof 140dB / 1 msin
the same way as it tolerates continuous noise of 85 dB for 8 hours, which iswhat the principle
of equal energy suggests? When considering the density of energy acting on the ear, impulse
noise simply cannot be compared with continuous noise. Equalizing 160 dB / 1 ms or 1000
noise impulses with alevel of 130 dB and a duration of 1 ms, each, with, e.g., 85 dB for 8 hours
according to the 3-dB-exchange rate is in accordance with energy equivalence. However, this
does not mean that the term "dose” as adatum level isin fact acceptable in this case. During
continuous noise, the sound energy acting on the ear is distributed over the 28 800 s of an 8-h-
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working day. However, in the case of impulse noise, the total sound energy is forced on the
human sensory organ in extremely high doses within a fraction of a second. Just as a drug
which in a small dosage over alonger period of time can induce healing and one single
"overdose” of that drug can be lethal, the impacts of impulse and continuous noise smply are
not identical. An impulse noise event is comparable, for example, with a hurricane in the inner
ear which can hardly pass the carpet of hair cells without any adverse effect, just as a short-time
gust blowing over a cornfield or being caught in a sail cannot have the same effect asalight
wind over alonger period of time.

Conclusions

In the context of the energy equivalence principle in rating the physical environment (cp., e.g.,
Martin 1976; Strasser and Irle 2000), one must not forget a mechanical analogue where
deformations of materials are the intended aim of an energy concentration. Fast, energetic
manufacturing operations, such as, e.g., beating, bumping, or punching, are the essential
presuppositions for deformations of materials. Therefore, it isonly a stringent consequence that
short but intensive events of environmental stress must involve a greater potentiality of health
hazards for man. So, the validity of acceptable equivalences of environmental stressto
guarantee health protection must be called into question. There should be no doubts that the
effect of adose which is dispensed within two different time intervals is more striking within
the shorter one. Also, unquestionably, in the case of increasing density of energy or
concentrations of harmful agents, the exceeding of physiological barriers with simultaneous
intensifications of the effects becomes much more probable. Thisis especially true when the
organism does not possess effective potentialities of temporal and/or spatial buffers. Therefore,
the well-known endeavor for simplification and standardization which drives attempts to
squeeze the rating of complex environmental situationsinto simple models or integrated
measures asis done, e.g., also for ultra-violet radiation, mechanical vibrations, and carbon
monoxide, cannot be adopted by ergonomics. Viathis procedure, multidimensional connections
get lost. In this context, a simple but slightly meditative comparison may be convincing for
skeptics: The leveling of short lasting high intensity stress, based on physical rudiments, indeed
seems to be as trustworthy as the statement that nobody can drown in ariver with a statistical
average depth of 50 cm.
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I ntroduction

UBC researchers have assembled a cohort of 28,000 British Columbia sawmill workers who
worked in one of 14 participating sawmills between 1950 and 1998 (1, 2). In studies of
psychosocial job strain in this cohort (3,4) noise exposure was assessed because of its high
levels in sawmills, and its recognized potential as an external stressor. The assessment was
based on a single question added to a modified job content questionnaire (5). Noise dosimetry
data collected from cohort mills as part of a separate study on the cardiovascular effects of
noise enabled us to examine the validity of the questionnaire instrument, and to compare results
of different expert-rater groups.

M ethods

Questionnaires were completed for a set of approximately 50 standardized sawmill job titles (as
they existed in 1997) by two different groups of expert evaluators. The first expert group
comprised 4 union/management "Job Evaluators", each with over 30 years industry experience.
The second expert group comprised 30 randomly selected, senior (> 20 years experience),
sawmill workers ("Worker-Experts"), 10 each from 3 cohort sawmills. These mills were
selected to represent a cross-section of 1997 industry technology. The questionnaire delivered
the statement "The job is noisy". For each job title, experts were asked whether they strongly
disagreed, disagreed, agreed, or strongly agreed with this statement. Answers were coded
numerically as 1, 2, 3, and 4, respectively, and within each of the two groups, averaged for each
job title.

Also in 1997, full-shift noise dosimetry was performed at 4 randomly selected cohort mills.
The sites were stratified by region and were representative of the range of technology found in
cohort sawmills. During two site visits, conducted in summer and winter seasons,
measurements were obtained for every production and maintenance job title. Our goal was a
minimum of 2 observations per job. Instruments were calibrated on a daily basis. One mill
("Mill Y") was coincidentally selected for dosimetry and for recruiting of Worker-Experts,
which enabled us to create a third group for analysis, and test the validity of Mill Y Worker-
Expert ratings of noise exposure against dosimetry measurements taken at Mill Y.

Results

The three analysis groups contained different subsets of job titles (Table 1) because we
required a minimum number of questionnaire responses (5 for Job Evaluators), and a minimum
number of dosimetry observations (2, except for Mill Y group, where single observations per
job title were allowed). Following exclusions, between 2 and 21 dosimetry observations were
averaged for each job title. Dosimetry results illustrate the very high noise levels found in
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sawmills, averaging over 91 dBA.

Table 1. Measurement Data Summary

Group Number of | Number of Jobs Noise Exposure (Mean, Range)
Experts Analyzed Questionnaire Dosimetry (dBA)
Job Evaluators 4 37 2.8 (1.8-4.0) 91.4 (84.1-102.2)
Worker-Experts 30 32 3.1(2.2-3.7) 91.7 (84.1-102.2)
Mill Y Worker- 10 23 3.2(2.6-3.7) 91.4 (83.2-105.0)
Experts

Associations between questionnaire and dosimetry were moderate to high, with Pearson r
ranging from 0.61 to 0.80 for the three evaluation groups (Table 2). The lowest correlation was
found with the Job Evaluators, and the highest with the group of Mill Y Worker-Experts when
dosimetry measurements were limited to those taken at Mill Y. Unexplained variation in
measured noise levels is likely due to determinants of noise exposure (worker enclosures,
distance from noise sources etc.) not accounted for in the generalized rating of the expert
evaluators.

Table 2: Pearson Correlation between expert groups and Dosimetry

Group Pearson r
Job Evaluators 0.61
30 Worker-Experts 0.70
10 Mill Y Worker-Experts 0.80

Regression equations were generated for each analysis group and the noise level associated
with the "pivotal" rating value (2.5, midway between "disagree" and "agree") was predicted.
Job Evaluators and Worker-Experts rated "noisy jobs" as being above 87 to 90 dBA.

Table 3: Expert rating Vs. Dosimetry

L >90 dBA L <90 dBA
Expert rating of 3 or 4 21 9
Expert rating of 1 or 2 1 6

For the Job Evaluators only, sensitivity and specificity of the expert rating was evaluated using
a dosimetry level of 90 dBA as the criterion for "exposed"(Table 3). This gave results of 95%
and 40% respectively. The level of agreement between questionnaire and dosimetry methods
was "fair" (kappa statistic = 0. 39).

Conclusion

Semi-quantitative estimation of noise exposure by industry experts is a useful tool where noise
measurements are not available, as may be the case in retrospective exposure assessment. We
have shown that a relatively crude assessment technique using a simple question and ordinal
answer, when pooled, gave a valid and useful quantitative estimate of noise exposure in this
cohort of sawmill workers. Evaluators with direct work experience in the mills were able to
give better evaluations than those with more remote knowledge of mill jobs. Expert evaluators
assessed as "noisy" jobs whose measured exposure levels were above 87 dBA. This is a useful
breakpoint only slightly higher than common regulatory limits, and the point at which initial
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health effects are observed.
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I ntroduction

In order to seize the inherent variability in occupational exposure, the sampling strategy should
provide sufficient numbers of samples and include repeated measurements from the same
workers (1,2). Because traditional sampling methods rarely allow a sufficient number of
measurements, it has been suggested that the sampling design should include self-monitoring
by the workers. We employed the self-assessment of exposure method (SAE) in six reinforced
plastics factories in Sweden, where the workers performed full-shift personal measurements
with user-friendly diffusive samplers (3). In order to find out if self-assessment caused any bias,
we compared those results with expert measurements.

Methods

The SAE method was introduced to six factories and 42 styrene workers performed after oral
and written information full-shift personal monitoring with diffusive samplers (Perkin-Elmer
tube with Tenax TA), distributed by mail (4). After laboratory analysis of the monitors by
thermal desorption and GC, results were sent to the workers as well as to the supervisory staff
for evaluation and interpretation. Expert measurements, with the same type of sampler, were
accomplished to evaluate the self-assessments. Comparing self and expert assessments with
mixed-effects linear models statistically evaluated the potential bias of SAE (5).

Results

A total of 216 styrene exposure measurements collected from 42 factory workers were included
in the data analysis. Most of the data (73.6%) were collected by SAE. The number of repeated
measurements was, 1 — 9 per worker, median 6. The range of the results was large, between 0.4
and 245 mg/m>. Only one or two expert measurements were generally obtained for each
worker and in afew cases no expert measurements were available for practical reasons.
Likewise, in afew cases only expert measurements were available.

A statistical analysisindicated no significant difference in the measurements between self
and expert-assessment in 5 out of 6 factories. The estimated effects of self-assessment, shown
in Table 1, were not statistically significant (anti-logged 95% CI includes 1) for any of the
factories except factory 4.
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and the mean exposure in the
= 2.82 0.998 0.833-1.19 styrene factories. (All data
F2 41.0 1.08 0.603-1.93 shown is anti-logged). F 1 —
factory 1, F 2 - factory 2 .....etc
F 32 53.6 0.998 0.833-1.19
F4 581 3.60 1.30-9.94
F52 214 0.998 0.833-1.19
F6 511 1.09 0.403-2.93

# Pooled with regard to distinct between-worker and common within-worker variance
components.
® Confidence interval, includes 1 if non-significant.

Discussion

We are not aware of any prior studies having compared self and expert assessment with the aim
of determining possible bias associated with SAE. In thisinvestigation, an occupational
hygienist conducted measurements during the same time period (15 months) but not at the same
days as those obtained by the workers independently. No statistically significant effect of SAE
was observed in 5 of the 6 factories investigated. In factory 4 much of the discrepancy between
self and expert measurements involved workers who were no longer employed when the expert
measurements were collected and the company had made large alterations within personal tasks
and the individual structure. Excluding the non-representative workers, based on statements
from the workers and the company, the effect of SAE was at the border of statistical
significance (data not shown). Simple passive monitors are available for personal monitoring of
several gaseous air contaminants. Applied to working populations over several years, SAE
would be a possible way to achieve sufficient sample sizes to eliminate many of the problems
currently plaguing epidemiological studies, which invariably suffer from the lack of exposure
data. Finally, we believe that SAE serves another important function, namely, involving the
workers directly in the process of exposure assessment and control. In order to facilitate
effective involvement of workersin the process, it will be important to ensure timely feedback
of results so that they can relate the results to recent experience.

Conclusions

Theresultsindicate that untrained, unsupervised workers are able to collect consistently
unbiased exposure data by employing currently available passive monitors.
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I ntroduction

Self-Assessment of Exposure (SAE) requires participation and co-operation by the workers (1).
The workers themsel ves perform the measurements and they also receive the measurement
results for interpretation. Participation in exposure assessment and feedback of measurement
results could be atool to enhance the workers own control in their working situation by taking
preventive actions on behalf of the measurement results.

The variation in exposure levelsis quite large which implies that the information of exposure
levelsis afflicted with uncertainty. The consequence of this uncertainty is that a sufficient
number of measurements has to be done in order to estimate expected value and confidence
intervals. Earlier studies in the SAE-project indicated that the workers stop measuring after
performing two to three measurements (Liljelind et a., 2000). A possible explanation for thisis
that the workers had an inadequate understanding of the concept of variation and neglected it in
order to reach a plain decision whether the val ue was above or below the occupational exposure
level (OEL). Also, this reasoning raises questions about whether uncertainty and risk are
crucial conceptsin taking preventive measures.

The effect of feedback of uncertain information is theoretically interesting. How isthe
worker’ s risk perception established, when he/she receives repeated knowledge of results? How
does the risk perception influence the worker’ s intention to take preventive actions?

Method

A study was conducted in reinforced plastic industry in Sweden. In the reinforced plastic
industry the workers are exposed to styrene, a solvent that can cause neurological lesions. A
multiple case study was conducted, seven reinforced plastic factories were invited and six
accepted. The study was longitudinal, started in December —98 and data are still being
collected. The workers performed between four to seven self-assessments each. Repeated
feedback of measurement results where given to the workers, presented in the form of a
diagram where the OEL for styrene was marked. After each self-assessment, the workers were
interviewed. Before receiving feedback on their own measurement result, they were asked to
predict their measurement value and al so to estimate a confidence interval. When receiving the
result they were asked to comment upon it. They were also asked whether they would take any
preventive measures on behalf of a particular value, and to rate the degree of perceived control
of the exposure levels.

Results

The results indicate that the workers' judgements tended to be stabilised rather early in the
process. Even if the variation in exposure levels was large, the representation of uncertainty
was probably not essential in their diagnosis and risk perception. The workers adjusted their
estimations to anchorage points, such asthe OEL, extremely deviating values, and to perceived
trends in measurement results.
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The rather fast adjustment of judgements is also found in the workers' action repertoire. The
workers tended to restrict themselves to afew options of actions (such as wearing mask when
working) insensitive to variation of exposure. In some instances, when the workers judged the
exposure levels as high, the judgements did not result in any actions.

Also, individua attitudes to the phenomena of exposure influence the diagnosis and decision
to act, — for example, some workers had a kind of fatalistic view of an unavoidable nature of
exposure.

Discussion

These results indicate that other factors than specific measurement data influence the workers
diagnosis and intended actions. For example, workers judged exposure as high and yet took not
any preventive actions. Socio-economic factors such as recession and the availability of awork
can influence the workers behaviour more than the exposure data.

Conclusions

Risk perception did not prove to be a sufficient condition for the workers’ intention to take
preventive actions. The explanation for this may be difficulties in cognitive handling of
numerical data aswell as biased attitudes towards preventive actions.
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I ntroduction

A hazard inventory and evaluation of exposure to chemicals was executed in 1998 in a
shipyard. The highest exposures were expected to occur in Shipyard | (S1) for welding fumes
and in Shipyard Il (S2) for organic solvents. A quantitative survey concerning the long-term
exposure of solvents and welding fumes was started in 1999. The measurements were taken in
four periods between April and December of that year. The aim of the study was to assess long-
term exposure to welding fumes and solvents and to implement a routine monitoring program.
During the first measurement period a contact person of the shipyard was trained to perform
and assist the employees with the measurements during the subsequent periods.

M ethods

Measurement strategy

For the assessment of long-term exposure we used a measurement strategy that was first
described by Rappaport et al.(2). This approach takes into account that occupational exposures
varies both within and between workers even in so-called 'homogenous exposure groups. The
approach requires as a starting point repeated measurements on a random sample of workers
from an observational group.

The long-term exposure was examined following measurement schemes like figure 1. S1
comprised two a-priori defined job functions: welders (n=20) and shipbuilders (n=24). In S2
the subjects were grouped in six a-priori defined job functions based both on the location of the
activities (ventilation) and the activity itself (exposed solvents): dockyard (paint, n=26), wharf
(paint, n=18), screen printing/painting signs (paint, n=6), spray painting (paint, n=8), sail
making/isolation (glue, n=16) and wood/polyester (glue, n=42).
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Figure 1. Measurement scheme with the number of persons sampled and number of samplesin
each period

Each period the contact person of the shipyard received a new random measurement scheme
with the names of workers and dates to be monitored. The sample was rejected when a subject
was sick, on holiday, did not show up or practised fraud with the sampling equipment. In such
case, aworker was re-scheduled for a new measurement.

The exposure to welding fumes was assessed by using a portable pump with a PAS-6
inhalable dust sampler. Organic solvents were measured using a passive organic vapour
monitor (diffuse sampler).

For exposure to organic solvents, the exposure index was calculated.

The evaluation of the data was performed with SPEED. SPEED is a Statistical Program for
the Evaluation of Exposure Datathat is based on the procedures described by Rappaport et al.
(2) and Lyleset al. (2).

Results

Exposure measurements

129 inhalable dust samples of 32 employees of S1 were taken. The exposure ranged from 0,03
to 9,55 mg/m®. The mean exposure was 0,72 mg/m>. The long-term exposure on welding fumes
was considered to be acceptable (OEL=3,5 mg/m°). The employees appeared to be uniformly
exposed.

The geometric mean exposure index for organic solvents for the 217 samples from 53
workers was 0.01. There was alarge variation in exposure values (range: 0.001-2.58), mostly
day-to-day variation. The long-term exposure to organic solvents was acceptable (OEL
exposure index = 1). The employees were exposed uniformly with the exception of a small
group of spray painters. However even for them the long-term exposure proved to be
acceptable. Only on three occasions, the OEL was exceeded.

Effectiveness of sampling scheme
In table 1 the effectiveness of the sampling scheme is shown.
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Table 1. Effectiveness of sampling schemein shipyard | and shipyard |1

N OK Failed Noshow  Sick Holiday Fraud"
S1 213 129(61%) 84 (39%) 10% 8% 7% 15%
S2 279 217 (78%) 62 (22%) 1% 9% 9% 0%
N measurement attempts

! including pump failure

In shipyard | more failures occurred, mostly because employees did not show up on the given
day and due to fraud with pumps and inhalable dust samplers. The percentage of employees
that were sick or on holiday was equally distributed between the two departments.

Routine Monitoring program

Based on the results of the exposure survey the optimum routine monitoring program was
calculated. For S1 this routine monitoring program consist of three repeated measurements on
six subjects distributed equally over a period of ayear. The monitoring program of S2 consists
of two repeated measurements on nine subjects.

Discussion

This study shows that the used protocol makes up a good framework for a systematic evaluation
of chronic exposures based on a-priori criteria.

This study also shows that self-assessment with a random measurement strategy can be
implemented. Still remote control will be necessary, aswell as awell-trained contact person
and quality assurance scheme. Also a positive attitude towards the assessment of workers and
management is essential for a successful realisation of the measurement program. In spite of
this, increased measurement failure should be taken into account, especially with dust
measurements using pumps.
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I ntroduction

"Systematic Work Environment Management" means in Swedish legislation the work done by
the employer to investigate, carry out and follow-up activities in such away that ill-health and
accidents at work are prevented and a satisfactory work environment is achieved. It is described
in the ordinance " Systematic Work Environment Management”, AFS 2001:1, which also
implements the Council Directive 89/391/EEC on the introduction of measures to encourage
improvements of the safety and health of workers at work.

Discussion and conclusions

Self assessment of exposure of air contaminants has been tested by researchersin Umed as a
method in systematic work environment management. According to section 8 of the ordinance
the employer shall regularly investigate the working conditions and assess the risk of any
person being affected by ill-health. The risk assessment shall be documented in writing. The
survey methods can include occupational hygiene measurements and other measurements as
part of the risk assessment process. The employer shall seetoo it that the employees knowledge
of risksis sufficient. Self assessment of exposure is one way to contribute to that..
Advantages with self assessment

e easy-to-use equipment

o fairly cheap
< the employees can after instructions/education assist the occupational hygienist with
sampling
e better participation
This can lead to

e more measurement results

« theresults can influence the employee in how to perform his/her work to avoid air
contaminants

Disadvantages/risks with self assessment

* measurement results without or with too little documentation can not be understood

« the employees finish to measure when the results are well below the limit value

e partly in conflict with the regulation on how to perform measurements

¢ misunderstandings can arise when measuring at work-siteswhere use of PPE is
necessary
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I ntroduction

Employment in the rubber industry has long been recognized as being associated with excess
cancer risks. Mutagenic activity has been found in chemicals used as raw materials, in airborne
rubber dust and fume samples taken from the workplace and in the urine of exposed rubber
workers (1-5). Although elevated urinary mutagenicity levels have been detected in these
workers, direct relationships with exposure levels seldom have been identified. Only in a study
of workersin an aircraft tire retreading company was a direct relationship between urinary
mutagenicity and dermal exposure to cyclohexane soluble matter (CSM) found (5). The
suggestion that dermal exposure could be an important exposure route in the rubber industry
also is supported by the observation that the amount of a contaminant available for uptake
through the skin could be up to ten times higher than through inhalation, depending on the
specific situation in the work place and use of personal protective devices (6).

Methods

This study was conducted to determine the relationship of the inhalation and dermal exposure
routes and mutagenic activity in the urine of rubber workers (n=105). Mutagenic activity of
ambient total suspended particulate matter (TSPM), surface contamination and Sunday and
weekday urine samples was assessed with S. typhimurium Y G1041 in the presence of a
metabolic activation system. Each subject was grouped into one of two exposure categories for
dermal exposure (high (225 revicm?), low (<25 rev/icm?)) based on the mutagenic activity
detected on likely skin contact surfaces. Subjects were also grouped into two airborne
mutagenic exposure categories (high (=210 rev/m®), low (<210 rev/m®)). The potential
influence of skin aberrations and biotransformation polymorphisms (NAT2) on urinary
mutagenicity levels also was evaluated.

Results

An elevated increase of 1605 rev./g. creat. in urinary mutagenicity during the workweek
relative to levels observed on Sunday was observed for the total population (t-test, p=0.08). The
increase was most pronounced among technical engineers (+4196 rev./g. creat.; t-test, p=0.08)
and subjects who were exposed to high levels of airborne mutagenicity levels and had a high
potential for dermal contact with surfaces contaminated with substances exhibiting mutagenic
activity (+3206 rev./g. creat. ;t-test, p=0.12). Subsequent multivariate regression analyses, with
the subjects’ weekday urinary mutagenicity levels as the dependent variable, revealed
significant associations with the level of mutagenic contamination on surfaces with which the
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subjects had potential contact, with subjects’ inhalable particulate exposure level, with
observed skin aberrations, and when the subjects had a slow acetylation phenotype. Similar
associations were observed with Sunday urinary mutagenicity levels, except for the association
with the slow-acetylation phenotype. High potential for exposure to surface contamination with
mutagenic activity was estimated to increase weekday urinary mutagenicity by about 67% when
compared to low exposed workers, while high inhalable particulate exposure levels increased
weekday urinary mutagenicity levels by about 23%. Subjects with skin aberrations revealed an
additional increase in weekday urinary mutagenic activity of about 40% compared to subjects
without skin aberrations.

Discussion

These results suggest that the dermal exposure route may contribute more to the level of urinary
mutagens of rubber workers than the inhalation route, especially since subjects with skin
aberrations revealed an additional increase in weekday urinary mutagenicity levels compared to
subj ects without skin aberrations. In addition, the levels of mutagensin urine were modul ated
by NAT2-dependent enzyme activity, with slow acetylators having higher levels of mutagensin
their urine than fast acetylators. Preval ence rates of these unfavorable skin and
biotransformation conditions in this population were 40% and 60%, respectively, and therefore
were important for a significant proportion of the studied workforce.
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I ntroduction

Cohen and Popendorf reported aready in 1989 on the use of charcoal cloth to assess
volatile toxic materials on skin based on laboratory test results. However, few studies
actually used this method to measure dermal exposure in working situations.
Consequently, its applicability in field situations remains largely unknown. Especially
when control measures are being evaluated dermal exposure assessment may provide
useful information that cannot be obtained by biological monitoring.

The aims of this study were to evaluate whether: (1) charcoal pads are useful for dermal
exposure assessment to benzene and toluene; and (2) dermal exposure to droplets/aerosols
occurred in addition to gases or vapours.

M ethods

Full-shift personal inhalation (passive diffusion dosimeter, 3M 3500) and dermal
exposure levels were measured for 42 workers of a petrochemical plant performing
activities related to shutting down the plant, maintenance, and starting up the plant.
Activated charcoal cloth pads (Carbopad™ (4 x 3cm) were worn on the wrist of the hand
of preference to assess dermal exposure.

Samples were stored at —20°C. Prior to analysis a sample was taken out of each charcoal
pad by a punch (30mm). Subsequently, benzene and toluene concentrations of inhalation
and dermal samples were determined by CS2-extraction and gas chromatography
analyses. Recoveries of charcoal pads for toluene and benzene ranged from 85-108%. In
addition, 33 subjects were asked to deliver a urine sample at the end of working day. In
order to estimate benzene uptake S-phenylmercapturic acid, a urinary excretion benzene
metabolite, was measured according to a method proposed by Boogaard and Sittert
(1993). Creatinine levels of urine samples were determined by the Jaffé method.

Results

Since exposure values were log-normally distributed, all statistical analysis were
performed with log-transformed values. Dermal benzene and toluene exposure levels
(ng/cm?.8 h) were for 47.4% and 74.2%, respectively, explained by inhaation levels for
benzene and toluene (mg/m3) (linear regression analysis, both p-values=0.0001).
Therefore, further analyses were performed with adjusted dermal exposure levels using
the residues of these two linear regression equations.
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Table 1 shows measured inhalation (mg/m3) and adjusted dermal (ug/cn?.8 h) exposure
levels to benzene and toluene per job title. Inhalation level s to benzene and toluene were
highest for operators, followed by mechanics performing pitching activities [pitching
consists of the placement of partition components into the plant’ s pipes]. Mechanics who
pitched had highest dermal benzene exposure levels, where operators and mechanics
performing miscellaneous activities had highest dermal exposure levelsto toluene.

Table 1. Geometric means (GM) with 95% confidence intervals (Cl) of inhalation
(mg/m3) and adjusted dermal (ug/cm?®.8 h) exposure levels to benzene and toluene per job
title.

Inhalation (mg/m3) Dermal (pg/cm?.8 h)’

Benzene Toluene Benzene Toluene
Job title N GM (95%ClI) GM (95% ClI) GM (95% ClI) GM (95% ClI)
Operators 13 0.40(0.23-0.70) 1.12 (0.37-3.42)T 1.28 (0.65-2.52) 1.52 (0.78-2.98)§
Mechanics 9 0.38(0.28-0.51) 0.53 (0_27_1_03)¢ 1.71 (0.72-4.03)§ 0.92 (0.38-2.23)
pitching
Mechanics 7 0.22(0.10-048) 0.11(0.05-0.27) 0.97(0.34-2.72)  1.56 (0.54-4.54)
miscellaneous

Cleaners, safety 13  0.23(0.14-0.37) 0.27(0.11-0.68)  0.55(0.28-1.08)  0.55 (0.27-1.10)

personnel

" Residues of linear regression equations.

T Statistically significant higher than GM of mechanics performing miscellaneous tasks, and
cleaners and safety personnel (p=0.002 and 0.02, respectively).

¥ Statistically significant higher GM than mechanics performing miscellaneous tasks (p=0.04).
8 Statistically significant higher GM than cleaners and safety personnel (p=0.03).

The median internal exposure of S-phenylmercapturic acid was 2 mmol/mol creatinine (range 1 —
15). S-phenylmercapturic acid levels (mmol/mol creatinine) were for 13% explained by inhalation
exposure levels (exp(B)=1.66, p=0.04). Adjusted dermal exposure values did not explain internal
exposure levels (p=0.73), neither did smoking status (yes/no) (p=0.41).

Discussion and conclusion

In general, measured exposure levels were low: inhalation exposures were well below
occupational exposure limits and internal values were just above limit of quantification.
Inhalation and dermal exposure levels varied when considering different job titles. For
job titles with high inhalation exposure levels only partly corresponded with high dermal
exposure levels, charcoal pads seemed to measure additional dermal exposure different
from exposure due to vapours, possibly caused by small droplets or contact with
contaminated surfaces. However, the biological relevance of the dermal exposure
measured by the charcoal pads remains unclear and should be studied into more detail,
preferably in workplace environments with higher potential for exposure. Neverthel ess,
the charcoal pads are likely to provide useful information with regard to the evaluation of
control measures.
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I ntroduction

Tree fruit thinning in Washington state apple orchards requires continuous contact with fruit
and foliage. Most orchards are sprayed periodically with organophosphorous pesticides to
control the coddling moth. Azinphos-methyl (CAS 86-50-0) is the most commonly used
compound in the region. Workers are allowed to enter orchards at the expiration of the federal
restricted entry interval. Dermal contact represents the primary route of exposure under these
work conditions. Workers have access to hygienic facilities, and make use of them, to varying
degrees. Studies to date have measured exposure for relatively short periods (e.g., 1-3 days),
and have not evaluated the ability of hygienic behavior to reduce body burden. The aim of this
study was to estimate azinphos-methyl exposure and dose in 20 workers across an entire
thinning season, and to determine the effect of hygienic behaviors on dose.

M ethods

Workers were recruited from three different Washington state orchards, and followed over a
four to six week period, for atotal of 272 person-days of observation. Dislodgeable foliar
residues were measured in each orchard across the study period, and residue decay was
modeled for each site. Spot urine samples were collected from workers on adaily basis, and
analyzed for the dialkylphosphate metabolites of azinphosmethyl: dimethyl phopshate, dimethyl
thiophosphate, and dimethyl dithiophosphate. Two models were used to estimate dose from the
foliar residue data: one treated dermal absorption as a constant or fixed fraction of dermal
exposure, while the other considered absorption to be sensitive to the length of time the
residues resided on the skin (1). Model results were compared to dose estimates based on the
urinary metabolite data. Accessto and use of washing facilities were recorded for each
observation. A frequency distribution of hygienic parameters was created for each worker, and
multiple linear regressions were performed.

Results

Foliar residue decay was characterized by plotting the log of residue levels vs. days post
application to yield a decay constant and half life specific to each work site. R-squared values
were .73, .73 and .99 for the three sites. The fixed fraction model over-estimated absorbed
daily doses when dermal absorption was treated as atotal daily fraction of exposure, and under-
estimated doses when absorption was treated as an hourly rate. The time sensitive model,
which considered exposure as cumulative, and allowed exposure to continue after the end of
the work shift, produced estimates that fell between the two fixed fraction estimates, and these
were more consistent with the dose estimates derived from the biologic data (Table 1).
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Table 1. Univariate regression analysis of fixed and time sensitive dermal absorption models
when compared to dose estimates based on biologic data (n=272).

Dose Model Adjusted Coefficient 95% Confidence
R? Interval

Fixed fraction — daily total .61 1.83 1.66 201

Fixed fraction — hourly rate .90 0.68 0.65 0.71

Time sensitive 87 0.93 0.89 0.97

In terms of hygienic behavior all eight workers at one orchard ate lunch off-site, and all but one
worker reported washing before lunch 100% of thetime. Only this site provide washing
facilities on location. This site also provided workers with at least one hour for lunch. In
contrast, none of the workers at the other sites ate lunch off-site, and all reported alow
frequency of lunch hand washing. These other sites did not provide awell-defined lunch
period. The frequency of end-of-shift washing was high across all worksites, with about two-
thirds of the workers reporting washing at the end of each day. The effect of these hygienic
behaviors was determined by linear regression, with adjustment for dermal exposure. Washing
after work reduced estimated dose substantially (Table 2), as did eating lunch off-site. When
these two hygienic behaviors were combined, dose was reduced about 75% as compared to a
worker who practiced neither behavior.

Table 2. Estimated relative reduction in seasonal absorbed dose of azinphos-methyl in field
workers due to hygienic behaviors. Seasonal absorbed dose calculated from urinary pesticide
equivalents following dermal exposure to 440 mg of azinphos-methyl.

Hygienic behavior Seasonal absorbed Percent of seasonal Percent of “No
dose (mg) dermal exposure hygiene” exposure
absorbed absorbed
No hygiene 53 12 100
Wash after work 19 4 35
Consume lunch off-site 37 8 70
Wash after work and 13 3 25

consume lunch off-site

Discussion

These results indicate that the length of time pesticide residues reside on the skin can have a
significant effect on the amount of pesticide dermally absorbed, and that regular use of on-site
washing facilities can significantly reduce total absorbed dose. Two federal standardsin the
United States — the Field Sanitation Standard (OSHA) and the Worker Protection Standard
(EPA) —require that washing facilities be made available to field workers in agriculture who
are likely to have contact with pesticide residues. However, no empirical studies that
demonstrate the efficacy of such facilities are cited in these standards. The data presented here
support the public health relevance of these standards, and demonstrate that access to and use
of washing facilities can reduce a worker’ s seasonal pesticide body burden.
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I ntroduction

Nickel and chromium compounds have been the most common causes of occupational allergic
contact dermatitisin Finland during the 1990's. Some of these compounds are also known as
carcinogens. It has been noticed, that skin can be significant route of exposure in electroplating
due to inadequate personal hygiene or absorption (1,2,3). Dermal exposure assessment is an
essential part of chemical risk assessment according to the European Union legiglation, and it is
also needed for designing effective exposure control measures. The aims of this study were to
develop valid sampling methods, and to assess dermal exposure of electroplaters.

Methods

Potential dermal exposure of the five workers (10 measurements) in two electroplating shops
was studied according to the OECD guidance document on pesticide studies. Exposure of the
body was measured by sampling with al pha-cellul ose patches attached on the top of the work
clothing. Hand exposure was measured with the CEN-standardized hand wash method. The
total number of the measurements was 16. Biomonitoring and personal air sampling were al'so
included. Dermal exposure was cal culated according to the OECD guidance document.

Results

The results of the patch and hand wash sampling are presented in table 1. In figures 1 and 2, the
distribution of the metalsin different body partsis shown. About 85 % of the total dermal
exposure to nickel and chromium was found in legs and thighs.

Table 1. Dermal exposure of electroplaters to nickel and chromium in two Finnish
electroplating shops (mg/h).

Nickel Chromium
Exposure n* Mean Range Mean Range
Body 10 22.04 0.69-148 1.27 0.23-3.28
Hand 10 0.32 0.11-0.95 0.04 0.01-0.06
Totd 10 22.35 0.88-148 1.30 0.33-3.31

* n = number of measurements
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Figure 1. Distribution of dermal exposure to nickel in electroplating.
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Figure 2. Distribution of dermal exposure to chromium in electroplating,

Discussion

The variation in the dermal exposure between workers was high. The results of the hand wash
samples were lower than expected, especialy in the cases where the workers did not use
protective gloves. The efficiency of the method was tested with tape stripping after washing,
but no measurable traces of metals could be found.

Lower parts of the body dominated the exposure. Thisis quitelogical, as the workers must
often lean close to the pools. Therefore they may touch contaminated surfaces, and the
electrolyte liquid may splash on them. An apron made e.g. of PV C could give quite effective
protection.
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Conclusions

It isimportant to compare the results presented here with the biomonitoring and air sampling
results. This may give more information about the relevance of the dermal route in occupational
exposure of electroplaters. Even though the hand exposure seemed low, it is most important to
take care of persona hygiene by washing hands before eating, smoking etc. to avoid hand-to-
mouth exposure.
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I ntroduction

The rapid increase in the use of advanced technology in offices has raised concern for the
health and well-being of office workers. Numerous research studies have shown that computer
users experience musculoskeletal discomfort (1,13,17,18,20,23) and psychological stress
(11,18). Thefocus of the proposed project isto assess a methodology to evaluate work factors
that contribute to both muscul oskeletal discomfort and psychological stressin computer users.

Different terms have been used to describe CTD's, such as work-rel ated muscul oskel etal
disorders (WRMD's), repetitive strain injuries, overuse injuries and repetitive motion injury.
Putz-Anderson (16) has defined cumulative trauma disorders as well as collection of health
problems that have three characteristics. First, they are cumulative, that isinjuries develop
over along period of time as aresult of repeated, continuous exposure of a particular body part
to stressors. Second, the repeated, continuous exposure to stressors leads to trauma of tissues
and joints. Third, CTD's are physical ailments or abnormal conditions. Putz-Anderson (16)
identifies three types of upper extremity CTD's: tendon disorders (e.g., tendonitis), nerve
disorders (e.g., carpal tunnel syndrome) and neurovascular disorders (e.g., thoracic outlet
syndrome). This project focuses on musculoskeletal disorders of the upper extremity; that is, in
the neck, shoulder, arms and hands regions. Upper extremity CTD's are increasingly becoming
more prevalent in the American workforce. The introduction of computer-based technol ogy
seems to have been accompanied by an increase in upper extremity CTD's. Computer-based
technology seems to intensify work so much asto create stressful and unhealthy working
conditions.

There are theoretical reasons to believe that work organization and psychosocia work
factors can play arolein the report and development of CTD's (6,7,10,14,19). Several models
have been proposed for this theoretical relationship (7,19). One model stipulates that work
organization factors, which can cause psychological stress, may influence or be related to
ergonomic stressors, such as force, posture and repetitiveness, which can influence CTD's.
Another model highlights the physiological, psychological and behavioral stress reactionsto
psychosocial work stressors that can affect CTD's directly and indirectly. These models are
discussed by Smith and Carayon (19), Carayon et a. (7) and Moon and Sauter (14) to show the
theoretical relationship between CTD's, on one hand, and work organization and psychosocial
work factors on the other hand. There isinsufficient research that evaluates tools for assessing
the psychosocial work environment of computer usersin order to better develop and monitor
work redesign interventions aimed at reducing CTD's. This project examines the
appropriateness of a questionnaire survey in relation to other methodol ogies as a means for
capturing the work factors that may contribute to musculoskeletal discomfort among computer
USers.

Thereis some empirical evidence of the relationship between work organization,
psychosocial work factors and CTD's among computer users (12,15,18,20). Studies have
shown that the following work factors are potentia contributors to musculoskeletal discomfort
among computer users. work content (12,15,20), socia environment (12,15,20), job demands
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such as workload, work pressure and cognitive demands (3,15,20), lack of job control (15,20),
and job future uncertainty (15,20).

In summary, there are multiple psychosocial work factors that can be related to CTD's among
VDT users. Therefore, any methodology aimed at capturing the psychosocia work
environment of computer users should examine the multiple facets of that environment. In our
project, we examine the following psychosocial work factors (see Table 1).

Table 1 — Psychosocial work factors

Job Demands: guantitative workload
work pressure
cognitive demands
emotional demands
Job Control: task control
decision control
resource control
control over work pace
participation
Sacial Interactions and Relationships:  interaction with clients
social support from supervisor
social support from co-workers
Organizational Stressors: role ambiguity
job future or career concerns
Job Content: boredom
challenge
task uncertainty
required skill
Computer -Related Problems: frequency of computer-related problems

Conceptual model

The conceptual model used for this study is similar to models proposed by various researchers
(2,6,10,19). Briefly, work organization can lead to muscul oskeletal discomfort and CTD'sin
computer users. Mediating this relationship are (1) ergonomic risk factors (e.g., postures,
force), (2) psychosocial work factors and (3) stress load, as well as the interactions among these
factors. Work organization is defined as "the way in which work is structured, supervised and
processed.... It isthe objective nature of the work process. Work organization factors are seen
as the objective aspects of how work is organized, supervised and carried out.” (9, pp.393-
394). Psychosocial work factors are the individual subjective perceptions of the work
organization factors (9, p.395). Organizational, ergonomic and psychosocial factors can
produce a"stress load" on the individual: this stress load can have both physiological and
psychological consequencesin terms of strain, as well as work-related muscul oskel etal
disorders (9,21). Figure 1 displays our conceptual model.
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Figure 1 — Conceptual model
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Study overview

In aresearch study funded by the Center for VDT and Health Research of the Johns Hopkins
University (contract #95-0004), we evaluated the appropriateness of questionnaire-based
methods in relation to other methodol ogies as a means for capturing the psychosocial work
factors that may contribute to musculoskeletal discomfort among computer users. In a previous
paper, we have reported on the validity and reliability of the University of Wisconsin Office
Worker Survey (5). In this paper, we report data on the diary study data.

Diary studies

Diary studies can examine the rapid changes (i.e. daily) in stress and muscul oskel etal
discomfort over time. The diary study by Carayon and Hajnal (4) examined the cumulative
effects of computer use on worker stressin a four-week diary study. The results showed that
computer-related problems can be considered as “daily hassles’ that affected work stress over
time. In the weekly analyses, the results showed that computer slowdown and breakdown and
frequency of problems affected the mood of workers. In the monthly analyses, the cumulative
of number of computer-related problems was related to worker stress.

Lundberg et al. (1999) conducted a diary study among 72 supermarket cashiers in which they
investigated psychological and physiological stress responses. Each participant was asked to
record symptoms of musculoskeletal pain in the evening for one week. Results showed that
older women reported more pain than younger women. In addition, older women had higher
blood pressure, more work stress, and psychosomatic symptoms. The cashiers with trapezius
problems reported shoulder pain increase successively during consecutive weekdays, and the
peak in shoulder pain was on Friday. The researchers concluded that stress levels may be
important in explaining neck and shoulder symptoms among cashiers.

Other diary studies have explored the relationship between stress, health, and mood.

Del ongis, Folkman, and Lazarus (8) performed a study to scrutinize daily stress among 75
married couples. Data was collected via questionnaires and monthly interviews and included
information on social support, self-esteem, beliefs, values and commitment, life stress, health,
and psychologica well-being. Participants completed the Hassles and Uplifts Scale and the
Daily Health record at the end of each day during 4-day period for 6 months. Results showed a
significant relationship between daily stress and health problems. The negative effects of stress
on mood were limited to asingle day. Study participants with low supportive social
relationships and self-esteem had more opportunity to report psychological and somatic
problems both on and following a stressful day than were participants with high social support
and self-esteem. This study al so suggested that when stress levels increased, study participants
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with low psychosocial resources were vulnerable to illness and mood disturbances, even though
they had little stressin their lives.

Teuchmann, Totterdell, and Parker (1999) studied how work demands influence acute and
chronic stressin agroup of 7 accountants. Each accountant recorded data on pocket computers
three times a day for four weeks. The measures included negative mood, time pressure,
perceived control, and emotiona exhaustion. In the aggregated analysis, the data for each day
was averaged. Results showed that mood and emotional exhaustion oscillated in parallel to time
pressure. The results in the segregated analysis confirmed that work demand had a direct
impact on perception of control, time pressure, mood, and an indirect impact on emotional
exhaustion. The results suggested that the negative effect of time pressure might be alleviated
with enhanced perceived control.

Diary studies have also examined the fluctuation of psychosocia work factors, stress and
musculoskeletal discomforts. Fujigaki (1992) investigated the relationship between job pressure
and stressin agroup of software engineers. She conducted alongitudinal study to observe
individual job content and stress for six months. The daily work content was recorded in adiary
style. The results of the study showed that stressors, such astime pressure and quantitative
workload, were fluctuated over time, and affect on stress of engineers. In this paper, we present
results of adiary study that examines psychosocial work factors, stress and muscul oskel etal
discomfort in agroup of computer users. In our diary study, data was collected daily for atotal
of four weeks.

M ethodol ogy

Sample

The sample chosen for our study includes computer users. One division of alarge state agency
in the Midwest of the USA agreed to participate in the study. In this division, one can find
many types of office jobs with avariety of computer usage. In addition, this division and the
Department of Industrial Engineering at the University of Wisconsin-Madison have formed a
partnership to study the relationship between work organization, well-being and
musculoskeletal health. Therefore, we had good cooperation from the employees to participate
in the diary study. A total of 20 employees voluntarily participated in this project. See Table 2
for the demographic and job information.
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Table 2 - Demographic and job information

Gender:

Female 86%
Male 14%
Education:

Completed college with bachelor’s degree 40%
Completed some college 33%
Completed high school with other non-college training 6%
Completed high school 21%
Age: (years) [mean, SD] 43.0(7.2)
Full time employees: 90%
Experience with employer: (years) [mean, SD] 14.2 (9.4)
Tenureof current position: (years) [mean, SD] 9.5 (6.8)
Work hours:

Per week (hours) [mean, SD] 39.7 (5.9)
Per day (hours) [mean, SD] 8.3(0.7)
Computer Usage:

Computer usage per day (hours) [mean, SD] 5.4(2.0)
Experience with computer (years) [mean, SD] 13.4 (5.2)

Diary study questionnaire

The diary survey questionnaire is comprised of two main sections. First, an introduction part
includes a consent form for invitation and agreement for participating in study, aletter to
participants, and instructions. The second section contains the questions on psychosocia work
factors, stress and musculoskeletal discomfort. Each participant assessed their health at the
beginning and at the end of the study to measure starting and ending health conditions by using
health information forms. The Profile of Mood States (POMS) scale was used at the beginning
of the first week and at the end of each week. Also, participants daily answered the questions
on psychosocial work factors, stress, and muscul oskeletal discomfort. This latter part of the
guestionnaire was separated into four one-week sections ng the participants' health,
mood, daily psychosocial work factors, daily stress, and daily muscul oskeletal discomfort. See
acopy of the daily questionnaire at the end of the paper. In this paper, we present the daily data
on psychosocia work factors, stress and muscul oskeletal discomfort. Complete data sets for the
daily datawere obtained for 16 of the 20 employees participating in the overall study.

The measures of psychosocial work factors were developed from the University of
Wisconsin Office Worker Survey (Carayon, 1991). The University of Wisconsin Office
Worker Survey (UW OWS) is specifically developed for office workers, particularly VDT and
computer users. Thereliability and validity of this UW OWS have been examined in another
part of the research project (5). The diary study questionnaire includes 16 questions that ask
about several psychosocia work factors: job demands, job content, job control, social
interactions, and computer-related problems. The measures of stress were developed from the
Profile of Mood States (McNair et al., 1971) and Swanson (1997). The questions ask
participants to rate their feelingstoday. The response scale rangesfrom1to 5 (not at al, a
little, moderately, quite abit, extremely). The questions, scales, and the body part diagram are
adapted from the standardized Nordic questionnaires (Kuorinka et al., 1987). These questions
ask the participants to assess the level of discomfort, which is defined as pain, aching, stiffness,
burning, tingling or numbness, for different body parts. The response scale of discomfort
ranges from 1to 5 (none at all, alittle, moderate, quite a bit, extreme). The descriptive statistics
for the different scales are presented in Table 3.
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Table 3 - Descriptive statistics

N Minimum Maximum Mean Std.
Deviation

Job demands 272 10 4.0 2.946 .692
Job control 272 1.0 4.0 2,519 769
Negative social interactions 272 1.0 4.0 1.531 797
Computer-related problems 271 1.0 4.0 1.454 759
Social support 255 1.0 4.0 1.900 .900
Fatigue 272 10 5.0 2.152 1.251
Tension 272 10 5.0 1.564 .941
Upper body discomfort 272 1.0 5.0 1.813 .958
Hand-arm discomfort 270 1.0 35 1.281 .556

Further datawill be presented and discussed later.
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Appendix — Daily questionnaire

Last Four Digits of Social Security Number

Date Monday March 3, 1997

Please read each item and circle one number for each word
which describes how you have been feeling today.
Please indicate how much you were exposed to the following working

conditions today. Not A Quite
A A at All  Liule Moderately aBit Extremely
None Litlle Some Lot 17. Fatigued 1 2 3 4 5
1. How much workload did you have today? 1 5 3 4 18. Exhausted 1 2 3 4 5
2. How much did your job require you to work very 19. Bushed 1 2 3 . 5
fast today? 1 ) 3 4 20. Nervous | 2 ] 4 =
3. To what extent did your work require you to pay 21. Tense 1 2 3 4 5
extremely close attention today? 1 2 3 4 22. Shaky 1 2 3 4 5
4. How much did you face hostility or abuse from i " : :
customers or clients today? 1 2 3 4 Rate the level of discomfort (pain, aching, stiffness, burning,
5. How much challenge was there in your job today? 1 2 3 4 tingling, or numbness) in each area of the body using the scale
6. How much influence did you have over the pace of below.
your M,o_._n. that is how fast or slow you work Discomfort Scale: 1 = None at all 2 = A little 3 = Moderate
today? : s 5 1 2 3 4 4 = Quite a Bit 5 = Extreme
7. How much influence did you have over the order in
which you performed tasks at work today? 1 2 3 4
8. To what extent were you able to do your work ahead
and take a short rest break during work hours today? 1 2 3 4 Neck
9. How n.._._oa were you able to rely on your immediate Left Shoulder &
supervisor when things got tough Upper Arm Right Shoulder &
at work today? 1 2, 3 4 Upper Am
10. How much were you able to rely on other people at f
work when things got tough at work today? 1 p. g 4 Left Elbow Right Elbow
Back Buttocks
. Left Forearm, Wrist Right Forearm,
To what extent .En— you face the following > A & Hand Wrist & Hand
conditions in doing your own work today: None Little Some Lot
11. Work deadlines 1 2 3 4
12. Backlog of work 1 2 3 4 Please list any Critical/Unusual Events (ie, training,
13. Understaffing 1 2 3 4 conflicts, meetings, or emergencies) that occurred during
14. Contact with people who were upset or emotional 1 2 3 4 your work day today (Please describe)?
15. Computer breakdown 1 2 3 4
16. Slow response of computer 1 2 3 4
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I ntroduction

Psychological and social factors at work have been frequently been measured with different
measures in the Nordic countries. However, the reliability and validity of such measures have
been questionable. The Nordic Council of Ministers established a research group with theam
to develop and validate a questionnaire instrument covering essential psychological and social
factors at work, to be used in organizational development and research. The following research
guestions will be addressed: 1) to what degree do the items in the QPSNordic represent
separate dimensions which may be included in separate scales?, and 2) what is the criterion
validity of the relationships between QPSNordic scales to measures of well-being?

Methods

This study is based on two questionnaire studies resulting in a database consisting of totally
2010 respondents. During the autumn of 1997 1015 respondents of 16 organisations
participated in the first data collection. The second data collection was carried out between
May and November 1998 with 995 respondents representing five organisations. Respondents
were from Denmark, Finland, Norway and Sweden representing the following sectors: public
services, health sector, private services and manufacturing.

Results

The first research question was investigated by analysing the factor structure of theitemsin the
guestionnaire. However, items representing background variables, group work, work centrality,
and interaction between work and private life were not included in the analysis. Factor analyses
of three different subsets of items belonging to three different conceptual levels (task,
individual, and social and organisational level), resulted in 26 scales with totally eighty items
(table 1). The factor analyses of the task level items (31 items) was forced to 9 factors which
explained 51% of the total variance. The factor analysis of individual level items (25 items)
produced 6 factors explaining 52% of the total variance. The factor analysis of the social and
organisational level items (31 items) were forced to 9 factors explaining 60% of the variance.

Most constructed scales were relatively independent of each other. However, 24 correlation
coefficientsin the three analyses exceeded .40. Quantitative job demands correlated with
decision demands and role conflict, and group work (r > .40). Support by superiors correlated
with several organisation level scales, other |eadership scales, and support from co-workers (r >
40). In addition, some other scales measuring the properties of the work organisation
correlated with each other.
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Table 1. The organization and content of scales in the QPSNordic questionnaire

Content areaand scale Levelsof the N of

scale items
Job demands
Quantitative demands Task 4
Decision demands Task 3
Learning demands Task 3
Role expectations
Role clarity Task 3
Role conflict Task 3
Control at work
Positive challenge at work Task 3
Control of decision Task 5
Control of work pacing ~ Task 4

Predictability at work
Predictability duringthe  Organization 3

next month

Predictability of next two Individual 2
years

Preference for challenge  Individual 3
Mastery of work

Perception of mastery Individual 4
Social interactions

Support from superior Organization
Support from coworkers  Organization
Support from friendsand Organization 3

N W

relatives

Leadership

Empowering leadership  Organization 3
Fair leadership Organization 3
Organizational culture and

climate

Social climate Organization 3
Innovative climate Organization 3
Inequality Organization 2
Human resource primacy  Organization 3
Commitment to Individua 3
organization

Work motives

Intrinsic motivation to Individua 3
work

Extrinsic motivation to Individua 3
work

The second research question was investigated by analysing relationships between the scales
and the outcomes job involvement, job satisfaction, emotional exhaustion, distress symptoms
and headache. Resultsin Table 2 show that most and the highest correlations were between
scales, and Job involvement and Job satisfaction. Job involvement correlated most highly with
Work centrality, Commitment to the organisation, and Positive challenge at work. Job
satisfaction correlated strongly with Commitment to the organisation, and also highly with
Positive challenge at work, Support from superior, social climate, and low role conflict.
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Table 2. Average correlation of samples of the QPS scales to selected outcomesin 2d stage of

data collection (n=995)

Scale name Job Job Emotional Distress Headache
involvement  satisfaction exhaustion symptoms

Quantitative demands 0.05 -0.18 0.36 0.34 0.18
Decisional demands 0.08 -0.12 0.17 0.13 0.10
Learning demands 0.14 -0.03 0.18 0.15 0.05
Role clarity 0.12 0.23 -0.08 -0.15 -0.08
Role conflict -0.12 -041 0.35 0.36 0.17
Positive challenge at work 0.39 0.45 -0.21 -0.14 -0.04
Control of decision 0.24 0.27 -0.23 -0.10 -0.09
Control of work pacing 0.13 0.19 -0.22 -0.14 -0.10
Predictability during the next month |0.05 0.17 -0.05 -0.03 -0.11
Predictability of next two years 0.18 0.13 -0.05 -0.02 -0.05
Preference for challenge 0.10 -0.04 -0.21 0.01 -0.04
Perception of mastery 0.10 0.32 -0.28 -0.31 -0.06
Support from superior 0.22 0.45 -0.24 -0.22 -0.13
Support from coworkers 0.06 0.25 -0.12 -0.11 -0.05
Support from friends and relatives -0.01 0.16 -0.17 -0.16 -0.01
Empowering leadership 0.30 0.37 -0.15 -0.13 -0.09
Fair leadership 0.07 0.36 -0.25 -0.27 -0.18
Social climate 0.21 0.42 -0.29 -0.28 -0.16
Innovative climate 0.18 0.33 -0.19 -0.12 -0.05
Inequality -0.03 -0.16 0.15 0.13 0.13
Human resource primacy 0.26 0.39 -0.24 -0.16 -0.07
Commitment to organization 0.47 0.58 -0.37 -0.21 -0.14
Intrinsic motivation to work 0.16 0.00 0.07 0.16 0.09
Extrinsic motivation to work 0.02 0.01 0.20 0.00 0.07

Any correlation coefficient r > 0.07 issignificant at 0.05 level (2-tailed).

Discussion

The analysis support the assumption that the items in the QPSNordic may be organized in

separate scales were amajority of items show low or moderate correlations.

The findings indicate that the scales in the QPSNordic show adequate predictive validity
with respect to job satisfaction, job involvement and subjective health .
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Introduction

The aim of this presentation isto show a methodology to define, register, analyse and assess “the
exposures’ of the work system for nursing personnel, especially home care workers. Thereislittle
information about how exposure factors for nursing personnel should be modelled. The exposure for
nursing personnd is complex. It’s argued that assessment of exposure factors should consider the
possibilities of prevention in professional and non-professional contexts.

The home care service has grown fast during the last decade, due to health care reforms and this
growth is assumed to continue due to the increasing proportion of elderly personsin western societies.
The dilemma between organisational circumstances, physical and psychological demandsin human
service and especially home care work is recognised and discussed (1-3). The demand-control model
has been used but has also been criticised for lack of fit within human service occupation (1) and
underspecification error (4). The emotional demands, such as the home care workers relation to the
client, seem to be especially important (1-3). Qualitative studies also describe the importance of the
working climate, such as the relation to and support from the working group and the supervisors (2, 5),
insufficient resources and medical problems among care takers (5). Thereis afurther need to
theoretically systemise risk factors related to work organisation and at the same time, identify
situation-specific risk factors to gain knowledge with practical impact on interventions of the work-
place (6). It isimportant to explore factors that have practical relevance for the organisation of a health
promotive working situation.

Home care workers show high levels of indicators related to ill health, such as long-term sick leave,
disability pension and occupational disorders. The assessment of exposure must be considered in
relation to conditions related to the age of the subjects (main part over 55 years) and gender (95%
female). The interference of home-life strain has been highlighted in earlier studies. Dimensions of
controllability differ from work in one' s own home compared to work in a caretaker’ s home. Among
women in this age group, the combination of unpaid domestic labour and formal paid employment
seems to be more crucia for health than domestic labour in it’s own. Earlier studies also suggest that it
is the specific balance of formal and domestic labour that is related to woman' s health.

The theory of the work system forms a conceptual framework of how job design can improve
exposure factors that can produce stress and ill health on the worker. A balance within and among the
five job elements. organisation, task, technology, environment and person are desired for a good
health (7). According to Carayon & Smith (1999), the accumul ated negative aspects can lead to stress
reactions and ill health if not balanced by positive factors (8). The work system model has not earlier
been used in jobs related to the home care or health care sector. This model of work system can offer a
theoretical contribution while concretising risk factors and explore the system of interactions that
contribute to work-related health.

Method and study-group

A study was initiated to investigate on how the work system factors contribute to the devel opment of
disability pension among home care workers. We used a retrospective case-control design to examine
the magnitude of exposure five and 15 year before disability pension, the relative importance of home-
life factors and the accumulative effect of a number of risk factors. The study-group was 454 cases
(disability pensioned home care workersin Sweden, 1997 and 1998) and 580 controls (home care
workers still working) matched by age.
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Development of a questionnaire

A guestionnaire was devel oped to assess exposures retrospectively (The questionnaire is available at
reguest by the author). The questions covered aspect of working-life, home-life, life style and
employment factors representing dimensions of the model of the work system. The variable
specification within the theoretical framework was guided by results from earlier quantitative and
gualitative studies of working conditions in home health care work (2, 6). The validity was checked
qualitatively through interviews with 20 home care workers; 15 of them were working and five had
disability pension. The implications from the results of the interviews were related to defining the
time-period, used vocabulary, variable specification and the exclusion of frequency scales. There were
no memory difficulties related to the general questions and the items indicated if the problems existed
or not. The subjects found it easy to separate the time-period of the previous 5 and 15 years. Since
there were non-parametric data, the items were constructed to permit dichotomising and classifications
of the answers. Items were theoretically sorted into subgroups representing an exposure variable.
Answers of the underlying items in each subgroup were theoretically grouped into exposed or
unexposed. Cronbach’s apha coefficient, of cases and controls, were used to indicate degree of
internal consistency within each subscale. Correlation within each work system element was also
controlled.

Modelling procedures

The magnitudes of variables within each element of the work system were estimated by using logistic
regression. Those variables that were significant (logOR p<0,05) were included in the overall model.
In the overall model interactions between the selected variables were tested using the systematic of
hierarchically principle by Kleinbaum (9). The possible influence on the model from factors related to
person’s lifestyle/life-satisfaction, home-life, employment and age were estimated by effect likelihood
ratio test (9).

Results and discussion

Variables of exposuresin home care work did easily fit the model of work system. We modified the
model to suit working conditions among female nursing personnel, especialy home care workers
(Table 1). We also included the home-life factors. Home-life factors were related to influence and
controllability (own time at home, influence on decisions), demands (possibilities to rest from work,
workload, caring needs), support in work related issues, quality in leisure-time and violence. The
modelling procedure worked well like the classification procedure of exposures. However, the use of
Cronbach a pha statistics for originally qualitative data can be questioned. The results of the present
study show that risk factors in working-life here systemised within elements of the work system were
strongly related to the magnitude of risk for disability pension. Work-system risk factors were robust
to theinclusion of factors of home-life, lifestyle/ life-satisfaction and employment-profession in the
models. Being exposed to the more risk factors within the same work system element increased the
magnitude of risk for disability pension.
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Table 1 Work system variables included in analysis

Work system variables Cronbach’s apha
15/ 5 year previous

ORGANISATION

Formal properties—regularly routines 0.87/0.70
(regular supervision, competence dialogue and general workers meeting)

Controllability 0.87/0.73
(own/work-groups influence in decisions, participation in planning work and schedul €)
Organisational support 0.79/0.70
(availability of medical expertise, timeto grief clients death, organising substitute in absences)

L eadership 0.86/0.81
(competent leadership, available leader, support, conflicts solving abilities)

Competence development 0.81/0.69
(possihilities for developing one's competence, use of competence, possibilities to learn)

TASK

Task demands *
(workload, time-pressure)

Ergonomics/ lifting 0.86/0.76
(heavy lifting, lifting in uncomfortable postures, lifting by one’'s own)

Quiality in caring performance *
TECHNIQUE

Lifting technique *

(lifting aides, co-working)

Caring technique *
ENVIRONMENT

Organisational distrust 0.84/0.82
(distrust in organisations ethical decisions, prioritising and/or “general orderliness’)

Working climate 0.81/0.71
(work-group support, perceived climate in work-group)

Relational problems 0.92/0.76
(unjust treatment by superior, mobbing)

Violence 0.93/0.84

(threats, sexual violation)
*Singleitems
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I ntroduction

A hearing protector (HPD) can reduce the exposure significantly. The nominal attenuation,
recommended by the manufacturers, varies from 11 dB to 35 dB, depending on the HPD and
the frequency contents of the noise (1). This nominal attenuation is obtained if the usage rate
is more than 99% of the exposure time (2). However, the use of manufacturers datafor the
evaluation of attenuation has been questioned in several studies suggesting that the field
attenuation may be 3-10 dB smaller then the given attenuation.

Very little is published on the attenuation of HPDs in extreme conditions like cold. 1n cold
environmemt the workers wear helmet liners with the helmet. In this situation the earmuffs are
placed on the liner which may reduce the attenuation of the HPD.

The purpose of this study isto evaluate the effect of cold to attenuation of HPDs.

Methods

In the first part the effect of liners which are often used to The study comprised of three
earmuffs commonly used by Finnish forest workers. The attenuation of the hearing protectors
was measured with subjective method at room temperature. A total of 14 subjects were used.
The attenuation was measured with no liners, with cloth liners, with fur liners and with dlip fur
liners. Inthedlip fur liner the cup of the HPD could be placed inside the liner via the dlip.

To measure the effect of cold to the HPDs attenuation was conducted in a cold chamber (-10
C) were the HPDs were kept for several hours. Then the test person installed the HPD and the
change in the sound level was recorded in 10 sinterval. When no change was obtained the
measurement was stopped.

Thirdly the usage rate of HPDs was evaluated among 100 forest workers during atime
period of 1960-1995 by a questionnaire.

Results

The subjective measurements show the helmet-liner decreases the attenuation of the earmuffs.
When using a helmet cloth liner at frequencies below 1 kHz the performance decreased about 6
dB and at frequencies over 1 kHz about 3 dB. The fur helmet-liner decreased the attenuation
below 1.5 kHz to almost zero. Above that the attenuation increased about 15 dB/octave, but it
till remained far less than without the liners. When using a dlip fur liner the attenuation
increased by about 2 dB at all frequencies.

The temperature of the HPDs increased to normal in some minutes. The effect of cold
depends alot of frequency. Attenuation stabilized in some minutes (fig 1). When applied to
forest the measured attenuation changes and taking into account the pauses during which the
HPDs are taken off in cold, the effect to the total daily exposure was at highest 3 dB.
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Figure 1. Changein attenuation at different frequencies of aHPD after they are mounted

According to the questionnaire the use of HPDs started in early 1970ies and ten years later 95
% of the forest workers used always HPDs (fig 2).
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Figure 2. The development of usage rate of HPDs with time

Discussion

A liner increases the leakage when placed between the cushion and the skin, which isthe
explanation for the results. Asthe maximum of the power spectrum of the chain saw is
between 500 and 2000 Hz. Using the EN 458 methods it can be evaluated that performance of
the protectorsis about sufficient when no liners are used or when the slip fur liners are used. In
other cases the performance is not sufficient. Specially the fur liner should be avoided, because
of it's effect to the attenuation.

The effect of cold to attenuation was small. We may expect the highest effect among forest
workers who have to refill the chain saw during each hour of operation. When the chain saw is
not running, the HPDs are in stand-by position and are cooled by the ambient temperature.

The use of HPDs was polarised. Workers either used the HPDs regularly or they did not use
them or used them only a couple for very short periods, since only a couple of workers reported
usage rate of HPDs from 30 to 95 %. The high usage rates are more unreliable than the low
ones, since even a short time without HPDs is sufficient to decrease considerably the
performance of the HPD. Thus the mean attenuation of HPDs and the mean levels are probably
too optimistic by afew dB since the mid-eighties.
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Conclusions

The exposure evaluation in cold work is affected by the use of liners and the number of times
the HPDs are taken away. Although HPDs are nowadays used with 95 % usage rate in life time
exposure eval uation the usage rates are still the highest source of error.
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I ntroduction

Most hearing conservation programs (HCP) focus on occupational noise exposure. Peoplein
modern society are exposed additionally to wide range of environmental noise that has mostly
been neglected. The standard 1SO-1999 (1) intended to the risk assessment of noise- induced
hearing loss (NIHL) does not provide any rules to combine the various noise exposures, when
the total noise exposure is composed of free-time noise, military service noise and occupational
noise. The exposure of the inner ear to noise is also dependent on the use of hearing protectors.

Shooting and hunting increase the risk of hearing loss. Forest workers who were exposed to
gunfire noise had an additional 10 dB hearing loss than those who had only occupational
exposure to chain saw noise (2). NIHL occurs at a younger age in the military than in other
groups of workers exposed to excessive noise (3). In branches of the military where large
caliber weapons are used, the risk is especialy high, asisthe development of NIHL. Hearing
protection has proved to be less effective here, due to the non-linearity of the attenuation
against very high peak levels and the low frequency components of large caliber weapons (4).

Exposure to gunfire noise is difficult to assess, since there is no standard method available to
evaluate its effect on the inner ear. The existing measurement methods can be divided into two
categories; the peak level methods and energy attenuation methods.

The most frequent exposure in free time is exposure to music. The highest music exposure
rates are from rock music. Noise levelsin aconcert or adisco may be around 100 dB. Thus,
only one attendance a week causes an exposure exceeding the occupational action limit.
Similar levels are reported in the users of portabl e cassette recorders (5). In classical music the
levels are lower but the musicians still have arisk of hearing loss. Among musicians the use of
HPDs are low, but use isincreasing, notably during rehearsals. Music exposure is frequent
among young people. Among middle aged or older peopleit is very tends to decrease. No
studies about the free-time exposure of the adult population is available.

The aim of the present study isto evaluate the exposure of adult peoplein free-time and
propose a model for the cumulative life time exposure

Methods

The subjects consisted of three different groups of workers: forest workers (N=100), papermill
workers (N=406) and shipyard workers (N=176). The data for the forest workers were obtained
during afollow-up study 1972-1995 (Pyykkdo et al 1989). The data for the papermill workers
and shipyard workers were obtained from the local occupational health care centres. The noise
exposure was measured as A-weighted energy equivalent level by qualified industrial
hygienists. The accuracy of the noise level measurement was estimated to be 3 dB. The noise
exposure level inside the HPD was calculated. The usage rate of HPDs was collected using a
guestionnaire. The workers were asked to eval uate whether they use HPDs always, often, half
of the time, occasionally, never. These evaluations were rated to correspond to 100 %, 75 %,
50 %, 25 % and 0 % usage rates, respectively.
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Results

In the papermill, the mean noise level was 93 dB(A), in the shipyard 93-95 dB(A), and in forest
work 95-97 dB(A). The mean attenuation of the HPDs was 15 dB in forest work, 17 dB in the
papermill, and 20 dB in the shipyard.

Unlike youngsters our subjects did not report exposure to music. However powertools and
snow scooters were regularly used by 16% of the subjects. During thistime only 13 % used
HPDs. Totally 361 (53%) subjects reported shooting during their free-time. The total number
of shots was small, 92% of subjects had shot less than 1000 shotsin all and 8% reported over
1000 shots. HPDs were used by 47% of subjects all the time, and 29% reported that they never
used HPDs. 25% of subjects were estimated to have been exposed to several hundreds shots
while not wearing HPDs.

Military service exposure to noise from handguns was reported by 468 (68%) subjects. The
median value was 101-1000 shots. HPDs were worn 42% of subjects during shooting most of
the time, 12% reported non-usage at all and 25% reported using them always. Military service
exposure to large calibre weapon noise was reported by 266 (40%) subjects. 161 (25%)
subjects had been exposed to less than 10 shots. 63% of the subjects used the HPD always,
while 13% did not use HPDs at all.

The problems can be illustrated with the following example (Fig. 1). A shipyard worker
starts working at the age of 20 years. He is exposed at work to 98 dB(A) impulsive noise. He
uses HPDs with anominal attenuation of 24 dB. He attends weekly discos and concerts with a
mean sound pressure level of 98 dB(A) for 6 h. He starts visiting the discos at the age of 15
and stops at the age of 30. His habby is hunting. Annually he shoots 30 shots on average in the
forest without HPDs and 100 shots of target shooting with HPDs. Based on these figures the
cumulative exposure is calculated from concerts and discos, the true work exposure with its
accuracy, and the estimated work exposure without use of HPDs (Fig. 1). If the use of HPDs s
omitted the considerable overestimate of exposure is obtained. Even with the poorest use of
HPDs, the free-time exposure is the dominant exposure. The logarithm of the number of shots
without HPDs isalso givenin figure 1. As stated earlier thereis no generally accepted way to
combine steady-state noise and shooting noise. Still the number of shots presented hereislarge
enough to be a cause of notable hearing loss.
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Figure 1. Anexample of the model of the role of free-time and occupational exposure when
HPDs are used in total exposure evaluation
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Conclusions

Free-time exposure may be more important than work exposure, especially when HPDs are
used. Shooting noise also contributes significantly to the total noise exposure. However, there
are no rules for combining these two exposures.
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Exposures to noise and the simple act of ageing have negative consequences for hearing
sensitivity: both result in loss of hearing. When studies have been conducted to determine the
effect of either ageing or noise exposure on hearing, the primary task has been sort out the
hearing impairment due to each. There are two standards (3,2) that propose methods for
predicting the impact of noise exposure on hearing. Each standard provides reference
databases; ANSI S3.44 included the two databases contained in 1SO 1999 plus one additional .
Just as these standards allow prediction of hearing loss due to ageing and noise exposure, their
equations may also be used in reverse to determine the amount of noise that would be
responsible for an observed, age-corrected hearing loss. These noise levels may then be
compared to observed noise exposures in order to determine the accuracy or error of the
standards. Aswell, this procedure may suggest modifications to the standards= equations may
bein order.

M ethods

Audiometric databases from mining and manufacturing sector companies were analyzed to
determine the preval ence of materials hearing impairment by worker age. These databases
contained date of employment, birth date, hearing thresholds with test dates, as well as some
indication of noise exposure level and the use of hearing protectors. Exposure ranges were as
low as 75 to 80 dBA and as high as 110 dBA. For those workers exposed to greater than 85
dBA, hearing protector usage was ranked from seldom to more than 50% of the time.

In order to have estimates of the prevalence of hearing impairment from each data base as
function of worker age, it was necessary to first Aclean@the data by removing questionable
audiograms. The NIOSH Expert System (4) was used to filter all of the audiogramsin the
databases. Audiograms were removed if the thresholds were not repeatable on subsequent
audiograms, if there were large interaural differences suggesting poorer-ear shadow
audiograms, if the audiogram appeared to be affected by excessive background noise levelsin
the test booth, and for other irregularities.

For each database, prevalence of hearing impairment (binaural average hearing levels for the
1000, 2000, 3000, and 4000-Hz pure-tone average equal to or greater than 25 dB HTL re ANS
S3.6-1996) was calculated for each database as a function of worker age and compared to
prevalence of hearing impairment predicted by the standards due to age alone. Figure 1 shows
such a comparison. By reversing the equations in the standards, the amount of noise that would
be responsible for the magnitude of observed prevalence of hearing impairment in this example
was calculated to be between 98 and 100 dBA (8-hour time weighted average based on a 5-dB
exchange rate).

From the low-noise exposed databases an age-based prevalence of hearing impairment was
established which was compared to the standards. The preval ence values from the other
databases were compared to this as well.
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Results

The results indicate that the standards provide a greater weight to age than to noise and the
differential emphasisis particularly noticeable as the exposure levelsincrease. The results aso
indicate that the standards= assumption that age effects and noise effects are additive is
probably too simplistic. While the data show most hearing loss occurring within the first few
years of employment, the standards provide alinear growth with time. Finaly, the standards do
not accurately predict further accrual of hearing loss once and initial noise-induced hearing loss
has been sustained, as occurs frequently according to the data.
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Figure 1. Percent of miners with NIOSH defined hearing impairment (average of 1000, 2000,
3000, and 4000 Hz => 25 dB) by age - solid line - compared to the percent of the non-
occupationally exposed population having hearing impaired as calculated from SO-1999-
dashed line.

References

1.  American National Standards Institute, ANSI S3.6-1996. American national standard: specification
for audiometers. New Y ork, New Y ork

2. American National Standards Institute, ANSI S3.44-1996 American National Standard
Determination of Occupational Noise Exposure and Estimation of Noise-Induced Hearing
Impairment, New Y ork, New Y ork.

.3. International Standards Organization, SO 1999:1990, Acoustics -- Determination of occupational
noi se exposure and estimation of noise-induced hearing impairment, Geneva, Switzerland.

4. NIOSH. Analysis of audiograms for alarge cohort of Noise-Exposed Miners. John R. Franks, pp. 1-
7, August 6, 1996. National Institute for Occupational Safety and Health, Cincinnati, Ohio.

104



Using employees' self-logged record to identify high-risk tasks of
exposure to 1,3-butadiene in the petrochemical industry

Chang HY®, Smith TJ?, Shih TS®, Cheng CJ®, LinwC®, Guo YL®

L Graduate Institute of Environmental & Occupational Health, National Cheng Kung
University Medical College, Tainan, Taiwan, ROC, e-mail: h7154@mai | .ncku.edu.twl

“Dept. of Environmental Science, Harvard School of Public Health, MA, USA

¥ Institute of Occupational Safety and Health, Council of Labor Affairs, Taipei, Taiwan “Dept.
of Cosmetic Science, Chia Nan University of Pharmacy and Science, Tainan, Taiwan

I ntroduction

Environmental monitoring by time-weighted sampling has long been applied to assess the
personal exposure to the chemical hazards in the work place. For the same hazard, however, the
inter-individual variability within the same day or the inter-day variability for the same person
was found to be substantial in some industries. This study aimed to use employees daily self-
logging records to identify high-risk tasks of exposure to 1,3-butadiene in the petrochemical
industry.

Methods

Full-shift timed-weighted sampling was performed to determine the exposure of 1,3-butadiene
for four teams of total 35 workersin the refinery department of a petrochemical factory for 35
consecutive working days. Passive sampling badge and gas chromatography equipped with
flame ionization detector was applied in personal sampling and instrumental analysis,
respectively. A structured logbook was designated to each participant to record daily activities
in details throughout the work shift. Because the workers stay in the control room for the most
working time, the fixed-site sampling in control room for each working day as the baseline
exposed levels of 1,3-butadiene for the most workers.

Results

The exposure levels of 1,3-butadiene were found to be largely diversified among individual s of
the same team in the same day. It was also noted that the inter-day variability is significantly
substantial for some identical workers. All the 1,3-butadiene concentrations monitored in the
control room were under limit of detection (0.076 ppm). The detailed time-activity self-logbook
for each workers were used to determine the high risk tasks by using the equation listed as
follows. The valve-switching was found with the highest exposure levels and most significant
contribution to the daily time-weighted average concentration of 1,3-butadiene.
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Figure 2. Theinter-day concentration profile of 1

35 consecutive working days.
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s Ti

TWA: Time-weighted adjustment in full-shift working time
C: 1,3-butadiene concentration (ppm)

T: sampling time

i: task happened other than in control room

Conclusions

This study demonstrated the potential applicability of ausing daily employees self-logging
record to identify high-risk tasks of exposure to 1,3-butadiene in the occupational settings.
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I ntroduction

Aplastic Anaemiais arare but serious condition in which the marrow of sufferersis suddenly
lost and replaced with fatty deposits. There have been a number of epidemiological studies
investigating the possible risk factors for the occurrence of this disease and several factors have
been suggested but weakly characterised. These include occupational exposure to paints, dyes,
solvents, pesticides and radiation. The previous informative studies have al been of the case-
control design and have relied on participants' self-reported exposure.

The United Kingdom Aplastic Anaemia study was set up in 1993 to investigate the suggested
factors above in a case-control study of cases occurring in the United Kingdom. For adults, a
total of 146 cases and 284 controls were included in the study. A detailed questionnaire
ng occupational exposure, lifestyle, medications and other factors was employed.
Computation of risk by exposure to specific chemicals has been calculated and is reported in
detail elsewhere.

A further investigation centred on utilising expert opinion to classify likely exposure on the
basis of occupational history and details on specific tasks and duties within jobs. This current
paper reports the comparison of the levels of agreement seen and on the calculation of risk as
scored by 1, self-reported data on exposure; 2, expert assessment of likely exposure from an
occupational and duties history from participants work histories.

M aterials and methods

Exposure was classified on the basis of participants' self-reported exposure and expert opinion
on their occupational history. These were both scored and the levels of agreement cal culated.
Odds ratios for each exposure were calculated (adjusted for manual and non-manual status) and
a comparison made of the risk estimates derived using each of the two approaches to defining
exposure.
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Results

Table 1: Levelsof agreement between the expert opinion and self reported exposure as
recorded in the questionnaire

Solvents Exposure according to expert (% of row total)
+ve -ve Total
Exposure according to +ve 112 (69.6) 49 (30.4) 161 (100)
questionnaire -ve 84 (31.2) 185 (68.8) 269 (100)
Tota 196 (45.6) 234 (54.9) 430 (-)
Petrol/diesel/hydrocarbons Exposure according to expert
+ve -ve Total
Exposure according to +ve 89 (70.1) 38(29.9) 127 (100)
questionnaire -ve 75 (24.8) 228 (75.2) 303 (100)
Tota 164 (38.1) 266 (61.9) 430 (-)
Dyes/pigments Exposure according to expert
+ve -ve Total
Exposure according to +ve 26 (32.5) 54 (67.5) 80 (100)
questionnaire -ve 26 (7.4) 324 (92.6) 350 (100)
Tota 52 (12.1) 378 (87.9) 430 (9)
Cutting or lubricating ocils Exposure according to expert
+ve -ve Total
Exposure according to +ve 84 (74.3) 29 (25.7) 113 (100)
questionnaire -ve 67 (21.1) 250 (78.9) 317 (100)
Tota 151 (35.1) 279 (64.9) 430 (-)
Asbestos Exposure according to expert
+ve -ve Total
Exposure according to +ve 33(45.2) 40 (54.8) 73 (100)
questionnaire -ve 28 (7.8) 329 (92.2) 357 (100)
Tota 61 (13.9) 369 (86.1) 430 (-)
Pesticide Exposure according to expert
+ve -ve Total
Exposure according to +ve 24 (55.8) 19 (44.2) 43 (100)
questionnaire -ve 27 (7.0) 360 (93.0) 387 (100)
Tota 51 (11.9) 379 (88.1) 430 (-)
Herbicides/weedkiller Exposure according to expert
+ve -ve Total
Exposure according to +ve 17 (47.2) 19 (52.8) 36 (100)
questionnaire -ve 27 (6.9) 367 (93.1) 394 (100)
Tota 44 (10.2) 386 (89.8) 430 (-)
Wood preservatives Exposure according to expert
+ve -ve Total
Exposure according to +ve 31 (57.4) 23 (42.6) 54 (100)
questionnaire -ve 28 (7.5) 348 (92.6) 376 (100)
Tota 59 (13.7) 371 (86.3) 430 (-)
Metal filings Exposure according to expert
+ve -ve Total
Exposure according to +ve 21 (21.7) 76 (78.4) 97 (100)
questionnaire -ve 6 (1.8) 327 (98.2) 333 (100)
Tota 27 (6.3) 403 (93.7) 430 (-)
Soldering fumes Exposure according to expert
+ve -ve Total
Exposure according to +ve 33(41.3) 47 (58.8) 80 (100)
questionnaire -ve 29 (8.3) 321 (91.7) 350 (100)
Tota 62 (14.4) 368 (85.6) 430 (-)
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Table 2: Odds ratios for exposure to occupational substances according to expert opinion and
self-reported data.

Matched Odds Ratio and 95% CI (adjusted for
manual/non-manual status)

Exposure Odds ratios estimated Odds ratios as cal culated
according to expert opinion  from self- reported data

Solvents
Petrol/diesel/hydrocarbons
Dyes/pigments
Cutting/lubricating oils
Asbestos

Pesticides
Herbicides/weedkillers
Wood preservatives

Metal filings

Soldering fumes

1.60 (0.99, 2.60)
1.09 (0.60, 1.98)
1.28 (0.67, 2.44)
2.01 (1.15, 3.52)
1.50 (0.77,2.91)
1.34 (0.68, 2.64)
1.34 (0.67, 2.66)
1.22 (0.63, 2.39)
1.03 (0.45, 2.35)
2.07 (1.08,3.97)

1.66 (1.03, 2.69)
1.19 (0.73, 1.92)
1.22 (0.72, 2.06)
2.10 (1.23, 3.57)
2.03 (1.12, 3.68)
2.08 (1.07, 4.03)
1.73 (0.86, 3.47)
1.45 (0.74, 2.85)
2.18 (1.27, 3.75)
2.23 (1.29, 3.85)

Conclusion

The levels of agreement between exposures as reported directly by participants and as
estimated from occupational history by expert assessment, show that agreement was only
moderate and for some exposures, such as dyes, was relatively poor.

The consequences for risk estimates of such differences in categorisation are that the odds
ratios are generally higher when calculated using self-reported data. Indeed, for four exposures
(solvents, asbestos, pesticides and metal filings) the risk was only statistically significant for
self-reported data. For cutting/lubricating oils and soldering fumes the risk was significantly
elevated for both approaches.

These results highlight the uncertainties in identifying occupational exposures.
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Introduction

For many anticancer drugs a genotoxic, mutagenic, or carcinogenity activity has been provenin
experimental systems (1). Thefirst evidence of the potential health effects of exposure to anti-
neoplastic agents on the health of healthcare workers was obtained from the examination of the
mutagenity of urine from nurses who had handled cytostatic agents (2). For some antineoplastic
drugsthereis also sufficient evidence of a carcinogenic effect in humans (3). Furthermore,
hospital work environments may be characterized by occupational hazards for reproduction due
to acombination of chemical and biological agents, shift work, high physical work load, and
psychological stress. All of these can potentially have adverse effects on reproduction, but
limited data are available (4). The aim of the present study isto evaluate, by risk self-assess-
ment data, occupational exposure to antineoplastic agents in nurses working in hospitals, con-
sidering that exposure levels can be influenced by misperception of risk and lack of information.

Methods

The study involved arandom sample of 119 nurses of both sexes, aged 20-55, working in
different hospital divisions and resident in the district of Rome. A short mail questionnaire was
used to collect data from each subject. The guestionnaire included information on age, sex,
marital status, educational level, employment history, and job at the survey time. The
questionnaire also collected information about the consciousness of possible harm to health
caused by chemical and/or physical agents present in the hospital environment such as
disinfectants, anaesthetic gases, solvents, electromagnetic field waves, ionizing radiation.
Furthermore, the study investigated the perception of risk and knowledge about the effects of
exposure to antineoplastic drugs on health and safety precautions to be adopted in handling
these substances. In addiction, each worker was questioned about past and present occupational
exposure to antineoplastic drugs. Lastly, data were collected about accidents that had occurred
when handling these agents. We considered “ exposed” the workersinvolved in the following
jobs: preparation of antineoplastic drugs, their distribution in the hospital divisions and
administration, change of contaminated linen, cleaning of rooms for reconstitution of
antineoplastic agents, and removal of contaminated waste.

Results and Discussion

The nurses interviewed included 62 males (52.1%) and 57 females (47.9%); the mean age was
33.8 and 34.3 years, respectively. The majority of the workers were married (60,4%). Most had
ahigh school educational level (84.9%), 10.9% had a secondary educational level, and only
4.2% were university graduates. Among the 119 nurses, 52.9% were exposed to antineoplastic
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agents; of these, 7 workers reported an accidental contamination and only one reported ocular
damage. About 87% of the nurses considered antineoplastic agents more dangerous than the
other chemical or physical agents considered in the questionnaire (figure 1). Moreover, 53.8%
showed a medium-high level of consciousness of danger in handling these substances. The
European Society of Clinical Pharmacy (1990) has recommended the use of laminar down flow
safety hoods, latex surgical gloves of sufficient thickness, gowns, surgical masks, and hair
covers for employees handling antineoplastic agents to prevent and reduce risk in professionally
exposed personnel. Unlike the recommendations of the European Society of Clinical Pharmacy
we found that the nurses considered surgical masks and glasses (respectively 96.7% and 95%)
much safer than gloves (72.3%) and gowns (68.9%). Lastly, among all the protective measures,
they considered the hoods the least safe (56%).

Figure 1. Degree of risk perception concerning health effects due to some
chemical and/or physical agents.
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Of the 119 respondents, 66 (41 exposed and 25 unexposed workers) said they have received
information on occupational risk and precautions to be adopted for handlangneoplastic
drugs. Furthermore, most of these declared they had mainly informed by colleagues (table 1).

Table 1. Information sources on occupational risk and precautions to be adopted for handling
antineoplastic drugs.

Variable Exposed (n=41) Unexposed (n=25) All (n=66)
n % n % n %
Medical Direction 3 7.3 3 12.0 6 9.1
Occupational Headlth Service 3 7.3 3 12.0 6 9.1
Pharmacy Service 2 4.9 1 4.0 3 4.5
Training 13 317 12 48.0 25 379
Colleagues 33 80.5 14 56.0 47  71.2
Other sources 11 26.8 8 38.1 19 16.0

With regard to the itemsanalized, these data did not show a satisfactory level of knowledge of
risk among workers exposed t@ntineoplastic agents
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Conclusions

Aswidely known, with regard to occupational exposure to chemical agents that are potentially
harmful to health, the risk perception of exposed workers seemsto play amajor role (5). The
specificity of damages related to antineoplastic agents and the general tendency to under-
estimate occupational risk by the workers themselves can increase the exposure level. This
study underlines a high perception of risk connected with antineoplastic agents among hospital
workersinvolved in nursing practices. At the same time, data show that workers concerns are
poorly supported by professional training. This result, if confirmed by further investigations,
should be carefully evaluated by central and local health authorities in order to promote a wider
disclosure of information on antineoplastic drugs, aiming for the adoption of safety measures
among workers who are professionally exposed to them.

Acknowledgements

The present study was supported by the project: “Donna Salute Lavoro: nuovi orientamenti
dellaricerca’ (Art. 12 Decreto L egislativo 502/92) ISPESL.

References

1. SorsaM, Hemminki K and Vainio H. Occupational exposure to anticancer drugs: potential and real
hazards. Mutat Res 1985;154:135-49.

2. McDevitt JJ, Lees PSJ, McDiarmid MA. Exposure of hospital pharmacists and nurses to
antineoplastic agents. JOM 1993;35(1):57-60.

3. FuchsJ, Hengstler JG, Jung D, Hiltl G, Konietzko J, Oesch F. DNA damage in nurses handling
antineoplastic agents. Mutat Res 1995;342:17-23.

4. Zidhuis G, Peelen SIM, Florack EIM, Roeleveld N. Hospital work andfecundability. Scand J Work
Environ Health 1999;25(suppl! 1):47-8.

5. Elkind PD. Correspondence between knowledge, attitudes, and behaviour in farm health and safety
practices. Journal of Safety Research 1993;24:171-9.

113



Comparison of qualitative indices of exposure to acrylamide-
containing grouting agents during tunnel work

Kjuus H®, Goffeng LO®, Skaug V®, Heier M®

"National Institute of Occupational Health Oslo, Norway,
Dept. of Clinical Neurophysiology, Ullevél Hospital, Oslo, Norway, e-mail:
Helge.Kjuus@stami.no

I ntroduction

When quantitative exposure information is lacking, it is a challenge to identify relevant indices
of qualitative exposure. We have studied aternative exposure indicesin relation to acylamide
exposure in tunnel work. To prevent water leakage during tunnel construction, chemical
grouting agents may be injected. During construction of arailway tunnel to the new Oslo
Airport, 340 tons of a grouting agent based upon N-methylol acrylamide (NMA) and sodium
silicate was used, which contained 4-5% acrylamide as an impurity. The workers were exposed
during mixing, pumping and injection of the grouting agent. They reported frequent spills on
their clothes with the acrylamide-containing solution. They also reported «showers» with
leaking water contaminated with acrylamide. Thus, the main route of exposure was believed to
be related to skin contact and not to inhalation. No measurements of acrylamide in the working
environment was performed during the injection work.

Acrylamide exposure may lead to reduced nerve conduction velocity (NCV), mainly in a
reversible manner. We have examined exposure and possible effects on the nervous system
among 25 tunnel workers with high exposure to the NMA grouting agents during a two-year
period. The aim of the present study was to compare different indices for qualitative exposure
assessment, partly obtained from adminstrative sources, related to time- and place-based
cumulative use of NMA grouts and partly from self-reported questionnaires.

M ethods

Two to four months after the injection work was stopped, the 25 workers judged to be the most
heavily exposed were selected for further examinations, including a detailed questionnaire on
work tasks and exposureto NMA grout. From the contracting company, we received detailed
information on volumes of the grouting agent used in the different parts of the tunnel during
specified periods. Combined with information on working time in the tunnel and estimated
"injection” time, three administrative exposure indices were devel oped:

Tunnel time (TT): Total working time in the tunnel (in months)

Injection time (IT): Time with NMA grout injection (in days)

Exposure time index (ETI): Based upon the weighted cumulative exposure time (Low
volume injection period (months) (LVP), High volume injection period (months) (HVP),
Tunnel water exposure period (months) (TWP), where ETI was estimated as. (LVPx2) +
(HVPx4) + (TWPX0.5).

From the questionnaires, we developed a self-reported exposure index (SEl) related to the
frequency of injection, mixing, cleaning and spill on skin (often, seldom, never) during
specified periods, together with information on reported skin contact with tunnel water and
inhalation of NMA grouts. The sum score for the SEI ranged from 1-15. We also used a
combined measure of total injection time and self-reported exposure index (1T x SEI).
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Change (improvement) in neurographic measures between 4 and 16 months post exposure
were used for the comparisons. Spearman correlation coefficients between the different
exposure indices and improvement in neurographic measurements were cal cul ated.

Results

The Spearman correlation coefficient between working time in the tunnel (TT) and the self-
reported exposure index (SEI) was 0.29 (p=0.16). The correlation coefficient between the a
priori most relevant administrative measure, injection time (IT) and the self-reported exposure
index (SEI) was 0.44 (p=0.03). Substituting IT with the weighted, cumulative index (ETI) gave
no stronger correlation.  Significant correl ations between improvements in nerve conduction
velocities (NCV) and estimated tunnel time (TT) were observed. The use of Injection time (IT)
gave slightly better correlations, but no further improvement was observed by use of the
Exposure Time Index (ETI). The self-reported exposure index (SEI) was not significantly
correlated with improvement in any of the neurographic measurements.  Combining Injection
Time (IT) with self-reported exposure (SEI) gave lower correlation coefficients than for the
separate use of Injection time (1T) and the exposure time index (ETI).

Conclusion

When guantitative measures of exposure are missing, several sources for qualitative exposure
assessment may be utilized. In the present study, the administratively based time-related
exposure information seemed to be superior to self-reported information on exposurein
predicting improvement in the outcome parameters.
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I ntroduction

Due to constraints relating to ethical concerns and measurement issues, PBPK modeling has
been mainly applied to animal experiments and human volunteer studies. This study aimed to
use PBPK techniques to examine the time-based skin absorption of ethylene glycol
monomethy! ether based upon data obtained from the occupational environment. The
contribution of vapor absorption viathe skin as compared to absorption via the inhalation route
has also been investigated.

Methods

The model validation was made using the PBPK model in this study to compare with human
subject studies deriving from the literature. Airborne ME concentration and pre- and post-
working shift urinary 2-methoxy acetic acid (U-MAA) concentration were monitored for,
respectively, six, and seven consecutive days, for eighteen people working in a copper-laminate
circuit board-manufacturing plant. A six-compartment PBPK model was used to depict the fate
of ME in the body and time-series U-MAA concentration. A comparison of time-matched U-
MAA concentration was made between those level s predicted by the model and actual
measurements from the field study.

Results

When compared with the human subject studies in the literature, the estimates of mean urinary
MAA excretion from this PBPK -modeling study were found to lie within the range specified by
the experimental measurements (Table 1). The fact that both predictive total excretory MAA in
urine from an inhal ation exposure to ME and from skin exposure to ME vapor are compatible
with the experimental results derived from this study, indicates that the PBPK model used for
this study can be acceptably applied to human-volunteer studiesin awell-controlled exposure
situation.
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Table 1. A comparison of PBPK-modeling estimates with literature-derived experimental
results

Exposure conditions Experimental results (mg) PBPK estimate from
this study (mg)
RV Conc.: 13.5 ppm MAA in urine 45 ® 1.2-3.7 2.0
Time: 60 min [2.7]°
Venti.: 440.2 I/hr
DV Conc.: 1,562 ppm MAA inurine 4 10-30 20
Time: 45 min [17]
Area: lower arm

Source: Keziceta., 1997 (n=5),ref =1

RV Respiratory exposure to vapor; DV: Dermal exposure to vapor

a. The summary of urinary MAA throughout a 48-hour exposure period.
b. Mean values of the experimental datain parentheses

When airborne M E measurements in a semiconductor copper-laminate circuit board-
manufacturing plant were applied to aPBPK model as the model exposure input, the predictive
time-series U-MAA excretion rates (on were found to be significantly correlated with those
creatinine-adjusted MAA excretion measurements deriving from the real field study (Spearman
correlation coefficient, r = 0.972, p < 0.0001, Figs. 1la& 1b). Asawhole, thisresult shows that
this developed PBPK model can be reasonably assumed to be appropriate for application to this
ME field study.

Figurela & 1b. A comparison of measurements from the field study with PBPK model
predicted values. Urinary MAA measurements (mg/g Cr.) are the creatinine-adjusted urinary
MAA concentrations in daily pre- and post-working shift urine samples deriving from the field
study (Figure 1a, on top). Urinary MAA excretion rates (ug/min) were estimated by the PBPK
modeling techniques based on the daily arithmetic means of measured time-weighted average
(TWA) ME concentrations amongst 18 workers in a Taiwanese semiconductor copper-laminate
circuit board-manufacturing plant as exposure inputs for eight hours throughout the PBPK
model simulation (Figure 1b, the bottom).
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Using this validated PBPK model, we found the skin absorption is arising from exposure to ME
vapor at aTLV-TWA level of five ppm for eight hours, as compared to that of inhalation, is
about 1.3 timesthe level at the end of exposure. The skin-to-inhalation ratio curve then follows
aconsistently-increasing trend peaking at 2.9 times at 152 hours, the morning of the seventh
day from the commencement of worker exposure.

Conclusions

This study demonstrated the potential applicability of a PBPK model for estimating exposure to
ME in a steady and simple occupati onal-exposure scenario. The skin absorption of ME vapor
resulting from occupational exposure clearly deserves more attention.
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I ntroduction

Abietic and dehydroabietic acid are the main constituents in rosin from coniferous trees. The
substances are easily oxidised by air and abietic acid is more susceptible to oxidation than
dehydroabietic acid is. One of the oxidation products has been identified as 7-oxo-
dehydroabietic acid (1). The substances and especially the oxidised acids have an allergenic
activity. Exposure to the acids during soldering with arosin-based flux has caused dermal and
respiratory diseases (2). Air sampling in a Canadian sawmill handling pine and spruce has
shown that resin acids are present in the workroom air (3).

Assessment of the dermal exposure to resin acids has not been performed earlier. The aim of
this study was to determine the dermal exposure to abietic, dehydroabietic and 7-oxo-
dehydroabietic acid among Swedish sawmill workers.

Material and M ethods

The dermal exposure was assessed during the sawing and edging processes of pine. Patches (10
cm?) of atransparent surgical tape, were attached onto the skin of the forehead and the hands of
sawmill workers and unexposed individuals. The unexposed individuals were working in the
office of the sawmill. The sampling time was approximately 4 hours.

After the sampling period, the sampler was directly put into aglass vial. The vias were
stored at —20 °C until desorption with dichloromethane. Before analysis by gas chromatography
— mass spectrometry the resin acids were derivatised to their methylester.

Results

Abietic and dehydroabietic were identified from the patches attached at the hands and the
forehead of sawmill workers. Mass spectrometric data indicates that 7-oxo-dehydroabietic acid
also was deposited on the patches. Traces of the resin acids were detected on patches from
some of the unexposed individuals. The dermal exposure of the resin acids on the forehead is
up to 0.72 pug/cm’h for abietic acid, 0.76 pg/cm?/h for dehydroabietic acid and 0.06 pug/cm’h
for 7-oxo-dehydroabietic acid. The skin area of the hands and the forehead is estimated to 2 x
410 cm? and 650 cm? respectively (4). Assuming uniform deposition, the actual exposure
during an eight-hour workday has been estimated between < 1.0 — 4,700 ug on the hands and
between < 1.0 - 7,700 pg on the forehead.

Discussion

This pilot study shows that the dermal exposure to resin acids in sawmills can be assessed by
attaching patches on the skin of the exposed workers. The resin acids are probably present as an
aerosol or adsorbed to the wood dust particles. Deposition is thus most likely the dominating
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dermal exposure process. The variability in exposure between the workers may be explained by
the distance from the emitting source and/or by differences in work practice.

The relatively small amounts of resin acids detected on the patches from some of the office
workers may indicate that resin acids and/or wood dust from the sawmill is entering the
ventilation system of the office.

Conclusions

There is an actual dermal exposure to resin acids and an oxidised acid in sawmills. Due to the
alergenic effects of these substances, precautions should be performed to minimise the
exposure.
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Background

There isincreased awareness of the risks of occupational latex allergy, especially in health care
professions. Methods for measuring latex allergens in personal airborne or skin exposure
samples are however not commonly available. Most studies have thus far employed inhibition
immunoassays with pools of IgE anti-latex positive patients’ sera, which are difficult to
standardize because of the limited amounts of available sera. Moreover, since different serum
pools may qualitatively differ in their reaction patterns, the IgE inhibition assays may vary
widely in sensitivity and specificity. Monoclonal antibody-based assays may provide a useful
alternative, but up to now no predominant major latex alergens have been identified that would
be good candidate markers for exposure, and for which monoclonal antibodies are commonly
available with which a sensitive assay can be performed. Sincein previous studies highly
sensitive and specific assays for airborne alergens like rodent urinary proteins and fungal a-
amylase could be devel oped with polyclonal rabbit 1gG, we investigated the feasibility of a
similar approach for latex allergenic proteins.

Aim

Main objectives of the study were to develop a sensitive and specific sandwich enzyme
immunoassay (EIA) for measuring latex proteins, using polyclonal 1gG from rabbit anti-latex
antiserum, and to evaluate the use of the assay for airborne and dermal exposure assessment in
an experimental set-up and a population study in hospital workers.

M ethods

Starting material was arabbit anti-natural rubber latex(NRL) antiserum, that was raised and
used previously at FDA/CDRH for the analysis of latex proteinsin gloves. The IgG fraction
was isolated by ammonium sulfate precipitation and anion exchange chromatography, and part
of theisolated 1gG was labelled with biotin. In the sandwich EIA, test samples were incubated
in microwells coated with anti-NRL 1gG at 100 ng/well, and latex protein binding to the coating
was detected by incubation with the biotinylated anti-NRL 1gG, followed by incubations with
avidine-peroxidase, and finally o-phenylenediamine as the peroxidase substrate. Various brands
of gloves were tested by direct extraction, and by collecting airborne dust samplesin ahood
where gloves were shaken and manipulated for several hours.

The population study was performed in several departments of three hospitals, of which in
total 140 workers participated in exposure measurements. Personal and ambient airborne dust
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samples were taken with PAS-6 sampling heads, and latex proteins were measured in 1 mL
extracts made in PBS-Tween. Skin exposure was assessed in two ways:

e measurement of latex proteinsin 1 mL extracts made in PBS-Tween of 25x40 mm self-
adhesive pads (M efix®) that were attached to the inner side of the right middle finger
directly after wearing gloves, and removed after 2 minutes.

¢ measurement of latex protein in 250 mL of PBS in which participants rinsed their
hands for 30 sec. directly after wearing gloves, and after the pad test.

To compare results with that of other assays, extracts of gloves and airborne dust were also
tested in IgE inhibition assay used in earlier studies at the BGFA in Bochum.

Results

A steep dose-response curve was obtained with a standard NRL preparation, indicating a
sensitivity of 1-4 ng/mL. The assay was highly specific, showing no reaction with alarge series
of extracts of various other immunogenic protein preparations like wheat, milk, animal urine
and danders, house dust and storage mite extracts, etc. Extracts of two different brands of latex-
containing gloves showed parallel dose-response curves, from which amean NRL content of
approx. 4 and 400 microgram latex protein per glove was calculated. Experiments with
generated airborne dust from these gloves indicated that airborne concentrations of latex
protein could be detected of approximately 175 and 1,800 ng/m3, at dust levels of 0.3-1.2
mg/m3. Validation and comparison analyses with the IgE inhibition assay at BGFA showed
moderate to high correlations for both airborne dust samples (r* = 0.7-0.8) and glove extracts (r?
=0.9), but absolute values obtained with the two assays showed a systematic difference.

In the population study, airborne latex protein was detectable in 20 of 118 airborne dust
samples, at levels of 4-11 ng/m® (geometric means per department) at workplaces where
powdered |atex gloves were used, while no airborne latex (<4 ng/m°®) could be detected where
non-powdered latex or latex-free gloves were used. The two methods used to assess dermal
exposure showed a higher sensitivity. Positive pads and hand wash solutions were found in
>90% sampl es taken after use of powdered latex gloves, with (estimated) total levels of 0.5-8
Kg per hand. Low but detectable levels could also be found in a number of pads (4 of 47) and
hand wash samples (4 of 26) taken after wearing non-powdered latex gloves. Only one weakly
positive pad (out of 7) was observed, and none of 7 hand wash fluids, among the samples taken
after wearing non-latex gloves.

Conclusion

The data indicate that the polyclonal rabbit 1gG anti-NRL based sandwich EIA may be a useful
and reliable tool for measuring airborne and particularly dermal latex allergen exposure.
Further validation and comparison with existing methods is nevertheless required before
widespread routine application.
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I ntroduction

A wide variety of pesticide formulations are used in non-agricultural applications. In most cases
the skin is the major route of uptake. When applying pesticides, protective clothing is normally
relied on to minimise skin exposure. In this study we assessed the effectiveness of three
different types of protective overalls when spraying pesticides during timber preservation.

Methods

The effectiveness of three types of protective overallsthat are commonly worn by pesticide
sprayers was investigated. The selected overalls were:

¢ Polyester hooded cotton overalls

e A disposable garment made from low air-permeability non-woven fabric

¢ A disposable garment made from high air-permeability non-woven fabric
During the field surveys, sampling suits (35% cotton, 65% polyester) were worn underneath the
selected protective overalls. Eleven 10 cm x 10 cm absorbent patches, made from the same
material as the sampling suits, were attached to the outside of the protective overalls. These
patches were backed by aluminium foil and reinforced with Tenza self-adhesive plastic.
Patches were attached to the overalls using safety pins. The location of the patches was: right
hand side of the hood; front torso, right hand side; back torso, between the shoulder blades;
upper arms, midway between elbow and shoulder; lower arms, midway between the elbow and
wrist; upper legs, mid thigh and lower legs, midway between the knee and ankle. At the end of
the survey, the protective overall was removed, then the sampling suit. Patches were removed
from the sampling suit and placed in sealed jars. The sampling overalls were cut into 11
sections, corresponding to the patches and these were then placed in sedled jars.

Two different types of pesticide were used in the surveys, for half of the surveysa
permethrin based product was used and for the remainder a boron based product. Permethrin
was extracted using acetone. Samples were analysed by gas chromatography/mass
spectrometry. Boron was extracted using water. Samples were analysed using Inductively
Coupled Plasma/Atomic emission Spectroscopy.

For the patches, exposure was cal culated by extrapolating the amount of contaminant on the
patch to the surface area of the suit areathey represented. The penetration factor was cal cul ated
by dividing the mass of pesticide measured on the inner suit by the sum of that measured on the
inner suit and the estimated mass on the outer suit and multiplying the result by 100 (1).

The amount of fluid on the outer protective suits and the inner sampling suits was cal culated
by dividing the amount of active ingredient detected by the concentration for the working
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strength solution used. The relationship between the amounts of pesticides detected on the
individual sections of the inner sampling suit and that estimated on individual sections of the
other protective suit was estimated by regression analysis.

Results

There was awide range of penetration factors for the whole overalls, ranging from 0.5 to 37%
(Geometric Mean = 6.7%) for permethrin and 0.1 to 9% (Geometric Mean = 1.7%) for boron
(table 1). Penetration factors could not be calculated in three cases (company D) since no
pesticide was detected on the inner suits. Very small amounts of pesticide were detected on the
outer suits from these sites and it would appear that the operators forgot to add pesticide when
preparing the working strength formulation.

Table 1 - Penetration factors for whole suit

Company code Polyester cotton suit Low air permeability High air permeability

suit suit
Permethrin-based pesticides (%)
A 8 37 3

6
B&D 13 NC 0.5
NC NC 17

Boron-based pesticides (%)
C 0.1 1 3
E 1 8 9

Where“ NC* = no penetration factor calculated

Estimated challenge masses ranged from 16mg to 516 mg permethrin in the first six surveys
(omitting the results from two surveys, where the operators apparently forgot to add pesticide).
For the second six surveys, awide range of challenge masses was also observed for the boron,
with masses ranging from 16 mg to 1090 mg. The masses on the sampling suits ranged from 0.5
to 94 mg for permethrin (again omitting the results from two surveys) and from 0.3 to 11 mg for
boron.

In figure 1 the quantity of pesticide detected on each section of the inner sampling suit has
been plotted against the estimated quantity on the corresponding sections on the outer suit. The
1:1 line indicates where the amounts inside and outside are equal.
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Figure 1 - Amount of fluid outside and inside
protective overalls
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Where quantity of fluid could be calculated for both outer and inner sections, a significant
correlation of 0.67 (p < 0.001) was obtained. The regression equation is:

Ln(quantity on outer suit section) = 0.44 Ln(quantity on inner suit section) — 0.04

Only the slope was significant.

Discussion

Contamination occurred even after very short surveys, suggesting that duration of sprayingis
not an important variable. Typically, the timber treatment only made up a very small proportion
of an operator’ swork shift, with the majority of the time being spent in preparation of the
surfaces prior to treatment and other ancillary operations.

There was very little difference in the protection afforded by the different overalls, with
penetration factors varying widely from one test site to another. There was a small differencein
the average protection factor between the two pesticide formulations, but these were not
statistically significant.
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I ntroduction

Dermal exposure to chemicalsin the environment is an important public health concern in the
U.S. Environmental Protection Agency (EPA). The Food Quality Protection Act requires the
Office of Pesticide Programs to account for all exposure pathways when estimating the
potential hazards of pesticides. This requirement has sparked concern about dermal contact of
pesticide residues from treated areas. In the Office of Solid Waste and Emergency Response
(OSWER), the dermal route is amajor concern about the risk to industrial chemicals at
hazardous waste sites to workersinvolved in site clean-up and to people who live near these
sites. Inregulatory reviews, the Office of Water (OW) considers exposure to chemical
contaminates during bathing or showering. However, the ability address dermal risk of
chemical contaminates in the environment has been hampered by alack of adequate
percutaneous absorption data.

The EPA’s National Center for Environmental Assessment conducts research to improve risk
assessment methodology. To improve dermal risk assessment methods, our research is
devoted to characterize exposure from contaminated water and soil and to predict the
percutaneous absorption potential of environmental contaminates. Specifically, we are
conducting investigations to validate in vitro percutaneous absorption measurement methods
and to improve percutaneous absorption models. Since the quality of percutaneous absorption
validation studiesin the published literature is highly variable, we investigated if dermal
toxicity studies submitted by pesticide registrants using the Zendzian protocol could be used to
validate in vitro percutaneous absorption methods.

Methods

We examined in vivo percutaneous absorption studies for specific pesticides submitted to the
U.S. EPA Office of Pesticides Programs (OPP) for these investigations. These studies are
conducted according to the Zendzian protocol (Zendzian, 1994, 2000). The protocol requires
that each study be conducted with a minimum of four rats, in vivo, over afour log dose range at
specific time intervals for aminimum of 24 hours. Registrants are required to submit detailed
reports of the experimental design, dose preparation, animal/skin sample preparation, dose
administration, sample collection and sample analysis. All raw data generated in the studies are
reported in tabular form. Additionally, some registrants have submitted in vitro experimental
resultstoo. This allows comparison of both dose and time related variation of dermal
penetration and comparisons of in vitro percutaneous absorption methods.
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Results

To date we have completed experiments with Acetochlor but studies with other chemicals are
in progress. This study was evaluated for completeness and accuracy. In this study, in vivo,
doses were 3.0, 42.5, 270, and 2934 ug/cm?. Comparable doses were used in the in vitro
experiment. The exposure intervals were 0.5, 2.0, 4.0, 10.0, and 24.0 hours for the in vivo and
thein vitro experiments. In vivo, percent absorption ranged from 3.8 to 31.3 with the greatest
percent absorption occurring at the two lowest doses. In vitro, resultsranged from 0.5to 77.3
percent, exceeding the in vivo results by two to seven fold in most all instances (table 1).
Importantly, there was no evidence of any trend with thein vitro method. These results show
that thisin vitro method over estimated percutaneous absorption compared to the in vivo
method. Furthermore, these results show that studies using the Zendzian protocol can be used
to validate in vitro percutaneous absorption methods.

Table 1. Acetochlor rat in vivo and in vitro dermal absorption study results

Dose Exposure Duration (hours)
ug/cm2 0.5 1.0 2.0 4.0 10.0 24.0
in vivo
3.0 3.8 4.3 7.3 9.9 19.5 313
425 4.0 6.0 4.4 9.2 23.1 29.6
270 4.8 5.6 3.0 4.8 9.3 17.5
2934 14 5.2 34 2.7 45 12.6
invitro
3.03 13.7 271 37.8 45.2 71.2 70.1
47.3 4.2 8.2 21.7 33.8 43.8 60.7
318 21 6.7 10.5 25.4 57.2 77.3
3095 0.5 34 4.4 85 245
Discussion

This study demonstrates the ability to use in vivo dermal toxicity studies conducted with the
Zendzian protocol to evaluate in vitro percutaneous absorption methods. The range of doses
and timeintervals required by the protocol, provides the rigor required to compare these two
methods. Results show that thisin vitro method does not compare well to the data collected
according to the Zendzian protocol. Initial results with other chemicalsin the Zendzian
database show similar findings.

These results have implications for dermal risk assessment. Reliance on in vitro
percutaneous absorption methods has considerable appeal due to their ease and economy.
However, these procedures have not been standardized nor validated. Results reported in the
literature are highly variable and of limited value for risk analysis. This study clearly shows
that in vitro methods may over estimate dermal absorption greatly. Therefore, use of in vitro
percutaneous absorption results may invite unacceptable error if used in risk assessments.

Success with data collected from the Zendzian database shows that unpublished existing data
submitted for regulatory purposes may be used for percutaneous absorption investigations.
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Efforts are underway to compare in vitro and in vivo studies for other chemicalsin the
Zendzian database and to identify similar kinds of datain other programs at EPA and in
academic |aboratories.
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I ntroduction

A job-exposure matrix for occupational motor exhaust exposure was developed by a group of
five industrial hygienists to be used in a population based case-control study of myocardial
infarction in Stockholm (SHEEP). The matrix was devel oped by a consensus method.

We investigated how initial and independent assessments made by each of the five hygienists
differed from the consensus assessments, considered as a“golden standard” . Further we
investigated the reliability of the assessments by repeating them four years later.

The aim of the study was to evaluate how much the individual assessments of each of the
hygienist differed from the golden standard, and how much the consensus discussions held at
the first occasion influenced the assessments made four years later.

Method

The life-time occupational history was obtained from 3973 cases of myocardial infarction and
population referents (1). Occupations involving motor exhaust exposure during any period from
1945 to 1994 were identified. In all, 36 occupations, classified by the Swedish ISCO code (on
5-digit level), were associated with motor exhaust exposure (diesel, gasoline or mixed
exhausts).

Fiveindustrial hygienists, each with 20 years of professional experience, assessed
independently the average exhaust exposure in each occupation during six time periods (1945-
49, 1950-59, 1960-69, 1970-79, 1980-89, 1990-94). Four exposure intensity levels were used:
no exposure (<1/30 of TLV), low exposure (1/30-1/10) of TLV, medium exposure (1/10-1/3 of
TLV), or high exposure (>1/3 of TLV). Carbon monoxide (CO) and nitrogen dioxide (NO,)
were used as indicators.

After having performed exposure assessments individually, the group of hygienists met and
made a consensus assessment for each combination of occupation and decade, based on all
available knowledge and information from different sources including measurement
records/reports (set I).

Theindividua classifications were repeated by the same five industrial hygienists four years
later (set 11). No consensus discussions were held at that time.

The concordance in the agreements between the five hygienist was investigated, as well as
each of the hygienists concordance with the golden standard. The kappa index (2), expressing
the relation of observed agreement and agreement expected by chance, was calculated. To
investigate the variability in single links (occupation/decades) we used assessed agreement
(pA) for the intensity.
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Results

There were 190 linksto classify (36 occupations and 6 decades). Some occupations as " work
conductor, bicycle delivery man, car delivery man etc.” had not occurred during all the six
decades (= 26 links missing).

Fiveindustrial hygienists have classified exhaust exposure intensity in four levels for 36
occupations during six decades. The 950 assessments were distributed as follows: 92 (9.7 %)
not exposed, 412 (43.4 %) low exposed , 359 (37.8 %) median exposed and 87 (9.2 %) high
exposed. Only 23 out of 190 links (12,1 %) had pA=1, which means full agreement; al five
industrial hygienists assessed the same exposure level for that link. Four of these 23 (pA=1)
were found for no exposure, eleven for low exposure, eight for medium and none for high
exposure level.

Each industrial hygienist’s estimation for 36 occupation during six decades versus consensus
gave ak range of 0.22-0.53 (mean k=0.39) for the first set of observations and 0.10-0.59 (mean
k=0.36) for the second set. Average p(A) was 0.62 at the first set and 0.63 at thesecond set.

Each industrial hygienist’ s total assessment set | versus set |1 had ak range of 0.17-0.81.

Industrial hygienists assessed agreement p(A) during the six decades was fairly constant
(0.41-0.54 with increased agreement during later decades. The agreement varied more between
the 36 occupations with arange (p(A) 0.25-0.78) with best agreement for ambulance drivers,
farmers, truck drivers and park workers.

Discussion

A kappaindex above 0.75 represents an excellent reliability, values between 0.4 and 0.75
represent afair to good reliability while values below 0.4 represent poor reliability. The kappa
index in this study did not increase at the second time of estimation, and thus, the consensus
discussions held at the first occasion had no or small influence on the estimation at the second
time. One industrial hygienist has increased his’her p(A) from set | to set 1l by 18 %, another 4
%, while three other decrease their p(A) with 17%, 11% respectively 1%. The time between
those estimations was long (four years) and the result indicate that the basic knowledge did not
change.

Assessed agreement gave higher values than kappa value. Assessed agreement take into
consideration both deviation from the consensus as well asthe level of deviation of stepsin our
four scale exposure level ranking.

Conclusion

To use oneindustrial hygienist instead of a group of five industrial hygienists increased the
misclassification by about 40% (afactor 1.4). On afour scale intensity exposure level this
corresponded to one step on afour digit scale of exposure intensity. Reliability test after four
yearsindicated only small changes in the assessment.
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I ntroduction

Stockholm Heart Epidemiology Program (SHEEP) is a community-based case-referent study of
etiological factors for first-time myocardial infarctions among men and women in Stockholm
County. One of the associations to be explored concerned whether occupational exposure to
motor exhaust was associated with an increased risk of myocardial infarction (1).

The aim was to perform assessments of the exposure to motor exhaust retrospectively over
the lifetime occupational history for the cases and referents in the study. A Job-Exposure
Matrix (JEM) was devel oped to increase the validity in the estimations. We integrated the
information on job- and time-specific motor exhaust exposure - obtained from the matrix - with
individual data on work tasks (frequency, duration etc.) and work conditions to obtain an
assessment of each individuals exposure intensity per work period.

Methods

There were 3973 men and women in the study (1675 cases and 2298 referents). A questionnaire
gathered information on all occupations/work tasks with a duration of at least one year. The
name of the company and its production, as well as the profession and specific work tasks for
the person was recorded. Also the person’s subjective judgement of motor exhaust exposure
(hours/day, indoors/outdoors and connected to what kind of tasks), was recorded.

Before classification all questionnaires were scrutinized and completed with telephone
interviews to get additional information on certain job tasks.

A job-exposure matrix (JEM) for motor exhaust exposure was devel oped to increase the
validity in the classification. The occupations in the JEM were selected from the Swedish
ISCO-code (1985) on five-digit level. Occupations with a probability of motor exhaust
exposure of > 10% were selected. 36 occupations fulfilled these criteria.

Carbon monoxide (CO) and nitrogen dioxide (NO,) were used as indicators for motor
exhaust exposure in the JEM. The JEM specified the average intensity level in each occupation
per time period: 1945-49, 1950-59, 1960-69, 1970-79, 1980-89 and 1990-1994).

Theinitial JEM (with four exposure levels), was developed and validated by five
occupational hygienists (see Nils Plato's abstract). It was further developed by two industrial
hygieniststo a JEM with six exposure levels. The cut-off levels are presented in table.

In the individual exposure classification all available information was used; questions about
the working-place, information from the JEM and the persons own apprehension of his/her
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exposure. The hygienist who coded the exposure was not aware of the case-referent status of
theindividuals.

The probability of exposure for each work period was assessed as 0%, 20%, 50% or 100%
on the basis of the estimated exposure prevalence within each occupation/job task.

The cumulative exposure to motor exhaust was cal culated as the product of exposure
intensity, probability, and duration.

Results

In the final JEM, five occupational titles had the highest exposure-level during some time-
period. Thesetitles were: garage workers, car mechanics, miners, tunnel workers and
lumberjacks. None of these titles had the highest level during all the six time-periods.

Many of the occupationsin the JEM showed a similar trend with low exposure level during
the first time-periods, higher levels during the 60s- and 70s and again lower levels later on.
Two examples from the matrix are presented in table.

Class |Exposurelevel  |1945- |1950- [1960- [1970- |[1980- [1990-
(ppm) 1949 1959 1969 1979 1989 1994
5 co [>10 7 7 // 2
NO, |>0.3 % % % _ »
4 co [6-10 7
NO, |0.2-0.3 1 1 % %
3 CO [3-6 1 7
NO, [0.1-0.2
2 co [2-3
NO, |0.06-0.1
1 co [1-2 1 1 1
NO, |0.03-0.06
0 co <1
NO, |<0.003

Petrol station attendant ?%% Car mechanic

The full job-exposure matrix for motor exhaust will be presented on the poster.

Among the 3973 persons (cases and controls) included in the SHEEP-study, 1065 (27%)
were classified as motor exhaust exposed for at |east one year during their occupational career.
The average cumul ative exposure among control s exposed to motor-exhaust was 57.5 ppm-
years of CO (range: 0-492).

Discussion

The model for exposure classification presented here is general, but the JEM is only relevant
for conditions in Stockholm County.

Background data (measurement reports) were available for some occupations only, and were
of varying quality.

Most of the individuals that were exposed to motor exhaust had been exposed to a mixture of
exhausts from petrol- and diesel-fuelled vehicles.

The resources required to develop the matrix and perform the individual exposure
classification were extensive.
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I ntroduction

A job exposure matrix (JEM) provides group-level exposure datain at least two dimensions:
occupational groups and exposures. Further dimensions may include calendar time,
geographical location, and gender.(1) In a probabilistic JEM, the basic entry is the estimated
proportion of exposed individuals for each occupational group, also interpreted as the exposure
probability of arandomly selected group member.(2) A probabilistic JEM can be used as an
aternative to individual-level exposure assessments in occupational case-control studies,
especially in popul ation-based settings where individual-level data on job histories, disease
status, and covariates can be obtained from registries.

Assuming that the odds ratio (OR) can be interpreted as arelative risk, the true association
between the exposure proportion x and the OR in each occupational group islinear in the
absence of confounding(2)

OR(x)=1+px,

where [ is the regression parameter. Accordingly, OR(1) =1+f3 isavalid estimator of the

individual-level OR for exposed versus unexposed subjectsif the exposure proportions are
assessed without errors. Individual-level data on potential confounders can be incorporated in
the model as multiplicative terms.(2) The attributable fraction (AF), ie, the estimated
proportion of casesthat are related to exposure, is

e - XORD -1) _ Bx

1+xOR) -1) 1+Bx’

where X isthe true overall exposure prevalence. The aim of this study was to investigate
effects of assessment errorsin the estimated exposure proportions on the estimates of the OR
and the AF, using simulated case-control data.

Methods

We studied several exposure scenarios where the true overall exposure prevalence ranged
between 0.07 and 0.63. Assessment errors were simulated for occupational groups comprising
truly unexposed subjects only, aswell as for groups with true non-zero exposure proportions.
For each scenario, we generated 1000 unmatched case-control studies with 250 cases and 250
controls and atrue OR of 3.0. Binary regression and standard maximum likelihood technique
were used. Effects on bias, coverage of 95% confidence intervals (Cls), and precision were
investigated.

Results

Errorsin the estimated exposure proportions for occupational groups with true non-zero
exposure proportions implied bias of the OR estimates and thereby decreased coverage of the
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95% Cls. In contrast, such assessment errors did not bias the AF estimates, unless the direction
of the estimated effect was reversed, but reduced precision. Systematic errors in the estimated
exposure proportions lead to more severe bias, positive as well as negative, of the OR estimates
than random fluctuation around the truth, which implied bias towards the null. The magnitude
of the bias was generally approximately equal to the biasin ordinary linear regression in
corresponding error situations.

The presence of exposed subjects within occupational groups regarded as truly unexposed
had more pronounced effects on the AF estimates than on the OR estimates in terms of bias
towards the null and decreased coverage of 95% Cls. The magnitude of the bias of the AF
estimates was generally bounded by

0 aF,
X

where AF is the true attributable fraction, X isthe true overall exposure prevalence, and X is

the true mean exposure proportions of the occupational groups falsely assumed to comprise
unexposed subjects only.

Discussion

The case-control design with group-level exposure data obtained from a probabilistic JEM may
well be arapid and cost-efficient approach to conduct popul ation-based studies. However, the
validity of such an approach depends on the quality of the exposure assessment for various
occupational groups. For the OR estimates, the direction and the magnitude of the bias can be
evaluated under assumptions about the validity and precision of the estimated exposure
proportions. Since the proportions are bounded between zero and one, certain error structures
are occasionally more likely to occur than others.

The AF measure may identify risk factors for which effective interventions have great public
health impact. Similar to the aternative threshold method for estimating the AF, which
classifies all subjectsin groups with non-zero exposure proportions as exposed,3 the
investigated AF estimator was generally unbiased if the grouping of subjects was 100%
sensitive, ie, if assessment errors were present only for occupational groups with true non-zero
exposure proportions. In contrast, even small fractions (3-9%) of exposed subjects within
occupational groups regarded as truly unexposed had severe effects.

Conclusions

Systematic errors in the estimated exposure proportions should be of more concern than
random fluctuations when establishing probabilistic JEMs. It isimportant that the exposure
proportion is assessed also for occupational groups where the exposure is expected to be rare,
and not only regarded as zero.
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The effect of misclassification of exposure on estimates of relative risks depends on true
exposure frequency, sensitivity and specificity of exposure assessment (1). The aim of this
study was to validate the exposure assessment in an earlier performed case-control study on
asthma and cancer among sul phite mill workers (2). The exposure assessment there was based
onjaob titlesin local register of deaths. The three chosen mills were the dominant industry in
the surrounding parishes. We now perform a cohort study, which gave us the opportunity to
compare job titles from one of these parishes against personnel files from that mill. We also did
thisfor a sulphate mill earlier studied in another case-control study. The risk for brain tumour
was increased in both case-control studies. Thiswas used as an example for calculating the
effect of misclassification of exposure on the odds ratio.

Material and methods

Thelocal registers of deaths and burials between 1960 and 1989 in two parishes were used to
obtain job titles and cause of death. In all, 680 deaths among men aged 40 to 75 years at death
were identified. The occupational titles “factory worker”, and the few “ sul phite/sul phate
worker” were regarded as exposed and subjects with other titles were classified as unexposed.
Job title was missing for 24 persons.

For the cohort study, personnel files from 1940-2000 were obtained from these pulp mills
and all workers with more than half ayear of employment were registered. From these files the
600 men deceased between 1960-1989 aged 40-75 years at death were identified.

We compared the local parish register with the personnel files. Of the mill workers 55%
were found to have died in the surrounding parish. Sensitivity, specificity and predictive value
of the job title were calculated. Datain the personnel files were regarded as the true exposure.
With the result from those files as exposure assessment and the obtained sensitivity and
specificity of job title an expected odds ratio for job title was cal culated and compared with that
found.

Results

About half of the “truly exposed” men were classified as exposed in the local register of deaths
and burials, table 1. The number of false positive was only 5%. Mean duration of employment
time was 32.1 years among workers with the job title regarded as exposed, compared with 21.4
years for other mill workers deceased in the parish. For mill workers deceased else where it was
9.9 years.

Therisk for brain tumour is here used as an example of the effect of misclassification of
exposure on the odds ratios. The theoretically calculated odds ratio for brain tumour assuming a
50% sensitivity was similar to that found using the job title, table 2.
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Tablel “True” exposure Sensitivity Specificity Predictive
frequency for for value
job title job title job title

Local register of 48.8% 50.6% 95.9% 92.1%
deaths 332/680 161/318 324/338

Aged 40-65 year at  46,6% 46.8% 94.4% 87.9%
death 129/277 58/124 134/142

Aged 66-75 year at  50.4% 53.1% 96.9% 94.6%
death 203/403 103/194 190/196

Table 2. Fourfold tables for brain tumour/other causes of death with different exposure
assessment. Crude odds ratios were cal culated with 90% confidence intervals (90%Cl).

Brain
tumour +
Other death -

Exposure

personnel files
+ -

8 2

324 | 346

OR=4.3 (1.2-16)

Discussion and conclusions

Calculated with
50% sensitivity

+

+ 4

6

- | 162

508

OR=2.1

Exposure

job title
+ -

4 5

171 476

OR=2.2 (0.7-6.8)

The job title factory worker in local registers of death and burials used as a proxy for pulp

millwork had a high specificity and predictive value even if the sensitivity was low. The odds
ratio was underestimated especially as the exposure frequency was high and the sensitivity low.

With alow exposure frequency it is more important to have a high specificity (1).
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I ntroduction

Sincethe 1980’ s, expert assessment has been put forward as a promising method for estimating
occupational exposure in case-control studies. Case-by-case expert assessment strives to
evaluate the exposure of each study subject retrospectively, by combining the information that
the study subject can give, with the specialised knowledge of experts.

In multi-centre studies, this type of assessment is preferably done by local experts, because
they can take into account the regional differencesin use of materials, production processes,
prevention measures and resulting levels of exposure. This however has a consequence, that
experts involved in the same study, work separately from each other in space and time.
Providing standardised rules for the expert assessment and a continuous evaluation of this
standardisation, is therefore important to avoid systematic differences between the experts.

In several multi-centre case-control studies co-ordinated by the International Agency for
Research on Cancer (IARC), local experts were trained during workshops to apply the
methodology as described in adetailed protocol. Standardised working materials were
developed for the study, among which an Access application as described here. The Access
database was designed for data entry, but also to check for data entry errors, and to find,
organise and summarise the data of the expert assessment, in order to improve the quality and
homogeneity of the exposure assessment within and between centres.

Methods

The database management system for expert exposure assessment, was developed using
Microsoft® Access 97. This application was available to all expertsinvolved in the study and
allowed for small adjustments to meet centre-specific needs of the database, without specific
knowledge of the programming language. Incorporated in the database were reference tables
including the following information:
« Alist of exposuresto be evaluated by the experts, consisting of around 70 exposures
specific for the disease under study.
e Alistof dl full-text titles of the International Standard Classification of Occupations
(ISCO), of the International Labour Office, 1968.
o Alist of al full-text titles of the Statistical Classification of Economic Activitiesin the
European Community (NACE Rev. 1), of Eurostat.
¢ Job-exposure matrices (JEM) based on ISCO and NACE codes, that could be used asa
source of information for the expert assessment.
By means of “Forms’, a data entry interface was developed. By means of “Queries’ and
“Reports’, the entered data were organised in different ways, to allow easy sorting and
summarising of entered data by job, exposure or dates.
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Results

The database occupies around 3 MB of hard disc. When entering the database, the form for data
entry of the exposure assessment is opened. One screen of the form represents the exposure
assessment of one job period of one subject. Variablesto enter are 1) The ID number 2) the job
number 3) year start of the job 4) year end of the job 5) ISCO ' 68 code 6) NACE Rev.1 code 7)
the exposure assessment consisting of the exposure code and for each exposure the intensity,
frequency and confidence.

Only the codes need to be entered in the form and are saved in the tables. In the form view
however, the full-text of ISCO, NACE and exposure codes appears on screen, to make the
database more practical for daily use. Only existing ISCO, NACE and exposure codes can be
entered, avoiding data entry errors. To facilitate the search for the most appropriate NACE and
ISCO code, job and industry titles can be searched automatically for keywords using the same
database. The assessment of each job period including full-text ISCO, NACE, and exposure
assessment, can be printed for filing.

Job-exposure matrices for some exposures can be consulted directly in the form, based on
the ISCO and NACE code entered for the job period. With one click the database will search
the JEM to seeif exposureislikely, based on the NACE and I1SCO code alone. The experts
base their assessment however on all information available, including the questionnaire and
their own expert knowledge.

Different reports are avail able that give summaries of entered data, among which summaries
of exposure by occupation, occupation by exposure, prevalence of exposure, and distribution of
intensity, confidence and frequency by exposure. When a substantial amount of datais entered,
the reports result in a study specific job-exposure matrix. All reports are automatically updated
when more data are entered.

The tables with the entered data can be directly analysed with Excel and reports can be
directly published in Word.

Discussion

When several experts work separately on one study, the availability of a protocol with detailed
criteriafor judging exposure isimportant. Just asimportant are the regular evaluation of
compliance to the guidelines, and the evaluation of systematic differences that can be produced
despite of the guidelines. In several multi-centre studies co-ordinated by IARC, this process
was facilitated by a computer application that produces automatic reports of entered data. The
reports can be consulted by the expert, or other people involved in the study, at any moment in
time.

The database is useful for the experts by allowing for an easy return to earlier assessments,
by offering direct access to other databases such as job-exposure matrices, and by offering
different overviews of already entered data. Thiswill give the expert the opportunity to make
optimal use of available data, including the data of their own assessments. Also comparisons
between centres are facilitated by the database. At any moment during the study, updated
reports of the exposure assessment can be sent to IARC. The standardised reports enabl e direct
comparison of results between centres. Especially for more subjective exposure judgements,
such as confidence of presence of exposure, substantial differences can exist between experts.
Comparing the assessments of experts and discussing their differences at an early stage of the
study, can avoid systematic differencesin the final data set.
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Conclusions

A Microsoft® Access application was devel oped for daily use by occupational exposure experts
involved in a multicentre case-control study. The application can be used for data entry, as well
as for improving the quality and homogeneity of the exposure assessment within and between
centres.
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I ntroduction

Exposure modeling of physical workloads in epidemiologic studies of muscul oskeletal
disorders has gained importance due to the large amount of datathat can be collected (1). Also,
the multidimensional nature of workplace exposures lends itself to modeling (2). Another
advantage of exposure modeling isits potential for defining a priori the framework of
pathomechanisms (3, 4). Workload that requires movement is defined as dynamic. Static
workload involves tension only and may involve fixed posture. Static loads can be prolonged
or repetitive (3). Both types of loads can be applied to the whole body or to a specific body
region, thus associated with particular symptoms of muscul oskeletal disorders.

The aim of this study isto define a priori workload exposure models and to assess their
association with regional muscul oskeletal symptoms.

Materials and Methods

Subjects. The study group consisted of 222 females and 209 males below the age of 59 yearsin
1993 (5). Exposure. Data concerning twelve items on different aspects of physical activities at
work were used to construct three exposure models using static and dynamic definitions. The
models used were repetitive hand movement (rephand: a priori thought to be associated with
neck, shoulder, elbow, hand, and upper back symptoms), dynamic whole body work
(dynamicwb: a priori thought to be associated with neck, shoulder, elbow, upper back, lower
back, hip/thigh, and knee symptoms), and static whole body work (staticwb: a priori thought to
be associated with neck, shoulder, upper back, lower back, and hip/thigh symptoms). Outcome.
Data concerning regional musculoskeletal symptoms in the last 12 months were collected using
the Nordic Musculoskeletal Questionnaire (NMQ) (6). Statistical Analysis. All datawere
analyzed using SASv.6.12. The prevalence of exposure and regional muscul oskel etal
symptoms were studied and prevalence rate ratios (PR) and 95% confidence intervals (c.i.)
were cal culated by gender.

Results

The prevalence of exposure to repetitive hand movement and dynamic whole body work were
higher among women than men (43.24% vs. 36.84% and 63.96% vs. 59.81%, respectively).
Static whole body work was higher among men (31.58% vs. 25.68%). The overall one-year
prevalence for musculoskeletal symptoms was highest in the lower back (52.80%), followed by
shoulder (43.56%), neck (41.49%), knee (31.38%), hand/wrist (24.30%), elbow (22.66%),
foot/ankle (20.09%), upper back (18.44%), and hip/thigh (18.37%). The prevalence of
symptoms was higher among females for al regions except the knee (30.00% vs. 32.85%). PR
are presented in Table 1 for each exposure model, by gender.
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Table 1. Prevalence ratios and 95% confidence intervals for regional musculoskeletal

symptoms based on exposure modeling.

Region Rephand Dynamicwb Staticwb

Men
Neck *1.06(0.71-1.58) *1.41(0.92-2.15) *(.78(0.50-1.23)
Shoulder *1.30(0.92-1.83) *1.45(0.99-2.13) *0.73(0.49-1.11)
Elbow *1.27(0.77-2.11) *1.58(0.90-2.78) *0.66(0.36-1.22)
Hand *0.98(0.57-1.69) 1.44(0.81-2.55) *0.56(0.29-1.09)
Upper Back *1.33(0.63-2.77) *1.76(0.77-4.02) *0.29(0.09-0.94)
Lower Back 1.20(0.92-1.56) *1.44(1.07-1.95) *(0.59(0.42-0.85)
Hip/Thigh 2.49(1.30-4.75) *2.94(1.26-6.82) 0.40(0.16-0.99)
Knee 1.21(0.82-1.79) *2,01(1.25-3.22) 0.52(0.30-0.88)
Foot/Ankle 1.07(0.60-1.92) 1.95(1.00-3.78) 0.56(0.27-1.15)

Women
Neck *1.20(0.93-1.56) *1.,02(0.77-1.35) *1.,00(0.74-1.35)
Shoulder *1.05(0.80-1.38) *1.37(1.00-1.87) *0.77(0.54-1.10)
Elbow *0.96(0.59-1.58) *1.48(0.85-2.57) *(0.80(0.44-1.46)
Hand *1.14(0.74-1.76) 1.46(0.89-2.38) *0.71(0.41-1.24)
Upper Back *1.23(0.77-1.96) *0.95(0.59-1.54) *1.13(0.67-1.89)
Lower Back 1.12(0.88-1.43) *1.06(0.82-1.36) *1.05(0.80-1.37)
Hip/Thigh 0.74(0.44-1.27) *1.33(0.76-2.33) 0.59(0.30-1.19)
Knee 1.10(0.73-1.64) *1.07(0.70-1.64) 0.77(0.46-1.28)
Foot/Ankle 0.67(0.39-1.16) 1.02(0.60-1.72) 0.77(0.41-1.44)

*Indicates the muscul oskel etal region was defined a priori as positively associated with the
exposure model.

Discussion

Associations between the workplace exposure models and the a priori body regions were
established in the case of repetitive hand movement and dynamic whole body work. There
were markedly fewer associations with static whole body work. These results were consistent
in women and men.

The repetitive hand movement exposure model was associated with hand, neck and upper
back symptomsin women. Likewise, Punnett, et al. found increased PR for shoulder (2.0),
wrist (4.0) and hand pain (3.0) in female garment workers exposed to repetitive hand motion,
compared to femal e hospital employees unexposed to repetitive hand motion (7). Within the
dynamic whole body exposure model, the greatest PR was found to be in the elbow for women
and the hip/thigh for men. Similarly, Vingard, et al. found an increased relative risk of 2.42
(1.45-4.04) for development of coxarthrosis in men with high exposure to static and dynamic
workloads, compared to men with low exposure (8). The static whole body work exposure
model was associated with upper back and lower back symptomsin women. In aprevious
review by Jin, et a., static posture was identified as arisk factor for lower back pain (9).

Exposure modeling of physical workloads is an important and in many cases a necessary step
in analyzing associations with musculoskeletal disorders. In this study, the models for
repetitive and dynamic work were associated with musculoskeletal symptoms. This was not the
case for static work. In order to perform physical work, three load demands are necessary: 1.
moving the body or isolated body parts; 2. transporting or moving of objects, asin carrying or
lifting; 3. maintaining body postures, asin stooping or working with raised arms. It has been
suggested that static and posture load can be overlooked, whereas dynamic work is obvious
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when being performed (10). This may be the case in this study in defining the static model.
Further investigation into alternative static models may be necessary for clearer understanding
of physical workload exposure.
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I ntroduction

With the introduction of electrogoniometers collection of continuous wrist postural data
ispossible. A goal of electrogoniometry isto accurately measure and characterize wrist
posture. Accuracy and fidelity of the measurement system is essential in wrist postural
studies.

The purpose of this study was to compare, over awide range of wrist movements, a
commonly used biaxial, single transducer electrogoniometer system to abiaxial, two-
transducer electrogoniometer system integrated into a glove. Studies have shown that
wrist goniometers can be prone to measurement errors particularly due to crosstalk [1].
Crosstalk is where movement in one wrist plane causes a fa se goniometer signal in the
other wrist plane.

Materials and methods

Subjects

Twenty different wrist postures were tested on five women and three men free from upper
extremity disorders. The wrist was in 90° pronation during the test.

Goniometer Systems

Two goniometer systems were evaluated and designated as System A and System B. Fig.
1

System A consisted of abiaxia, single sensor electrogoniometer (Biometrics; model X
65; Gwent, UK) connected to a datalogger (Biometrics; model DL 1001) with 8-bits of
resolution limiting the accuracy to 1.8°. The goniometer was applied to the right wrist as
described by Buchholtz, B et d. [1]. System A was calibrated by putting the subject’s
wrist in aneutral F/E and R/U position and offsetting/recording the zero position.

System B consisted of a biaxial, two- sensor goniometer (WristSystem, Greenl eaf
Medical, Palo Alto, Cdifornia, USA) integrated into a fingerless glove. System B was
connected to alogger with 12 bits of resolution providing angle measurement accuracy to
0.1°. The goniometer was applied by sliding the fingerless glove with the goniometer
onto the subject’ s hand and snugly securing the system to the subject’ s wrist using three
velcro straps attached to the glove. The gloves came in three different sizesto
accommodate different sized hands. System B employed a 5-point calibration and the
datalogger used alinear agorithm, based on wrist angle, to correct and compensate for
crosstak [2].
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Measurement procedure

The two systems were calibrated with the subject’ s hand in 90° of pronation. A fixture
was used to repeatedly position the wrist at known flexion/extension (F/E) and
radial/ulnar deviation (R/U) angles. The fixture allowed wrist movement in one plane (the
flexion/extension or radial/ulnar deviation plane) while simultaneously restricting motion
in the other plane. The fixture wasrigidly attached to an adjustable height table. The
subject’s chair was adjusted so their feet rested flat on the floor and the table was adjusted
so the subject’s arm was resting comfortably at their side, forming a 90° angle at the
elbow. R/U and F/E angles were defined according to clinically accepted standards. To
ensure the repeatable repositioning of the subject’s hand, outlines of the hand were traced
on the base of the calibration fixture for the various R/U positions and the ana ogue F/E
scale settings on calibration fixture were noted for each F/E position.

Fig. 1: Wrist angle sensors: left A & right B

$ T ;’;‘{»
f:l’g

Results
System A both over- and underestimated F/E (F/E Crosstalk), which was dependant on
the amount of R/U deviation. R/U deviation was also over- or underestimated (R/U
Crosstalk), depending on the amount of F/E. (Figure 2)

As shown in theright half of Figure 2, System B’ s F/E data was dightly offset with a
tendency toward overestimating extension. System B was less prone to crosstalk in both
F/E and R/U deviation compared to System A.
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Fig. 2. Comparison of System A and B, when wrist in pronation 90°. The grid in
light grey indicates the actual movements performed (gold standard).

Discussion and conclusions

Both systems show deviations in measurements from the actual positions. System B was
more accurate than System A in measuring radial/ulnar deviation. This differencein
measurement accuracy may be due to differencesin calibration procedures, calibration
algorithm for system B and/or how the two goniometer systems reside on the wrist
relative to the joint centres of rotation.
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I ntroduction

Much of our knowledge about the lung cancer risk of radon exposure stems from
epidemiological studies of underground miners. One of these studies has been carried out on a
population from the iron mine in Malmberget, Sweden (1). A new study of a cohort from the
two iron mines in Malmberget and Kirunais now under preparation. Historical data, with
inherent problems, such as poorly defined sampling strategies, will then be used for exposure
assessment. In the present study we have investigated the validity of these historical data.

Methods

The two mines have different geology, with higher uranium concentrations in Mamberget than
in Kiruna, especially in the northwestern parts of Malmberget. Underground mining has
dominated in Malmberget since the 1920's and in Kiruna since the 1960's.

Radon, or radon daughter, concentrations have been measured since 1969. The sampling
strategies have been a mixture of several different approaches: monitoring of working areas,
investigations of areas to be used, "worst case", evaluation of actions taken, etc. M easurements
were also carried out in the air stream coming out from the ventilation system, in order to get a
proxy for the mean concentration in the mine. Both the mining company, LKAB, and The
Swedish Radiation Protection Institute, SSI, carried out measurements during the 1970's. Later
on, LKAB were responsible for all measurements.

Ventilation systems with closed ventilation tubes, leading the fresh air to the workplaces,
were introduced in the early 1970's. The systems replaced the previous systems, where air was
drawn through shafts and became radon contaminated already before arriving to the
workplaces. The changes made to the ventilation systems led to significant decreases of the
radon concentrations, for the Kiruna mine during 1974, and for the Malmberget mine during
1973.

Both radon and radon daughters have been measured, but in most cases only either of them.
An equilibrium factor of 0.7 has been used for converting the measurements of radon daughters
to radon concentration.

Results

Parallel determinations of radon gas and radon daughters, carried out 1970-1977 gave a mean
equilibrium factor of 0.7, both in the minein Mamberget and in Kiruna. Also, when results
below 10 pCi/L (370 Bg/m®) were disregarded, the resulting equilibrium factor became 0.7.
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Data obtained from the mining company, LKAB, were in accordance with those from The
Swedish Radiation Protection Institute, SSI, with the exception of the early yearsin Kiruna
(Figure 1).
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Figure 1. Data (mean values) from the mining company, LKAB, and The Swedish Radiation
Protection Institute, SSI.

Data from Mamberget were similar for results obtained from measurements carried out in the
air stream from the ventilation system and stationary measurements in the mine (1974-1992).
Only asmall difference was indicated between stationary and personal measurements (1992-
1998) (Figure 2).
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Figure 2. Mean radon concentrations resulting from different sampling strategies used in
Malmberget.

Discussion

We have, in historic data, compared different sampling strategies, in order to evaluate the
magnitude of systematic errors introduced. In general, differences were relatively small, being
less than a factor of two.
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The strategies used would generally lead to an overestimation of the exposure. The Swedish
legislation about radon measurements in underground work stated that measurements should be
carried out in workplaces, places where work is planned, and places where there are reasons to
expect high radon concentrations. Moreover, a closer interval between measurementsisto be
used in places with high concentrations. Taken together, this means that only an overestimation
can be expected. On the other hand, the measurementsin the air stream from the ventilation
system, supposed to give an estimate of the mean radon concentration in the mine, did not
differ very much from the other results. Therefore, we believe that the errors introduced were
relatively small.

The only alarming difference found was that the Kiruna data from the mining company were
much higher than those from SSI during the early years. The difference was probably a result of
differences in sampling strategies: SSI were mainly mapping and monitoring the mine, while
the mining company carried out measurementsin order to find, and eliminate, high radon
EXPOSUres.

Conclusion

The data should give arelatively precise estimate of the radon exposure - an error of afactor of
two or more appears unlikely.
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I ntroduction

Port of Gothenburg (Goteborgs Hamn AB) initiated this exposure assessment report based on
their drivers reporting severe discomfort, caused by seat movements in haul trucks when
loading trailerson “roll on —roll of” (ro-ro) ships.

M ethods

Instrumentation

Whole body vibration was measured with a B& K 2231 instrument connected to the vibration
adaptor B&K 2522 and the printer B&K 2318. The instrument cal culated frequency weighed
acceleration accordingly to SS-1SO 2631, 1985 and, after arbitrary integration time, presented
the energy equivalent vibration-accelerations, a, (an approximate time average level). The
vibration on the seat was registered in tree perpendicul ar directions and the seat accelerometer
disc B&K 4322 was used as transducer.

Srategy
Two haul trucks with different suspensions and two ships with different access ramps
(passageways) were chosen. Experienced drivers performed loading and unloading of trailers.
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See picture above.

Results
Haul truck M easur ement Maximal level
period during period B
Truck 805, low suspension, loading ship with 51 minutes 34 me 0,65 M/
smoother ramp.
;’ruck 805, low suspension, loading ShpWith 1415 1 iintes 4.7 ms 0,72 m/s’
umpier ramp.
;’ruck 831, high suspension, loading ship with 27 minutes 5,0 M/ 0,60 M/
umpier ramp.

The highest average level, a,, was obtained from the low suspension truck loading a ship with a
bumpy access ramp. Maximal vibration direction was up and down (vertical) along the length
of the spine. The great difference between Maximal level and Average level resulted in ahigh
“crest factor”. High levels of acceleration occurred when the haul trucks ran over the access

ramps.
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Figure B.1 — Health guidance caution zones

Figure B.1, Swedish Standard SS-1SO 2631-1:1997, Annex B, B.3.1

The figure shows two zones, equation B.1 & B.2, representing two alternative assessment
criteria. For exposures below the zones (dotted and dashed lines), health effects have not been
clearly documented and/or objectively observed; in the zone (between the dotted and dashed
lines), caution with respect to potential health risksisindicated; and above the zones, health
risks are likely. In this report, the highest average truck seat vibration was 0,72 m/s? and the
lowest 0,60 m/s”. Our recommendation is an exposure below both of the zones. The
recommended exposure time sitting in the truck with the highest vibration should therefore be
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below 2,5 hours/day. Consequently the timein the truck with the lowest vibration should be
below 4 hours/day. Since the drivers reported atypical daily driving time of 5 to 6 hours/day,
this recommendation is violated and potential health risks are present. The high crest factor
indicates that the standard may even underestimate the potential health risk.

Hygienic exposur e assessment accor ding to European Union (EU) proposal

The proposal states that:
1) the daily exposure limit value shall be 1,15 m/s’ and no worker should be exposed to values
above thislimit.2) The daily exposure action value shall be 0,6 m/s?, and if exposure values are
above thislimit, preventative measures are necessary to reduce risks to the workers.

In this report, the average truck seat vibration was 0,6 m/s” and above, more than the
exposure action value which indicates preventive measures are necessary to reduce risksto the
workers.

Summary

Uneven and bumpy access ramps are the main reason for the relatively high vibration
magnitude on haul truck seats. Advanced seat suspension did not manage to reduce these low-
frequency vibrations. The wheel suspension probably affects the seat vibrations. Exposure
assessment according to the new 1SO standard and euro standard proposal indicate potential
health risks.
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I ntroduction

Occupational epidemiologic studies provide an opportunity to evaluate the health risks from
exposure to low-levels of ionizing radiation. These studies rarely include exposures from
medical sources. In two studies of atomic bomb survivors, the authors concluded that medical
X-ray exposures should be evaluated to better understand the effects for low-level exposures to
ionizing radiation (Yamamoto et al., 1988; Antoku et al., 1972). The aim of thisstudy isto
investigate multiple sources of worker exposures to external ionizing radiation at a uranium
enrichment plant (alow-level exposure facility) between the early 1940s and 1990s and
determine if work-related x-ray exposures added substantially to their cumulative occupational
dose.

M ethods

Bone-marrow doses from work-related x-rays were estimated for 297 workers, who are cases
and controls for a multiple myeloma study, at a gaseous diffusion plant between the early 1940s
through the late 1990s. Only 45 of these workers had other occupationa radiation exposures
monitored with personal dosimeters. Radiation exposure from work-related x-rays was
determined by the number and type of x-rays conducted on the 297 workers at the facility.
Cumulative bone marrow doses due to these x-ray exposures were calculated by converting
entrance-skin-exposures to bone marrow doses (ICRP 1987, ICRU 1988, Kereiakes et al.,
1980). Conversion factors account for different types and energy of radiation, partial body
irradiation, exposure times, orientation, type of x-ray examination, and the configuration and
composition of body.

Work-related x-ray exposure data from all 297 workers were evaluated to describe the
distribution of bone marrow doses associated with x-ray techniques used in the medical
surveillance program. A comparison of bone marrow doses from external radiation exposure
and from work-related x-rays was performed on the subset of 45 workers to investigate the
significance of each source of radiation exposure to their respective cumulative dose. Also
evaluated was the potential for misclassification resulting from excluding work-related x-ray
exposures from the cumulative dose, and the presence of any statistical relationships between
these sources of radiation exposure.
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Results

Among these 297 workers, the chest x-ray was performed most frequently (78.6%), followed by
extremities (12.3%), lumbar spine (2.3%), and skull (2.2%). Seven different examinations
account for the remaining x-rays (4.6%).

Chest x-rays using the photofluorographic technique during the 1940s and 1950s delivered a
bone marrow dose that was two orders of magnitude greater than the conventional method (viz.,
_ 800 mrad vs. <10 mrad, respectively) (figure 1).
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I ntroduction

Flight crew are exposed to elevated levels of cosmic ionizing radiation of galactic and solar
origin and are among the more highly exposed occupational groupsto ionizing radiation in the
U.S., with annual doses ranging from approximately 0.2-5 mSv. Cosmic radiation dose depends
primarily on altitude and geomagnetic latitude and to alesser degree on solar activity and phase
of the solar cycle. NIOSH is conducting several epidemiologic studies examining the
relationship between cosmic radiation exposure, among other factors, and reproductive health
of female flight attendants. Estimation of historical cosmic radiation dose is an essential
component of these studies. One aim of this study was to measure cosmic radiation doses on a
series of flights as afunction of altitude, distance flown, latitude and longitude, and to compare
dose-equivalent data collected on specific flights with doses estimated using the CARI
computer program developed by the Federal Aviation Administration. CARI estimates will be
used for dose reconstruction for the epidemiologic studies.

M ethods

Flight segments (n=38) were selected to include north-south, east-west, trans-arctic circle and
trans-equatorial flights within three flight duration categories: <2, 2-8, and >8 hours. Pilots
recorded flight altitude and geographical position every 30 minutes and for every changein
altitude.

M easurements were made with atissue-equivalent proportional counter (TEPC) with a 5-
inch spherical detector made of atissue-equivalent plastic wall filled with 7 mmHg of tissue-
equivalent gasto simulate a cell size of 2 microns. The detector was connected to a 256 bin
multichannel analyzer with alineal energy range from 0.2-1000 keV/um. The energy
resolution was 0.1 keV/um below 20 keV/um and 5 keV/um above 20 keV/um. Thefull lineal
energy spectrum was recorded every minute from gate departure to gate arrival. Absorbed dose
was calculated by summing the number of events per channel times the mean energy of each
channel and multiplying by afactor which includes the mass and area of the simulated site.
Dose equivalent data were calculated based on quality factorsin International Commission on
Radiological Protection Publication 60, Table A-1 (ICRP, 1991). Two TEPCs were used on
each flight and were placed in the overhead compartment mid-aircraft.

Estimates of cosmic radiation dose were computed using CARI-3C (2) for the same origin-
destination city pairs as the survey flights, using pilot records of altitude and time. Input
parameters included origin and destination cities, flight date, ascent time(s), each altitude level
and time at atitude, and descent time.

Results

Measurements for 17 of the flight segments are given in Table 1. In general the CARI-3C
estimates of equivalent dose were lower than the measurements for the same flight segments,
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although for one very short high latitude flight (Nome (65°N) to Anchorage (61°N)) and for a
trans-equatorial flight the model estimate was higher than the measured dose equivalent. The
percent difference ranged from +11% to -46% for flights less than two hourslong, from -1.5%
to -56% for flights between two and eight hoursin length, and from -14% to -44% for flights
longer than 8 hours. No trend in % difference between measured and estimated doses by flight
time was found. With respect to the relationship between flight latitudes and % difference, the
measured dose was in fairly good agreement with the estimated dose for the two trans-
equatoria flights. However, the comparability between the two metrics was reduced at higher
latitudes.

Tablel. Measured dose equivalent and CARI-3C estimated equivalent dose with percent
difference for flights ranging from 36-540 minutes (n=17).

Origin-destination atitudes flttime measured estimated 9% diff

(K ft) (min) (HSv) (HSv)
Kotzebue-Nome 25 36 0.64 0.34 -47
Anchorage-Nome 33 74 3.3 2.8 -15
Nome-Anchorage 33 83 2.78 3.1 +12
San Francisco-Seattle 35 96 5.84 3.87 -33
Miami-Dallas 22/ 31 143 7.15 2.95 -56
Miami-Boston 29/ 27 160 5.80 4.2 -28
Boston-Miami 35 175 12.0 8.93 -26
Seattle-Anchorage 35 181 125 11.3 -11
Anchorage-Sezttle 33 198 15.6 10.9 -30
Tokyo-Saipan 37 201 6.02 5.90 -15
Dallas-San Francisco 35/23 208 13.0 8.36 -34
Saipan-Tokyo 29 225 4.42 3.70 -13
Seattle-Miami 37/41 311 32.0 23.3 -27
Miami-Buenos Aires 33/37 475 164 15.9 -2.8
Buenos Aires -Miami 28/29/35/37 521 16.9 17.7 +4.4
Tokyo-LA 31/33/35/37 534 37.0 24.5 -34
Seattle-Tokyo 31/35/36/38 540 50.9 32.6 -32
Discussion

The measured radiation doses measured represent a complex function of duration of flight,
latitude, and atitude. One aim of thiswork was to compare CARI dose estimates with
measured doses on alimited number of flights to assess the suitability of estimating flight
segment doses using CARI from flight attendant work histories. CARI-3C estimates of
equivalent dose ranged from 11% higher than TEPC measurements of dose equivalent to 56%
lower (median 26% lower). Less model bias was observed for low latitude flights. Possible
explanations for the observed bias are: (1) the TEPC detector simulates a measurement of dose
equivalent at the body’ s surface, whereas CARI-3C model estimates the equivalent dose to the
bone marrow and skeletal tissue; and (2) the measurements are made in an aircraft, whereas the
CARI-3C estimate does not take into account any effect of aircraft shielding. However, by
comparison with balloon measurements, Foelsche (1) has shown that aircraft masses did not
increase neutron spectra and doses by more than 5-10%. The relationship between latitude and
model bias will be explored further by partitioning flight segments into periods of relatively
constant latitude and comparing measured with estimated doses for these shorter periods of
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flight.

To estimate historical cosmic radiation doses for epidemiologic studies where individual
flight histories are available, the CARI model and a set of standard assumptions for atitudes
and times for each phase of flight can be used to estimate cosmic radiation doses per flight
segment with some bias as described here. These doses can be subsequently cumulated over
the time period of epidemiologic interest.

Conclusions

Few cosmic radiation measurement data exist for aircraft flying commercial transport routes.
The measurements described here were compared to an empirical model for estimating cosmic
radiation dose for avariety of flight segments. Doses computed from TEPC measurements tend
to be greater that those estimated by the CARI model. Differencesin measured versus modeled
data should be considered when assigning doses estimated from the use of CARI for
epidemiologic studies.
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I ntroduction

As part of astudy to evaluate the effectiveness of hearing conservation programs, NIOSH
received access to noise exposure surveys conducted every two years during the 1990's at two
large U.S. automobile manufacturing facilities. The facilities used a task-based data collection
method that involved devel oping detailed sound exposure profiles for each unique
department/job combination in the plants. These exposure databases provide a unique
opportunity to examine the nature of daily and task noise exposures in parts machining and
stamping operations. Because of the task based nature of the data, it also provides an
opportunity to investigate the utility of bootstrap sampling methods for efficient estimation of
noise exposures for epidemiologic studies and exposure control.

M ethods

Sound exposure profiling, or task-based sampling (TBS) for exposure assessment, has been
used in the large automotive parts manufacturing plants covered by this study because of the
efficiency introduced by the method and the ability to customize hearing loss prevention
evaluations for alarge number of workers (1). The approach is similar to that described for
chemical exposures where task level times time is summed across all tasks and divided by the
total work time to estimate the daily TWA. However, in the case of noise, the calculation
differs somewhat due to the logarithmic dB scale of noise measurement.

Thefirst stepin a TBS evaluation is to determine the tasks that comprise the representative
work assignment. The list of tasks is developed based on an understanding of the job under
study through observation, and interviews with supervisors and workers. The supervisor
provides information about what the job entails and the amount of time spent on each activity.
Once the tasks are defined, sound level measurements are made in the hearing zone of the
worker as each of the activitiesis performed. Typically this involves measurement over several
repeated occurrences of each activity. The compilation of these activitiesis defined asa
profile. These profilestypically include the daily average sound level (TWA in dBA), the
minimum and maximum sound level during the day, as well as the peak sound level, if an
unweighted peak exposure of over 120 decibels is recorded.

Each profile created from a survey was exported to a SAS database. Daily time weighted
average and task noise levels, aswell as the task time estimates were examined for normality
and descriptive statistics developed for the whole dataset and by time periods by job, task,
noise source and control method used. Of particular interest was whether job complexity
(number of tasks within ajob) had an impact on exposure variability.
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Results

The database for the machining plant contains 2659 daily time weighted average estimates over
the period of 1990 to 1999. Examination of the daily TWA's by job and by department show
most subsets to be approximately normally distributed. Within the machining plant, jobs vary in
task complexity, containing from 1 to 9 activities with a mean/median of 4 activities (SD = 1).
The mean/median number of activities decreased from 4 in 1990 to 3 in 1999. There was no
significant difference in the number of activities associated with production and non-production
jobs. However, as the complexity of the jobs increased in non-production, the standard
deviation of the 8 hour TWA noise level decreased, while for production jobs the standard
deviation of the 8 hour TWA increased with increasing complexity.

The database for the machining plant contains 8874 task-based samples. These samples
consist of 2016 unique activities. Only 52% of the activities listed a specific noise source. Of
those, the most common noise source (26%) was “part impact” (noise caused by the impact of a
part against awork surface), followed by “machine mechanical” ( 9%) (noise resulting from
internal machine components).

Within this data set, job level exposure assessments were done 1 to 216 times. Twenty-five
percent (25%) of the jobs had 14 or more assessments. Since each job assessment has a median
of 3to 4 activities, thisis a substantial sampling effort. We are currently using a bootstrap
resampling approach to evaluate the optimal humber of assessments of individual task levels
and task times needed to reliably estimate ajob exposure level.

Discussion

Little has been published describing the nature of noise exposures. Of particular interest is how
variable noise exposures are within jobs, tasks and noise sources. Such information is key to
the development of sampling strategies for noise exposure assessment. The task-based approach
to noise sampling described here is al so relevant for chemical exposure assessment. For
example, the time in specific tasks was shown to be a significant predictor of daily dust and
endotoxin exposure level of farmers, helping to explain significant portions of the variability in
worker exposures (2). Task-based sampling in the construction environment is particularly
useful because the tasks, environmental conditions and exposure sources are all highly variable
(3). Thus, afull shift sample will not provide useful information about how to protect workers
from transient high exposures. However, a task-specific sampling strategy can identify which
tasks contribute most to the overall exposure level (4).

Task based sampling approaches have not been widely used in occupational epidemiology.
However, when task exposure levels are highly variable and the fraction of time atask is
performed is highly variable as well, then atask-based exposure assessment may even provide
more precise estimates of the mean exposure (5). Bootstrap sampling has been used to estimate
the optimal sample size for evaluating lumbar posture at work (6) but has not yet been applied
to optimizing task-based daily exposure estimation. In this study, we use the bootstrap
technique to estimate the most efficient sampling strategy for task-based sampling using our
Nnoi se exposure assessment database.
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I ntroduction

Over the last 20 years there has been an important development of biomarkersin occupational
health, and their applications in epidemiological research and in routine exposure assessment
have been considered and discussed on several occasions. Three categories of biomarkers can
be distinguished : indicators of dose, indicators of health effects and indicators of susceptibility
(2). Only indicators of exposure are considered here, and they will mainly refer to chemical
hazard exposures. Despite their potential numerous advantages over air monitoring, biomarkers
of exposure are not used very often in epidemiologica research (3), and even in practice.

The aim of this presentation isto compare, in a quantitative manner when possible, the
advantages and disadvantages of both approaches. Several aspects are considered such as the
objective of exposure assessment (epidemiological study, compliance, practice), the type of
chemical, the type of health effects, and the exposure situation.

Methods

After aliterature review, 3 types of studiesrelating air monitoring and biomarkers are
considered here to discuss their respective advantages and disadvantages : toxicokinetic
experimental studies on volunteers, biological monitoring investigations in occupationally
exposed workers, and toxicokinetic modelling. Modelling is furthermore based on tools of
various complexities going from simple one-compartment (OC) toxicokinetic models, to
elaborated physiologically-based pharmacokinetic (PBPK) models. In several cases
toxicokinetic models are associated with statistical modelling techniques to study and quantify
variability which is an essential parameter in the comparison of air and biological monitoring.

Results and discussion

Marker persistence. One drawback of biomarkersistheir limited persistence in the body or
target tissues. Thisis especially true for retrospective studies. Data from an OC model are
presented to estimate the contributions of different exposure periods for a specific biomarker,
asafunction of its half-life. General rules can then be established for different categories of
biomarkers.

Dose estimation. Exposure dose or the dose at the target site can be assessed both by air and
biological monitoring, with varying degree of bias and random error. As arule, biomarkers can
be considered to have lower bias, taking into account physical workload, distribution, dermal or
oral exposure. There are however cases, such aslocal toxicity at the site of entry, where they
can introduce further bias.

Exposure variability. The statistical ssmulation of exposure variability gives results with
varying consequences on air and biological indicator results. An analysis show that respective
advantages depend mainly on the half-life of the chemical in the body, slowly eliminated
chemicals showing much less variability then their corresponding air monitoring results.
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Individual variability. Individual factors affecting the behaviour of the chemicalsin the body
lead to arather important biomarker variability. This can be introduced in a comparison with
air monitoring data, based either on a OC or PBPK model. Simulation data show that the
interpretation of the observed variability isafunction of the environmental variability too. In
the case of highly fluctuating exposures, biological variability plays amarginal role. It becomes
however predominant for rather stable environments.

Epidemiological studies. Some applications of biomarkers of exposure in epidemiol ogical
studies are presented and discussed. This traditional use of biomarkers contrasts with the
potential applications and promising future of health effects or susceptibility biomarkers now
often considered in molecular epidemiology (1)

Routine use. For several well studied biomarkers, al necessary elements have been available
for arelatively long time (toxicokinetic information, dose-responses, criteriafor evaluation).
However their useis still limited and this can be explained by several factors such as: ethical
issues, health and safety professionals preferences, effectivenessin interventions or control
measures testing.

Conclusions

Consideration and application of biomarkers and their associated body of knowledgein
epidemiological studies and in practice can contribute to improve our understanding of the risk
assessment paradigm. For routine use it is clear that biomarkers often bring better or
complementary information about the risk of current or recent exposure, which is often the
point of interest. In the case of epidemiological studies (retrospective) biomarkers can often not
be substituted to air monitoring or other ecological measures of exposure. It can however help
to understand the mechanism and time dependence of the toxic processes, and therefore favour
the design of relevant exposure indicators, based on biomarkers, air monitoring and other
ecological indicators.

However in many cases the choice between biomarkers and air monitoring does not rest on
systematic technical criteria, but on personal and social preferences.
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I ntroduction

Formaldehyde is an irritant, a sensitizing agent and a probable human carcinogen which is
found in awide range of occupations and industries. In Quebec the present limit value of 2 ppm
(ceiling) is being evaluated asto its possible lowering. A study has been commissioned to
estimate the economic and health impacts of various limit value scenarios. A preliminary study
was undertaken to examine applicable methodol ogies, including methods that can be applied to
the drafting of an accurate profile of current exposure in Quebec workplaces.

Methods

Sources of exposure data, both internal and external, were examined as well as literature
regarding occupational exposure data banks and job-exposure matrices. US industry and
occupation classifications were converted to equivalent Quebec/Canada codes and data on
number of workers by industry code were retrieved from a 1996 survey by Statistics Canada.

Results

There is no comprehensive data source on formal dehyde exposure in Quebec. However,
evaluations made by governmental industrial hygiene teams in a number of priority economic
sectors since 1994 have been compiled in a data bank (SMEST) including industry and
occupation codes. These cover 2,029 workers in 266 jobs. Another bank (IRSST) which
includes only industry codes regroups 2459 results of analyses on sampling tubes in Quebec
since 1990. In the framework of aregulatory impact assessment OSHA (1) has produced in
1987 an industry-exposure matrix with estimates of the number of workers exposed within
preset ranges of exposure levels. A similar exercise using exposure data from the SMEST and
IRSST banks, equivalent industry codes and number of workers by industry code in Quebec
indicates that some 90,000 workers would be exposed in some 2,500 companies. Similarly to
the US data, exposure above 2 ppm occurs mostly in the wood, furniture and plastics/resins
industries with additional sectors found, however, such as the paper, food and pharmaceutical
industries. No Quebec data were found for several important sectors including funeral homes
and medical laboratories. Other readily available sources of systematic exposure datainclude
two external job-exposure matrices: FINJEM (2) from Finland and SUMEX (3) from France.
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Discussion

This preliminary assessment indicates that present local dataisinsufficient to evaluate
formaldehyde in Quebec in a comprehensive and representative manner. Local data banks are
incomplete, covering alimited number of jobsin priority sectors. Thusin those sectors where
exposure has been measured exposure profiles are probably biased towards the high end while
datais completely lacking in many sectors. External data such as from the US, Finland and
France and from the general literature should be useful in identifying exposed industries and
occupations and in providing arough estimate of potential exposure levels. Professional
judgment could, however, be fruitfully exercised regarding similarity of processes and work
conditions between various countries in order to apply external data.

Conclusions

Building a useful exposure profile will involve collecting considerably more exposure
measurements in several industrial sectors and thoroughly documenting existing data, both
internal and external. A two-tier approach is recommended with 1) a measurement survey
undertaken in those sectors with potentially high levels with the aim of completing existing
exposure data and 2) the use of mainly external and literature data for other sectors. A team of
hygienists will interpret ensuing data, sector by sector, in order to build a job-exposure matrix
integrating both industry and occupation codes.

Comparison exercises will be undertaken in order to validate the various procedures and
external data sources.
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I ntroduction

In occupational epidemiology, exposures are usually expressed as point estimates for each job
and are used in conjunction with occupational histories to calculate metrics such as cumulative
exposure in ppm-years or average exposure intensity in ppm, for each subject. These exposure
metrics ignore the day-to-day variability that is known to be associated with exposure as a
result of process and environmental variations and with person-to-person differences that result
from individual work practices (1). If thereis evidence of a hon-linear relationship between
exposure and risk, as there is for benzene and leukaemia (2), the risk may be associated mainly
with periods of higher exposure intensity that are not expressed in the simple exposure metrics.
In addition there is usually considerable uncertainty in the exposure estimates and this can lead
to misclassification and consequential error in the exposure-risk relationship. These problems
could be overcome if the distribution of exposures for each individual were known, but
sufficient exposure datais aimost never available. An aternative approach isto model the
exposures using a deterministic algorithm and to include estimates of variability and
uncertainty for each of the model variables. Exposure distributions for each individual can then
be calculated using numerically intensive methods such as Monte Carlo simulation (3).

M ethods

A case control study was carried out to investigate the association between
lymphohaematopoetic (LH) cancers and exposure to benzene in the Australian Petroleum
Industry. A deterministic algorithm described elsewhere (4) similar to that used in other
petroleum industry studies (5, 6), was used to estimate exposure retrospectively. The agorithm
used exposure data from Australian petroleum companies, and exposure-modifying factorsto
account for changes in technology, products etc. Exposures were calculated on an individual
subject basis, using detailed work histories as well as site-specific and period-specific
information in order to derive a cumulative benzene exposure (ppm-years) for each subject and
an average intensity of exposure (ppm) for each job.

In order to examine the possible effects of variability and uncertainty on the estimated
exposures, the road tanker drivers were selected as a manageable sub-set. Tanker drivers were
chosen for two reasons; firstly because they are the group identified as having perhaps the
highest risk of leukaemia among distribution and refinery workers, (7, 8) and secondly because
their jobs were well defined and the variation and uncertainty in the exposure modifying factors
could be estimated. Twenty drivers who carried gasoline and loaded their own bulk tankers
were identified and selected for study. The inputsto the exposure estimation algorithm for
tanker drivers were; the arithmetic mean of Australian exposure measurements for three magjor
tasks: “Top Loading”, “Bottom Loading” and “Driving & Unloading”, work hours per week,
the percentage of benzene in gasoline, the proportion gasoline loaded, the number of loads a
day, the number of days per week and the time per load (hours). Mean values and probable
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distributions were attributed to the various inputs on an individual driver basis from
information taken from the driver's personal interview or stated as being typical of that site,
during the exposure estimation investigation. Judgements were made of the mean and
distribution of the variability and the uncertainty about these inputs based on an understanding
of the available data, their limitations and their sources. Monte Carlo simulation was applied to
the algorithm for tanker drivers, to integrate the sources of uncertainty and variability, drawing
values at random from the distribution for each of the variables. This resulted in a probability
distribution of daily exposure for each tanker driver, for each period of time where conditions
were stable. The daily averaging time was chosen because there is evidence from
pharmacokinetic modelling that shorter fluctuations in exposure are physiologically damped at
the bone marrow target site (9). The computer program Crystal Ball™, an add-in to Microsoft
Excel ™, was used to carry out the iterations.

Each time one of the algorithm inputs changed, for example the hours worked per week or
the proportion of the load that was gasoline, the algorithm was recal culated with the new value,
giving rise to 43 driver/periods. The exception to this approach was the percentage of benzene
in gasoline, this was averaged over each driver/period. The Monte Carlo simulations were run
using the exposure modifiers and then separately with the estimated variability and uncertainty
distributions alone.

Results

The results for the 20 drivers were broadly similar and those for one driver are presented in
Figures 1 to 3 for illustration. The calculated distribution of daily average exposures, including
both the variability and uncertainty terms, for driver 1.1 had a mean of 0.29 ppm and arange of
0.01-4.32 ppm (Figure 1). Using the uncertainty estimates alone resulted in a distribution of
exposures with a much narrower distribution but a similar mean 0.28, (range 0.2-0.37) (Figure
2). Thisrepresents the estimated uncertainty on the average exposure for thisindividual. Ina
similar way the variability in daily exposure was simulated, resulting in amean of 0.28, and a
range of 0.01-2.99 (Figure 3).

The simulated uncertainty was found to have an approximately normal distribution with a
standard deviation of 0.03, and the variability an approximately lognormal distribution. Asan
approximation, the distribution of uncertainty can be applied to the whole range of exposure
estimates for this subject, for example the mean exposure could be expressed plus or minus 2
standard deviations (0.29 + 0.06 ppm). This analysisindicates that the underlying variability
makes a much larger contribution to the overall variation shown in Figure 1 than does the
uncertainty.

Discussion

Most quantitative exposure assessments for occupational epidemiology have produced point
estimates of average exposure for each identifiable group of workers. Estimates of the
uncertainty and variability associated with the exposure estimate are uncommon. These
guantities are important because uncertainty can result in misclassification and variability
means that some exposures can be considerably greater than the average and can contribute
disproportionately to the risk for some diseases. One method by which these can be estimated
has been investigated. The method relies on a detailed model of exposure and requires
measurement or estimation of the variability and uncertainty in the various inputs to the model.
Monte Carlo ssmulation is then used to combine the variables in an iterative calculation in order
to generate a probability distribution of exposures.
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Conclusion

Monte Carlo ssimulation is a useful tool for investigating the uncertainty and variability in
retrospectively assessed exposures. Combined with areliable exposure algorithm and input
values, it can be used to produce a probability distribution that is more informative than a point
estimate of exposure. This can then be used to assess the possible extent of exposure
misclassification and to allow analysis of the contribution of high exposures to disease risk.
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I ntroduction

Job specific questionnaires or modules[1,2] have been used in the past five years to improve
exposure assessment in retrospective community-based case-control studies. The method can be
thought of as an extension of the expert exposure assessment method, whereby the subject is
given alengthy questionnaire or module (hereafter we shall refer only to modules) for
occupations or industries that were reported in their job history. The answers elicited from a
subject for amodule are then reviewed and assessed for exposure by a hygienist or expert
panel.

The Job Specific Modules (JSMs) approach was devel oped in isolation of the Job Exposure
Matrix (JEMs) exposure assessment method. In a community-based case-control study
investigating Non-Hodgkin Lymphoma (NHL) we first used JSMs as the primary method of
exposure assessment. However we wished to investigate whether exposure assessment in a
study could be enhanced if JISMs could be combined with JEMs and exposure matrices. This
approach may also improve the reliability of the exposure assessment in a study compared to
simply employing JSMs and expert assessments, which are known to produce variable
reliability [3].

Methods

The NSW NHL study is a collaborative community based case-control study, which aimsto
recruit 800 cases and 800 controals (by the end of 2001) matched by age and sex.
Immunological, infectious, occupational and environmental risk factors for NHL are being
investigated. The occupational exposures investigated include phenoxy herbicides, benzene and
other solvents, metal dusts, organic dusts and PCBs. Subjects are initially provided with a self-
administered postal questionnaire, then acomputer assisted telephone interview (CATI) is
undertaken, which may involve the use of up to 5 JSM's per subject.

A total of 44 occupation and industry JSMs were constructed for the study, and were based
on acollection of approximately 70 modules developed for the NCI, Bethesda, Maryland, USA
[2].

A ‘Pesticide Exposure Matrix’ was constructed for the study, which had the three primary
axes: crop types, pesticide type, time of use (i.e start date and finish date of use). The matrix
also contained information on application types and exposures, trade names and PPE use. A
retired expert formerly with the Department of Agriculture was consulted to review and make
comments regarding use patterns, over time and in different geographical regions. Exposure
matrices were also constructed for PCBs, formaldehyde and benzene, but these are crudein
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comparison to the pesticide matrix. It was our aim to also routinely consult community-based
JEMSs [4,5] during the exposure assessment process.

Other sources of information included: the Internet; MEDLINE [6]; ILO Encyclopaedia[7];
various professional, government, employer, labor organizations; hygiene/occupational
medicine texts and conference proceedings. A network of consultant, corporate and government
occupational hygienists were also consulted.

Results

Of the 988 completed JSM s received to date it has been found that over 70% of alocations
were for the ten most frequently used modules. The assessment of pesticide exposure for the
111-farmer/farm worker modules was highly dependent upon the pesticide exposure matrix.
The expert assessor could confidently only assess 23 of the farmer modules, without reference
to the pesticide exposure matrix. The exposure to benzene in the driver JSMs was dependent
upon the benzene exposure matrix and similarly for capacitor workers and PCBs. The
formaldehyde matrix was useful in identifying occupations and industries where a JSM was not
available.

Reference to the community-based JEM s was necessary in the mgjority of the JSM's assessed
for exposure to metal s, solvents and where little information was locally available. We found
that in 16 of the 44 modules, the community-based JEMs were the primary reference used to
identify exposure. They often aso provided confirmatory information to the exposure
assessment when the primary reference source was the substance specific exposure matrices.

Discussion

We found that exposure assessment using JSSMs and expert evaluation was greatly enhanced
when combined with the use of substance specific exposure matrices. In particular pesticide
exposure to farmers was confidently undertaken following reference to a pesticide specific
exposure matrix. Thiswas similarly the case for other ‘generic’ exposures, e.g. metals and
solvents, where exposure assessment was greatly enhanced by reference to community-based
JEMs. Even for more specific exposures e.g. PCBs and benzene, consistent exposure
assessment was difficult for the expert without reference to substance specific exposure
meatrices.

Thisfirstly suggests that JSM's, substance specific exposure matrices and JEMs can be
successfully used in combination with the expert panel or hygienists for enhanced retrospective
exposure assessment. However, our findings also suggest that optimal use of JSMs may
necessarily involve the use of substance specific exposure matrices and JEMSs. In particular,
community-based JEMs are useful as they can alert experts to situations where exposure may
occur in jobs of which they have no or little first hand knowledge. However, ‘idiosyncratic’
exposures i.e. where exposure was not expected by the experts, to the chemical of interest, still
remain alimitation to this combined approach e.g. farmers and solvent exposure. A further
limitation is comparability with other studies, if different JISMs are used.

Our current research involves the application of a neural network to the learning database
that we have established with the exposure assessments of the JSMs in the NSW NHL study.
The neural network could possibly in the future import then analyze data directly from the
JSM s then assess exposure, independent of the expert.
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I ntroduction

A gquantitative job exposure matrix (JEM) was created for historical exposures to a number of
chemicals, including beryllium, at aU.S. Department of Energy (DOE) site. Monitoring data
were limited or non-existent for many jobs and exposures, and much of the JEM was completed
by using qualitative information obtained from employee interviews, and published data for
similar operations and tasks from industry or other DOE sites. Since all available data had been
used in estimating exposures, the estimates could not be directly validated at the DOE site.
Instead, these techniques were evaluated by constructing a similar beryllium JEM at a separate
industrial site (plant A, which also machined beryllium), and comparing the estimates to an
independent set of beryllium measurement data, withheld from the estimation process, collected
in 1996 and 1997 at plant A.

M ethods

At Plant A, asmall team of occupational health professionals, led by an experienced industrial
hygienist, formed job groups and estimated exposures to beryllium, blinded to the 1996/97
monitoring data. Ten collapsed jobs were initially ranked based on employee interview
information. A limited monitoring data set (n = 42) generated by plant personnel in the mid-
1980s was used to develop initial estimates of exposure, similar to what was done at the DOE
site. Published monitoring data from other beryllium plants were reviewed and applied,
adjusting for frequency and duration of exposures, and differences in processes, equipment, and
controls. Additional final adjustments to the estimates were made for several process and
control changes between the mid-1980's and 1996/97 at Plant A (e.g., removal of air pressure
hoses). These were judged to collectively reduce exposures by about 20%. Once the estimates
were complete for each of ten collapsed jobs, they were paired with the geometric mean for the
same job calculated from the 1996/97 data and statistically analyzed.
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Results

Table 1. Beryllium exposure estimates (ug/m®) and monitored geometric means.

Estimated

Rank Job/Task Exposure Measured GM (N)
Grinding 0.65 (35)

1 16
Deburr

2 0.96 1.41 (45)
Lathe

3 0.64 0.64 (15)
Milling

4 0.60 0.35(39)
NC Mill

5 0.48 0.17 (9)
Lapping

6 0.25 0.20 (39)
Maintenance

7 0.1 0.16 (1)
Inspection, Tooling, & Assembly

8* 0.01 0.015 (6)

* Three unmonitored jobs assumed unexposed; Plant A ambient background measurements were
used for comparison.

Table 1 lists each job in descending order of the estimated exposure. The bias between the two
paired sets was 0.10 pg/m?® (Estimate — GM), the precision was 0.36 ug/m?®, and the total
accuracy was 0.37 ug/m?, about 103% of the mean concentration of 0.36 pg/m® in the ten
collapsed jobs.  Figure 1 displays the1996/97 independent beryllium monitoring data for the
collapsed jobs, from which the geometric means were calculated. The high-range data pointsin
the deburr and grinding job groups suggest that non-homogenous tasks have been combined.

It was not possible, after the fact, to exclude these points or divide the job into two or more
different job groupings for the purpose of the paired comparison, since the estimates had been
made for all tasks within the deburr and grinding jobs.

A moderately strong relationship (Pearson's R = 0.73; p = 0.017) exists between the
estimates and the geometric means of the 1996/97 data (Figure 2). The intercept of the
regression lineis near zero (0.075, p=0.62). The calculated slopeis less than the expected
value of 1 but not significantly less (0.60, p = 0.10). The grinding job had alarger than
average influence on the regression (leverage of 0.64; and a studentized residual of -3.1, more
than three times the average value). Removal of this point improved the results considerably (R
=0.89, intercept = -0.064, and slope = 1.16). Using al ten pairs, apaired t-test (p = 0.39), a
signtest (p = 0.75), and a signed ranks test (p = 0.84), all indicate no significant differences on
the average between the paired values of estimated exposure and geometric mean exposure.
Spearman’ s rank correlation coefficient (0.98, p = 0.0003) also indicated relatively accurate
comparative rankings.
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Figure 2. Scatter plot of ten values from Table 1, and linear least squares regression.
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Discussion

The job rankings obtained at Plant A in this evaluation (Table 1) were not identical. In
particular, two pairs of closely ranked jobs (grinding vs. deburr, and NC Mill vs. lapping) were
reversed compared with actual geometric mean exposures. However, in general, the overall
placements were surprisingly good, meaning that highly ranked jobs had the highest estimates,
and the lowest ranked jobs had the lowest estimates. In addition, the exposure estimates were
very similar to the measured exposures.

Conclusions

The results of this study suggest that acceptabl e estimates of exposure may be obtained through
interviews with knowledgeable workers, by carefully applying published quantitative exposure
monitoring data, and using that information with careful adjustments for known determinants of
exposure in the workplace. The results further suggest that the JEM estimates for the DOE-
site, which used the same techniques for several different chemical exposures, are reasonable.
Extensive knowledge of processes, conditions, and determinants of exposure, gained primarily
from employee interviews, coupled with published literature values where thisinformation is
also well documented, are important for valid application of these techniques.
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I ntroduction

Since 1992, the Health and Safety Executive has conducted research into dermal exposure to
non-agricultural pesticidesin a number of different situations: public hygiene insecticides (3),
remedial products - timber preservatives and masonry biocides (1), timber pre-treatment
preservatives (2) and antifoulant products (unpublished). Further studies are ongoing.
Sufficient data have been collected to support the devel opment of simple empirical models that
attempt to predict exposuresin avariety of situations. It has been proposed that potential
dermal exposure, expressed as an accumulation rate (mg of product per minute) can be
adequately described for screening level risk assessments by assuming alog normal distribution
with alimited number of combinations of standard deviation (3 levels) and median value (4
levels). These twelve combinations with their associated medians, 75th percentiles and 95th
percentiles are referred to as ‘the indicative distributions matrix’. Previously gathered dataon
12 distinct exposure scenarios has been fitted to the scheme. For wider application to exposure
scenarios/jobs without supporting exposure data a model has been developed to guide an
assessor to a particular cell of the matrix.

M odel

The model uses fuzzy logic and arule base derived from the expert knowledge of occupational
hygienists to compare a hypothetical exposure scenario with measured exposure data on
workplace and amateur exposures. This datais contained in a newly developed database and is
grouped according to the task/activity performed and the workplace scenario. The model takes
information on the task(s) performed, substance, technique and equipment used and compares
this with the corresponding data on each scenario in the database using the knowledge
encapsulated in the rule base as the reasoning for its conclusions. Rather than attempting to find
asingle closest match and adopting the exposures for this group as the prediction, the model
assigns to each distinct scenario in the database a quantitative measure of its similarity with
assessment scenario. This quantitative measure takes the form a probability distribution for the
distance between the two exposure scenarios in the indicative distributions matrix.

With this mathematical structure imposed upon the problem maximum likelihood estimation
can be employed to predict the position of the new exposure scenario in the matrix of indicative
distributions. This fundamental statistical technique locates the assessment scenario in the
matrix cell which maximises the statistical likelihood of the measured exposure data given the
strength of their supposed relation to the assessment scenario.

Discussion

No assumptions are made about the magnitude and size of the effects of exposure determinants.
Instead the expert knowledge of hygienistsis used to draw up alist of factors that may account
for variation in exposure distributions and these used to assess how similar two jobs exposure
distributions are likely to be. The actual effects of the determinants (if any) should manifest
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themselves through the likelihood of the exposure data. As a consequence, the model presented
isfairly robust to alterations to its subjective (and somewhat arbitrary) parameters such as the
membership functions used in the fuzzy logic stage.

The structure of the model allows extensions to be made to incorporate other forms of
information. The model is particularly suited to being incorporated within alarger Bayesian
solution to exposure prediction. For example, an occupational hygienist’s expert opinion can be
trandated into a prior distribution for the position of an exposure scenario in the matrix and
then the likelihood matrix based on the related jobs updates this into a Bayesian posterior
distribution. Thisin turn can be updated with data on the actual exposure scenario being
considered. This model thus provides aformat for integrating all forms of information in a
consistent and uniform manner. With increasing data on the actual exposure scenario thereisa
smooth transition from a prediction based entirely on the data on related jobs to one based
totally on the new data.

Conclusions

A sophisticated and novel approach to empirical exposure modelling has been devised.
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I ntroduction

A recent survey among 1335 Dutch construction workers, with potential exposureto high
levels of quartz containing dust * suggested the existence of amixed dust type of
pneumoconiosis (ILO category 1/1 or greater, mainly irregular opacities) among 2.9% of
the studied population. The presence of radiological abnormalities was associated with a
considerable decrease in lung function. The radiographic abnormalities were related to
duration of exposure (working years in the construction trade). For a more refined risk
assessment, based on job-titles, respirable quartz dust was measured for the occupational
groups included. Expert judgment was also used for rating dust and quartz exposures.

M ethods

Exposure measurements were performed among construction workers performing the
following specialized tasks: concrete drilling, recess milling, cleaning of construction
sites, tuck pointing, inner wall construction and demolition. It was planned to obtain
repeated measurements for as many individuals as possible. Personal air sampling for
respirable dust was conducted during full workdays (6 to 8 hours), using Dewell -
Higgins cyclones from The Casella Group Ltd. (Bedford, UK), connected with Gilian®
Gilair5™ portable pumps at aflow rate of 1.9 liter per minute. After gravimetric
determination of dust on the filters, a-quartz was analyzed in Galten, Denmark at the
Danish Environmenta Center (MILJZ-KEMI). In all dust samples, quartz was
determined by infrared spectroscopy (NIOSH method 7602 ?). Occupational group-based
exposure levels were calculated. Variance components were cal culated for the intra- and
inter-individual variance in exposure using a nested analysis of variance ®.

Three Dutch certified occupational hygienists, with experience in the construction sector,
carried out the expert judgment. They had no prior knowledge of the health effects study.
They rated exposures for all occupational groups represented in the health survey. They
assigned a number between 0 and 10 to al jobs. Although only workers with 6 different
job categories (pointers, demolition workers, natural stone workers, recess millers,
concrete workers and terrazzo workers) were invited for the health effects study, 36 jobs
had to be classified for both current and past exposure, because many construction
workers in the population had had different jobs in the past.

Results
During tuck-pointing, recess milling and demolition respirable dust levels exceeded the
Dutch MAC value for respirable nuisance dust (5 mg/m?®) (table 1). Average quartz

exposure a so exceeded the MAC value in these three groups. The MAC value for quartz
in the construction industry in the Netherlands is 0.15 mg/m?.
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Table 1 Respirable dust (mg/m°) and respirable quartz (mg/m°) by construction workers
sub-group and within- and between worker variation.

Respirable dust (m&/ms) Respirable quartz (mg/m°)
Group N Y GM owRos  wwRos AM GM bwRos  wwRos
min-max (GSD) (GSD) (GSD)| min-max  (GSD) (GSD) (GSD)
Total 34| 68 2.2 11 31 38 0.35 0.086 600 47
0.1-115 (35) (24) (25 | 0002377 (66) (5.1) (27)
Tuck pointers 4 110| 35 2.2 1 69 0.56 0.35 1 110
0.6-80 (29) (1.0) (29 | 0.089-1.65 (2.8) (1.0) (3.3)
Recessmillers/ | 8 |14 2.8 14 12 62 0.84 0.31 47 174
concrete workers 0.2-11.5 (34) (1.9 (29 | 0.028-3.77 (53) (27 (3.7
Demolition 10| 22 24 14 25 21 0.25 0.14 14 20
workers 0294 (31) (23) (22) ] 0038126 (27) (20) (21
Inner wall 2|4 21 15 1 57 0.043 0.036 1 25
constructor 0.6-40 (25) (1.0) (2.8) | 0.016-.084 (20) (1.0) (2.3
Construction site| 6 12| 1.0 0.5 8 114 0.032 0.017 55 29
cleaners 0125 (37) (L7) (3.4) | 00020097 (36) (2.8) (2.4)
Background 4 |6 0.3 0.2 10 3 0.005 0.003 22 8
exposed group 0104 (18) (1.8) (1L3)] 00020015 (24) (2.2) (L7)

! humber of measured workers

2 number of measurements

% geometric standard deviation

4 wwRos: between worker ratio of the 97.5" and 2.5" percentile of the log normally distributed
exposure

5 wwRos: Within worker ratio of the 97.5" and 2.5 percentile of the log normally distributed
exposure

The construction workers performing recess milling and concrete drilling had a high
average quartz exposure, but mostly recess milling was responsible for these levels.
Recess milling resulted in exposures 6 to 7 times higher than concrete drilling (results not
shown). The construction site cleaners and workers only exposed to dust generated by
other workers, are exposed to much lower levels of respirable quartz and respirable dust.
Quartz content of respirable dust, inhaled by the inner wall construction workers,
construction site cleaners and the background group were below 5%.

The pyRes and . Ros Were large for both dust and quartz exposure for the whole group.
The large between worker component (,Rgs =600) indicates alarge difference between
occupational subgroups. Analysis by sub-group however, showed a higher within worker
component, indicating that the exposure for a given subject variesto a great extent from
day-to-day.

Median result of the three expert judges classified demolition workers, workers that
clear rubble and recess millers as the three highest exposed groups, for both dust and
quartz exposure (median score: 100%). Tuck-pointing received an exposure intensity
score of 80%. The inner wall construction workers received a score of 40%, while the
construction site cleaners and background group had a median exposure score of 30%.

Discussion

The high levels of quartz containing respirable dust measured during construction work
areindicative of arisk of silicosis. Research in the mining industry has shown that risk of
silicosisis mainly correlated with cumulative quartz dust exposure and that it has along
latency period (about 20 years). Exposure measurements among the construction workers
revealed that especially the day-to-day variance (within-worker) is very large, which
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makes the calculation of a cumulative exposure estimate for individuals for risk
assessment purposes very inaccurate. A group-based analysis of exposure data for
exposure assessment for epidemiology is favourable when within worker varianceis
larger than between worker variance *. A measurement programme with more repeated
measurements might give a more precise estimate of the individuals exposure. Even if
with amuch larger exposure measurement programme, more accurate exposure data
would be generated, its applicability for assessment of past exposure is doubtful, as jobs,
techniques, materia's, products, size of projects, specidization rate etc in the construction
industry have changed in time.

Health effect studies among construction workers, indicate radiol ogical abnormalities
on chest x-rays. The prevalence of radiological abnormalities was clearly related with
duration of exposure *. When cumul ative exposure measures were cal culated based on the
above-mentioned measurements, the risk estimates for pneumoconiosis did not improve.
Duration of exposure was still the best risk estimate. Cumulative exposure in thiscaseis
not the best exposure estimate because of the large day-to-day variance, and because only
construction worker subgroups with potential quartz dust exposure participated in the
survey.

The results of the expert judgement, although they are relative and subjective
measures, are in accordance with the personal exposure measurements and might be a
useful tool in assessment of cumulative exposure within the construction workers group.
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I ntroduction

Benzene exposure in current industrial activity is much lower than it was in the recent past,
with the result that it is often impossible to distinguish between workers occupationally
exposed in the work place and the general population environmentally exposed under normal
living conditions. For an evaluation of the environmental risk and levels to which workersin
industrial plants are exposed, this piece of research reports the results of monitoring of a group
of workers exposed in a petrol refinery plant.

Subjectsand methods

In 192 workers employed in a petrol refinery plant, occupational benzene exposure was studied
by measuring benzene at the workplace, in blood and urine and t,t-muconic acid in urine.
Benzene exposure was measured during the 8 hours of the work shift using personal samplers,
collecting environmental air in charcoal activated tubes (200/400 mg) with aflow rate of 500
ml/min. Environmental sample analysis was done by gas chromatography with a flame
ionization detector (FID). Benzene in venous blood and urine, collected at the end of work and
the following morning before resuming work were placed in clear glass vials (12.5 ml volume),
which were closed with PTFE-lined butyl rubber septa and crimped with holed aluminium
seals. Blood and urine benzene were determined by head space GC-mass-spectrometry (1).
Urinary t,t-muconic acid was determined by HPL C method.

Results

Mean benzene exposure (table 1) was equal to 90.1 ng/l with arange of 5-1535 ng/l. The mean
blood benzene level measured at the end of shift was (table 1) 273.9 ng/l (range 15-1506
ng/l), significantly higher (F=8.6; p<0.005; table 2) than that measured the following
morning before the workers resumed work (203.1 ng/l ; range 15-1189 ng/l). The mean urinary
benzene level (Table 1) measured at the end of the shift (565.4 ng/l) was not significantly
different from that measured the morning after (435 ng/l; Table 1). Even the mean urinary t,t-
muconic acid (Table 1) showed no statistically significant difference between the end of the
shift (151.1 pg/grCreat.) and the morning after (113.0 pug/grCreat.). Both at the end of shift and
the morning after, blood benzene concentrations (table 2) were significantly higher in smokers
(mean 406 ng/l and 329 ng/l, respectively) than in non-smokers (mean 183.4 ng/l and 116.8
ng/l respectively).

The best correlation was found in non-smoking workers between workplace benzene
concentration (x) and the blood benzene concentration (y) measured at the end of the shift (y =
0.846x + 92; n=114; r=0.739). In non-smoking workers too, urine benzene concentration
collected at the end of the shift (y) correlated significantly (y = 2.7x + 116; n = 113; r = 0,540)
with workplace benzene concentration (x), but the correlation coefficient was lower than that
reported for blood benzene. A significant correlation was found between the blood benzene
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concentration measured at the end of the workshift (x) and the morning after (y = 0.36x +105;
n=192; r =0.511).

Table 1 - Benzene concentration (ng/l) in environmental air (CiBNZngL), blood
(CbBNZngL) and urine (CuBNZngL) and t,t-muconic acid (t,tMApgCr ) in urine
(Mg/grCreat) measured at the end of the shift (eS) and the morning after (mA).

Count Average Minimum Maximum

CiBNZngL 192 90,1 50 1535,0
CbBNZeSngL 192 2739 15,0 1506,0
CbBNZmAngL 192 203.1 15,0 1169,0
CuBNZeSngL 191 565,4 17,0 9404,0
CuBNZmASngL 190 435,0 14,0 4208,0
t,t-MAeSugCr 147 151,1 10,0 592,0

t,tIMAmMAugCr 95 113,0 10,0 1618,0

Discussion

Datain Table 1 show that the occupational benzene exposure we studied was very low, 90.1
ng/l on average, not unlike that found in some urban environments with heavy traffic pollution
(2). According to the distribution of the values recorded, benzene exposure was lower than 100
ng/l (mean 30.7 ng/l) in 155 workers and higher than 100 ng/l (mean 338.7 ng/l) in 37 workers
(table 2). In 90 out of the 114 non-smoking workers studied (table 2), whose workplace
exposure was <100 ng/l, the blood benzene was 107 ng/l at the end of exposure and 98 ng/l the
morning after, without any statistically significant difference (F=0.2). This suggeststhe
hypothesis that the 90 non-smokers were exposed to the same environmental benzene levels
(<100 ng/l) in the plant and in normal living conditions away from the workplace. The
remaining 24 non-smokers exposed to benzene level >100 ng/l showed blood benzene levels of
469 and 186 ng/l, significantly different (F=12.5; p<0.0009), at the end of exposure and the
morning after, respectively. This result suggests that the benzene exposure of these 24 workers
after the end of work under normal living conditions at home was lower than that measured
during the workshift.

Considering all the 192 workers employed in the refinery plant, our data show that blood
benzene levels were significantly different between the end of shift and the morning after.
Otherwise, no statistically significant difference was found between the end of the shift and the
morning after, for both urine benzene levels and t,t-muconic acid. The observation that blood
benzene levels measured the morning after was significantly lower than that at the end of shift
suggests the hypothesis that the blood benzene level has to be considered a biomarker of
exposure, better than benzene and t,t-muconic acid in urine, which were not statistically
different between the end of the shift and the morning after. The other results showing that at
the end of the shift, in non-smoking workers, blood benzene levels correlated with the
workplace benzene levels better than urine benzene and t,t-muconic acid, seems to confirm that
the blood benzene measurements have to be considered the best reliable biomarker of
occupational benzene exposure in the refinery plant.

Blood benzene concentrations in non-smoking workers (table 2) were 183.4 ng/l at the end
of the shift and 116.8 ng/l the morning after. Previoudly, we reported in 171 non-smokersin
the general population (3) ablood benzene level of 123 ng/l, very similar to that found in the
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114 non-smoking workersin the refinery plant, the following morning before resuming work.
Finally, it emerges that cigarette-smoking significantly affects the blood benzene levelsin
workers occupationally exposed to low environmental benzene levels.

Table 2 — Blood benzene concentration (Cb) measured at the end of shift (€S) and the morning
after (mA) in workers exposed to workplace concentration (Ci) lower or higher than 100 ng/l

Non-smokers Smokers ALL
count ng/l count ng/l count ng/l
CheS/Ci<100ng/l |90 107 65 369 155 |217
. F=0.2 F=3.4 F=2.2
CbmA/Ci<100 ng/l |90 |98 p=NS 65 298 p=NS 155 [183 p=NS
CheS/Ci>100ng/l |24 469 13 |592 37 |512
. F=12.5 F=1.4 F=11.5
CbmA/Ci>100 ng/l |24 |186 0<.0009 13 |485 p=NS 37 |291 p<.001
ChbeS/Ci-total 114 |183 78 406 192 274
. F=6.5 F=4.3 F=8.6
CbmA/Ci-total 114 (117 p<.01 78 329 0<.05 192|203 0<.005

According to our data, various researchers suggest that urinary benzene and t,t-muconic acid
are not reliable biomarkers in environmental and occupational exposure to low benzene level.
Acid urine pH (4) and sorbic acid in food as preservative (5) may be responsible for an
elevated urine level of benzene and t,t-muconic acid respectively, without any correlation with
the environmental or occupational benzene exposure.
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I ntroduction

Benzene is awell-known leukaemogen and has al so been suspected to cause other malignancies
such as lymphoma and multiple myeloma. Crew on deck on tankers may be highly exposed to
benzene during short time periods when loading petrol or cleaning tanks. The aim of this study
was to measure the concentration of benzene in end-exhaled air in order to assess the
elimination after occupational exposure.

M ethods

The exposure levels of benzene were measured in the seamen’ s breathing zones during working
hours with diffusive samplers. M easurements were made during various working tasks such as
unloading of petrol and tank cleaning.

Benzene in end-exhaled air after a working shift was measured with a field method
developed at the department (1, 2). 100 ml of end-exhaled air was collected directly on an
adsorbent tube with a manual sampling pump. The tube was stored and subsequently analysed
by automated thermal desorption and gas chromatography.

The seamen were followed during exposure and periods between exposures. For four mates
the periods between two exposures were long enough to study the elimination of benzenein
exhaled air.

Before any calculations were done, the data were corrected for background levels of benzene
in air for each subject. In each subject, models with one or two compartments were fitted to the
decrease in benzene concentration in end-exhaled air, assuming an exponential decrease, by
non-linear least squares regression. This was done with the NLIN procedurein the SAS
statistical program (3). Also, al four individual curveswere analysed simultaneoudly,
calculating the best fit, on the assumption that all subjects had a common half life. Thiswas
done with the EXPFIT program (4).

Results

In Table 1 the exposure levels, exposure times and half lives are shown for each subject.
Results from calcul ations with one compartment are presented since cal cul ations with two
compartments resulted in models with a non-significant second compartment
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Table 1. Exposure levels, exposure times and half lives calculated with different methods for
each subject. Subject 1 and 2 were working with unloading petrol and subject 3 and 4 were
cleaning tanks. The subjects were followed for 1065, 360, 1247 and 295 minutes after exposure
respectively.

Subject Exposure Half life (min)
Benzene conc. Time EXPFIT EXPFIT SAS
mg/m® min n=3 n=4
1 0.745 210 88 123 110
2 1.78 240 88 123 96
3 4.40 133 88 123 82
4 143 209 123 123

Figure 1. Elimination kinetic of benzene in end-exhaled air for subject 1. Individually
predicted elimination curve calculated with SAS.
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Discussion

The seamen are highly exposed to benzene during tank cleaning with alevel well above the
Swedish short time exposure limit (3 mg/m®for 15 min). For subject 4 even the occupational
exposure limit (1.5 mg/m>for 8 h) was exceeded.

Since the seamen did not have long exposure-free periods on the tankers we could only study
one compartment of the elimination in air. To study two compartments samples of post-
exposure benzene in end-exhaled air have to be sampled during at least two days after
exposure.

Theindividually calculated half lives are quite similar even though the exposure levels were
not the same and the fit was not statistically better than a model with acommon half life. The
latter was however highly affected by subject 4, the most exposed subject. Literature data on
benzene half life in exhaled air is scarce. Our resultsis in accordance with other studies
showing half lives between 1-2.5 h (5).

185



Conclusions

In our opinion this non-invasive method is more suitable for repeated sampling in field studies
than benzene in blood. Subjects with different working tasks and exposure to benzene had half
lives of 1.5-2 h for benzene in end-exhaled air.
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I ntroduction

Urinary benzene is a promising biomarker of benzene exposure because it is specific and
reflects air exposure even at low levels (1,2). Asthe concentrations are low, it is essential to
have awork-up procedure that is selective and can concentrate the analyte to achieve the
sensitivity needed. We present an alternative approach to static or dynamic headspace, using
micro porous membrane extraction. The aim was a robust work-up procedure that had a high
recovery, could handle large sample volumes and could be easily automated.

M aterials and methods

A schematic diagram of the experimental set-up is shown in Fig. 1. The membrane was
clamped between two chemically inert PTFE-blocks. In each block a groove was machined,
forming a channel at both sides of the membrane, each with a volume of 0.5 ml.

Sample To waste

—

PTFE block
« Adsorbent tube
—

=g I

«— Micro porous membrane

Spiral groove

I To vent Dry air 1
Naphion dryer / /
| — / ]

Fig. 1. Schematic diagram of the experimental set-up.

Nitrogen

The membrane was a micro porous membrane made of polypropylene (porosity 41%, thickness
25 pum, Celgard 2400; Celgard, Charlotte, NC, USA). The donor phase (MilliQ-water or urine
spiked with benzene) was pumped on one side of the membrane by a syringe pump. The analyte
diffused through the membrane and was carried by the acceptor phase (an inert gas stream of
purified nitrogen) to a solid adsorbent (about 1 g of Tenax TA), where it was enriched. Ideally,
the donor and the acceptor phases should move counter-current for optimal mass transfer.
However, to avoid problems with gas leakage through the micro porous membrane to the donor
phase, the phases moved in the same direction.

A permeable membrane dryer (Perma Pure MD-125-12T; Perma Pure Products, Toms River,
NJ, USA) was used to remove water vapour from the sample stream before it reached the
adsorbent. The adsorbent tube was subsequently thermally desorbed and the analyte was cryo-
focussed in a cold-trap. The cold-trap was desorbed and the analysis was made by gas
chromatography and mass-selective detection (2).
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Results

The acceptor flow rate was optimised by keeping the donor flow rate constant at 0.5 ml/min
and varying the acceptor flow rate. The extraction was performed at room temperature. At an
acceptor to donor flow ratio of 50, corresponding to a gas flow of 25 ml/min, the recovery was
95% (Fig.2).
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Fig. 2. Optimisation of the acceptor to donor flow ratio. The donor flow rate was kept constant
at 0.5 ml/min.

The recovery at different donor flow rates, keeping the acceptor to donor flow ratio at 60, was a
gradually decreasing. Increasing the temperature of the membrane unit to 50 °C, by submerging
it into awater bath, did only change the recovery marginally (Table 1).

Donor flow rate Acceptor flow rate Recovery at 26 °C Recovery at 50 °C
ml/min mi/min % %
0.5 30 95 96
1.0 60 86 87
15 90 83 89
20 120 73 74

Table 1. Recovery at different donor flow rates at a constant acceptor to donor flow ratio of 60.

In the following validation experiments the donor flow rate was kept at 0.5 mi/min and the
acceptor flow rate at 30 ml/min. The extractions were made at room temperature and the
extraction time was 10 minutes.

The carry over was investigated by analysing a sample spiked with 2000 ng/L benzene and
then, after purging the donor side with purified water, analysing awater blank. After purging
with 10 ml water the carry over was less than 2%.

The linearity was investigated by analysing spiked water samplesin duplicate. Two
concentration intervals were studied; blank to 400 ng/L and 20 to 4000 ng/L. The correlation
coefficients were 0.9968 and 0.9996 respectively.

The limit of detection (including sample work-up and analysis) was 25 ng/L and the limit of
quantification 83 ng/L.

The repeatability was determined by repeated measurements (n=5) of urine spiked with
benzene to 50 and 400 ng/L. The repeatability was 1.4 and 1.2% respectively.

188



Discussion

Sample work-up procedures based on static headspace, including SPME, are based on an
equilibrium of the analyte between two or more phases and only a fraction of the analyteis
transferred to the analytical system. This can make the enrichment insufficient to achieve alow
detection limit and also make the procedure sensitive to small changes in extraction parameters
like temperature and stirring. A dynamic headspace procedure usually have high recovery and
can handle larger sample volumes, but is laborious to perform.

The proposed work-up procedure has the same advantages as dynamic headspace, but by
using acommercially available autosampler it can be easily automated. The recovery is almost
guantitative which make the procedure insensitive to changes in the main extraction
parameters, that is flow rates and temperature.

Thelimit of detection and the linearity facilitate assessment of benzene exposure of
occupationally exposed subjects and smokersin the general population. To determine benzene
in urine from non-smokers, alower detection limit must be achieved. This can be done by
increasing the extracted sample volume.

Conclusions

The proposed work-up procedure for benzene in urine, based on liquid-gas extraction through a
micro porous membrane, is afavourable alternative to other procedures. It can also be applied
for the determination of other volatile compounds in water matrices.
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I ntroduction

1,3-Butadieneis not known to occur as a natural product, but it is an anthropogenic, industrial
pollutant, widespread in ambient air, water and food (1), together with benzene (2-4). In
general, concentrations of butadiene in urban air have been reported to range from 1 to 10 ppb
(5, 6). Butadiene and benzene are emitted in automobile exhaust fumes and are produced by
house fires and tobacco combustion (7). Butadiene constitutes roughly 0.35% of the total
hydrocarbons in exhaust emissions (8). This research paper reports the results of measuring
butadiene and benzene in the alveolar air, blood and urine of people living in a small mountain
village and working in forestry.

Subjectsand methods

Benzene and 1,3-butadiene were measured in samples of breath, blood and urine taken from 67
forestry workersliving in small mountain villages. In the morning, after their overnight rest,
the workers came to our medical surveillance service, where samples were collected. Breath,
blood and urine were put into clear head space glass vials (12.5 ml volume) which were
analysed by the GC-mass-spectrometric method. The vials were placed into the carousel of an
auto-sampler and shaken for 60 minutes before the headspace was withdrawn. The breath and
blood samples, but not the urine samples, were heated at 50°C inside the carousel. For
statistical analysis samples with a butadiene level lower than the detection limit (DL) were
recorded as equal to half the DL.

Results

The mean alveolar butadiene level (table 1) was 1.8 ng/l (range 0.4-13.2 ng/l), significantly
higher (F=36.1; p<0.00001) in smokers (mean 3.6 ng/l) than in non- smokers (mean 1.0 ng/l).
The mean blood butadiene was 4.5 ng/l (range of 1-50.2 ng/l), higher than mean urine
butadiene (1.9 ng/l; range 0.5-8.9 ng/l). In both blood and urine (table 1), the butadiene
concentrations were significantly higher in smokers (mean 11.6 ng/l and 3.9 ng/I respectively)
than in non-smokers (mean 2.0 ng/l and 1.1 ng/l respectively).

The mean benzene level (table 2) was 7.6 ng/l (range 1.5-25.2 ng/l) in alveolar air, 93.1 ng/l
(range 33.5-487.2 ng/l) in blood and 170.7 ng/l (range 25.8-1099 ng/l) in urine. The benzene
level was always significantly higher in smokers than in non-smokersin all biological matrices
(table 2).

Discussion

Butadiene, never reported previously in human biological matrices, was identified in al the
forestry workers we studied. In 9/67 alveolar air samples and in 21/66 urine samples, butadiene
was lower than the detection limit (0.8 ng/l and 1 ng/l respectively).
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Table 1 - Alveolar (Ca), Blood (Cb) and Urine (Cu) Concentrations ( ng/l) of 1,3-Butadiene
measured in forest workers

Count Average ng/l |Minimum [Maximum

Non-smokers |48 1.0 04 1.97 F=36.1
CaBTD |Smokers 19 3.6 11 13.2 p<.0000

ALL 67 1.8 0.4 13.2

Non-smokers (44 2.0 0.97 3.53 F=18.9
CbBTD |Smokers 16 11.6 12 50.2 p<.0001

ALL 60 4.5 0.97 50.2

Non-smokers |48 11 0.5 7.9 F=32.1
CuBTD |Smokers 18 3.9 0.5 8.9 p<.0000

ALL 66 19 0.5 8.9

According to its blood/air partition coefficient (9,10) equal to 0.9-1.8, the butadiene level was
higher in blood (4.5 ng/l) than in urine (1.9 ng/l) the partition coefficient of which hasto be
considered similar to the saline/air partition coefficient corresponding to 0.088 (10). Assuming

apulmonary retention (Ca/Ci, where Ci=inhalation concentration and Ca= aveolar

concentration) equal to 0.8 (9), the mean aveolar butadiene measured in aforestry worker
(1.8 ng/l) allows us to estimate a mean environmental butadiene exposure of about 2.25 ng/l (1

ppb).

Table 2 — Alveolar (Ca), Blood (Cb) and Urine (Cu) Concentrations ( ng/l) of Benzene
measured in forest workers

Count Average ng/l Minimum Maximum

Non-smokers |48 5.3 15 12.2 F=52.1
CaBNz Smokers 19 13.2 6.1 25.2 p<.0000

ALL 67 7.6 15 25.2

Non-smokers |46 574 335 1124 F=42.3
Cb BNz Smokers 15 2024 46.3 487.2 p<.0000

ALL 61 931 335 487.2

Non-smokers |48 88.6 25.8 531.3 F=35.7
CuBNZz Smokers 18 389.5 45.2 1099.1 p<.0000

ALL 66 170.7 25.8 1099.1

Butadiene was significantly higher in smokers than in non-smokers, without exception, inall
matrices. The best correlation was between blood (x) and alveolar (y) butadiene (y = 0.21x +
0.8; n=60; r=0.903). Urine butadiene correlated similarly with alveolar butadiene ( r =

0.743) and blood butadiene (r = 0.70).

Theidentification and quantification of butadiene in all the biological matrices, in people
living in non-urban environments, suggests the hypothesis that butadiene must be considered a
ubiquitous pollutant throughout all human living environments.

The values of benzene concentrations measured in the alveolar air (7.6 ng/l) and blood (93.1
ng/l) of the forestry workers turned out to be lower than those we reported previoudly in the
alveolar air (11 ng/l) and blood (165 ng/l) in environmentally exposed people living in an
urban environment (11, 12). For urine benzene (170.7 ng/l) we did not find any significant
difference in comparison with previous examinations (184 —198 ng/l) in normal urban people
(13, 14). The best correlation turned out to be between blood (x) and alveolar (y) benzene (y =
0.04+29; n=61; r=0.858). Urine benzene showed the worst correlation with both
alveolar (r = 0.436) and blood benzene (r = 0.454).
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Surveillance has been defined as the systematic collection, analysis and interpretation of health
and exposure data in the process of describing and monitoring a health event (3). Surveillance
of workplace exposures can give useful information of the conditions at workplaces at company
level, nationally, or internationally. In the Scandinavian countries, it has been along tradition to
collect data on workers working conditions and health. The data of e.g. Statistics Finland show
clear trends in workplace physical exposures and work characteristics from the 1970s until the
1990s (4). More recently, the European Union has started a series of surveys of working
conditions and health in the European countries (5). These surveys have been face-to-face
interviews.

More extensive surveys have been carried out in Finland by the Finnish Institute of
Occupational Health in 1997 and 2000, and these Work and Health interviews (6) will be
carried out triannually as computer-assisted telephone interviews. Extensive telephone
interviews have also been carried out by the Danish Institute of Occupational Health (1). All
the above interviews have been directed to the working-age population (6) or salary earners
(4,2). In North-America, a questionnaire survey was carried out in 1998 among employers of
large, medium size and small firms (2). This survey will be repeated in 2001.

The exposures and questions differ to some extent in these surveys, but all have included
items on repetitive work and manual handling activities. The accumulated data give some idea
of trends over time at workplaces in these countries (Table 1).

These data suggest that exposure to some common risk factors, e.g. repetitive monotonous
movements, increased in the 1970s and 1980s and has remained fairly stable in the 1990s.
National data from Finland suggest that manual handling of 1oads has been stable in the 1980s
and 1990s, whereas data from the European Union suggest an increase in the handling of loads.
Thisis noteworthy asit occurs at the same time when mgjor efforts have been undertaken to
regulate exposure to these factors.

193



Table 1. Examples of interview-based surveillance data on repetitive activities (a) and manual
handling (b)

a. Repetitive work

Source Item Year Prevalence(
%)
Quiality of Life Survey Repetitive monotonous 1977 22
4 movements 1984 26
1990 28
1997 30
Work and Healthin Repetitive movements of 1997 33
Finland (6) hand several times/min 2000 33
Danish Wage Earners Work Repetitive monotonous 1990 10
Environment and Health work 1995 10

1

European Survey (5) Repetitive movements on 1995 33
a permanent basis 2000 31

b. Manual handling

Source Item Y ear Prevalence
(%0)

Quiality of Life Survey Heavy lifting 1984 29

() 1990 31
1997 30

Work and Health in Lifting, carrying, or 1997 63

Finland (6) holding manually or with 2000 65

manually assisted hoists

European Survey (5) Handling heavy loads 1990 31
1995 33
2000 37

The employer survey in the State of Washington, especially the follow-up scheduled in 2001,
will give some very interesting exposure information, as several items deal with exposures
regulated by the Washington State ergonomics rule that became effective after the first survey.

The dilemmawith surveillanceisthat it isinterview or questionnaire-based. The accuracy of
such information is limited. Several studies exist on the validity of questionnaires about
physical loads. The results show that the validity of the best questions usually ranges from
modest to good, with very few questions showing excellent validity. An instrument with modest
validity may not detect a change, even if there were one.

The validity criteria used in such studies can also be questioned. The golden standard has
often been some body posture assessed by observation, and the question is whether the essential
has been observed from a biomechanical point of view. The invited papersin the workshop
"Ergonomic exposure assessment for health surveillance purposes’ deal with the validity of
guestions appropriate for surveillance. It is also our intention to go beyond the most commonly
used validity criteria using a biomechanical analysis of shoulder loads associated with various
combinations of postures and hand loads.
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Validity of a self-administered questionnaire assessing physical work
loads
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The present study is part of the Swedish MOA study (Modern work and living conditions for
women and men. Development of methods for epidemiological studies), performed 1995-1997
in five Swedish counties.

I ntroduction

The quantification of physical exposure can be assessed with different (indirect or direct)
technigues (1, 2). These techniques range from subjective methods such as self-reportsto
objective such as recordings of duration and positions of work postures with different technical
instruments. The probably most feasible method to use in large general population studiesis
guestionnaires, in which the workers themselves estimate their exposures. Though,
guestionnaires have been criticized to lack both precision and accuracy (1, 3).

The aim of the present study was to assess the validity of eight questions about physical load,
used in the Stockholm Public Health Questionnaire (SPHQ). The possible influence of
musculoskeletal complaints on the validity of the responses was also assessed.

Material and methods

203 women and men working in 80 different work places, in both private and public sector,
participated in the MOA study, and hence in the present study. Mean age of the women was 38
years (SD £10.0, range 20-61), and of the men 39 years (SD +11.2, range 19-62). The subjects
represented 85 different job titles.

The eight physical load questions evaluated in the present study concerned; physical general
activity, duration of sitting work position, duration of awkward work postures (3 questions),
frequency of manual handling of loads =10 kg, duration of repetitive movements, and physical
exercise/sports. The response scales were at an ordinal level and 4 or 5 pointed.

The questions were validated by means of a structured interview. Each subject was
interviewed about work tasks during occupational work an ordinary, “typical” workday, and
about physical training/sports habits. The interview method used was considered accurate for
the present purpose (4-6). Each interview was categorized into the same response alternatives
asthe eight questions.

Response agreement at afull scale level was cal culated with weighted kappa correlation
coefficients (k) with quadratic weights, which correspond to the intra-class correlation
coefficient. The validity was also analyzed at a dichotomous level calculating the sensitivity
and specificity of each question.

Results

The k,, coefficients for the total study group varied from 0.38 to 0.81 (table 1). The lowest
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coefficients were found for the questions concerning; bent/twisted work posture (k,, 0.38) and
repetitive movements (K, 0.39), respectively. The subjects reporting muscul oskel etal
complaints had for all but one question somewhat lower k,, coefficients, compared with those
with no musculoskeletal complaints. Though, the confidence intervals were wide and
overlapped each other (table 1). For four of the questions the differencesin k,, coefficients
could not be explained by different exposure distributions between the groups. These questions
concerned hands above shoulder level, manual handling of loads, hands below knee level, and

repetitive movements.

Table 1. Validity of eight physical load questions for all subjects, and stratified on

muscul oskeletal complaints.

Question

General physical activity
Sitting work position
Hands above shoulder level
Hands below knee level
Bent/twisted work posture
Manual handling of loads
Repetitive movements
Physical exercise/sports

All subjects Muscul oskeletal complaints

(n=202) More frequent No/less frequent
(n=45) (n=157)

Kw (95% CI) Kw (95% CI) Kw (95% CI)

0.66 (0.59-0.74) 0.59 (0.37-0.81) 0.68 (0.60-0.76)

0.81 (0.75-0.86)
0.48 (0.33-0.63)

0.48 (0.33-0.64)
0.38 (0.26-0.49)
0.54 (0.42-0.66)
0.39 (0.26-0.51)
0.74 (0.67-0.80)

0.75 (0.62-0.88)
0.34 (0.00-0.69)

0.43 (0.10-0.76)
0.41 (0.17-0.65)
0.48 (0.24-0.72)
0.12 (0.00-0.41)
0.67 (0.48-0.86)

0.82 (0.77-0.87)
0.53 (0.36-0.69)

0.50 (0.33-0.66)
0.35 (0.21-0.48)
0.56 (0.42-0.69)
0.45 (0.32-0.58)
0.74 (0.67-0.81)

When analyzing the validity at a dichotomous level the sensitivity was lowest for the questions
concerning; hands below knee level (sensitivity 0.47), and repetitive movements (sensitivity
0.51). The specificity was lowest for the question concerning bent/twisted work posture
(specificity 0.55) (table 2).

Table 2. Proportion of exposed , sensitivity and specificity of eight physical load questions
(n=202).

Question Exposed (%) Sensitivity Specificity
Questionnaire Interview

General physical activity 42 32 0.88 0.80
Sitting work position 38 45 0.71 0.91
Hands above shoulder level 36 24 0.79 0.76
Hands below knee level 25 36 0.47 0.87
Bent/twisted work posture 58 38 0.81 0.55
Manual handling of loads 20 14 0.67 0.88
Repetitive movements 41 57 0.51 0.74
Physical exercise/sports 42 35 0.92 0.84
Discussion

The results indicated that non-differential misclassification in self-reports of exposure to
bent/twisted work posture exists. Differential misclassification, due to muscul oskeletal
complaints, could not be fully excluded for self-reports of exposures to some of the physical
work load questions.

The three questions concerning physical general activity, sitting work position and physical
exercise/sports may have sufficient validity to be recommended. These three questions had the
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highest k,, coefficients, i.e. inter-method agreement, and the results did not indicate any
substantial misclassification of exposure due to muscul oskeletal complaints.

Muscul oskeletal complaints may bias the self-reports of physical load when used in a case-
referent study. It is difficult to investigate the impact of misclassification of highly exposed
subjectsin ageneral population study as few subjects will be exposed. Hence, contrasting
exposure groups is an alternative when examining misclassification of highly exposed subjects.
The findings in the present study need further investigations.

Conclusions

The accuracy of self-reported physical load by means of questionnaires is often low when
ng more detailed exposure levels, but may be useful at a dichotomous level to
distinguish exposed subjects from unexposed. However, in some questions muscul oskel etal
complaints may bias the self-reports of physical load.
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I ntroduction

Features of the occupational environment believed to be associated with musculoskeletal pain
include awkward or uncomfortable working postures, manual handling of loads and repetitive
upper limb movements. However studies have rarely carried out accurate or comprehensive
assessment of such physical demands or have been based on small numbers or specific
occupational groups. The current study aimed to investigate the relationship between self-
reported occupational physical demands and disabling shoulder pain, using a previously
validated instrument, across a variety of manual occupational settings in the United Kingdom.

M ethods

A cross-sectional survey was conducted at 5 manual occupational settings in South Manchester,
United Kingdom. Of the 931 employees surveyed, 775 (83%) responded. Information about
disabling shoulder pain and occupational risk factors was collected by self-completion
questionnaire. The Manchester Occupational Physical Demands Questionnaire (MOPDQ),
developed and validated by the authors, was used to assess the physical demands of work (Pope
et al, 1998). In addition information was collected relating to psychosocial working
environment (according to Karasek’s demand (3 items) -control (2 items) -support (1 item)
model) and psychological well being (using the General Health Questionnaire (GHQ)).

The duration of working postures, manual handling of loads and repetitive upper limb
movements was categorised into three levels (no exposure, low and high duration). Univariate
associations with disabling shoulder pain were expressed as prevalence rate ratios (PRR) and
95% confidence intervals (95%CI), using “no exposure” as the referent group. In order to
identify a group of factors which were most commonly associated with shoulder pain, a
forward stepwise Cox regression procedure was used with candidate variables being all
exposures (physical and psychosocial) found to be significantly associated with disabling
shoulder pain.

Results

The one-month period prevalence of disabling shoulder pain was 26% and was similar for the 5
manual occupational settings.

Of the 12 occupational physical demands assessed, 7 were significantly associated with
disabling shoulder pain (table 1) including one working posture, four manual handling activities
and both repetitive upper limb movements.
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Table 1. Association of the duration of occupational physical demands (for one specified hour)
with disabling shoulder pain

Physical demand No. % PRR (95% CI)* y* test for trend

Work above shoulder level

0 mins 108 20 1.0
0.5-10 mins 45 34 1.8 (1.3,2.6) p<0.001
10.5-60 mins 45 52 2.6 (1.8,3.7)

Lifting with one hand
0 mins 94 19 1.0
0.1-6 mins 45 33 1.9 (1.3,2.8) p<0.001
6.1-60mins 57 43 2.3 (1.6,3.2)

Carrying on one shoulder
0 mins 179 25 1.0
0.1-4 mins 7 30 1.4 (0.6,3.2) p<0.001
4.1-60mins 12 39 1.9 (1.0,3.6)

Lift above shoulder level
0 mins 143 23 1.0
0.1-5 mins 26 35 1.6 (1.0,2.4) p<0.001
5.1-60mins 29 45 2.0 (1.3,3.1)

Pulling weights
0 mins 129 23 1.0
0.1-5 mins 41 34 1.8 (1.2,2.6) p=0.004
5.1-60mins 26 35 1.8 (1.2,2.8)

Repetitive use of the wrists
0-9 mins 73 20 1.0
10-40 mins 57 33 1.7 (1.2,2.4) p<0.001
41-60 mins 66 33 1.6 (1.1,2.3)

Repetitive use of the arms
0-9 mins 80 19 1.0
10-40 mins 56 36 2.0 (1.4,2.8) p<0.001
41-60 mins 60 34 1.8 (1.3,2.6)

*Prevalence rate ratio and 95 % confidence interval adjusted for age, sex and occupational
setting

In addition, 4 of the 6 factors relating to psychosocial working environment (psychological
demands (3 items) and job control (1 item)) and psychological well-being (GHQ score) were
significantly associated with disabling shoulder pain.

Of the 11 factors offered as candidates to the regression model, four were entered as best
describing the occurrence of disabling shoulder pain in the study population including two
physical demands (working above shoulder height and lifting weights with one arm), one
psychological demand and psychological well-being. Figure 1 shows how well these factors
are related to the reporting of disabling shoulder pain. Only 16% of employees who reported
being “not exposed/ low exposure” to all of the variables reported disabling shoulder pain
compared to 79% reporting a “high exposure” to three or more variables.
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Figure 1. Self-reported disabling shoulder pain by number of variables entered into the
regression model

% reporting disabling
shoulder pain
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Discussion

The current study has demonstrated the practical application of the MOPDQ. As well as
confirming findings from previous studies that have identified associations between working
above shoulder level and repetitive upper limb movements with shoulder pain, this study has
identified a relationship with such symptoms and manual handling activities. Further, it has
been possible to highlight two physical demands that identify a “high risk” group for disabling
shoulder pain based on this study population (working above shoulder level and lifting weights
with one arm). Using such information it is possible to consider strategies of ergonomic
intervention which could be used to reduce the occurrence of musculoskeletal symptoms in the
workplace.
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I ntroduction

Shoulder disorders have been associated with working postures characterized by
elevated arms. In several studies, the exposure has mainly been assessed by
questionnaires or observations. In order to be practicable, the questions should be
simple, and they should include only few decisions or categories of loading to be
selected by the respondent. As regards observations, there is a trade-off between
accuracy and the observer's ability to discriminate between different postures. Due
to these practical limitations, working with the hands over shoulder level has been
a common selection for questionnaires, as well as for several observation
methods. The biomechanical load on the shoulder depends, not only on the
posture of the arm, but also on the forces handled. The aim of this study was to
investigate the magnitude of errors when only one or few postures are considered
in the assessment of shoulder load.

M ethods

We built a 3-D biomechanical human model in which the physical parameters
were taken from the anthropometric and biomechanical literature. The Matlab®
implementation allows one to adjust e.g. body postures and the external forces
acting on the body. The outputs of the model are the moment resultants of the
external forces at the joints.

With this model we computed the constants needed for calculating the load
moment on the shoulder in different arm postures. The constants (Cs, Co) are given
as "nomograms" in figure 1. The posture of the upper arm is defined by the
humeral angle (x-axis) and the angle of the elbow (y-axis). The constants in the
figure on the left are those due to the subject only. In the figure on the right the
constants are those due to the object held in the hand.

The load moment on the shoulder can be calculated as follows:

Mt=M + AM | M = (cs/100) Lmg, AM = (cy/2) Lmoyg,
where
Mot = total load moment on the shoulder joint
M  =load moment on the shoulder joint due to the weight of the upper limb
AM = additional load moment on the shoulder joint due to the object held in
the hand
Cs = constant received from the left nomogram
Co = constant received from the right nomogram

mMs = mass of the subject
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= height of the subject

M, = mass of the object held in the hand
L
g = acceleration due to gravity (9.81 ms™)

90°

Figure 1. Nomograms of constants for biomechanical calculations by the angle of
the humerus and the elbow

Results

In order to determine the relative importance of the body posture and the weight
of the object handled on the shoulder load moment, we considered the fraction

M Cs My

The nomograms show that ¢, /Cs =1 for most postures. Therefore, the
contribution of the object handled to My is greater than that of the weight of the
upper limb if m, >ms/50. With regard to the working population this means that
an object of 1.5-2 kg held in the hand is responsible for about half of the shoulder
moment in all working postures; i.e. with greater loads the load on the shoulder is
mainly due to the weight handled.

We also have calculated the load moments in different arm postures and for
different statures. In a working posture with the hand well below shoulder level
(the upper arm flexed 10° and the elbow flexed at 90°), a weight of 1.5 — 2.5 kg
will produce a shoulder load moment equal to that of the fully extended arm
without any extra load. Handling a weight of 4 — 7 kg will duplicate this shoulder
load moment.
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Discussion

These calculations show that the biomechanical load on the shoulder is highly
dependent on the weight handled, in addition to the working posture. Therefore
any arm posture is an insufficient measure of the shoulder loading, if the load in
the hand is unknown.

There are limitations to be considered with the biomechanical modeling of
working postures. First, a simple biomechanical model neglects the geometrical
relationships of the anatomical structures within the body. The distribution of
mechanical forces on the tendons and other structures varies in different postures
of the joint. For example, when the arm is fully extended upwards the load
moment acting on the shoulder is very small. Therefore the load moment alone
may not be an adequate measure of the straining of a posture-load combination. A
potential solution might be a cost function added to the model. The cost function
should, however, have a sound biomechanical and physiological basis.

The second problem is the definition of the safety limits of different loads. It is
obvious that the risk of disorders will increase with increasing biomechanical
load. One limit is the peak force that will exceed the tolerance of the human
tissues and cause mechanical trauma. With lower forces, temporal aspects —
duration and frequency — will complicate the defining of safety limits.
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I ntroduction

Much interest has during the last decade focused on the importance of different exposures for
the development of allergy and asthma. To estimate exposure intensity, for instance to assess
dose-response-relationships, different strategies can be used. Surrogates of direct exposure
measurements may be employed, such as exposure years or presence of control measures.
However, to study where and in which situations subjects are exposed to alergens, and to what
levelsthey are exposed, it is necessary to measure the suspected agents. Direct measurements
are also needed to assess the levels that lead to sensitisation in subjects, or the levels that
provoke symptomsin already sensitised subjects, and to evaluate the effectiveness of allergy
reduction strategies.

Methods for assessment of allergen exposure

A number of methods to assess allergen exposure have been devel oped over the last decade,
both enabling and necessitating a choice between methods.

Allergensin the environment may be collected using a variety of sampling techniques. Only
lately, efforts have been made to compare or evaluate different sampling methods (3,6). The
round table will present and discuss several methods that have been used (dust reservoir
sampling, air sampling on filters using pumps, sampling of airborne sedimenting dust using
petri dishes, and nasal sampling (7) and compare their different merits, shortcomings, and
suitability for different exposure situations and scientific questions.

Immunochemical methods to measure allergen levelsin samples use antibodies directed
against the allergens. The antibodies may be derived from pooled sera from sensitised patients
or from sensitised animals, and the latter may be either polyclonal antibodies (Pabs) or
monaoclonal antibodies (Mabs). Sandwich or inhibition assay set-ups can be utilised. The choice
of antibodies and of allergen analysis assay set-up may greatly influence the resulting values,
up to several orders of magnitude (5,8).

A general standardisation of all steps of aeroallergen assessment isthus desirable. In
practice, some allergen measurement assays have already gained global spread through
commercial availability (e g Mab sandwich ELISA kits for the detection of cat allergen Fel d 1
and house dust mite allergen Der p 1). Standardisation is also necessary before any general risk
limits for allergens can be proposed, as defined risk levels are dependent on the methods used.
Immunological methods to analyse the alergens and the possibilities of allergen assessment
standardisation will be discussed.
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Direct and indirect exposures

Several allergens may be present in the child's environment, and may cause or exacerbate
alergic symptoms or asthma. The round table will focus on the most commonly measured
allergens from pets and house dust, especially cat allergen Fel d 1, and house dust mite.
Presence of pets has not surprisingly been shown to give high alergen levelsin dust and in air
of homes (3). These allergens are however also found in homes or public buildings without pets
(9,4). Recently, Almguist et al showed that also such indirect alergen exposure may be of
importance for asthmatic children (2). Moreover, also “outdoor” alergens, such as pollens, may
be found indoors and may add to the total allergen exposure.

Exposures to other agents than alergens, for instance to volatile organic compounds,
bacteria or pollution, have been shown to influence airway reactivity and susceptibility to
alergens (1,9). The importance of measuring such agentsin conjunction with allergens will be
discussed.

What factor sinfluence exposur e levels and how can we reduce exposur €?

The presence and levels of alergen in indoor environments are influenced by many factors. In
several studies, awide range of strategies has been tested aiming to reduce allergen levels, with
varying results. For instance, air-filtering devices (such as HEPA filters) in offices, schools and
homes, heating or acaricidesto reduce mite levels, changes in ventilation and cleaning routines
in schools have been tested. Factors that can influence allergen levels, and efficacy of several
strategies to reduce exposure, on alergen levels and child health, may be discussed.

Finally, the relationships between allergen exposure and development and presence of
alergy and asthma are complex. Genetic traits and the use of medicine also greatly influence
alergy and asthma development and disease.

Environmental exposure does however play an important role, and it is therefore essential
that allergen exposure can be assessed by validated methods, both in exposure-response
population studies and in the evaluation of allergen reduction strategies.
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Practical problems

Occupational hygienists have long recognized that intense airborne exposures of short duration
(minutes) can have a significant risk for acute health effects, which are not present with longer,
lower intensity exposures. There are many examples, such asirritant gases. While the concept
of peak exposuresisintuitively clear, it is difficult to rigorously define peaks because
exposures are inherently variable and often there is a range of effects which are found a
different exposure levels. The ACGIH and other organizations have addressed the acute
hazards of peak exposures by setting ceiling limits without a time period for some materials,
which are never to be exceeded, and short-term exposure limits (STELs) for other materials
with an exposure averaging time of 15 min, and restrictions on the frequency and time between
peaks. The choice of 15 min to define a peak was primarily based on the limitations of
exposure monitoring. There are also limits on excursions above the 8 hr threshold limit value
(TLV) that may occur for part of awork day and in some cases across several work days.
Overall, aside from irritant gases, there is very little human dose-response data to guide
standard setting for peaks. The application of safety factorsisthe usual practice to deal with
the uncertainties, but the magnitude of these factors and their useis controversial.

Conceptual problems

An exposure (C) over atime period (T) isan administered dose (C*T). Effectsof an
administered dose are caused by the concentration of an agent in the target tissue. Thetissue
concentration from the exposure-time profile has a complex temporal relationship (a
pharmacokinetic relationship), which is defined by internal processes of uptake, distribution,
metabolism and excretion. Toxicologic studies have found that combinations of C and T that
give the same C* T dose, will also produce the same degree of effects for alimited range of C
and T combinations. Peak exposures, intense exposures of short duration, are a special concern
because the high concentration produces a high dose rate (mg/min) into the body and target
tissue, which may alter metabolism, overload protective or repair mechanisms, and amplify
tissue responses. Asaresult, a peak can produce more and perhaps different effects than the
same administered dose given with less intensity over alonger time period. In toxicologic
experiments, C*T is defined by a steady exposure concentration, but an occupational exposure
nearly alwaysis variable over time. Asaresult, time-weighted average (TWA) exposures may
contain unrecognized periods of high concentrations (peaks?), and with a nonlinear tissue
response, similar TWA’s may have different responses. Autocorrelation of exposures across
time will tend to clump peaks together, which may also amplify the nonlinear effects.

For some agents, the dose rate (exposure multiplied by uptake rate) is also important for risk,
in addition to the total administered dose. This effect iswell recognized for acute effects for
radiation, irritants, narcosis, and other types of acute toxicity. It also occursfor some chronic
effects: carcinogenesis in animals and humans, and for silicosis [1-3]. When doserateis
important, chronic effects may accumul ate disproportionately from the days with the highest
intensity exposures, or time periods with higher than average exposures. Then the upper tail of
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the exposure distribution will determine the risk, not the mean. Thisimplies a different
definition of relevant peak exposures and a change in intervention strategy — more effort to
reduce the highest exposures than just the mean.

Estimation of internal concentrations

Internal concentrations can be estimated by pharmacokinetic (PK) models, which either fit time
course data or use a physiologically-based approach (PBPK model) to represent tissues as
groups and mathematically represent the kinetics of input and output processes [4]. These
models are useful for ng the impact of exposure variability on target tissue
concentrations, and for evaluating biological monitoring strategies. Through these models
some of the nonlinear processes have been identified. However, this approach is also subject to
the limitations of available data, especially data on human metabolism.

Rappaport investigated the transmission of exposure variation into variations in the body
burden using a one compartment model [5]. Short-term variationsin inhalation exposure were
physiologically smoothed, and the degree of smoothing depended on the autocorrelation within
the exposure and the clearance half time of the material. This effect limits the magnitude of
tissue concentration which may be produced by inhalation of a peak toxic exposure. This
argument will not apply for substances that are rapidly metabolized, or rapidly converted to a
toxic metabolite that is quickly detoxified, such as epoxide compounds from butadiene. The
whole body burden is not always the correct focus, the brain and other organs receive arteria
blood direct from the lungs and may reach high levels in minutes with a high input, well before
the remainder of the body. So we must be consider the processes driving the relationship
between the target tissue concentration and the exposure.

M easur ement problems

The inherently large variahility of exposure on many time scales (minutes, hours, days) makes
the measurement of peak exposures difficult. In some situations peak exposures can be
anticipated because they are associated with specific job activities or operational situations.
However, if they are the upper tail of the an extremely broad exposure distribution, geometric
standard deviation > 3, the peaks are rare and difficult to characterize. Peaks can also be
difficult to measure because of analytical limitations (short duration sample volume istoo
small) [6].

The development of real-time, personal monitoring offers the possibility of defining
exposure distributions on time scales relevant for effects. It is not feasible to collect
consecutive 15 min samples with charcoal tubes or filters, for more than afew time intervals.
The 15 min interval isrelevant for some types of exposure and effects, but not all. For
example, with short exposures, the brain has a clearance half time of about 1 min, so peaks of
2-3 min can lead to a high brain concentration by inhalation, and produce headaches. Real-time
monitoring for a central nervous system effect should be averaged over 2-3 min intervalsto
detect relevant conditions. Thus, as noted by Rappaport for long-term effects, the half time of
clearance for the agent at the target site is an important determinant of sampling strategy for
short-term effects[7].

Similar considerations apply for biological monitoring and the new biomarkers, such as
DNA and hemoglobin adducts. Although the slow turnover of biomarker cellsisamisleading
indicator of the period represented. Hemoglobin adductsin red blood cells (RBC) only leave
circulation when the cells are removed after their 120 day life span. However, afraction of the
RBC are removed each day, so the adducts for each day are progressively removed and the total
is weighted toward more recent exposures, especially days with very high exposures. The
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interpretation of biomarker findings requires both knowledge of biological processes forming
them and the distribution of exposures, including measurements to capture recent very high
EXPOoSUres.

Resear ch needs

Research is needed in several key areas to develop and define the hazards from peak exposures.
Better methods for measuring personal exposures real-time are needed. PBPK models are
needed to identify nonlinear distribution and metabolism situations and agents likely to lead to
peak effects. Toxicologic research is needed to better identify nonlinear mechanisms of
toxicity that could lead to peak effects. Finally risk assessment and management strategies
need to be examined to verify that they are adequate.

Conclusions

Concern about peak exposuresis along standing issue. There are many common situations
where peak exposures will be common. Our understanding and eval uation tools have not kept
up with advancesin toxicology. Limited characterizations indicate that PBPK models and real-
time monitoring can better determine the nature of the hazards. Professional practicein
occupationa hygiene has agrowing emphasis on legal limits, and the reduction in reliance on
professional interpretation, which adds to the importance of having strong scientific support for
peak exposure limits.
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Introduction

The need for valid and reliable instruments for assessment of exposures applies to the psychosocial
field aswell asto other fields of work environment research and practice. At the National Institute
of Occupational Health (NIOH) in Denmark the Copenhagen Psychosocia Questionnaire
(COPSOQ) for ng psychosocial work environment factors has been developed in three
versions. A long version for researchers, a medium size version to be used by work environment
professionals, and a short version for the workplaces. The whole concept has been labelled “the
three-level concept”.
By devel oping the COPSOQ, we have tried to reach a number of goals:

1. Todevelop valid instrumentsfor use at different levels.

2. Toimprove communication between researchers, work environment professionals, and the
workplaces.
To make national and international comparisons possible.
To improve surveys of the psychosocial work environment.
To improve and facilitate eval uations of interventions at the workplaces
To make it easier to operationalize complicated theories and concepts.

o0k w

Methods

The whole project has consisted of a number of phases. During the first phase psychosocial
questionnaires from a number of countries were collected in order to study the different models,
concepts, and questions. Sixteen questionnaires from Finland, Sweden, UK, USA, Denmark, and
the Netherlands were included in this process. We found several of the questionnaires inspiring and
of good quality but concluded that we could not use any of them for our purpose. During the second
phase we selected 145 questions from the 16 questionnaires and added 20 new questions of our
own. These 165 questions were tested empirically in a survey of arepresentative sample of 1858
adult Danish employees (20-60 years of age, 49% women, response rate 62%). During the next
phase the responses were analysed for internal consistency, factorial validity, missing values, and
response patterns. Our purpose was to develop a number of scales, each based on several questions
in order to improve reliability and validity of the assessments. In this way the research questionnaire
was developed with 141 questions comprising 30 different dimensions (scales). (See figure 1, next
page).

During the following phase the length of the scales was reduced so that the maximum number of
guestions in each scalewas 4 (in afew cases. 5). Also, anumber of scales on individual
characteristics were excluded. In this way the medium size questionnaire with 95 questions and 26
dimensions was developed. In the long and the medium size versions of COPSOQ all scales go
from 0 to 100 points.
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Finally, the short questionnaire was devel oped by reducing the number of dimensions as well as
guestions. The short questionnaire comprises 44 questions and only 8 dimensions. Some of these
dimensionsinclude several of the dimensions of the longer versions of COPSOQ (see figure 1).

Figure 1. The dimensions and number of questions of the Copenhagen Psychosocial Questionnaire
in al three versions: long, medium, and short.

Number of questions:

Dimensions Research Middle Short
questionnaire questionnaire questionnaire

Quantitative demands 7 4 3 0

Cognitive demands 8 4

Emotional demands 3 3 2 ( 6

Demands for hiding emotions 2 2 1 )

Sensorial demands 5 4

Influence at work 10 4 3 )

Possibilities for devel opment 7 4 2

Degree of freedom at work 4 4 1 > 10

Meaning of work 3 3 2

Commitment to the workplace 4 4 2

Predictability 2 2 2

Role-clarity 4 4

Role-conflicts 4 4

Quality of leadership 8 4 2 > 10

Socia support 4 4 2

Feedback at work 2 2 2

Social relations 2 2

Sense of community 3 3 2 J

Insecurity at work 4 4 4

Job satisfaction 7 4 4

Genera health 5 5 1

Mental health 5 5 5

Vitality 4 4 4

Behavioural stress 8 4

Somatic stress 7 4

Cognitive stress 4 4

Sense of coherence 9

Problem focused coping 2

Selective coping 2

Resigning coping 2

Number of questions 141 95 44

Number of scales 30 26 8
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The medium size questionnaire for work environment professionals has been developed in a
computerized model in which al dimensions have a national average of 50. Values above 60 and
below 40 are considered statistically different from the national average. Average results are
presented in yellow. Results better than the national average are presented in green, while negative
deviations from the average are shown with red bars. When the questionnaire is used for assessing
the psychosocial work environment of aworkplace it is possible to compare each department as
well as the whole workplace with the national average on all 26 dimensions. It is aso possible to
compare jobs, age groups, wage systems etc. This work is being done by the occupational health
services (OHS), the clinics of occupational health or by private consultants. All these professionals
have been able to acquire the system (including computer software) for a moderate price of $150.
Figure 2 shows the distribution of jobsin the national sample on one of the key dimensions:
Influence at work.

Figure 2. An example of the distribution on jobs of one of the COPSOQ dimensions:. Influence at
work. All the 32 jobs have at |east 20 respondents.
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The short questionnaire can be used by the workplaces without use of computer or even desk
calculator. The points on each of the eight dimensions can be added by hand, and average values for
departments or workplaces can then be calculated. A small pamphlet makes it easy to compare with
national average values. If abetter evaluation is wanted, the workplace is encouraged to contact
work environment professionals for further assistance. In this connection the medium size
guestionnaire can be used in order to give amore detailed picture of the work environment.

Results

The three questionnaires how have been used for about two years. Almost all OHSs and many other
work environment professionals in Denmark are now using the system. The short questionnaire has
been distributed free of charge in more than 5,000 copies and has been copied from the Internet by
hundreds of users. We do not collect the data and we have no surveillance system of users. The
philosophy of the concept has been that the users could use the system as atool for dialogue and
development at the workplaces.

The Nationa Institute in Copenhagen receives reactions, comments and questions concerning the
concept amost every day, and many of the users have developed the system further for specific
workplaces. It isour clear impression that this system has been an unprecedented success.
Researchers at the Danish NIOH and other institutions in Denmark have used the COPSOQ
dimensions for many studies, which facilitates comparisons between different investigations.

The database for national comparison values will be updated in 2002 on the basis of anew
national survey in order to keep the system valid and reliable. In this connection we will look into
the possibility of developing reference values for specific industries and branches.

The questions of the COPSOQ have been translated into English, and some of the questions also
into Japanese.

Conclusions

The three-level concept of the COPSOQ has been successful in improving communication between
researchers, work environment professionals, and the workplaces. The questionnaire seems to
provide valid assessments of a broad range of psychosocial work environment factors. In Denmark
the NIOH has plans for devel oping similar instruments for other fields of research.
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Cross-shift decline in FEV; among wood dust exposed workers - the
importance of repeated measurements in the exposure assessment

Schitinssen V @, Vinzents PS @, Schaumburg | @

! Department of Occupational and Environmental Medicine, Skive Hospital,
7800 ive, Denmark, e-mail: vivi_schlunssen@dadlnet.dk

% Department of Indoor Air, National Institute of Occupational Health,
Lersg Parkallé 105, 2100 Kgbenhavn @, Denmark.

I ntroduction

In epidemiological studies the validity of the dose-response relationship between exposure and
health effects is essential. The dose-response relationship between exposure and effect is highly
dependent on the exposure variability (1). Exposure-response relationships may be
underestimated, if the exposure is characterised by large within-worker variability relative to
variation between individuals.

An epidemiological cross-sectional study in the Danish furniture industry among 2,381
woodworkers has been carried out, in order to study the relation between wood dust exposure
and respiratory diseases. In this abstract we present data concerning cross-shift chancein FEV
among woodworkers processing or handling pine wood.

Methods

A total of 54 furniture factories were included in the study, and the base study population was
defined as all 2,381 workers employed in wood working departments, assembly departments,
and stock departments of these factories. The factories were visited between October 1997 and
April 1998.

Personal dust sampling was carried out with passive dust monitors. The method is based on
measurement of light extinction before and after sampling on transparent foils. The light
extinction increase was reported as dust covered foil area, converted into equivalent inhalable
and total dust concentration by linear regression models, based on earlier and present
calibration measurements (2).

A total of 1,685 valid wood dust measurements were performed in afirst measuring round.
Totally, 371 randomly selected persons participated in a second measuring round. From this
group 341 persons participated in the third measuring round. The time lag between two rounds
was one week.

Pulmonary function was tested using a dry spirometer, and both pre- and post-shift
measurements were performed. Forced expiratory volume in the first second (FEV ;) and forced
vital capacity (FVC) were measured. Predicted values of FEV, and FVC were calculated. The
cross-shift values for FEV ; were calculated as pre-shift minus post-shift. The change in volume
was reported as percentage change. All together 492 pine workers had avalid cross-shift value.

A total of 443 woodworkers had both avalid cross-shift value and a valid dust measurement
in first measuring round, and 114 pine workers had a valid cross-shift value aswell as 3 valid
repeated measurements.

Results

The geometric mean (GM) equivalent inhalable dust concentration for the 1,685 measurements
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was 0.94 mg/m®, geometric standard deviation (GSD) 2.1.

In Table 1, parameters for three linear regression models of cross-shift change in FEV 1 by
inhalable dust concentration are given. All three regression models were controlled for
potential confounding parameters as gender, age, height, smoking.

The first model includes the 443 pine workers with one dust measurement pr person. The
second model includes the 114 pine workers with 3 repeated dust measurements, but only the
first measurement was used in the analysis. The third model as well includes the 114 pine
workers, but the arithmetic mean of the 3 repeated measurements was used as exposure
parameter.

Table 1. Parameters for three linear regression models of cross-shift changein FEV
(percentage %) by inhalable dust concentration and confounders.

number of number of slope test of lope R?

pineworkers | repeated (p-value)

b measurements
model 1

399 1 1.6 0.042 0.033
model 2

111 1 3.0 0.063 0.072
model 3

111 3 5.3 0.016 0.092

1) The numbers of personsis lower than stated in the text, due to missing values for included
potential confounding parameters.

The smallest but significant slope, 1.6, was found in model 1. In model 2, the slope was 3.0, but
not significantly different from zero. Model 3 had the highest lope, 5.3, significantly different
from zero. R? was highest in model 3 and lowest in model 1.

Discussion

In ng exposure, the between person variability as well as within-person variability hasto
be taken into consideration. The results from this study underline the importance of assessing
theindividual exposure not only from one measurement, but from repeated measurements, in
order to reduce the attenuation introduced from the within worker variability.

Scheeper et al. (3) assessed the ratio of within- and between-worker variability among
woodworkers. The exposure was assessed for two randomly selected days, and the
within-worker variance was 1.11 times the between-worker variance, whichisin
concordance with our results (4).

The difference in slope between one and 3 repeated measurements, e.g. model 2 versus
model 3, isin concordance with the expected difference, given a unity ratio of within-worker to
between-worker variance (5).

The subjectsin model 2 is arandom sample from the population in model 1. As expected, the
larger study population in model 1 makes it possibly to identify weaker relationships compared
to the smaller population in model 2.

Conclusion

The results from this study underline the importance of repeated measurements in assessing
rel ationshi ps between exposure and effects.
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I ntroduction

In 1996, we conducted a cross-sectional study examining the relationship between wood dust
exposure and respiratory disease in a sawmill cutting spruce (Picea englemanii, Picea glauca,
and a hybrid of the two), pine (Pinus contorta), and alpine fir (Abies lasiocarpa)®. The study
population included 106 sawmill employees with 37 different jobs. Wood dust exposures
ranged from below 0.03 mg/m® to 15 mg/m® (mean=1.0 mg/m®, n=211). An unexposed
comparison group of 486 marine transport workers and bus mechanics was included to stabilize
the analyses. Associations were observed between elevated wood dust exposure levels and
cough, dyspnea, low FEV 1, and low FVC. In this paper, we explore the effect of different
exposure metrics on the strength of the exposure-response rel ationship between wood dust and
FEV..

Methods

The wood dust exposure measurements were assigned to subjectsin 6 ways. Three involved
either no or very little grouping. Each sawmill subject was assigned:

1. theaverage of their own exposure measurements,

2. the average exposure for their job; and

3. the exposure predicted by a determinants of exposure model®.

Three additional assignments were made by grouping the sawmill subjects into exposure
quartiles, and assigning each subject the mean exposure of the quartile. Quartiles were based on
the three exposure assignment methods described above:

4. individual subject averages;

5. job averages, and

6. model-predicted exposures.

For al analyses, controls were assigned an exposure level of one-tenth the wood dust detection
limit (LOD=0.03 mg/m°).

Multiple linear regression was used to examine the association between the airborne wood
dust concentration and FEV ,, after adjusting for height, age, sex, race, pediatric asthma, and
pack-years of smoking, for current and ex-smokers separately.
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Results

Table 1 lists the coefficients of the exposure-response rel ationships estimated for each of the
SiX exposure metrics.

Table 1. Change in FEV; per unit wood dust exposure — a comparison of exposure-response
relationships, by exposure metric

Coefficient,
Method of assigning wood dust exposure to subject litres of FEV; per mg/m®wood
dust (p-value)
No/little grouping
i. Mean exposure of subject -0.034 (p=0.13)
ii. Mean exposure of subject’sjob -0.072 (p=0.01)
iii. Exposure predicted by determinants model -0.104 (p=0.03)
Grouping
iv. Quartiles based on mean exposure of subject -0.067 (p=0.07)
v. Quartiles based on mean exposure of subject’s -0.086 (p=0.02)
job
vi. Quartiles based on exposure predicted by -0.133 (p=0.01)

determinants model

Stronger relationships were observed with each increasing level of grouping. The strongest
relationships were observed when exposures were estimated using a determinants of exposure
model based on such factors as tasks, jobs, equipment, department, outdoor or indoor location
of work, wood condition, and work in booth enclosures. These results support the theoretical
benefit (postulated for the Berkson error model®) of assigning subjects the average exposure of
their group: reduction in attenuation of exposure-response rel ationships.
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Problem

Investigating a possible exposure - response relationship in epidemiological studies we need
accurate information about the individual exposure. Analysing chemical exposure by repeated
personal air sampling is often expensive and time consuming. So efforts were taken to find
other solutions to the problem. Exposure depends on the time structure of daily activities, on
workareas and on technological parameters. Using such additional information it is possible to
increase statistically the precision of individual exposure assessments (1,2).

Method

In a study on health effects of toluene among workers in rotogravure printing plants personal
air sampling (mean value for aworkshift) were used to assess the individual toluene exposure.
Additionally, every person gave protocols on his daily activities at the sampling day (5
categories: regular printing, cleaning, taking a break, disruption of printing, equipping the
machine) and on his workarea. Besides, they gave such protocols for 10 consecutive days
without personal air sampling. Based on these information three steps were performed:

(1) A statistical multiple linear regression model was computed for the dependent
variable log(toluene) using the time protocols [minutes spent on every activity] and the
workarea as adummy variable [0/1] at the days of individual exposure sampling. Log
transformed exposure levels were used to standardise variance and to obtain normal
distribution.

(2) This statistical model was used to estimate additional individual exposures for every
worker leaned on the protocols (For details see: 3,4).

(3) Thereal and estimated individual exposure information for every worker were
combined calculating a mean value and afterwards used for further calculations as the
individual exposure assessment (according to: 1,6).

Results

Ad (1): Inthismodel 1115 air samplings of 188 workers of 13 rotogravure printing plants with
similar working conditions were included leading to a mean value and a standard deviation of
2.81 + 1.02 [log(toluene)]. About 7500 protocols of daily activities [times in minutes] were
available, including 967 protocols for the respective sampling day. Due to missing values 930
observations (air sampling with corresponding time protocol) could be used to develop the
statistical exposure model. The method of stepwise regression provided for the dependent
variable log(toluene) an explained variance (R2) of 17 % leaning on 10 independent variables.
These were the 5 variables of the time protocols and 5 of 39 dummy variablesindicating a
workarea. A group of 7 variables (5 protocol variables and the workareas 'paper supply/feeding'
and 'rotogravure machines generally' ) explained the main proportion, 16%, of the explained

219



variance.

Table 1. Results of stepwise regression for the prediction of log-transformed individual
exposure: log(toluene) , R2in percent

independent Variable partial R2 Model R2 F-value p-value
regular printing 5.42 5.42 52.37 < 0.0001
area for paper supply/feeding 3.79 9.21 38.03 < 0.0001
break 3.76 12.97 39.32 < 0.0001
equipping 1.07 14.03 11.30 0.0008
disruption of printing process 1.05 15.08 11.36 0.0008
area of rotogravure machines 0.57 15.65 6.06 0.014
cleaning 0.43 16.08 4.6 0.0323
rotogravure, other areas 0.034 16.42 3.64 0.0567
areas of material transport 0.029 16.71 3.15 0.0764
area of manager's office 0.002 16.91 2.22 0.1362

Further regressions were calculated for stratas of plants depending on the exposure levels of
their workers. It resulted in higher portions of explained variance for plants with higher average
concentrations of toluene and in lower portions in those plants where lower concentrations of
toluene had been found.

The resultsin the Table agree to the results obtained in an earlier stage of the study with a
reduced amount of observations (n = 319), where 6 independent variables explained 16% of the
variance of the transformed variable.

In an earlier study with 15 consecutive days of data collection among 31 workers of two
plants explained variances of R2 = 0.73 and R2 = 0.55 were found for the same dependent
variable (5,3).

Obvioudly, the level of exposure and the strategy to collect the protocols and the air samples
influence the proportions of explained variance.

Ad (2): The regresson model was used to estimate individual exposures [log(toluene)] for
every worker based on their protocols and led to more than 6000 additional exposure values.

Ad (3): Using both the real and estimated exposures we found nearly the same overall mean
value of 2.89 for the combined exposures vs. 2.87 for the real measurements but a substantial
reduction of the overall standard deviation of 0.54 vs. 0.98.

In Table 2 the components of intra- and interindividual variance are presented estimated by a
one-way random effect analysis of variance for measured and combined (mean of individual
measured and predicted) exposure.

Table 2: Measured and modeled |og(exposure) of 188 printing plant workers with estimated
variance components and attenuation ratios (see: 1)

Attenuation
obs. mean + sd Var, Vary, Varg ratio

measured 930 2,87+ 0,98 0,9561 0,6171 0,3390 0.77
combined 7209 2,89+054 0,2900 0,1997 0,0904 0.96
Var; ,Var, , Var, : estimators of total, within, between variance

Conclusions

The proposed concept of collecting easy-to-obtain self reported information about the daily
activities established as very effective for our purposes. The variables of the protocols of daily
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activities were in the main group of explanatory variables for log(exposure). In consequence of

that the variance of information on individual exposuresin the epidemiological study was
reduced.

The gain of the approach may be characterised by the increase of the attenuation ratios of
measured vs.combined exposure assessment (0.77 vs. 0.96). The value of 0.96 incicates that
further estimations of regressions for dose — response relationships will be nearly unbiased.
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I ntroduction

In Industrial Hygiene (IH) groups, repeated measures are performed on the same workers
through time and recently 2 variance components are evaluated: the variance between workers
(var-b) and the variance within worker (var-w), for exposure assessment purposes. The
relationship between the variance components enables to cal cul ate the correlation between
repeated measurements of the same worker no matter the timeinterval, namely r = var-b/ (var-b
+ var-w).

If the hypothesisthat r = zero is statistically rejected, this correlation should be taken into
account when modeling the relationship between group mean exposure and exposure
determinants, to draw valid scientific inferences. Therefore, the aim of this study wasto
explore the correlation structure between repeated exposure measuresin IH groups.

M ethods

Sample: Four hundred and forty personal air measurements were carried out on 54 workers,
employed in the main processes in six different factories (6-13 in each). Potential exposure was
to lead, benzene and dust. Ten randomly repeated hygiene surveys were carried out over one
year and each worker underwent 6-10 exposure measurements (unbalanced design). The year
was divided into 2 periods: 1% period included the first 5 surveys and 2™ period the 5 last
surveys.

Statistics: We estimated the variance components of exposure along time and consequently
the correlation by using mixed models for the logged exposure data.

Thus for each IH group and for the whole cohort, with regard to the period factor.

Results

Table 1 presents the estimated variance components and correlations between any 2 repetitions
(no matter the time interval) for the factory-based IH groups and for the whole cohort, based
on different assumptions. The variance components (var-b and var-w) were assumed to have
equal or different valuesin the 2 periods (homogeneity or heterogeneity respectively); in
addition, the period was assumed to either have or not have influence on the group mean
exposure (included or not included as afixed factor in the model). The estimation was
performed by using 3 different mixed models with the following assumptions:

Model 1: Homogeneity and period included as afixed factor ;

Model 2: Heterogeneity and period included as afixed factor ;

Model 3: Heterogeneity and period not included as a fixed factor.
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Table: Estimators of variance components (var-b, var-w) and correlation (r) between repeated
measures , using 3 models (n = 440; k=54)

Model 1 Model 2
Modd 3
IH group Var-b Var-w r Var-b Var-w R
Period-1 Period-2 Period-1 Period-2
Factory 1 0.23 0.54 .30 0.00 0.52 0.52 .00 .50 (+.50)*
0.00 0.47 0.52 .00 48
Factory 2 0.29 1.64 A5 0.00 0.94 151 .00 .38 (+.38)
0.00 0.84 1.50 .00 .36
Factory 3 1.56 1.46 .52 254 0.71 142 .64 .33(-.3))
2.20 0.66 142 .61 .32
Factory 4 2.30 221 51 2.66 172 2.33 43 43 (.00)
249 1.63 2.33 .52 A1
Factory 5 0.45 0.64 41 0.40 0.51 0.62 .39 45 (+.06)
0.38 0.49 0.62 .38 44
Factory 6 0.07 1.33 .05 0.24 0.74 0.98 .19 A3(+.24)
0.17 0.69 0.99 14 A1
ALL 1.05 1.26 45 1.16 1.10 121 49 48
1.15 1.09 121 49 A7

n= No. of measurements; k= No. of workers
Var-b = Variance between workers; Var-w=V ariance within worker; r= Correlation
* r change between periods, according to model 2

All estimated variance components, except the zero ones, are statistically different from zero
(p<.01) and according to model 1, in 4 IH groups out of the 6 r>=. 30. Consequently r cannot
assume to be zero.

According to model 2, the correlation between repeated measures is different in the 2
periods; in 4 IH groups the r-change is >absolute(0.23). Consequently heterogeneity in the
variance should be assumed. Model 2 and model 3 result in almost the samer estimation. The
dlight reduction in the var-b from model 2 to model 3 is due to inclusion of the period factor,
which seems to have a minor influence on the variability between workers and consequently on
the r estimation.

Conclusions

For this data set, common regression models are inadequate for exposure determinants
modeling since a correlation seems to exist between repeated measures; furthermore, the
variance components (var-b and var-w) were found to have different valuesin the 2 periods
indicating that variance-heterogeneity should be taken into account in the modeling procedure.
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I ntroduction

Our objective isto compare different strategies for exposure measurement in the workplaces of
industrial sitesin view of future cross-sectional study. We suppose that in thisindustrial site
different Homogeneous Exposure Groups (HEG) with respect to a single chemical substance,
each characterising a series of tasks, coexist. A strategy consists of allocating afixed total
number of measurements to the different HEGs. A theoretically optimal but non operational
solution to this problem was obtained by Ashford (1). We compare this strategy and simpler
other strategies using simulations of exposure, sampling strategies and the health effect under
the assumption of alinear effect of the cumulative exposure.

M ethods

Exposure simulation

Table 1. Characteristics of an industrial population.

Job Operator 1 Operator 2 Operator 3 Foreman
Number of workers 15 15 20 8

Mean age 38 38 38 38

Age range 23-60 23-60 23-60 23-60
Annual job rotation 8% 8% 8% 4%
HEG 1 2 3 2 4 2 5
Number of workers 5 10 5 10 7 13 8
Geometric mean (in ppm) 02 0.2 2 0.2 1 0.2 2
Geometric standard deviation 2 12 25 12 35 12 3
Arithmetic mean (in ppm) 0.25 0.20 3.04 0.20 219 0.20 3.66

The basis of our simulations was a quantitative description of seven real sites of the chemical
industry. This was obtained by aworkgroup comprising industrial hygienists, occupational
physicians and epidemiologists. Since the beginning of the exposure to the substance
considered, theindustrial population is described in terms of jobs held and task performed.
Further considerations are the age distribution in each job and the job rotations between them.
Each task is described as alognormal distribution with given geometric mean (gm) and
geometric standard deviation (gsd). Table 1 shows the main characteristics of one of these
described sites. The daily exposure of each subject was simulated on the basis of these
characteristics from date of hired to the date of the study. A "between worker effect” was
obtained by multiplying exposure by afactor sampled from alognormal distribution with gm 1
and gsd 1.2 (3).

Measurement strategies

The different strategies we consider are:

e Theoptimal strategy described by Ashford consistsin alocating to each HEG a number of
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measurements proportional to the square root of the number of subjectsin thisHEG
multiplied by its exposure standard deviation computed from the parameters of the
lognormal distribution used for the simulation.

* Anapproximation of the above strategy allocating to each HEG a number of measurements
proportional to the square root of the number of subjectsin this HEG multiplied by itsgm
(gm.sgrt(n)). Thisis equivalent to the preceding assuming identical gsd across HEGs.

e A further approximation allocating to each HEG a number of measurements proportional to
the square root of the number of subjectsin thisHEG (sgrt(n)). Thisis equivalent to the
optimal strategy assuming identical gsd and gm.

¢ A balanced strategy assigns the same number of measurementsin each HEG.

We estimate exposure in each HEG by the mean of the corresponding measurements. This
implies that each HEG is measured at least once.

Health effect simulation

For each subject the cumulative exposure is obtained by summing all the daily exposures
(multiplied by the "between worker factor"). The baseline health parameter is obtained by
sampling from anormal distribution. This parameter is then decreased linearly with individual
cumul ative exposure.

As an example we used the motor nerve conduction velocity (MCV) normally distributed
with mean 52 m/s and standard deviation 4 m/s for non exposed. The assumed effect of
exposure to carbon disulphide (CS;) isalinear decrease in MCV of 4 nv/s per 100 ppm.years
(4). Thisvalue has been obtained in order to achieve an 80% statistical power in a cross-
sectional study among active workers in the population described in table 1 followed up for 20
years in absence of any between worker effect.

Criteria

We use two criteriato compare the strategies: the statistical power to detect an effect of
exposure and the mean squared error (MSE) of the individual cumulative exposure. These
criteria have been computed in 100 simulations of the sampling strategies nested in 100
simulations of the health effect.

Results

Results are given in table 2. Statistical power is nearly independent of the strategies and even
very few measurements achieve near maximal power (73%). Results are more differentiated for
the MSEs: M SE decreases with number of measurements and optimal strategy isindeed
optimal. The balanced strategy performs better than the sgrt(n) strategy while mg.sqrt(n) is
nearly as good as the optimal strategy. Similar results were obtained with other sites and did
not depend on "between worker effect”.
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Table 2: Statistical power and exposure M SE as a function of measurement strategies.

Number of measurements 10 40 75 150
Statistical power (%)

Duration of exposure 47

Balanced 66 70 71 71
sgrt(n) 65 70 71 71
mg.sgrt(n) 67 71 71 71
Optimal 68 71 71 72
Real exposure 73

MSE (in % of balanced strategy for 150 measurements)

Balanced 597 200 136 100
sgrt(n) 660 212 144 106
mg.sgrt(n) 383 148 109 88
Optimal 353 136 103 84
Discussion

Epidemiological designs are usually compared with respect to statistical power. In this respect
our strategies make no difference and the ssimplest is the best. But the precision of the exposure
estimates can be markedly improved using an optimal design. We show that Ashford's (1)
design remains the best although it is theoretically optimal only without job rotation. In order to
approach such a design we need at least an estimate of HEG specific geometric means possibly
by expert assessment. When these estimates are accurate we showed that M SEs are only
dlightly worse.

Our method has some limitations as it depends on the assumption of a non-reversible effect
of cumulative exposure. Other effects include peak exposure or non-linear effects which may
yield other optimal strategies. Further work is needed. Our simulation are based on a
guantitative description of the sites. However the similarity of the results through the sites
strengthens our conclusions. Finally no simulation can truly represent reality. For a study of
exposure assessment strategies based on real data see Heederik (2).

Conclusion

Although the different strategies did not prove very different, a reasonable practical adviceisto
oversample apriori high exposure groups.
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I ntroduction

The recognition of the importance of skin exposure in industrial and environmental settings has
steadily increased over the last few decades, although the importance of this route has seldom
been reflected in assessment of exposuresin occupational epidemiology studies. Thislack of
consideration has occurred even when the substance being studied is a recognized dermal
hazard, such as pesticides, PAHs, PCBs and solvent exposures or when the disease being
studied is a skin disease, such as dermatitis and skin cancer. Ignoring dermal exposure when
investigating exposure-disease relationships can result in misclassification of study subjects,
which can cause the disease risk estimates to be biased to the null. Thus, it isimportant for
experts performing exposure assessments for epidemiologic studies to correctly evaluate the
exposure from dermally absorbed substances.

M ethods

An extensive literature survey was conducted to identify dermal exposure assessment methods
that have been applied in epidemiological and risk assessment studies. Based on this survey and
onindustrial hygiene principles, methodol ogies are postulated that could be applied to assess
dermal exposures in occupational epidemiological research.

Results and discussion

Although several qualitative, semi-quantitative and quantitative methods have been used in
epidemiol ogical research and risk assessment models, few epidemiol ogic studies have actually
addressed dermal exposures. The methods and models used in these studies were mostly based
on three basic exposure determinants: 1) the mass of the contaminant; 2) the location and the
surface area of the body exposed; and/or 3) the frequency and duration of exposure.

There are, however, severa limitations to estimates obtained from one or more of these
components. Differences in measurement methods and strategies make it, for instance, difficult
to compare or combine dermal exposure estimates from different studies, as little is known
about the accuracy and reproducibility of dermal exposure measurements for different
compounds and exposure scenarios. Furthermore, only a few studies have addressed day-to-day
and between worker variability in dermal exposure, hampering the eval uation of the accuracy
and validity of reported quantitative dermal exposure estimates. Use of personal protective
equipment and personal hygienic behavior has also been shown to influence dermal exposure
and uptake. However, the effectiveness of these measures has been shown to be highly variable.
In the end the validity of the exposure estimates depends, at least in the case of systemic
exposure, on the relation with the actual dermally absorbed dose. However, several factors have
been shown to influence dermal uptake between and within subjects, such as the body location
where the uptake is occurring, occlusion and adverse skin conditions. The significance of
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several of these factors could, however, be limited as some cancel each other out or because the
more permeable body parts are also less likely to be exposed.

In epidemiological analyses concerning systemic effectsit is desirable to have asingle
value that represents the total absorbed dose from all routes of exposure. One approach
to obtaining this single value is to use biological markers to estimate the internal dose
received from all exposure routes. For most chemical exposures, however, no estimates
of theinternal dose are available. Thus, the exposure assessment of substances absorbed
dermally will require developing separate exposure estimates for airborne and dermal
exposure that can subsequently be used in an analysis with the health outcome of
interest. One set of estimates can then be used to stratify the other set to evaluate the
effect of each route of exposure on the disease.

Summary

Assessment of dermal exposure in epidemiologic studiesis till initsinfancy. Recently,
initiatives have, however, been taken to validate existing protocols in occupational hygiene
practice and to develop data driven dermal exposure measurement strategies. These efforts
should result in more standardized measurement methods and strategies, which will eventually
enable quantitative dermal exposure assessment in epidemiological research. Until then
assessment of dermal exposure in epidemiological research probably will (and should) be
performed by occupational hygienists or other specialists in the field on a qualitative or semi-
guantitative basis.
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I ntroduction

Prior to quantitative dermal exposure assessment it isinformative to estimate dermal exposure
semi-quantitatively. However, validated methods to assess dermal exposure semi-quantitatively
are non-existent. We are currently developing a DerRmal Exposure Assessment Method
(DREAM) that, amongst others, determines pathways contributing to dermal exposure such as
‘dermal contact with a contaminated working environment ’. Within this scope, the degree of
contamination of surfaces present in the working environment is estimated. The aim of our
study was to investigate whether contamination scores obtained by DREAM for surfaces
present in the working environment, corresponded with the measured contamination levels at
these surfaces. In amedical centre, semi-quantitative surface contamination scores were
assessed for anti-neoplastic drugs by applying DREAM, and compared with measured
cyclophosphamide (an anti-neoplastic drug) levels.

Methods

At five departments of a Dutch medical centre, two occupational hygienists identified surfaces
possibly contaminated with anti-neoplastic drugs by hospital personnel during working
activities. Consequently, per department, for each surface a DREAM-contamination score was
determined by summing the contamination-scores of all tasks carried out at within a
department. The contamination score at task level was formed by the product of the estimated

‘ probability-of-contamination-value' (no=0/possibly=1/yes=3) and the ‘intensity-of
contamination-value’ (= the concentration of anti-neoplastic drugs containing the agent
handled) (residue=1/mixture=3/pure=10)’.

Subsequently, at every department a number of surfaces were wiped with 20 ml 0.03 M
NaOH-solution and two tissues. In addition, samples of bed sheets used by patients receiving
cyclophoshamide treatment were taken. Samples were stored at —20°C, extracted with 120-140
ml NaOH-solution (0.03M), and cyclophosphamide concentrations were determined using GC-
MS analysis.

De DREAM-scores were plotted against measured contamination levels (ng/cm?2) and the
Spearman correlation coefficient was calculated. In addition, surfaces were divided into four
categories on basis of their DREAM scores. 0= no; 0-10=very low; >10-30=low; >30-
100=moderate contamination. High contamination, a DREAM score of more than 100, did not
occur.
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Results

Figure 1 shows the DREAM-scores of surfaces present in the working environment compared
with measured cyclophosphamide values on these surfaces. In general, surfaces with a higher
DREAM-score corresponded with higher cyclophosphamide contamination levels. However,
due to large variations in actual measured contamination per DREAM contamination score, the
correlation was moderate (Spearman correlation coefficient r=0.48, p=0.0001). The DREAM
category ‘moderate contamination’, had statistically significant higher cyclophosphamide levels
than other categories (p<0.01) (Table 1). In addition, the ‘low contamination’ category differed

significantly from ‘no contamination’ (p<0.01).

Figure 1: DREAM contamination scores versus measurements (ng/cmz2).
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Table 1. DREAM contamination categories compared with measurements (ng/cm?2)

DREAM contamination GM 95%Cl Groups differ? P-values
category

No Very Low M oder

Low ate

No (n=22) 0.02 0.01-004 . 0.15 <0.01 <0.01
Very low (n=21) 0.07 0.04-0.13 . 0.28 <0.01
Low (n=44) 0.16 0.10-0.25 . <0.01
Moderate (n=22) 3.81 2.01-7.20 .
Discussion

A moderate correlation was observed between DREAM contamination scores and measured
cyclophosphamide contamination levels. This may be explained by the method used to estimate
the semi-quantitative scores, which were task-based only including contamination due to
workers' activities. However, they did not include contamination of the work environment
through none-task-rel ated factors such as contamination caused by patients (excreta). In
addition, the semi-quantitative scores concerned contamination by anti-neoplastic agentsin
general where the quantitative assessment only concerned cyclophoshamide.

Conclusion

The results suggest that semi-quantitative assessment of contamination of the working
environment may provide useful information. However, inventories should go beyond a task-
based approach and consider additional sources of contamination. The approach applied to
DREAM will be developed further.

231



Assessment of dermal exposure to industrial chemicals

Van Hemmen Joop J.

Project coordinator, TNO Chemistry, Dept. Chemical Exposure Assessment, Zeist, the
Netherlands (vanhemmen@chemie.tno.nl)
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In alarge project funded by the European Commission (RISKOFDERM, QLK A4-1999-01107),
scientists from 15 Institutions from 10 European countries work together with the following
ams.

- To develop avalidated predictive model for estimating dermal exposure for use in generic risk
assessment for single chemicals.

- To develop a practical dermal exposure risk assessment and management toolkit for use by
small and medium-sized enterprises (SMESs) and others, in actual workplace situations.

Resear ch goals

To achieve the above-mentioned aims, a research programme comprising four interrelated work
parts was formul ated:

1) A gqualitative survey in European workplaces to obtain an overview of tasks, processes and
determinants relevant for dermal exposure.

2) A guantitative survey to obtain detailed data on dermal exposure and determinants in the
most relevant tasks and processes.

3) Exposure model building to create a predictive dermal exposure model (set) using all
relevant variables.

4) Development of arisk assessment and management toolkit from relevant data on hazard,
dermal absorption, dermal exposure and effectiveness of control measures for direct usein
workplaces.

M ethodology

The project started early 2000 and isto run for four years. The four work parts are carried out
independently, but many very important interactions are required to obtain optimal input and
output data, as well as results.

In work part 1, the various relevant scenario’s are defined and fragmented to standard
operation units for dermal exposure assessment. These will be surveyed in ten European
countries by centrally trained observers.

In work part 2, the main scenario’ s and operation units will be assessed with the most
appropriate (scenario-dependent) quantitative methodology for dermal exposure assessment.

In work part 3, the results of work part 1 and 2 will be integrated in amodel or models.
These will be tested in practice for two compounds (aliquid and a solid) for which so detailed
pharmacokinetic knowledge is available. Biomonitoring in the workplace will be carried out
together with dermal exposure monitoring and interpreted. In this way benchmarking of the
model resultsis possible.

In work part 4, the available approaches for other exposure routesin risk assessment are
considered in detail aswell as available data on hazard, exposure, absorption and control. A
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practical toolkit on CD-Rom will be developed that can be used by non-experts and experts at
different levels of detail.

Results

The first deliverables of the project, which will be discussed in the light of the project
development, are currently practically finished:

- A list of dermal occupational exposure units, describing the major scenario’s and tasks.

- A description of the tasks and processes that will be studied quantitatively in pilot and main
studies and with which methodol ogy.

- Analysis of relevant dermal exposure determinants, based on literature, non-published studies
and models.

- A draft toolkit with approaches taken for hazard identification and exposure assessment,
leading to risk identification and offering information on actions to be taken. The draft will be
assessed in work parts 1 and 2 for further development, and will in the end incorporate the
results of work part 3.

Discussion

After about one year in a complex four year project, the results cannot yet be discussed in any
detail in the light of the project aims. At this point in time, it is clear that the numerous partners
from distinct parts of Europe (Finland, Sweden, England and Scotland, the Netherlands,
Germany, France, Austria, Portugal, Spain and Italy) are well-committed and that the project is
on schedule. The presentation will enlarge on this and describe the progress made in relation to
the ambitious goal's presented.
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Introduction

The understanding that dermal penetration of a chemical is a passive process of solution into
and diffusion through the stratum corneum has led to the development of a variety of in vitro
procedures to estimate dermal penetration. Compared to in vivo studies, these procedures are
fast, efficient, and economical. Furthermore, they offer a safe way to test dangerous chemicals
on human skin. Consequently, there is considerable interest to use these vitro tests to estimate
the percutaneous absorption of pesticides, industrial chemicals, and chemicals found at
hazardous waste sites to assess their hazard potential. However, questions have been raised
about the validity of in vitro procedures to estimate dermal penetration such that their use has
been limited for regulatory purposes. The purpose of this investigation was to construct criteria
that would satisfy concerns about validation and apply them to in vitro methods being
advocated for usein regulatory investigations.

M ethods

We examined matched in vivo and in vitro dermal absorption studies of specific pesticides
submitted by manufacturers to the U.S. EPA Office of Pesticides Programs (OPP) for pesticide
registration. These studies were conducted according to the Guideline for Dermal Absorption
of Pesticides (2). This Guideline requires aminimum of three doses at log intervals be applied
toratsfor durations of 0.5, 1, 2, 4, 10, and 24 hours and reporting in considerable detail about
the experimental design, identity and properties of the test compound, dose preparation and
application to experimental animals, sample collection and analysis procedures, and submission
of theraw data. Thisinformation was evaluated to develop criteriathat would provide
sufficient evidence of validation. Next, we applied these criteriato a series of published studies
selected by the OECD Chemicals Committeein their review of the validity of in vitro
percutaneous absorption testing procedures (1).

Results

Examination of the dermal absorption studies submitted to OPP permitted us to develop the
criteriafor method validation (figure 1). Criteriafor avalidation study consisted of the
presence of both in vivo and in vitro data, use of the same formulation and application
procedures, and a comparison of all in vivo and in vitro results.

We tested these criteria against the published studies selected by OECD and to matched in
vivo and in vitro dermal absorption studies of acetochlor submitted to OPP. We found that
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validation was achieved only to avery limited extent in all of the OECD selected studies
examined, such that the comparability between in vivo and in vitro procedures was not
demonstrated (figure 2). Only one study (#2) contained all of the criteriawe require to validate
these procedures. However, in this case, only afew doses were studied, thus limiting the
comparison. All of the other studies examined were missing validation criteria. One study (#4)
did not contain any of the criteria. The most common omissions in these studies were the
failureto present all of the numeric data collected and to compare al of the in vivo and thein
vitro results. In three of these studies, the formulations tested were not identical, and in two
studies, the applied doses were not similar, thus limiting the ability to compare these
procedures. In the matched acetochlor studies, we found that the percent of absorbed acetochlor
increased over timein all doses tested in both the in vivo and the in vitro procedure (table 1).
However, when we compared the two procedures, we found that they were not comparable.
Percent absorption in the in vitro procedure consistently exceed that of the in vivo procedure by
as much as six times, especialy at the lower doses. Morever, the ratio of percent dermal
absorption varies inconsi stently with dose and duration of exposure.

Table 1. Acetochlor rat invivo and in vitro dermal absorption study results

Dose Exposure Duration (hours)
ug/cm? 0.5 1.0 2.0 4.0 10.0 24.0
in vivo
3.0 3.8 4.3 7.3 9.9 19.5 313
425 4.0 6.0 4.4 9.2 23.1 29.6
270 4.8 5.6 3.0 4.8 9.3 175
2934 14 5.2 34 2.7 45 12.6
invitro
3.03 137 271 378 452 71.2 70.1
47.3 4.2 82 217 338 43.8 60.7
318 2.1 6.7 105 254 57.2 77.3
3095 0.5 34 4.4 85 245
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Figure 1. Validation criteriafor dermal absorption

Containsin vivo & in vitro data » NO, terminate

» YES

All numeric data are presented » NO, terminate

» YES

Formulations are the same » NO, terminate
» YES
Applied doses are similar » NO, terminate

» YES

Compare al in vivo/in vitro results » NO, terminate

Figure 2. Analysis of OECD in vitro dermal absorption validation studies.

ALGORITHM EXTERNAL REVIEW PANEL SELECTED STUDIES
1 2 3 4 5 6 7 8 9 10
ND

Contains in vivo & in vitro data X X X X X X X
All numeric data are presented X X
Formulations are the same X X X X X X
Applied doses are similar X X X X X X X
Compare all in vivo/in vitro results X
Discussion

In thisinvestigation, we developed criteriato validate in vitro dermal absorption procedures.
Our results show that there is a critical need for this kind of more rigorous criteria. 1n our
examination of dermal absorption validation studies, selected by the OECD as the best
examples of validation studies, all but one study failed to contain sufficient information for
effective comparison. The benefits of this kind of rigorous criteria can be seen in our analysis
of matched in vivo and in vitro dermal absorption studies conducted for acetochlor according to
EPA’ s Guideline for Dermal Absorption of Pesticides. The results showed that the in vitro
procedure overestimated dermal absorption in the majority of doses and exposure intervals. The
ratio of percent absorption between the in vitro and the in vivo test varied inconsistently over
the range of doses and exposure intervalstested. Thisindicates that there is not some kind of
consistent difference or error between the two approaches that could be accounted for or
corrected with an adjustment factor.

We suggest that these criteria be adopted and applied to efforts to demonstrate the ability of
in vitro procedures to estimate in vivo percutaneous absorption. Current efforts by the OECD
and the U.S. EPA to develop standard in vitro methods to estimate percutaneous absorption
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have not been successful. In our view, acceptance will be difficult to attain, unless more
rigorous validation studies are conducted as shown here to demonstrate that in vitro procedures
are comparable to in vivo methods.
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I ntroduction

When establishing occupational exposure limits (OELSs) for chemical substances it is common
practice to also assess the potential for systemic exposure viathe skin. Thus, substances for
which dermal exposure is considered to contribute significantly to the overall exposure (1) or
that are easily absorbed by the skin (2) are assigned a "skin notation". Unfortunately, skin
notations are mostly based on insufficient scientific data. Thereis often alack of comparable
dermal data and when available, they are often expressed in terms (e.g. as percent absorbed
dose or LDs), that are dificult to interpret quantitatively. An additional shortcoming with the
skin notation isthat it is merely qualitative (yes/no) and does not reflect the wide range of
dermal absorption rates among chemical substances. To address the latter problem, Johanson et
al. (3) have proposed a simple procedure to quantitatively describe the importance of dermal
uptake in relation to respiratory uptake. Similar approaches have been taken by other
researchers, e.g. by Fiserova-Bergerovaet al. (4).

The aims of this study were to: (a) update and extend the previous study (3) by including
recent dermal absorption studies and more substances, and (b) compare the results with regards
to existing skin notations.

Method

The dermal uptake index (DI) was calculated as:
DI = Dermal uptake rate (nmol /min) / Inhalation uptake rate (nmol/min) (3).

The dermal uptake rate was obtained from published experimental data using neat substances
and steady-state conditions. The rates were recal culated for an exposed skin area of 100 cn.
When several experimental data sets were available, human and in vivo data were preferred
over animal and in vitro data, respectively. The inhalation uptake rate was calculated assuming
exposure at the Swedish OEL (2) (8-h TWA), apulmonary ventilation of 10 L/min and a
retention of 60%.

Results and discussion

Overall 55 substances were analyzed. Of these, 37 were assigned a skin notation in Sweden (1),
the Netherlands (5) and/or by the US ACGIH (2). Notably, for 19 of these 37 substances the
skin notation differed between the three lists.

The dermal uptake rate varied by more than 8 orders of magnitude between the 37
substances, from 6 pmol/min/cm? for methanol to 0.00005 nmol/min/cm? for chromates.
Similarly, the DI varied even more by about 7 orders of magnitude, from 15 000 for ethylene
glycol dinitrate to 0.002 for chromates. This suggests that the skin notation per se gives limited
information about the potential contribution of dermal uptake to total absorption. Moreover,
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some substances, like ethylene dichloride, methyl isobutylketone, formaldehyde, and ethyl
benzene, with relatively high DI values lack a skin notation in at least two lists.

One problem with the DI approach is that the importance of dermal uptake may be
overestimated for substances like formaldehyde where the OEL is based on alocal effect such
as mucosal irritation. However, for substances with irritation as the critical effect systemic
effects are generally seen at dlightly higher exposure levels.

One factor that contributes to the enormous variability in dermal uptake ratesis that different
technigues have been used to measure the uptake rate. In addition, the skin samples have been
collected from different species and from different parts of the body. For example, extremes of
3300 and 0.1 nmol/cm?/min have been reported for toluene, using human skin in vivo and rat
skin in vitro respectively (6, 7). Thereisaso alarge variability in dermal uptake rate for
several other substances. This variability points towards the need for a standardized assessment
of dermal uptake rate.

In conclusion, our survey suggests several inconsistencies in the assignment of skin
notations. Thisis mainly due to lack of solid scientific data. Further, we suggest that the use of
dermal uptake index or similar approaches would give additional, valuable information about
the importance of the dermal route.
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The Food Quality Protection Act of 1996 (FQPA) requires that children’ srisksto pesticide
exposures be considered during the tolerance-setting process. FQPA requires exposure
assessments to be conducted for all pesticides sources, not just food sources. It also requires
that assessments use high quality and high quantity exposure data or models based on exposure
factors generated from existing, reliable data.

Currently, data on children’s exposures and activities are very limited and insufficient to
support quantitative assessments that do not rely heavily on magjor default assumptions as
substitutes for missing information (1,2). Results derived from an initial assessment of critical
exposure pathways and factors for assessing children’ s residential exposures to pesticides (1)
indicate that dermal exposure and nondietary ingestion may result in high residential exposures
for children. However, there are so few data associated with these pathways that exposure
estimates may vary by orders of magnitude, depending upon the assumptions and exposure
factors selected. Studies across all ages of children, but especialy for very young children, are
required to characterize activities that contribute to dermal exposure in important
microenvironments. Studies are also needed to characterize contact and transfer factors for
non-dietary ingestion.

The goal of the U.S. EPA National Exposure Research Laboratory program in support of
FQPA isto develop and evaluate protocols for assessing children’ s aggregate exposure to
pesticides, and to conduct fields studies to collect data required to reduce the reliance on
default assumptions in development of quantitative exposure assessments. The specific aim of
the work described in this presentation is to evaluate the approaches available for assessing
dermal exposure resulting from contact with residue contaminated residential surfaces.

M ethods

Two main approaches are currently used to assess residential dermal and non-dietary ingestion
exposure. In the macroactivity approach, dermal exposure is estimated using empirically-
derived transfer coefficients to aggregate the mass transfer associated with a series of contacts
with a contaminated medium. The macroactivity approach affords the possibility of developing
screening level exposure assessments with relatively limited resources. However, because this
approach was devel oped to assess occupational exposure in an agricultural setting, the
feasibility of applying this approach to assess children’s dermal exposuresin aresidential
environment needs to be evaluated.

In the microactivity approach, exposure is explicitly modeled as a series of discrete transfers
resulting from each contact with a contaminated medium. This approach requires a high level
of detail (i.e., “microactivity data’) to characterize peopl€’' s dermal contact with chemical
residues in their environments and quantify subsequent dermal absorption and non-dietary
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ingestion. Because of the age dependencies and labor-intensive nature (i.e., high expense) of
gathering microactivity data, few data sets relevant to exposure assessments currently exist.
Before micoractivity data can be effectively collected and evaluated, knowledge is required on
important activities and contact parameters.

Targeted laboratory and fields studies have been initiated to: (@) collect preliminary data
required to use these approaches to assess dermal and non-dietary exposure, (b) evaluate these
two approaches for assessing dermal exposure, and (¢) develop methods and protocols for
conducting field studies.

Sudy to Test the Feasibility of Using the Macroactivity Approach to Assess Dermal Exposure

To assess the feasibility of using the macroactivity approach for assessing children’ s exposure
to pesticides, a screening-level study was conducted with young children in a daycare center
where a known pesticide application had occurred. Four or five children from each of two
different age groups were monitored for short time periods while involved in selected
macroactivities (e.g., storytime, playtime indoors). To measure dermal loading, the children
were clothed in full-body dosimeters. To measure the pesticide concentration in the exposure
medium, transferable residues were sampled in the areas where the children spent time during
each monitoring event. These measurements were then used to calculate dermal transfer
coefficients for each monitoring event. Development of an aggregate surface sampling method
is also being developed in this study

Additional field studies to test the feasibility of using the macroactivity approach and to
develop additional transfer coefficients are currently being conducted. Severa of these studies
are collaborative studies with other US EPA researchers or external organizations that are
conducting aggregate exposure studies following a known pesticide application. These studies
have been enhanced to collect limited dosimeter data and the associated transferable residue
and activity data.

Sudy to Identify Important Parameters for Characterizing Pesticide Residue Transfer

Prior to conducting exhaustive studies to collect the residue transfer data needed to apply the
microactivity approach, a screening study to identify the important parameters for
characterizing these transfers was conducted. In this study, parameters that affect residue
transfer from surface-to-skin, skin-to-other objects, skin-to-mouth, and object-to-mouth, were
evaluated using a fluorescent tracer as a surrogate for pesticide residues. A fluorescent tracer
was applied as aresidue at levels typical of residential pesticide applications to surfaces of
interest. Controlled transfer experiments were conducted by varying contact parameters with
each trial. The mass of atracer transferred was measured and the contact surface area
estimated using video imaging techniques. In addition, laboratory evaluations were conducted
to relate transfer of atracer to transfer of pesticides. Parameters evaluated included: surface
type, surface loading, contact motion, pressure, duration, and skin condition. Transfers onto
and off of the hand were measured.

Results and discussion

Preliminary results from the studies being conducted to test the feasibility of the macroactivity
approach indicate that this approach shows promise for assessing dermal exposure to children
in aresidential setting. These results are also being compared with the default transfer
coefficients currently being used in residential exposure assessments. Moreresearch is
required to relate the residues measured using dosimeters and the residues available for
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absorption.

Results of the study to identify important parameters for characterizing residue transfersin
the microactivity approach show that surface type and skin condition are among the important
parameters. In addition, the direction of residue transfer (on or off skin) with repetitive contact
will vary with skin condition. Thisdatais being used to determine what additional residue
transfer data should be collected and what type of microactivity data are needed to estimate
dermal and non-dietary ingestion exposure. Despite the limitations associated with collecting
and using microactivity data, the microactivity approach may be the only viable approach for
estimating non-dietary ingestion.

In general, thereisaneed for developing field protocols that will facilitate dermal exposure
assessments by both approaches. In doing so, it is critical that the sampling methods used in
the field to measure surface residues be the same methods used to develop transfer coefficient
and transfer efficiency data. Surface sampling methods do not need to act as surrogates for
skin. Rather the relationship between transfer of residues from surface to sampling media and
surface to skin need to be characterized in the lab. In thisway, the surface sampling methods
can be applied more generally and field monitoring made more efficient.

Completion of protocol development and key exposure measurement studies will strengthen
current databases used for assessing risks to children from exposure to environmental
contaminants.
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A large body of ergonomic literature have been devoted to the design of proper data collection
strategies. Studies have concentrated on, e.g. conceptual issues, the relevancy of different
exposure variables, and the validity of different measurement instruments. The efficiency of the
data collection strategy, i.e. its ability to produce precise information at low resource
investments, has received much less attention although it is of great importance to the design
and interpretation of intervention studies.

The present paper aims at giving a short introduction of how to determine and optimise
precision and use this information for designing sensitive intervention studies.

Exposure variability and statistical power

Two major classes of intervention study designs can be distinguished in ergonomics focusing
on primary prevention of muscul oskeletal disorders: those comparing conditions by collecting
data from independent groups of subjects (e.g. different companies), and those investigating
matched data (e.g. by using subjects as their own controlsin a‘before-after’ design). Often, the
magnitude of the intervention effect may be expected a priori, or at least alower limit may be
set on the effect size which is considered interesting from an ergonomic point of view. In the
simple case of comparing two conditions, the detectable difference depends on exposure
variability in a straight-forward manner:

A =SDyng 72 (ty (1-p)*v,(1-a/2)) {1}, with A: difference between conditions; SDy:
standard deviation of the difference between conditions; ns: number of observed subjectsin
each condition (assumed to be equal in both); ty : f-percentile of the t-distribution with v
degrees of freedom; (1-B3): power; a: two-tailed significance level. v equals (ns-1) and 2(ngs-1)
in the case of paired and independent data, respectively.

The standard deviation of the difference between conditions, SDx, can be determined
according to the equation:

SD, = SDg[2:(1-p)]72 {2}, with SDg standard deviation between subjectsin each
condition (assumed to be equal in both); p: correlation coefficient between pairs of datain the
two conditions. The relationship between study size and detectable effect in fractions of the
exposure variability isillustrated in table 1.
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Table 1. Number of subjects required to obtain a power of 0.80 in a study aiming at detecting
an intervention effect of size A (measured in fractions of the standard deviation between
subjects) at a (two-tailed) significance level of 0.05. Numbersrefer to the group size in each of
the two compared conditions, and they are presented for comparisons of independent data, as
well as for two paired design cases (cf. equation { 2}).

Independent data(p=0) p=04 p=0.8
A=025SDg 252 152 53
A=05SDs 64 40 15
A =1.SDg 17 12 6
A=2SDg 5 5 3

The sensitivity of ergonomic intervention studies

Table 1 can be used in combination with data on exposure variability to estimate the sensitivity
of a planned ergonomic intervention study. For instance, the standard deviation of the 50-
percentile of trapezius EMG amplitude among subjects performing a specific task may typically
be in the order of 5 % of maximal activation. Thus, a study aiming at detecting a difference of 5
%MV E between two independent groups will have to engage 17 subjectsin either group. Ina
paired design with p=0.4, 12 subjects will be needed, all measured twice.

Some reference input data for equations {1} and { 2}, relevant to ergonomic intervention
studies, can be found in the literature, and an important effort would be to summariseitina
format useful for study design guidance. Thisincludes the influence of exposure variable, of
personal factorsin the study population, and of data collection instrument on exposure
variability. The effectiveness trade-offs of different ways of increasing study sensitivity is also
achallenging area of research.

Allocation of measurements

Equation {1} appliesto the case of equal numbers of subjectsin two compared conditions, but
it may be adjusted to accommodate also unbalanced designs. Unbalanced allocation of subjects
will almost always lead to less sensitive studies than a balanced allocation of the same total
number of subjects. However, if the ergonomic intervention is expensive or difficult to realise,
it may be sensible to include more subjects in the reference group than in the experimental
group.

The precision of a group mean exposure, SD¢ns 72, and hence the sensitivity of an
intervention study involving that group, will improve, both if the number of subjectsis
increased and if more datais collected from each subject. According to analytical equations, a
certain total number of measurements (subjects times measurements-per-subject) will always
result in better precision if more subjects are preferred to more data per subject. The
performance of different allocation principles may also be explored using modern distribution-
free techniques, e.g. bootstrapping. It has been suggested to periodically evaluate exposure data
during data collection using these techniques in order to adjust on-line the allocation of
measurements (2).

Hoozemans et a. (1) have given one of the first examples of measurement allocation trade-
off in a procedure for mechanical exposure assessment. In the future, models including
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considerations to resource consumption at different levels of data collection could contribute
greatly to the optimisation of studies.

Task-based strategies

Asagenera principle, the efficiency of exposure assessment may be enhanced if known
exposure determinants are utilised, either to stratify data collection or to indirectly estimate
exposures. Thus, a number of ergonomic studies have assessed job exposures on basis of
known tasks in the job. It is then assumed that tasks discriminate between exposures. In order to
be efficient, however, a task-based strategy must meet a number of additional requirements,
including that tasks must occur for substantial proportions of the job, and that correct data must
be available of task occurrences as well astask exposures.

The efficiency of task-based exposure assessment in ergonomic intervention studies was
explored recently by Svendsen and colleagues (3). They conclude that job exposure estimation
on basis of task diaries combined with atask exposure database may, indeed, be an attractive
and efficient strategy, in particular in some types of intervention studies. The need for research
on resource consumption in task-based strategies as compared to other methods of obtaining
job exposuresis also stressed.

A ‘best practice’ for using exposur e variability data in study design

Following the considerations above, aminimal ‘best practice’ of how to use exposure
variability information in the design of ergonomic intervention studies includes the following
steps: (1) obtain variability information from a pilot study, the literature or by educated
guessing, (2) analyse the sensitivity and size of the planned study and contemplate the result in
relation to available resources, (3) consider the option of using a task-based strategy in this
particular case, (4) if the study is considered feasible, determine an efficient measurement
alocation.
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I ntroduction

An effective data collection strategy succeeds in obtaining an estimate of, for
instance, a group mean exposure with a sufficient accuracy (small bias) and
precision (small random error) at the expense of a minimised resource investment.
The precision depends on the collected number of measurements, including their
allocation between and within subjects. A proper planning of studiesincludes
considerations as to the data collection effort needed to produce results of a
desired precision without being excessive. The present study examined the
precision of the group mean exposure to pushing among train stewards, using
various combinations of numbers of workers and measurements per worker.

M ethods

A group of 15 train stewards (mean age 33.7 years (SD 8.6)) was continuously
observed for awhole 8 hour working day using TRAC (Task Recording and
Analysis on Computer (1)). A major task wasto push a 135 kg cart to provide
train passengers with food and drinks. The observational data of each worker was
subdivided into consecutive periods of 30 minutes. Thus, aworking day of 8
hours consisted of 16 observational periods, providing 16 repeated measurements
per worker. The influence of the number of workers and the number of
observational periods on the precision of the mean frequency of pushingin a
group of workers was studied using bootstrapping (2). The bootstrap method
estimates the empirical distribution of avariable through a large number of
simulated ‘ experiments’, based on sampling with replacement from the original
observational data. A nested bootstrapping procedure was performed. First, a
predetermined number of workers was drawn with replacement and, second, for
each of the selected workers a predetermined number of periods was drawn with
replacement. 1000 replicates of this whole procedure generated the distribution of
the group mean exposure for 1 through 15 workers, combined with 2, 4, 8, and 16
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periods per worker. The range between the 5th and 95th percentile was cal cul ated
as ameasure of precision.

Results

A mean pushing frequency of 13.4 times per 30 min for atotal of 235 periods of
30 min (SD 8.8) was observed. The SD was 3.2 when the 15 workers' means were
averaged. Thisindicates that a reasonable part of the variance can be explained by
the within worker variance.

Results of the bootstrap procedures indicate that the gain in precision
obtained by increasing the number of workers was considerable when observing
just afew workers (figure 1). Beyond about 10 workers, the inclusion of an
additional worker would not considerably improve precision. Furthermore,
observing randomly 2 periods of 30 minutes yielded the largest 5th-95th
percentile interval. Using 4 periods resulted in more precise estimates of the group
mean and also the observation of 8 periods per worker resulted in improvement of
the precision. In comparison to the random observation of 8 periods per worker,
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Table 1. The number of workers that has to be observed to arrive at a specific
value of the 5th-95th percentile range (10, 7.5, and 5) per 30 min period.
5th-95th percentile range

10.0 7.5 5.0
Number of 30 min periods Number of workers
2 periods 5 9 >15
4 periods 3 5 12
8 periods 2 3 8
16 periods 2 3 7

The number of workers required to obtain a specified level of precision may be
derived from figure 1. This data appearsin table 1. For instance, to reach a 5th-
95th percentile range of 10, 5 workers have to be observed for 2 random periods
of 30 min each. To reach the same level of precision, only 2 workers would have
to be observed for 8 random periods of 30 min. Table 2 isderived from table 1
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and shows the total number of 30 min periods that has to be observed to arrive at a
specific value of the 5th-95th percentile range. The general message of table 2 is
that it is favourable to observe more workers for a short period of time (asmall
number of repeated measurements).

Table 2.The number of 30 min periods that has to be observed to arrive a a
specific value of the 5th-95th percentile range (10, 7.5, and 5) per 30 min period.

5th-95th percentile range

10.0 7.5 5.0
Number of 30 min periods Total number of 30 min periods
2 periods 10 18 >30
4 periods 12 20 48
8 periods 16 24 64
16 periods 32 48 112

Discussion

The bootstrap procedure considers the collected data sample as atrue
representation of a population. It is crucial that this assumption of
representativeness is met if results are used to establish an efficient measurement
strategy for additional studies. In this study, workers were selected using a
stratified sampling procedure in order to take into account a priori the most
important sources of variation in exposure between individuals. Although these
sources of variance were not further studied, we believe that the sample of
workers were representative to a population of train stewards.

Observing more workers for a short period of time implied that a smaller
total number of periods were required to obtain a certain precision. Appearently,
in this study increasing the number of workers reduced variation of the group
mean more effective compared to increasing the number of repeated
measurements per worker. This suggests that the group mean islargely
determined by between worker variation. Furthermore, this measurement strategy
would have reduced costs and measurement efforts. However, the allocation of
measurements is also influenced by practical considerations. For instance, it is
convenient to switch between workers on the day of observation. However, in the
present study, this was impossible because only one train steward worked at a
time on a specific train.

In conclusion, the results of the present study illustrate the relationship
between the measurement effort (number of workers and periods per worker) and
the resulting precision of the group mean exposure. A measurement strategy
prioritizing more workers rather than more periods per worker reduces the total
number of periods necessary to obtain a certain precision.
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I ntroduction

Reliable information about the physical requirements of work is needed for both epidemiologic
study of ergonomic stressors and evaluation of ergonomic controls. While the ideal exposure
assessments provide reliable and detailed exposure information for each participant in the study
over arepresentative set of tasks, such assessments are rarely feasible due to financial and
logistical considerations.

One way to reduce the amount of work associated with exposure assessment is to classify
study participants into homogeneous exposure groups. Obtaining reliable measures of group
exposures within occupations or tasks requires knowledge about how exposures vary across
tasks, over time and among workers within a particular group. For jobs or tasksin which the
sources of exposure variance are low, reliable exposure assessment may be achieved fairly
quickly. However, in non-routinized work, for which the distribution of tasks performed by
individuals of a particular occupation, as well as distribution of ergonomic exposures within
task may be highly variable, multiple workers over long measurement periods may be necessary
for reliable exposure measures.

Efficient data collection strategies are those that minimize the time and effort in data
collection and analysis without jeopardizing the reliability of the data. The aim of this paper is
to provide recommendations for the efficient assessment of physical ergonomic exposuresin
non-routinized work.

M ethods

The results and discussion of this paper are based primarily on exposure data collected at large
highway and tunnel construction project in which approximately 5800 observations were made
with adiscrete-interval observational sampling method known as PATH. This method requires
observers to code the task, body postures, activities, loads handled and tool used (if any) for a
single worker at specific instant in time over short but discrete timeintervals (1). Exposure
data were collected for 10 construction tasks performed by three trades (concrete reinforcement
workers, carpenters and general laborers). For each task, measurements were made on multiple
workers across multiple days to allow an evaluation of the inter- and intra-worker exposure
variability across multiple exposures.

Data analysisincluded an analysis of exposure variability across tasks within trade, an
evaluation of between-worker and within-worker exposure variability within task and
simulation methods (i.e., bootstrapping) to evaluate the number of observation days required of
areliable estimate of exposure. A more detailed description of the methods has been reported
previously (Paguet et al. 2000).
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Results

Statistically significant differencesin exposure frequency among tasks within were found in
over one-half of the ergonomic exposures evaluated. The between-worker component of
exposure variance was generally small when compared to the with-in worker (day-to-day)
variance in exposure. These results demonstrate the value of using the task-based, rather than
occupation-based exposure characterizations for non-routinized work settings.

As expected, the required observation time for areliable group estimate of exposure
depended on the day-to-day variability of exposure. Some tasks had little variability in
exposure across days, but most were associated with a high degree of day-to-day variability.
Simulations demonstrated that observation periods of at least 6 and as much as 10 days could
greatly improve the reliability of the assessment in the “high” between day exposure variahility
cases (figure 1).
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Figure 1. Group exposure frequency estimates for different observation periods. Results
generated with a bootstrap analysis based on 1000 “resamples’ of an exposure frequency
estimate for alaborers' task (manual excavation) in which atotal of 10 different workers were
observed repeatedly on 10 different days.

This exposure had high day-to-day variability.

Discussion

Gathering reliable exposure information for multiple ergonomic stressors for ajob or tasks
within ajob is a serious undertaking when there is great variability in exposure among people
and over time. When these sources of variability are prominent, use of one-time observational
checklists will be of little use unless used repeatedly on multiple workers across multiple days.
Even when used repeatedly, observational checklists may not have enough sensitivity to detect
small changes in exposure frequency or magnitude. Use of direct measurement instrumentation
(e.g., accelerometry, electrogoniometry) under such circumstances may also be difficult to use
when measuring large groups of workers over long time periods.

The use of discrete-interval observation methods allows a systematic characterization of
exposure frequencies for different exposures across multiple workers over periods of days or
weeks with very little interference with the work.

The advantage of measuring multiple exposures simultaneously, while efficient in some
respects, is not in others. In order to obtain reliable estimates of exposure for al of the
variables, the assessments should be designed to assess the exposure with the greatest
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variability and therefore exposures with little variability across workers and days are over-
sampled.

Will ergonomic job analysis of non-routinized work ever be quick and easy? No, probably
not. However, there are practical ways to enhance the efficiency of exposure assessment
without jeopardizing the reliability of the analysis:

1) Carefully consider the exposures that could impact the health outcome of interest and limit
the exposure assessment effort to only those exposures. When using “proven” methods of
assessment, it may still be necessary to customize the method for the job of interest by
adding or dropping exposure variables.

2) Evauate exposure data periodically during data collection and drop the low exposure
variability variables for which reliable estimates of exposure are obtained. With the
increasing power of hand-held computers that can be used in exposure assessment, software
can automatically evaluate the variability in exposure and drop variables with low exposure
variability.

3) Because of the great time and effort required when eval uating ergonomic exposures in non-
routinized work, it is critical to ensure that the assessment tool has sufficient sensitivity and
that the evaluation strategy has enough precision to measure the desired effects before
beginning the study. For epidemiologic research, thiswill require estimating the strength
of association between the exposure and health outcome. For intervention research, this
will require estimating the change in exposure frequency, duration and/or magnitude
associated with the workplace change.
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I ntroduction

It has been proposed that the efficiency and generalizahility of job exposure assessment may be
increased by combining information on the distribution of job tasks with estimates of
corresponding task exposures (1). So far the performance of this approach has hardly been
explored. The aim of the present investigation was to estimate the precision and accuracy of
task-based assessment of exposure to work with elevated arms.

M ethods

Upper arm elevation was measured during a whole working week for 23 subjects, randomly
selected among 692 male car mechanics. Postural data were collected with a data logger and
processed to give the percentage of worktime with the arms elevated more than 90°. During the
measurements the subjectsfilled in adiary with 12 pre-printed task categories. The task
classification was based on expected arm postures according to four experienced car
mechanics. Task exposures were determined as the mean of the individual weekly exposures
within each task. Between-subjects and between-days variance components were assessed using
agenera linear model. Individual job exposures were estimated as the product of the relative
task durations according to the diary and the corresponding task exposures. The accuracy and
precision of the estimates were assessed by linear regression of estimated on ‘true’ weekly job
EXPOSUres.

Results

Essential descriptive statistics for the most prevalent tasks and for the job are shown in table 1.
At the group level, the accuracy of the task-based estimation was good as indicated by the fact
that the regression line against ‘true’ exposures coincides with the identity line (figure 1). The
task-based approach increased the precision of the exposure assessment by 9.9%, since it
reduced the overall standard deviation between subjects from 2.03% to 1.83%.
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Table 1. Data material, mean exposure and exposure variability in the job and for the most
prevalent tasks among car mechanics. Vargs, Vargp: variance between subjects and between
days (within subject), respectively.

Task Subjects Minutes Proportion of time (%) with right arm
(days) (fraction of elevated more than 90°
total)
Mean Vargs Vargp

Suspension 16 (29) 3634 (0.08) 9.2 30.0 125
Brake pipes 18 (40) 3250 (0.07) 6.9 0.0 43.8
Brakes 20 (45) 4480 (0.10) 5.6 14 164.9
Engine room 23 (80) 9477 (0.20) 4.0 2.0 19.0
Wheels, tyres 19 (50) 3125 (0.07) 33 3.7 117
Break, test run 23 (105) 8776 (0.19) 2.7 0.0 188.7
Job 23 (107) 46791 5.2 2.9 5.3
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Discussion

Task-based exposure assessment requires exposure contrast between tasks, and each task must
occur for a considerable part of the total working time. In this study the diaries were
successfully constructed to meet these criteria (table 1). Additionally, it is required that the
individuals have different task distributions. The dispersion of estimated job exposures shows
that task distributions did vary among the car mechanics (figure 1). Considering costs, it may be
favourable to obtain exposure estimates from external databases. In ergonomic intervention
studies, the use of job exposure matricesis not an option because changes in exposure within a
job must be detected. If the aim isto modify job exposures of individuals by altering their task
distribution, it seems particularly attractive to link diary data with atask exposure data base. If
task exposures are also affected, a combination of new direct measurements and diaries might
be the most efficient strategy. Evidently, the optimal allocation of resources between direct
measurements and diaries depends on the relative costs of the methods.
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I ntroduction

In recent yearsthe call for ‘ objective’ assessment methods in work stress research has
increased. By this the problem of self-report biases should be avoided. In addition, ‘ objective
assessment should help to disentangle whether the ‘real working condition’ or merely its
‘perception’ is associated with ill health.

Aim

In thisinvestigation it was examined to which extent the expertise of occupational health
personnel could be used to evaluate psychological demands and decision latitude (the central
components of the job strain model) among blue and white collar workers. The study was
carried out within the frame of the Swedish WOLF Study which investigates the relationship of
psychosocial job characteristics to risk factors of coronary heart disease.

Materialsand M ethods

Psychological demands and decision latitude were assessed for 3807 work placesin 16
companies in the Stockholm area by the workers themselves (self-report questionnaire) and by
occupational health personnel (questionnaire). Convergence was calculated on individual as
well as aggregated level.

Results

While experts rated higher scores for demands than for decision latitude the opposite was the
case for subjective ratings. Experts tended to use a wider range of possible answers. A high
degree of convergence was found for decision latitude, especially for male blue collar workers.
For demands, however, convergence was low or absent.

256


mailto:Hans-Martin.Hasselhorn@arbmed.uni-wuppertal.de

Table 1. Bivariate correlation coefficients (r) for subjective and external ratings of demands
and decision latitude (p<.05 if not marked otherwise, ns = not significant)

R R r r

age 19-44 age 45-54 age 55-66 all
Demands
Men, all 14 .23 .30 .19
Blue collar .08 .25 .29 17
White collar .10 .10 A7 A1
Women, all 12 .19 .16 14
Blue collar .20 .14 (ns) .28 (ns) A7
White collar .06 (ns) A1 .24 10
Decision latitude
Men, all .58 .53 51 .56
Blue collar .56 45 51 .53
White collar .29 A3 .07 (ns) 22
Women, all A7 A7 45 A7
Blue collar .35 37 -.20 (ns) .35
White collar .20 .24 .28 .22
Discussion

This study suggests that expert rating by local occupational health personnel might be an
applicable method of assessing certain psychosocial job characteristics (such as decision
latitude) but not for others (demands). The strong correlation for external and subjective
decision latitude scores particularly for blue collar workers indicates the potentia importance
of improving objective conditions since thisis likely to improve perceived conditions as well.
In further investigations the external evaluation method using occupationa health personnel
should be refined. Furthermore, objective health outcomes should be investigated in relation to
subjective and ‘ objective’ assessments.
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It is indisputable that etiologic research demonstrating the relationship between psychosocial
workplace stressors, most notably, Job Strain and its major dimensions, and a number of key
health outcomes, would not have been possible without generic instruments to measure these
exposures. The very success of this line of research, coupled with the global trends towards a
deterioration in working conditions, obliges us to sharpen our tools, so that efforts to protect
working people against these deleterious job exposures are maximally effective.
Complementary to constructs such as the Job Strain Model (JSM) and Effort-Reward
Imbalance, that are based heavily upon sociological theory, are approaches derived from
cognitive ergonomics and brain research. These help describe, in more quantitative terms, the
burden of work processes upon the central nervous system (CNS). Thus, e.g., when speaking of
psychologically demanding work, we can go far beyond queries about “working hard” and
“working fast”, to analyze tasks in terms of allocation of mental resources. As formulated in
many of the most widely used psychometric instruments, the dimension of psychologically
demanding work has often been mired with problems of report bias (both over-report and
denial), and insufficient internal consistency. The psychological demand dimension of the JSM
has not proven to be as robust a predictor of cardiovascular disease (CVD) outcomes as the
control dimension. On that basis, some have even called into question the validity of the JSM
itself. However, from the vantage point of cognitive ergonomics, the indelible coupling
between these two dimensions becomes eminently clear: with sufficient decision-latitude, or
control, a worker can modulate even a fairly onerous, though not overwhelming, psychological
workload to meet his or her moment-to-moment needs and capacities. Within this framework,
the imperative to define and guard against exposure to overwhelming psychological demands
becomes that much greater.

In the Occupational Stress Index (OSI), an additive burden model, we have sought to
delineate work stressors relevant to the CV system, including psychological demands, in terms
of how the CNS receives and processes information. Thus, we consider objective factors such
as the nature and temporal density of incoming signals, the complexity and speed with which
these are processed, inter alia, as well as how much control the worker has in modulating these,
and other, demanding factors. Taking this approach, the demand dimension of the generic OSI
has shown excellent psychometric properties (Cronbach a=0.80).

However, generic questionnaires have a common weakness in their remoteness from actual
work experiences, and therefore, are often not helpful for assessing within-occupation
variance, the very level at which intervention strategies are developed, in practice. The generic
or General OSI is no exception. On the other hand, the General OSI, having been designed
identify objective features of work, can be a bridge to the next step in the application of the
OSI. Namely, General OSI data from workers in a single occupation can be used as the first
phase for developing an occupation-specific questionnaire. Qualitative data from workers
willing to put in the extra time to comment and explain their answers to the General OSI in
relation to their actual work environment proves to be invaluable. This process is facilitated by
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a number of open-ended questions. Expert observers can also be of great help. Once developed,
these occupation-specific OSI allow us to omit questions about the fixed aspects of a given line
of work and to concentrate upon the variable features. The specific OSI’s would all be
compatible with the General OSI, allowing between-occupation comparisons, but would be far
more operationalized and streamlined. Specific OSI are being designed for a broad range of
occupational endeavor—from industrial, transport, to clerical and other white-collar sectors.
Thus far, the OSI for professional drivers has been validated and widely tested, OSI for
physicians and for those who work daily with computers are in the final phase of piloting, and
OSI for teachers, production workers, clerical workers, air traffic controllers and for airline
pilots are being developed.

Our experience with the OSI for professional drivers (OSI-PD), a group at very high risk for
hypertension and CVD, illustrates these points. The OSI-PD is about half the length of the
General OSI, and the questions are concrete and germane to this occupational group. We first
identified the constant features, e.g. the need to make and carry out rapid, non-deferrable, but
somewhat automatic decisions (a combination of decision-making under-load and high
demand), no possibility of ignoring incoming signals (strictness on the input level), no chance
to influence the rate at which new signals are received (extrinsic time pressure on the input
level). These and other factors contribute to the high demand and low control of PD, but
because they are invariant, queries in this regard would be superfluous. Furthermore, PD
epitomizes threat-avoidant vigilant activity, with potentially fatal consequences from a
momentary lapse or even slight judgment error. Again, no need to ask about this. We then
operationalized the variable features in relation to the traffic environment: road and vehicle
conditions, type of routes, passengers, accidents, as well as work schedules, time table
stringency, rest breaks, etc. These queries are presented in a neutral way, to minimize reporting
bias. Here are some examples how this was done for elements of input high demand versus
under-load: Frequency of incoming signals is scored by where driving predominantly takes
place--within the city signifies rapid incoming signal speed (high demand), while driving
mainly on long, inter-city routes is scored as low frequency of incoming signals (under-load).
Heterogeneous signals (high demand) are encountered when driving on various routes, while
with driving on the same route day after day, relatively homogeneous signals are seen (under-
load). The OSI-PD has now been completed by 327 professional drivers. PD tell us that the
questionnaire is easy to fill out, and it takes only a few minutes for them to do so. The
Cronbach alpha for the total OSI-PD (variable features only) is 0.84. Between-group analyses
reveal that PD have approximately twice the mean total OSI scores compared to heterogeneous
groups of workers of similar socio-economic status (p<0.001). In contrast to non-significant
results obtained using the Demand-Control Questionnaire, the total psychological demand
scores using OSI-PD were nearly three times higher (p<0.001) compared to the referents. The
total demand levels of various PD sub-groups were also clearly distinguished (city bus > truck
drivers, p<0.001), and the nature of these demands could be delineated for each sub-group. The
total OSI-PD scores significantly and independently predicted smoking intensity, indicating
within-occupation criterion validity of this instrument. Pressure to stay on schedule and long
work hours were identified as key modifiable stressors.

The OSI for physicians (OSI-MD) has been applied among 12 of our colleagues from various
clinical specialties. Initial analyses suggest adequate variance and good face validity. Mean
total OSI-MD scores are high (approximately at the levels of PD), and the demand levels about
1.5 times > than among PD. We contextualized the OSI-MD as “by physicians for physicians*
within the framework of a “participatory action research* approach. This point is emphasized
here because of the pivotal position of physicians with respect to the work environment and
health outcomes. Namely, physicians are often called upon to make decisions about fitness for
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work, and can potentially have an impact upon patients’ working conditions by making
informed recommendations. At the same time, physicians increasingly face an infringement of
decision-making latitude, increased demands, etc., especially within the context of managed
care. The underlying burden of the work of physicians is a heavy one. Documenting and
quantifying this burden is important for many reasons. As an empowerment tool for physicians,
we hope this will help efforts to improve the working conditions of our own profession. We
also hope that this process can be translated into better insight by physicians into the working
conditions of patients. The response of our colleagues during pilot testing has been very
positive and we are grateful for the time they have taken to provide invaluable insights into
their working life, and how it might be improved.

It is a great and labor-intensive challenge to develop a set of occupation-specific instruments
to assess work stressors, within a theory-based framework, and from which between-group, as
well as within-group, analyses can be made. Many dilemmas remain. A major limitation of the
current application of the OSI has been the linear nature of the analyses that have been
performed. There is a need to explore possibilities for multiplicative interactions and higher-
level terms, especially in relation to well-established models, such as the JSM. Eventually,
weighting factors might be developed to reflect the relative contribution of the various factors
to the total burden. Integration could be performed with work-site measurements (part of
triangulation). For example, for city bus drivers there could be finer gradations to the scoring of
high frequency of incoming signals based upon traffic density measures, and data on average
number of passengers could improve quantification of the burden of communicating with the
public. Information obtained from expert-observer assessment of job characteristics, could be
very well integrated with the OSI. On the other hand, the OSI could detect areas for which in-
depth observational analysis is needed, especially with the view to practical improvements in
the work environment.
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Obj ective and subjective assessments of the psychosocia work
environment

Tores Theorell

National Institute for Psychosocial Factors and Health and Department of Public Health
Sciences, Karolinska Institutet, Sockholm

The debate regarding the relative importance of subjective and objective aspects of the
psychosocial work environment has important implications for policy. If it istheindividual’s
perception that is more important, the individuals” ways of handling difficulties will be the
target of action whereas if the objective condition is more important, it should be the external
conditions that ought to be the target. Neither objective nor subjective assessments can be said
to represent the "truth". Both represent different parts of reality and both are plagued by
assessment problems. Evidence indicates that combinations of self reports and more objective
assessments may be particularly useful in predictions of health related outcomes (1).

Problems with self reports are for instance that denial and alexithymiaindividually or
collectively may lead to underestimation of the importance of afactor. Negative affectivity and
similar person characteristics, on the other hand, may lead to overestimation of the importance
of afactor.

The more objective assessments rely either on experts who observe the work sites by means
of standardised methods or on occupation subgroup means (defined by means of occupation,
gender, age and duration in occupation) based upon surveys of subjectsin avariety of
occupations. There will always be conditions specific to the environment of the individual
worker that such assessments will not be able to assess. This leads to meaurement error that
could be systematic (causing biasin results) or random (decreasing the power of the
predictions).

For global standard dimensions the concordance between self reported, imputed and expert
rated psychosocial conditions are quite different for different kinds of dimensions. For instance,
psychological demands show a very low concordance between self ratings on one hand and
imputed scores and expert ratings on the other hand (2). For decision latitude the concordance
between these three methods of assessment is much better and similar excess levels of
morbidity have been shown regardless of whether self reports or more objective measures are
used (Whitehall and SHEEP studies).

That denial in self reports could be a serious assessment problem has been shown in bus
drivers — a correlation has been shown between objectively assessed psychosocial working
conditions on one hand and elevated blood pressure on the other hand (5) whereas correlations
between self rated conditions and blood pressure levels have been in the opposite direction in
the same study groups (6).

Aswill be shown by Belkic there is also another aspect of the objective/subjective
discussion. Several aspects of the psychosocial environment not discussed so far could be
addressed by means of self reports. In the measurement system, OSl, introduced by Belkic,
more detailed aspects of the objective psychosocial environment are explored such as number
of incoming inputs, noise level and availability of resources. These measures are integrated in a
model of stressors which include both objective and subjective aspects.
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An overview of analytical and sampling approaches for bioaerosols

Burge HY

@ Harvard School of Public Health, Boston MA, USA, hburge@hsph.harvard.edul

Bioaerosols have become of increasing interest to the public health community. Existing
measurement data remain difficult to interpret because a multitude of sampling and analytical
approaches are used, and data are interpreted subjectively. Thisworkshop is designed to assess
the latest approaches and to stimulate discussion about their advantages and disadvantages.
This short introduction is meant to provide a structural framework for our discussions.

General categories of the types of analyses that are commonly used include assays for living
organisms, recognizable particles, allergens, structural components, and DNA sequences.
Some of these measure actual agents of disease (immunoassays, toxin assays, culture of
pathogens); others are indicator measurements (Table 1)

Table 1: Living Recognized Assaysfor | Structural DNA sequences | Biosensors
organisms particles toxins or components
allergens
Indicators Infective Specific and Specific Biomass of Presence, Presence,
for: potential groups of agents of large fungal absence of very | absence of
large disease groups specific specific
organisms organisms or indicator
small groups compounds
Best Culture Microscopy Filtration Filtration Filtration Real time
sampling plate dide or tape Sensors,
approach impactors impactors flow
for air cytometry

Sampling approaches are usually chosen based on compatibility with analytical method, and on
available equipment. However the following are considerations that should be made for each
sampling project:

(1) A focus on the disease agent of concern is essential. Disease agent assays that are
commonly used are the immunoassays used for allergen analysis. These assays are
usually applied to dust and need to be improved for greater sensitivity to allow air
sampling.

(2) Upper and lower limits of detection coupled with estimates of environmental
concentration must be considered. The Andersen culture plate impactor is often used
in situations where concentrations are either too low to allow collection of enough units
to accurately represent the aerosol (i.e., >10 colonies per plate), or where
concentrations are too high (e.g., >50-100 colonies per plate depending on organisms).

(3) A decision needs to be made whether continuous or grab samples will best test the
hypothesis. If peak exposures are of interest, then time-descriminating continuous
sampling (asis possible with the Hirst-type spore traps) may be appropriate. If
exposures over afinite period of time are important, then a series of grab samples may
work. If 24 hour averages are adequate, then filtration sampling may best approximate
exposure. However, each of these approaches needs to be balanced with points 1 and 2
above.

(4) Oftenignored isaninitial consideration of the numbers of samples to be collected and
level of effort required for analysis. In case studies, only one or two samples may be
collected, resulting in inadequate data for interpretation. In large epidemiol ogical
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studies, very large numbers of samples requiring thousands of hours of skilled
technician time may become a significant problem.

(5) Finally, and most important, data are not useful if they cannot be interpreted. For
research, experimental design should always include data interpretation plans. For case
studies, either the study design must match that required for research, or methods
should be used for which good baseline data are available.

(6) In research situations, samples collected by methods for which no baseline data exist
may be impossible to interpret.

We are often tempted to think that a new analytical approach will solve the problems inherent
in bioaerosol exposure assessment. However, it should be obvious that no one sampling or
analytical approach will ever be appropriate for “bioaerosol” monitoring. It isour task to make
this clear to the air quality community, and to continue to refine existing methods as well asto
develop new ones. Development of new methods must not focus simply on ease and
repeatability. Hypothesis testing should be the emphasis for exposure assessment, and method
devel opment should focus on providing data to most accurately test these hypotheses.
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Efficacy of measurement methods for airborne levels of non-
infecti ous micro-organiSms in uNCovering exposure-response
associations in epidemiological studies—areview

Wijnand Eduard

Department of Occupational Hygiene, National Institute of Occupational Health, Oslo,
Norway, e-mail: wijnand.eduard@stami.no

I ntroduction

Airborne levels micro-organisms have traditionally been measured by culture-based methods
although light microscopy has been used to some extend. Culture-based methods are suitable
for the detection of infectious agents as species can be identified and only viable organisms are
detected. For infectious agents type and viability is crucial.

In studies of non-infectious effects of micro-organisms such as chronic bronchitis, asthma,
and inhalation fever, culture-based methods are probably less useful. Non-infectious effects
can develop after exposure to nonviable micro-organisms, and these organisms, which may
represent amajor part of the exposure, are not detected by culture-based methods. Asthe
proportion of culturable micro-organismsis also highly variable, culture-based methods are
assumed to give poor estimates of relevant exposure to non-infectious micro-organisms (4).

During the last 15 years several non-cultural methods have been developed for the
quantification of airborne micro-organisms. Micro-organisms have been counted by
fluorescence microscopy (8), scanning electron microscopy (3) and flow cytometry (6).
Markers of micro-organisms have been determined by enzyme immuno-assays (10) and gas-
chromatography-mass spectrometry (7).

Although these methods should be expected to provide more valid exposure estimates than
culture-based methods, their validity may also depend the ability to differentiate between
species. For specific responses as atopic astma and rhinitis, and hypersensitivity pneumonitis,
the species of micro-organism isimportant. For non-specific responses as hon-atopic astma
and bronchitis and inhalation fever, however, thisisless clear. Experimental studies have
shown that species may have different toxicity (2,9,1,5), but this still has to be shown in human
studies. It istherefore not certain that nonculture-based methods should be preferred to culture-
based methods, especially when specific effects are involved.

The literature will be searched for epidemiological studies where exposure-response
associations have been demonstrated for airborne micro-organisms.

The results will be presented at the conference.
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Development and application of advanced measurement and
modelling techniques to assess the exposure of patients and health
workers to hospital acquired infection
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email: i

I ntroduction

Recent data indicated that the incidence of hospital acquired infection (HAI) in nineteen UK
hospitals was between 1 and 7.2% (1), with 5,000 people affected each year in the UK (2).
Total HAI in England alone costs the National Health Service ~£1 billion for every 100,000
casestreated (2). HAI istherefore an issue of increasing concern for both the NHS and
Government departments such as the Health and Safety Executive. HAI affects patients and
also places clinical staff at risk. To reduce risks, methods are needed to identify and control the
hazards posed by HAI. This study aims to apply occupational hygiene assessment, advanced
microbiological detection techniques and mathematical modelling of bioaerosol transportation
to study the airborne route of infection. Hospital bronchoscopy suites have been chosen as a
model system to eval uate these techniques.

The core aim of the project isto identify practical methods by which identified risks of
airborne infection can be reduced, both by analysing scientific data and by analysis of working
practise reports compiled by an occupational hygienist.

Materials and methods

Occupational hygiene (OH) datais being used to complement scientific data generated from
computational fluid dynamics (CFD) and aerobiology. The OH information is collected during
discussion with key personnel in the surveyed units and by observations of their working
practices. Key considerations include:
« Determination of likelihood of exposure, i.e. where are people in relation to any
contaminant and what are they doing?
« Extent of exposure, i.e. residence time, length of exposure time, frequency, methods of
work, pattern of work
¢ Assessment of the control measures, including management, working practices,
engineering controls and use of personal protective equipment.
For bioaerosol sampling, unobtrusive egquipment is necessary for sampling of the hospital
environment and for personal sampling of staff involved in procedures. Six IOM personal
samplers, an RCS sampler and a Burkard Cyclone sampler were chosen to provide material for
culture-based microbia characterisation and for DNA-based detection. The DNA-based work
includes microbial detection using the polymerase chain reaction (PCR). Samples will
ultimately be obtained from several hospital locations prior to and during procedural activity.
Exposure comparisons of microbial levelswill then be possible between different hospital
facilities.
A commercial CFD codeis being used to construct a model of flow and contaminant paths
throughout the spaces of interest. These typically comprise treatment areas and interconnecting
spaces such as preparation/waiting rooms. The space are subdivided into alarge (some
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hundreds of thousands) number of grid cells which will resolve the main geometrical features,
such as treatment tables and fixed items of equipment. The presence of staff and patients can
also be included, but these will be represented as stationary elements. Following the analysis
of routes for airborne contamination identified above, the validated CFD model will then be
used as a predictive tool to examine alternative working methods aimed at improving the
general control of infectious agents.

Results and discussion

Air samples, OH assessment and ventilation measurements were obtained from one hospital
sitejust prior to amajor ventilation overhaul. Sampling and ventilation measurements were
then repeated after maintenance completion to allow comparison and the assessment of any
effect following maintenance ‘intervention’. Airflow measurements taken prior to maintenance
established that the bronchoscopy room was at positive pressure compared with all surrounding
areas. Thisincreasesthe likelihood of microbial spread from any infective patients to nearby
public corridors. A nearby toilet isalso at positive pressure compared with an adjacent public
corridor, and since that this problem has been identified it is under review by hospital
engineers.

The range of total airborne bacteria counted by direct microscopy was in the order of 10° —
10° m™ air for personal IOM samples, with a similar range for background samples obtained
with static IOM samplers. The highest individual count (6 x 10° microorganisms m™ air) was
obtained from a personal sampler. A background Burkard sampler gave total direct counts of
between 10° and 10* microorganisms m air. Colonies grown on either Nutrient Agar or Blood
Agar have included Saphylococcus epidermidis, Staphyl ococcus caprae, Acinetobacter spp.
and Streptococcus bovis. Staff exposure during procedures has varied considerably between
the clinics so far assessed. Short clinics have lasted for aslittle as 1 hour, with longer exposure
times of 3.5 hoursfor abusy clinic. DNA was extracted from a number of representative
samples obtained over 4 clinics and will be subjected to PCR amplification to target the
bacterial 165 rRNA gene, with PCR-cloning of the products allowing culture independent
identification of bacterial populations within hospital samples. This detection approach
includes those species which may not grow on artificial media (3).

This study demonstrates the potential value of supplementing conventional bioaerosol
measurement and microbiological analysis with more recently developed DNA-based methods.
The study provides a val uable combination of aerobiology along side OH assessment and
workspace modelling.
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I ntroduction

Mogt of the commercialy available bioaerosol samplers have been developed as stationary
devices (not as persond samplers). The Button Aerosol Sampler (SKC Inc., Eighty-Four, PA,
USA) has previously been evaluated for stationary and personal sampling. Thetests
conducted with non-biological particles have shown that its sampling efficiency follows
closaly theinhalability convention (1). It has aso been shown to feature low transmission
losses and low senditivity to the wind direction and velocity. In this study, the performance of
the Button Sampler was tested for the total and viable enumeration of airborne
microorganisms and compared to that of the standard 37-mm filter cassette, the Burkard
sampler, and the Air-O-Cell sampler.

Methods

Tedt particlesincluded inert PSL particles (aerodynamic diameter, da= 0.44-5.10 um), funga
spores (Cladosporium cladosporioides, d, = 1.78 pm; Aspergillus versicolor, d, = 2.40 pm;
Penicillium brevicompactum, d, = 2.34 pum; Penicillium melinii, d, = 3.07 um), bacteria
spores (Sreptomyces albus, d, = 0.84 um Bacillus subtilis, d,= 0.90 um), and bacterial
vegetative cells (Pseudomonas fluorescens, d, = 0.80 pm; Serratia marcescens, d, = 1.0 pum).
Test particleswere aerosolized under controlled laboratory conditions using the experimental
facility described by Aizenberg et d. (2). The aerodynamic size of the test particleswas
measured with an aerodynamic particle size spectrometer (Aerosizer, model APl Mach I1;
TSI-Amherst Process Instruments, Inc., Hadley, MA, USA).

The Burkard and Air-O-Cdll are glass-dide impactors, whereas the Button Sampler and the
37-mm cassette collect particles on filters. Most of the tests with the two filter samplers were
performed using polycarbonate filters (0.2 um pore size; Millipore Co., MA, USA). Selected
tests were conducted using gelatin filters (2 pm pore size, Sartorius, Germany). A Grimm
optical particle counter (model 1.108; Grimm Technologies Inc., Douglasville, GA) was used
to determine the physical collection efficiency of the Button, the Burkard, and the Air-O-Cell
samplers by measuring the concentration of particles upstream and downstream of the
samplers.

The culturability of microorganisms wastested at two relative humidities, RH=30% and
85% using the Button Sampler and the 37-mm cassette. After challenging the filters with
microorganisms, air was drawn through the sasmplersfor a period ranging from 2 minutesto 8
hours. Then, microorganisms were analyzed according to amodified CAMNEA method,
involving extraction of microorganisms by vortexing and ultrasonic agitation of thefilters.
This method was found to extract the microorganisms with 96-98% efficiency. The extraction
suspension was analyzed by cultivating to get the culturable count, and by epifluorescence
microscopic counting to get the total count of microorganisms. The relative culturability was
calculated by dividing the culturability (culturable count/total count) of microorganismsin the
extraction suspension by the origina culturability of microorganisms before aerosolization.
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Results and discussion

The physical collection efficiency of the Button Sampler was close to 100% for the entire
tested particle sizerange (0.44 —5.10 um). The cut-off size of the Burkard and the Air-O-Cell
samplerswas 2.3-2.4 um. Thisdifferencein the physical collection efficiency affected the
total count results: the filter sampling gave higher total counts for smaller microorganisms (B.
subtilis, S albus, C. cladosporioides) than the two impactors. For larger microorganisms (P.
brevicompactumand P. melinii) all the samplers gave comparable results. The uniformity of
particle deposit on the collection surface was highest for the Button Sampler, see Table 1.

Table 1. Theratiosof highest-to-lowest average microscopic counts and coefficients of
variation of microscopic counts obtained at specific locations on sampling surfaces of the
Button, Burkard, and the Air-O-Cell samplers.

Sampler Ratio of highest-to-lowest counts CV,%
Button 1.42 95
Burkard 5.36 31
Air-O-Cdll 1341 19

There was no significant differencein the microbia culturability collected with the Button
Sampler and the 37-mm cassette. The culturability varied from 89 to 40% for P. melinii and
from 94 to 63% for A. versicolor when sampling for 30 minutesto 8 hours (see Figure 1A).
No sgnificant differencein relative culturability was found for these species when the
humidity increased from 30% to 85%. P. fluorescensand S marcescens vegetative cells were
culturable only at RH=85%, when the sampling time did not exceed 10 minutes. Their
culturability in this case was about 3%. The culturability of B. subtilis decreased from 17% to
5% when the sampling time was increased from 2 minutes to 4 hours at RH=30% (see Figure
1B). At RH=85%, the culturability of B. subtilisincreased by about 15% compared to that at
RH=30%. Sdlected testswith B. subtilis spores were conducted to compare the culturability
after collection on polycarbonate and gelatin filters. When B. subtilis spores were collected
for 30 min at RH=30%, the relative culturability was 10% with polycarbonate filters and
increased to 55% with gelatin filters.

140 1 - 140 . .
A. Fungal spores and bacterial cells B. Bacillus subtilis spores collected
- collected on polycarbonate filters - on polycarbonate and gelatin filters
Aspergillus versicolor
100 4 100
Penicillium melinii
80 1 80 1
Gelatin filter
60 1 60 1
407 401 Polycarbonate filter
Pseudomonas fluorescens and Serratia marcescens
20 4 f 20
0 T T T T T T T T O ) T T T T T T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Sampling time, h Sampling time, h

Figurel. Effect of sampling time on the relative culturability of microorganisms when
collected with the Button Sampler at arelative humidity of 30%.
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Conclusions

In contrast to impactors, high physical sampling efficiency is achievable with the filter
sampling for wide size range of microorganisms if an appropriate filter isused. The
uniformity of particle deposit on the collection surface among the tested samplersis
highest for the Button Sampler. Thisis especialy advantageous when performing direct
microscopic counting from the collection surface.

The type of microorganism is the most important factor influencing the bioefficiency of
filter samplers. Vegetative cellslose their culturability during traditional filter sampling
due to desiccation of the cells. The Button Sampler was found to be suitable for the total
enumeration of airborne microorganisms and for viable enumeration of resistant spores.
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In order to evaluate the possible approaches to exposure assessment in occupati onal
epidemiology, feasibility studies are often undertaken. Thisinvolves areview of available
resources to understand plant processes over time, materials changes, implementation of
various exposure control strategies and results of often-variable air sampling and analysis
methods. The accumulation and evaluation of such information is even more challenging when
multiple plant sites are involved; in the global market place, multiple plant sites will
increasingly be located in different countries. The experience gained conducting one such
multi-country feasibility study is reviewed, and general guidelines offered for the types of
resources that should be evaluated.

Methods

The work was undertaken to evaluate the feasibility of conducting a mortality study of workers
at four manufacturing sites—twao in the United States, one in a European country with English
was the major language, and one in a country where English was spoken by few production or
management personnel. Prior to site visits at each location, plant personnel were asked to
prepare materials to introduce the study team to the operational history of the facility, arrange
for key personnel from various functions to be available (e.g., human resources, worker
representative, health and safety, medical, production management, research/devel opment,
maintenance), identify the location of air sampling records and retrieve representative reports,
and invite long-term workers to a discussion session.

Structured record forms were devel oped to record the information obtained during the
interviews of various personnel. Management representatives were asked about record content
and retention schedules, air sampling protocols and records, and implementation of capital
improvements which may have altered production or emissions; production employees were
asked out physical layout, staffing at each work station, job titles, tasks, perceived exposure
intensity, engineering controls and product changes. Whenever possible, applicable years were
recorded.

The results of the information collected were summarized, and reviewed for similarities and
completeness.

Results

Production started at the facilitiesin 1942, 1960, 1966 and 1969. During the site visits
substantial information on exposure was located. The average duration between plant start-up
and exposure measurements was 6 years (range 0-11). In the early years, reportsindicated that
more samples had been collected than could now be documented; for example, the annual
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report summarizing quarterly sampling was found, but the individual reports were not
retrievable. No only were paper records lost; at one facility, years of computerized data were
no longer retrievable, although a hard copy printout of some years had been retained. Loss of
industrial hygiene data was documented at three of the four facilities. The complete retention
of measurement data was initiated in 1975 t 1986, depending upon the location. In addition to
the plant location, other potentia sources of historical information included corporate
headquarters (U.S. and European) and the U.S. Archives, as one facility was in operation
during WWII; these leads were not followed as part of the feasibility evaluation.

At one location, production had ceased, and the equipment was dlated to be dismantled and
removed. Strong recommendation was made to photograph the interior and exterior, showing
the layout of the equipment and control systems. Retention of engineering drawings and
production records was a so recommended pending decision on the mortality study.

Long-term employees were willing to provide insightsinto plant operation over time at each
location. At three facilities, multiple workers were interviewed separately; at the facility where
atrangator was needed, only one worker was interviewed. All recalled specifics of the jobs
held at the facility; those who were asked to draw the layout of the plant during early
operations were able to show where equipment was placed and to list the number of workers at
specific workstations. The tasks included in jobs were easily listed and the frequency or
duration of the task in the work shift wasrecalled. Severa workers were asked to rate the
intensity of exposure for the various tasks; across facilities, the same tasks were identified as
associated with the most intense exposure. Changes in product formulation were also reported
during the interviews,; when asked to rank the perceived hazard of working with the various
products, the reported “most pungent” material was consistently identified.

Discussion

The use of standardized tools for the recording of information was essential in order to compare
the quality and extent of available resources. By listing the types of information on sampling
data forms, and the rate at which each element was completed, differences in sampling
instrumentation or analytical method could be documented. We recognized the need to identify
long-term empl oyees with good recall of a number of aspects of operations throughout the
history of the facility, namely plant layout and staffing, production process, product types, job
descriptions and component tasks, exposure surveillance, implementation of exposure controls,
use of exposure controls and perceptions of exposure intensity. In afeasibility study it is not
possible to ask all questions of each participant; however, by interviewing several workers and
covering two or more of the issues, we were able to collect sufficient information to describe
each plant and evaluate the consistency of the reports. In the full study, substantial emphasis
could be placed on evaluating the accuracy and reliability of elementsincluded in the
ingtitutional history. Where engineering plans are not available, multiple, independent
interviews can be used to evaluate reliability.

Sampling data at three of the facilities included at |east one other possible carcinogen.
Because these exposures could contribute independently or as a mixture to the overall
mortality, these data were reviewed. Potential methods to extend this more limited data set
could be considered. For example, one could develop criteria to evaluate the applicability of
data at one plant to exposures at another facility; the relation between the concentration of the
main exposure of interest and a second carcinogen could be investigated and if found to be
consistent for a number of situations, the ratio could be used to impute exposure estimates.

The quality of demographic, life-style and work history information has not been described
here, but was included in the feasibility study. In addition, the ability to trace previous
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employees and determine cause of death was also determined. The final decision on feasibility
of the study encompasses all of these data elements.

Conclusions

The collection of plant history and process information in a standardized format allows
investigatorsto elicit necessary information and evaluate the feasibility of assessing exposure
in an occupationa epidemiology study. General guidelines for data collection/review in
multiple-location studies are developed from this effort. The quality and quantity of exposure
measurements can then be considered in order to determine the type(s) of exposure metrics that
can be calculated; these range from exposed/unexposed to quantitative estimates of exposure.
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I ntroduction

The International Agency for Research on Cancer is co-ordinating a multicentric investigation
of cancer among asphalt workersin order to address the controversy surrounding
carcinogenicity of bitumen, binder used in asphalt mixes. The study is an industry-based
historical cohort assembled in Denmark, Finland, France, Germany, the Netherlands, Norway,
Sweden and Israel. Coal tar use has been progressively discontinued in Western Europe,
resulting in the possibility to disentangle any effects of its exposure from that of bitumen. In
occupational epidemiology the quality of studies and their subsequent usefulness for risk
assessors and regulators increasingly depends on the validity of their exposure assessment. This
study focused on the issue of validation of exposure models for asphalt paving workers, the
most numerous bitumen-exposed group in the historical cohort study of bitumen.

Methods

The mixed effects models evaluated in this paper have been described in detail elsewhere (1).
They revealed adeclining (6 to 14 percent per year) trend in exposures to bitumen fume,
organic vapour and benzo(a)pyrene with time. Furthermore, differencesin exposure levels
were observed between different methods of paving. Coal tar use was demonstrated to be the
most important predictor of benzo(a)pyrene exposure, but the magnitude of this effect was
somewhat less than that expected on the basis of laboratory studies. The differencesin
sampling and analytical methods were accounted for. There were no differences between
comparable paving operations among countries.

Internal validity of the models was assessed in a cross-validation procedure. Thiswas
accomplished by evaluating the models' parameters on random subsets of 50 percent of the
data. At each evaluation, predictions of the models were compared to the remaining 50 percent
of the data by estimating bias and precision of the models. Bias was defined as the mean
difference between predicted and measured values on logarithmic scale; precision was defined
as the standard deviation of bias. Relative biaswas estimated as ((predicted value-measured
value)/measured value)x100%. In cross-validation, both bias and precision were estimated on a
logarithmic scale, since they appeared to follow log-normal distribution in histograms (i.e.
natural logarithms of predicted and observed values were compared). We ran 300 evaluations
for each model.

In addition, two of the models were validated against external data on bitumen fume
exposure obtained from the United States (n=98), and benzo(a)pyrene exposure measurements
obtained Germany and Italy (n=339). These data were made available to us after the original
statistical models were constructed. Bias and precision were re-estimated in a manner similar
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to that used for the internal validation, newly acquired data providing measured values that
were compared to model-based predictions.

Results

In cross-validation, most point estimates of the parameters of the three models were similar to
those estimated by modelling the entire data set. The exceptionsto this pattern were the
estimates of the models' intercepts. This suggested that even though the estimates of relative
differences between identified determinants were stable, one could expect a greater uncertainty
in the absolute value of predictions generated by the models. All models showed negligible
negative average relative bias (-1 to -3 percent). However, relative bias ranged from -37 to 45
percent, implying individual predictions can be biased. Precision tended to be afactor of 1.1 to
1.4 greater than the within-worker standard deviation in all three models. However, the
estimated ranges of the two statistics overlapped, except in the case of the bitumen fume model.
This indicates that the imprecision in all three models is comparable to that which we predicted
would arise from day-to-day fluctuations in exposure levels.

In external validation, bitumen fume and benzo(a)pyrene models showed negative relative
bias, -70 and -51 percent respectively in external validation. Predicted bitumen fume exposures
tended to be lower (average factor of three) than concentrations found during paving in the
USA. Evaluation of external validity of the benzo(a)pyrene exposure model revealed asimilar
to expected effect of re-paving and alarger than expected effect of tar use. This disagreement
between predicted and measured values tended to be greater for exposure circumstances
associated with elevated exposure levels and those occurring further in the past.

Discussion

Aninvestigation of the models' internal validity revealed that most parameters of models for
bitumen fume, organic vapour and benzo(a)pyrene we developed earlier had little average bias.
This gives us some assurance that the models adequately described the data. Therefore, if the
data is representative of exposures experienced by asphalt workers, then the application of
these modelsin an epidemiological study will result in valid estimates of exposure intensity.
However, the models had relatively poor precision, probably resulting from large day-to-day
exposure variability. Thiswas adequate because our goal was to model between-worker
differencesin exposure, that are related to the variables used in the calculation of exposure
intensity estimates for the epidemiological analyses. Precision of the bitumen fume and
benzo(a)pyrene models, when evaluated against external data, was of the same order of
magnitude as those observed in cross-validation.

Bias estimates derived from internal cross-validation were lower than those seen in the
external comparisons, which indicated that our models can underestimate bitumen fume and
benzo(a)pyrene concentrations by afactor of two to three. This underestimation of exposures,
if it were differential as suggested by our results, may lead to overestimate of dose-response
relationships based on quantitative indices of exposure. The apparent bias for bitumen fume
exposures might be attributed to differences between Western European and USA paving
practices. If that isthe case, than models applicability to European paversis not undermined
by our results. The observed underestimation of benzo(a)pyrene exposures by our model may
stem from incompl ete modelling of (@) the effects of analytical methods and (b) variability of
coal tar concentration in asphalt mixes. The principal shortcoming of external validation was
the lack, in validation data sets, of the diversity of exposure scenarios needed for a more
comprehensive evaluation.
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Conclusion

Estimates derived from previously elaborated models can be expected to be imprecise but with
small average bias. Thisindicates that the models are most suitable for group-based exposure
predictions in which all members of agroup are assigned the same average exposure, instead of
individual-based exposure predictions. Possible bias due to underestimation of the impact of
coal tar on benzo(a)pyrene exposure levels must be explored in sensitivity analysis of the
exposure-response relationships. Validation of the models, albeit limited, increased our
confidence in their applicability to exposure assessment in the historical cohort study of cancer
risk among asphalt workers.
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I ntroduction

Ascertainment of a person’swork history isacritical component in studies of health effects of
occupationa and environmental exposures. Traditional questionnaires do not deal adequately
with difficulties to recall past exposures. An icon-calendar-based questionnaire (1CB) uses
icons related to distinct life events to prompt recall about exposures during certain periods.
This method was previously developed for migrant agricultural workersin the United States by
two co-authors (MK and LE). We present now an adaptation for use in a developing country
with different cultural, educational, and occupational exposures characteristics.

Questionnair e development

The questionnaire will be used in a population based case-control study of childhood leukemia
and brain cancer in Costa Ricain relation to parental occupational pesticide exposure. The IBC
will be applied to parents with agricultural occupations and assess exposures during the period
of two years before birth until the time of diagnosis for the cases and until current age or age
fourteen for the controls.

Modifications of the original calendar include new icons for regions of the country, special
life events, crops, jobtitles and non-agriculture occupations. New aspects regarding the
pesticide exposure include washing of hands before eating, time in the field after spraying, and
practices for storage and washing of clothes. Previously developed list of the most frequently
used pesticides (by specific crops, geographical regions and time periods) will be used as an
additional aid for prompting memory and the answers collected in the calendar. All items are
made of paper materials. Theiconsfor especial events, country regions, crops and jobtitles are
developed in stickers. Theicons of personal protective equipment and application techniques
are developed aslist of drawings. All the drawings and pictures were designed to be familiar to
the Costa Rican population. Interviewers will be trained by the authors (PM and CW).

Each icon will have a code to help the keying of the information. Dataentry ina
computerized database will be done with the help of abar code reader pen.

ThisICB isin the phase of last modifications and will be tested in early February. Data
collection in the case control study will start in March. Besides exposure data for the case
control study on childhood cancer, we plan to use these data to develop ajob exposure matrix.
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I ntroduction

In science there is a close relationship between theory and measurement, with the dominant
theoretical model dictating the measurements that are to be made. Precise, clearly formulated
theories are a necessary prerequisite for precise measurements. In exposure assessment, the
absence of an explicitly articulated theory hampers accurate assessment of human exposure.
The aim of this paper isto briefly outline a theoretical model of human inhalation and
dermal exposure for hazardous substances and explore itsimplications for measurement.

Uptake

The model uses uptake as an alternative to the more conventional cumulative exposure as a
measure of external exposure by inhalation and skin contact. Uptake by inhalation (U,) is
defined as:

U, = tzj C(t).B(t).dt

t=t,

where B(t) is the breathing rate of the person and C(t) the exposure level, both at time t. Uptake
by inhalation corresponds to the mass of contaminant entering the respiratory tract or a specific
region of the lung over a period of exposure. Assuming the exposure duration may be
subdivided into a number of tasks and that C(t) and B(t) are independent then:

U, :iCn.Bn.tn
n=1

Uptake by dermal contact (Ug) is defined as:

where k, is the permeability constant and Cy is the concentration of the contaminant in the skin
contaminant layer. For the situation where the contaminant concentration is constant over the
exposed skin surface (S) and unchanging over the duration of exposure (t), then the estimate of
dermal uptake can be simplified to:

Uy =k, Cy.St

Dermal uptake is ameasure of the mass of contaminant passing through the stratum corneum.
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Inhalation exposure

For the inhalation exposure level (C(t)) the model comprises terms for the emission from
sources, airborne dispersion and the subsequent interactions between the person and the
pollutant. This model has been previously described by Cherrie et a (1) and Cherrie and
Schneider (2). It is hypothesised that emission is described by three independent multiplicative
factors: intrinsic emission, the handling of the substance and the effectiveness of any local
controls. Intrinsic emission is the innate potential of a material to release contaminant and, for
example, is dependent on the saturated vapour pressure for aliquid or dustiness for a solid
material. The handling term is assumed to be dependent on the amount of energy input to the
system, e.g. the temperature at which aliquid is used or the height through which a powder is
dropped.

Dispersion of the contaminant is accounted for by dividing the environment into a near-field,
i.e. closeto the person, and afar-field. In this model the near-field is centred on the individual
and moves with them. Sources of exposure may either be within the near or far-field. Emission
in the far-field is generally diluted by general ventilation. Emission in the near-field may also
be affected by general ventilation, but only in small poorly-ventilated rooms (3). Further
allowance is made in the model for the time sources are active and the efficiency of any
respiratory protection. The pattern of interaction between the worker and the pollutant is
accounted for by subdividing the exposure time according to their work tasks, if necessary
allowing for inter-individual variation. From this information the exposure can be related to the
persons activities and the environment. The total exposure level throughout the day is then
given as the weighted sum of near and far-field exposure components.

Cherrie and Schneider (2) and Semple et a (in preparation) have shown that this method can
be used to produce exposure estimates that are well correlated with actual measurements,
although with a positive bias. We conclude that the model encompasses much of the variation
in human exposure that determines the inhal ation exposure.

Dermal Exposure

For dermal exposure the theoretical model islesswell developed, although recent work by
Schneider et a (5) have proposed a conceptual model for such exposures. This model contains
descriptor of the main environmental compartments where contaminants may reside and the
exchange process between compartments, including the anatomical location of the exposure.
Semple et a (7) have developed the conceptual model to provide a more detailed model for one
exposure process and this has been used to reconstruct exposure in a semi-experimental study
involving spray painters. Again, allowance can be made for inter-individual variation. We
consider that the key descriptive information for dermal exposure may also be deduced from
this model.

Implications for measurement of chemical exposure

The model further suggests a limited set of data groups that are necessary to fully describe the
exposure environment. Focusing on uptake rather than cumulative exposure highlights the
importance of recording information about breathing rate for inhalation and the contaminant
concentration on the skin so that exposure of subjects may be more validly described. Thisis
not commonly done.

For inhalation exposure these include information about the materials being handled, the way
they are handled, the effectiveness of local controls, the time people spend in the vicinity of
sources. For dermal exposure this will include details of the source, the contamination of
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surfaces, the behaviour of people in the environment and the anatomical locations exposed.
Recommendations can be made for standardising the data elements that should be collected
along with measurements of exposure, i.e. a“core” set of data.

We suggest that publication of studiesinvolving human exposure data be reliant on the
authors having collected the core set of exposure data to enable a clear interpretation of the

measurements.
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I ntroduction

Standard occupational hygiene methods for assessing exposure originated with studies of
workers concentrated in large plants where repetitive tasks are performed in relatively
controlled environments. With employer cooperation, such work settings facilitate application
of statistical sampling designs, direct observation of the work by researchers and quantitative
measurement of exposure levels. These approaches are not always feasible, however. Modern,
decentralized operations disperse workersin alarger number of smaller sites, complicating both
sampling and the logistics of observation and measurement. New, flexible production
strategies mean that work activities are less routine and predictable, requiring longer periods of
observation and more measurements in order to characterize exposures. Similar problems may
be encountered in studies of rural and traditional, artisanal workers, whose activities are not
governed by production lines and may be conducted outdoors.

Methods

The use of qualitative research methods can help to address some of the preceding challenges.
Qualitative research uses methodol ogy originating in anthropology and includes diverse data
collection techniques and a range of guiding theories. Qualitative research is characterized by
an emphasis on context; a holistic approach with attention to the viewpoints of those under
study; and using the natural setting; the research and analysis processis reciprocal and iterative
and relies on inductive reasoning (1).

In research on occupational health, qualitative methods help researchers draw on workers
own experience to understand jobs in their true complexity. Hazards of the job can then be
seen in the context of larger processes of working and making aliving. In practical terms,
involving workers as a primary data source can solve logistical problems of observing workers
who may be preforming highly-varied tasks in dispersed or shifting locations.

Results

To illustrate, we are using ethnographic methods to assess safety hazards in a study of injuries
among commercial fishermen, traditional workers whose time is spent outdoors, and often
alone. In detailed, ethnographic interviews, fishermen describe how they fish, identifying key
tasks and gear. Theseinterviews are taped and transcribed, then entered into text-analysis
software. The results of the analysis can be used to construct a matrix, similar to a quantitative
job-exposure matrix, that describes each type of fishing operation in terms of work process,
equipment, and potential hazards. This matrix can then be linked to epidemiologic data on
injury occurrence and analyzed using standard statistical methods, thus producing a unique
integration of quantitative and qualitative approaches.
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The matrix resulting from the qualitative work in this study resembles that which might be
produced by an occupational hygienist in aworksite assessment, but with critical differences.
First, ethnography is arigorous, well-defined methodology based on alarge body of
anthropological theory, whereas qualitative work done by hygienists is often informal and
developed ad hoc. Second, ethnography allows the work to be understood from the fishermen’s
perspectives, rather than imposing a structure developed by outsiders. In addition, fishermen’'s
perceptions of risk and ideas about improving safety can be heard and used to inform the
research and any recommendations for prevention.

Qualitative methods can also have valuable applications in situations where employer
cooperation islacking. We are using this approach to assess exposure to ergonomic hazardsin
astudy of musculoskeletal disorders among poultry processing workers. Our work is being
carried out in partnership with aworkers' organization and the industry has been unwilling to
allow researchers to enter production facilities. Instead, our approach engages workers as data
collectors to characterize operations inside the plant. In group interviews, workers produce a
“risk map,” showing the plant layout, the work process, the equipment, and the associated
hazards. Asin the fishing study, the risk map can be used to produce a matrix linkable to
epidemiol ogic data that can be analyzed with statistical methods. While information obtained
through qualitative methods will enable this study to provide epidemiol ogic estimates of
eXposure-response association, the qualitative approach also empowers workers and legitimizes
their experience by involving them in the research process.

Discussion

Qualitative approaches to exposure assessment can facilitate research on workers' health and
safety in situations where standard, quantitative approaches are not possible or would not be
appropriate. The results of epidemiologic studies that integrate such qualitative information
may look similar to those produced with quantitative approaches alone, but there are important
differences of interpretation and meaning. Qualitative data are generally seen as |ess objective,
repeatable and generalizeabl e than quantitative, but each approach has strengths that
complement the other’ s weaknesses (2). A strength of qualitative methods is that, in addition to
serving the pragmatic goal of providing data that could not be obtained otherwise, it allows
work and its hazards to be understood from workers' point of view. Both of the studies
described here adopt this approach.

References

(1) Norman K et al. Handbook of Qualitative Research. Sage Publications, 1994

(2) Steckler A. et al. Toward integrating qualitative and quantitative methods: an introduction. Health
Education Quarterly 1992;19:1-8.

283



A consideration of dose-response rel ationships for vibration-induced
white finger

GriffinMJ®, Bovenzi M @, Nelson CM ©

L Human Factors Research Unit, Institute of Sound and Vibration Research, University of
Southampton, Southampton SO17 1BJ, England, e-mail: mia@isvr.soton.ac.uk]

% Department of Public Health Sciences, Clinical Unit of Occupational Medicine, University of
Trieste, Centro Tumori, Via della Pieta’ 19, 1-34129 Trieste, Italy, e-mail:

bovenz @univ.trieste.it

% Health and Safety Executive, DST E4, 316 Magdalen House, Sanley Precinct, Bootle,
Merseyside L20 3QZL, England, e-mail: thris.nel son@hse.gsi.gov.uk|

I ntroduction

Occupational exposure to hand-transmitted vibration is associated with various disorders,
collectively known as the * hand-arm vibration syndrome’. The syndrome includes vascular,
neurological and muscul oskeletal disorders that may become manifest individually or
collectively. The conditions causing each of these disorders are not known. However, for the
best known vascular disorder, vibration-induced white finger (VWF), several studies have
reported the vibration conditions associated with an observed incidence, or prevalence, of the
condition.

This study investigated the rel ationships between finger blanching and characteristics of
exposures to hand-transmitted vibration, specifically the vibration magnitude and lifetime
exposure duration. The effects of vibration frequency were investigated by comparing dose-
response models constructed with and without the frequency weighting recommended in
current standards.

M ethods

Three previously published studies of VWF have been reanalysed: a study of dockyard workers
(4,5), astudy of quarry/stone workers (1), and a study of forestry workers (2). In each of these
studies, medical history, employment history, extent, severity and development of vibration-
induced white finger, and exposure to vibration were obtained from individual workers during
interviews using a structured questionnaire. The three sets of data provided a group of 1557
male subjects in seven occupational subgroups: stone grinders, stone carvers, quarry drillers,
dockyard caulkers, dockyard boilermakers, dockyard painters and forest workers.

Subjects were asked to identify the vibrating tools used during their working life. Tool
operating time was obtained in hours per day, days per year and total number of years,
separately for each period of use of each tool type. The estimated tota (i.e. lifetime) operating
duration in hours was thus obtained for each subject, for each tool. The total vibration
exposure duration for each subject was obtained by the addition of the operating durations for
the different tools.
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Figure 1 Relation between vibration-induced white finger (VWF) and aternative
measures of vibration dose in the vibration exposed workers (n=1557). The prevalence
of VWF in each quintile of vibration dose is shown. (a,; = frequency-weighted
acceleration; ay, = unweighted acceleration; t; = exposure duration)

Prevalence of VWF (%)

Vibration was measured on representative samples of the tools. Vibration magnitudes were
expressed as root-mean-sgquare accel eration, frequency-weighted in accordance with 1SO 5349
(1986). Unweighted accel eration magnitudes were also obtained over the same nominal
frequency range (6.3 - 1250 Hz).

From the vibration magnitudes and exposure durations, various alternative vibration ‘ doses
were calculated for each subject:

dose= ) [a™;]
|

where g and t; are the accel eration magnitude and the exposure duration, respectively, for tool
i,bandm=0, 1, 2or 4.

Results

For all seven measures of dose, an increase in dose was associated with asignificant increasein
the occurrence of vibration-induced white finger (Figure 1). However, the strength of the
relationship between alternative measures of dose and the occurrence of vibration-induced
white finger varied between dose measures. Generally, dose measures with high powers of
acceleration (i.e. m> 1) faired less well than measures in which the acceleration, ay; Or au,
and lifetime exposure duration, t, were given equal weight. Indeed, dose determined solely by
the duration of exposure (without consideration of the vibration magnitude) tended to give
better predictions than measures with values of m greater than unity.

Logistic regression suggested that all measures of dose provided better predictions when the
dose was calculated from the unweighted accel eration than from the frequency-weighted
acceleration.
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Discussion

Current methods for evaluating exposures to hand-transmitted vibration are based on standards
that assume a squared relationship between vibration magnitude and exposure duration during
the working day (i.e. m = 2) and alinear relationship between vibration magnitude and years of
exposure (i.e m=1). The data shown here are restricted to the total exposure duration and do
not discriminate between exposures accumulated over the day and those accumulated over
years. With exposure duration evaluated in thisway, it seems that a linear relationship between
vibration magnitude and exposure duration is appropriate for predicting the occurrence of
vibration-induced white finger.

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

Conclusions

The findings suggest that improvements are possible to both the frequency weighting and the
time-dependency in current standards used to predict the development of vibration-induced
white finger.
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I ntroduction

Manual work involving vibrating power tools could be associated with different
symptoms, collectively named as "hand-arm vibration syndrome". These symptoms,
which include vascular, neurological, bone, and muscul oskeletal disorders, have also
been recognised as an important preventable occupational disease. The aim of the present
investigation is to follow a group of workers within a heavy engineering production
workshop over time and to determine their exposure to vibration.

Methods

The study started in 1987 and has been followed up in 1992 and 1997. The study base
was a cohort of workers at a company, which produces paper and pulp-mill machinery.
The work task consisted mainly of welding, plating and grinding on iron and stainless
steel. The work isvery varied and each component is produced in small numbers. In 1987
68 workers listed on the employee rosters were included in the study population. In 1992
the numbers of workers included was 48 and in 1997 40. The assessment of vibration
exposure was made under normal working conditions by measuring the intensity of
vibration and the exposure time for each of the air powered toolsin use. The tool
vibration intensity was measured on all types of tools and at al relevant job stationsin
accordance with 1SO 5349 (2). The daily vibration-exposure time was assessed by
subjective assessments and by an objective measurement of the time used for each type of
hand-held tool. The objective measurements were carried out by observation. The
subjective assessments of daily exposure time were collected in three ways, by diary,
guestionnaire and interview.

For each subject the 4-hour frequency-weighted energy-equivalent acceleration was
calculated for the dominant direction, in accordance with 1SO 5349, as estimate of the
vibration load.

Results

The workers exposure to vibration has its dominating origin in the use of grinders and
hammers. These two types of tools correspond to about 90 - 95% of the total daily use of
hand-held tools. The results from conducted measurements of the vibration acceleration
in the dominant direction for the grinders and hammers are presented in Figure 1.
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Figure 1. Mean frequency-weighted
accelerations for the grinders and
hammers measured for different
investigation year.
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In the figure it can be seen that the average frequency-weighted accelerations have
decreased over the investigation period. Since 1987 the acceleration have decreased with
about 20 to 25% and during this time about 85% of the tools have be replaced. Figure 2
shows the mean average for the exposure time for different investigation years. The total
daily exposure time for vibrating tools have decreased from about 105 minutesin 1987 to
about 55 minutesin 1997.

Figure 2. Mean daily exposure time
(minutes) for different investigation
year.
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Figure 3 shows the total frequency-weighted equivalent acceleration for a period of 4
hours, calculated in accordance with 1 SO 5349. The frequency-weighted energy-
equivalent acceleration for a period of 4 hours varies between 4.5 m/s’ in 1987 to 2.9 m/s?
in 1997.

Figure 3. Mean 4 hours energy-

5- equivalent frequency-weighted
acceleration for different investigation
47 year.

Equivalent acceleration, m/s2
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Discussion

This study clearly shows that the vibration load among studied workers has decreased over a
ten-year period time. During this period the workers vibration load has decreased by about 35%,
which consequently reduces the risk for vibration injures. The reasons are that both the vibration
intensity and the exposure time have decreased over the years. The reduction in vibration
exposure time is due to that the workers has received extended work contents including less
work with vibrating handheld tools.

A proposal for a physical agent directive has been presented for the European Union (1). For
hand-arm vibration two limits have been proposed, one exposure action value and one exposure
limit value. These values are normalised to aworking day of 8 hours and expressed as the root
sum of square for the frequency-weighted acceleration of the three components values (X, Y,
z,). If the action value is exceeded the employer shall establish and implement a programme for
technical and/or organisation measures. The aim with the programme should be to reduce the
vibration exposure to a minimum. The workers shall in no cases be exposed to vibration above
to exposure limit value. For hand-arm vibration the proposed exposure limit valueis 5 m/s* and
the action value is 2.5 m/s’. For the workers within the actual heavy engineering production
workshop the 8-hours energy equivalent value was found to be 3.7 m/s’.

Conclusions

Notwithstanding that the vibration load among the workers has decreased over the study time,
the vibration dosage for the workers is still arisk factor, why more efforts should be spent to
decrease the vibration exposure.
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I ntroduction

It iswell established that occupational exposure of the hand to intense vibration may result in a
complex of neurological, vascular and musculo-skeletal symptoms known as the hand-arm
vibration syndrome (HAV'S). From analyses of epidemiologic studies there appear to be
relationshi ps between cumulative exposure to vibration and the development of HAV S for
some work practices and some symptoms, with the existence and form of arelationship most
developed for the onset of episodic finger blanching.(2,1)

A relationship between the mean years of exposure experienced by a population group, all of
whom are engaged in similar work using effectively the same power tools or industrial process
whereby vibration enters the hands, and a measure of the magnitude of the daily, energy-
equivalent acceleration of a surface in contact with the hands has been incorporated into an
international standard (4). The relationship predicts the mean duration of exposure for a 10%
prevalence of white fingers to occur in the population group, and is considered applicable to all
daily vibration exposures. The broad applicability relies, in part, on the ability to specify
accelerations at different frequencies that are equally hazardous. The standard notes that the
relationship should be applied with caution to percussive tools for which the magnitude of the
daily, energy-equivalent acceleration is dominated by frequency components below 20 Hz.
Moreover, all editions of 1SO 5349 are only “provisionally applicable” to hand-transmitted
impacts.

The purpose of this paper isto employ our current understanding of the origins of deviations
from the existing exposure-response model to examine functions that may assist in the
formulation of improved models. In thisway it is believed that the applicability of models for
the development of symptoms of HAV S may be extended to include repeated impacts.

M ethod and Discussion

There are reasons to believe that exposure of the hand to impacts may require an alternative
method of assessment than that contained in the international standard. First, while the ISO
exposure-response relationship has the merit of simplicity and can trace its origin to
epidemiologic and exposure data, it makes no attempt to model the body burden or dose, and so
has no basis in tissue pathology, nor the physiologic nor biodynamic processes responsible for
the observed structural changes (9,5). Second, there have been several reportsin the literature
of symptoms of HAV S from exposure to repeated impacts that deviate from the ISO exposure-
response relationship, and contain a broad range of vibration frequencies that may not be
appropriately assessment by current methods (6,3). Third, laboratory experiments to elicit
subjective or physiologic responses to vibration have demonstrated deviations from an energy-
like exposure rate and the weighting to be applied to components at different frequenciesin
order for them to represent an equal hazard of developing some component of HAV S. Fourth,
spinal injury from repeated impacts and neurological damage to the brain from a single impact
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(including diffuse axonal injury), are assessed by very different exposure rate functions from
those currently employed for hand-transmitted vibration (10,7).
A generalized expression for exposure to vibration may be written as:

E(aw.T )ue = (g [an(®]™dt ) (1)

where E(aw, T)m, IS the exposure occurring during atime T to a stimulus with an instantaneous
acceleration at time t which has been frequency-weighted to equate the hazard of vibration at
different frequencies, ay(t), and mand r are constants describing the moment and root of the
function, respectively (8). Within this family of functions, only those with even integer values
form, e.g., m=2, 4, 6, etc., will be considered (i.e., positive integrands) The form of the
function applicable to hand-transmitted impacts may be explored by reference to epidemiologic
and laboratory data. It should be noted that comparisons may include data from exposures to
vibration using the existing method of assessment, as the 8-hour energy equivalent root mean
square (rms) acceleration, (an)eqs), May be used to construct the exposure function in which m
=r=2,i.e:

1
E(awTo ),= (Jo' [ aw(®]7dt )= TO”Z(T—IE"[ al.(01°dt)” (2
0
In this expression, T, correspondsto 8 hours, and the exposure rateis:
Lol an(]2dt 2= 3
(T_O_‘.o [aw()] ) _(ahv )eq(8) ( )

Corresponding expressions between higher-order root mean value accel erations and higher-
order moment and root exposure functions may be derived. Also, relationships between the
former and the rms accel eration may be derived for known acceleration waveforms (8).

A strategy of comparing epidemiologic, physiologic, or subjective responsesto vibration
exposure that permits relationships between the unknown parameters to be proposed has been
adopted. For this purpose the relative contributions to the frequency-weighted acceleration at
different frequencies are determined by frequency bands, i.e.,

(an )m,r = ([ bi(an )m,r ] " )ﬂm (4)

where (a,)m: is the accel eration magnitude for the i frequency band, b;. The complexity of the
analysis increases with the number of variables, and has been set to the minimum number
consistent with representing the broad range of frequencies believed to influence health effects.
With three frequency bands, the goal isto establish values for the five parameters, m, r, by, by,
and bs, for different combinations of tool vibration, exposure time and human response.

The large number of parameters to be fitted, together with the need first to specify and then
match human responses in order to effect comparisons, limits the formulation of a unique
exposure-response relationship. Moreover, while the approach is designed to improve the
characterization of exposure to repeated impacts, it does not address the temporal occurrence of
the impacts. A biologically plausible model will be required for such purposes, which
transforms the (external) exposure into body burden and, ultimately, tissue dose. The essence of
such amodel is obtained by expressing the total exposure in terms of a sequence of exposure
elements, d;, dy, ds, . . dj, . . dy. If these are arranged in the reverse order from which they were
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experienced (i.e., dy, the most recent exposure, first), then the dose elements may be given
inter-related weights that reflect repair and recovery processes since their occurrence, ¢;:(8).

5i[d;)]"= codiv* cidin-y* C2din-o* ---€tC. (5)
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I ntroduction

Car mechanics may be exposed to hand-arm vibrations, nut-runners being the most common
vibrating tools used. A survey of vibration-induced white finger (VWF) in Swedish car
mechanics revea ed that 25% of those who had worked as car mechanics for > 20 years had
VWEF (1). The vibrations levels of nut-runners used in garages are relatively moderate, but the
exposure time has been unknown. The aim of the present study was to examine the daily
exposure time in a sample of Swedish car mechanics.

Subjectsand methods

Six garages were surveyed. In each garage, 5-10 car mechanics were observed in random order
every 30 seconds throughout a number of entire working days. The daily exposure time for
each mechanic was estimated from the fraction of the observations that the mechanic was
exposed, i.e. having avibrating tool running in his hand. A total of 51 mechanics were
observed, most of them on two different days. At the end of the day, each mechanic was asked
to estimate his effective exposure time (in minutes) during that day, and as expressed in percent
of the exposure time on ‘anormal work day'.

The variability of the daily exposure time for mechanics studied on two work days (in total
88 work days) was partitioned on garages (N=6), mechanics (N=44), and within-worker
variability, using anested analysis of variance. Using the method proposed by Rappaport, the
ratio of the 97.5th percentile to the 2.5th percentile of the individual mean exposure times
(Rogs ) Was calculated.

Results

The median effective exposure time was 10 minutes per day (95% CI 5-15 minutes, arithmetic
mean 14 minutes, maximum 80 minutes), and most of the exposure time was attributable to the
use of nut-runners. The car mechanics self-estimates were: arithmetic mean 17 minutes, and
median 7.5 minutes. On average, the mechanics estimated the exposure time on the study day to
be 62% of ‘anormal day'.

Partitioning of variability showed that within-worker variability constituted about half of the
total variability. The Rg s Was 18, which is a high between-worker variability indicating that
the car mechanics do not constitute a 'uniformly exposed group'.

Discussion

The design of studying workers on 100-200 randomly selected occasions during the working
day, instead of continuously during 8 hours introduced a random error, but enabled us to survey
95 work days, despite limited resources. We thus sacrificed precision on the individua level,
but obtained a reasonably precise estimate of the average exposure time.
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The effective daily exposure time was short, median 10 minutes per day. Even so, 25% of car
mechanics with > 20 years of exposure had VWEF in a survey of mechanics from these six and a
number of other garages in Géteborg (1). The survey comprised 900 mechanics of whom more
than 300 underwent clinical medical examinations. A previous large study in 26 garagesin
Sweden, on the same tools as those used by the car mechanicsin our study, showed an average
weighted acceleration level of 3.5 (SD 0.6) m/s” in 286 nut-runners (2). The vibration levels
were measured according to 1SO-standard 5349, in three directions. We consider this level to be
agood estimate of the average vibration levels for the car mechanics we have studied.

The prediction model for prevalence and latency time of VWF in ISO-standard 5349 would
predict that only three percent of the car mechanics will suffer from VWEF after 20 years of
exposure. In contrast, the survey of VWF showed a much higher prevalence (about 25%). In
our opinion, the model of the ISO norm isinsufficient, at least for the transient vibrations
created by nut-runners. The validity of the model has been questioned by others.

Conclusion

Swedish car mechanics use hand-held vibrating nut-runners only for short periods of time, but
the exposure is neverthel ess sufficient to cause VWF in a considerable fraction of the work
force. The model of the ISO-norm isinsufficient for the transient vibrations created by nut-
runners. The between-worker and within-worker variability in daily exposure time was
considerable, but in the present study the latter included also a substantial measurement error.
The group average of the self-estimates was surprisingly accurate.
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Most exposure assessment guidelines have been based upon short-term physiological and
psychophysical responses to well-defined characteristics of physical load in laboratory
experiments. This roundtable will explore the use and limitations of these guidelines. It will
provide an opportunity to explore ideas as to how improved guidelines might be devel oped.

The three key areas of discussion will be: - a) the use of guidelinesin the evaluation of tasks
that are composed of various activities, b) the applicability of guidelinesto the reality of work
systems and c) the establishment of exposure limits and the ability of guidelinesto predict the
associated muscul oskel etal risks. Each of these areas will be introduced by a member of the
roundtable panel. Thiswill be followed by general discussion time and a summing-up.

The need for standardised and valid assessment of exposure in work systemsis essential for
both research and practice. No such standards are currently widely accepted. The resultant
difficultiesin, for example, comparing research data across studies, providing appropriate tools
and training for practitioners and devel oping and enforcing regulations are all too obvious. The
reguirement has been recognised for some considerable time and it might be argued that
significant research effort has been expended in attempting to achieve suitable guidance.
Barriersto realising the goals include the complexity of tasks, interactions between tasks,
limited knowledge of how exposures related to such interactions should be treated (e.g.
summation, multiplication,) and alimited number of well designed epidemiologica studies
using good exposure and outcome assessment methods.

Epidemiological studiesthat have attempted to validate guidelines derived from laboratory
data frequently appear to lack the rigour required, usually because of resource limitations or
difficulties with obtaining suitable access to study samples of workers. Time requirements (i.e.
for prospective studies) have meant that the predictive power of such guidelines with respect to
muscul oskeletal risk has rarely been tested. In any event, the continuously changing nature of
modern work systems and their organisation necessitates repeated estimates of exposure to be
made if predictive power isto be validated over a reasonable course of time.

Regulatory guidelines have been subject to many of these criticisms, yet many countries still
pursue them. Thisis, presumably, because they are seen as essentia in any “risk assessment”
strategy for reducing the size of the problem. The need for simple measuresis evidenced by the
recent USA initiatives in attempting to develop Threshold Limit Values (TLV'’s) for repetitive
hand work. The call by practitioners for simple tools to assess risk in the workplace appearsto
be as strong now as is was a decade ago, and the need to accept a pragmatic approach with,
potentially, areduction in validity may need to be contemplated more widely.

The challenges for this roundtable are immense. Failure to deliver appropriate guidelines for
exposure assessment is not an option. Seeking consensus on what is acceptable is therefore the
priority. Thisroundtable will help to establish whether and how such a consensus might be
achieved by both the research and practitioner communities.
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I ntroduction

There isincreasing interest in distinguishing the effects of physical and psychosocial workplace
stressors on the etiology of work-related musculoskeletal disorders (MSDs). Modest
associations have been found between psychosocial stressors and M SDs, but interpretation of
these results are limited by likely covariation between physical and psychosocial stressors. The
aim of isinvestigation was to examine exposure covariation among blue- and white-collar
workers and to perform an exploratory factor analysis to investigate the structure of possible
underlying factors linking these conceptually distinct stressors.

Methods

Four hundred and ten (84% participation) workers were enrolled in a epidemiologic study at an
appliance manufacturing plant. Over half (54%) of the participants were blue-collar workers
assigned to direct production (assembly) and support functions. White-collar workers were
employed in management and professional positions, and a small proportion (9%) were clerks
and secretaries. All participants completed a detailed questionnaire about exposure to physical
and psychosocia workplace stressors. Physical stressor questions were adapted from
ergonomic checklists, and composite physical job demand scores were computed for the upper
extremity (UE) and for the back/lower extremities (BL) by weighting stressors by intensity and
duration criteria according to a proposed regulation (5). Asdescribed by Estill et al. (1),
guantitative assessments of upper limb motion were obtained from wrist-worn accel erometers
(ACC) among 146 (36%) participants: 91 blue-collar and 55 white-collar. Measures of
psychological job demands and decision latitude were selected from the Job Content
Questionnaire (JCQ) (4). Other psychosocia stressors were selected from the NIOSH Generic
Job Stress Questionnaire (3). Correlation coefficients were computed, and orthogonal and
oblique rotations were used in an exploratory factor analysis.

Results

Moderately high correlations between selected physical and psychosocial stressors showed
evidence of covariation (table 1). Strong inverse relationships were found between the
occupational group aggregate measure of decision latitude and aggregate measures of physical
stressors. UE (r=-0.91, p=0.001), BL (r=-0.82, p=0.0002) and ACC (r=-0.75, p=0.005).
Factor analysis results yielded one factor with bi-polar loadings and substantial clustering of
repetition and job control measures, while another showed a strong interrel ationship between
time (pacing) pressure and social pressure (table 2).
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Table 1. Spearman correlations between composite physical job demand scores and
accelerometry with workplace psychaosocial stressors, by work group.

Blue-Collar (N=220) White-Collar (N=190)
Psychosocial Stressors 1 1

UE BL ACC' UE BL ACC
Job Strain (ratio) 0582 0342 0.37° 0342 014 0.26
Psychological Demands 024¢ 025° 023% 026° 009 012
Decision Latitude -061?% -0.34% -0.32° -0.24° -0.09 -0.10
Mental Demands 011 002 -012 0199 006 0.20
Poor Work Schedule Control  [0.16% 0179 001 006 -0.07 0.14
Lack of Group Cohesion 009 007 -005 -015% 012 -0.02
Group Pressure 021¢ 0179 018 0199 003 0.22
Lack of Supervisor Support  [0.25° 011 -0.03 -0.19¢ -0.01 0.15
Lack of Co-Worker Support  |0.01 -0.03 -0.16 003 0.05 -0.12
Opinions not Accepted 013 0.05 0.01 0.03 0.05 -012

Significance: a<0.0001, b<0.001, ¢<0.01, d<0.05 (bold if significance <0.01).
! Sample size: 91 blue-collar and 55 white-collar.

Table 2. Factor loading pattern from principal factor analysis with orthogonal rotation
showing the structure of possible underlying factors linking physical and psychosocial stressors
in the workplace (N=410).

Stressor Measures Organizationa Work Pace
(bold if aphysical load measure) Constraint Pressure
Work Pace Regulation 0.776 0.035
Short Cycle Work 0.774 0.080
Repetition Rating Scale 0.628 0.254
Physical M onotony 0.486 -0.000
Poor Work Schedule Control 0.455 -0.068
Skill Discretion -0.654 -0.043
Decision Authority” -0.827 0.154
Group Pressure -0.187 0.602
Mental Demands -0.527 0.581
Hard* Fast 2 0.256 0.530
Time Demands ® -0.360 0.501
Difficulty Maintaining Pace 0.252 0.493

Loading values >0.30, explaining more than 9% factor variance, underlined.

1 Sub-scale component of decision latitude,  Two-items from the psychological job
demands scale, * Three-items from the psychological job demands scale.

Discussion

Moderately high correlations between selected physical and psychosocial stressors showed
evidence of covariation. The strength of these correlations was especially notable considering
that imperfect scale reliability can attenuate empirical relationships (2). Correlations were
strongest among blue-collar production and low status (clerks and secretaries) office workers.
Factor analysis results showed considerable common variance among selected stressors,
suggesting that concomitant exposure to physical and psychosocial stressors arises from
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organization-level antecedents. While recognizing the conceptual differences between these
stressors, the findings call attention to the strong empirical relationships that can exist in the
workplace. These associations may explain why the epidemiologic evidence concerning the
role of psychosocial stressors in the development of work-related musculoskeletal disorders has
been inconsistent. Ecologic understandings of workplace exposure situations are critical to
formulating correct inferences about the components of risk aswell as effective prevention
strategies. Further research is warranted to gain further insight into work organization factors
linking physical and psychosocial stressors.

Conclusion

Exposure covariation was found between selected physical and psychosocial stressors and was
strongest in blue-collar production and low-status office workers. Factor analysis results
suggest that these disparate stressors manifest from common work organization factors that
govern the structure of work
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I ntroduction

Within both epidemiological and psychological scientific research there is an ongoing
discussion on how to define and assess concepts like psychological demands and control. One
of the most influential model is the job-strain model developed by Karasek and Theorell (1,2).
The most common method of measurement is various forms of self administered
guestionnaires. The reliability of these measurements is sometimes questioned and criticized
for being too subjective. During recent years, the relevance of the job strain model in service
occupations has been questioned (3). The scientific research on psychosocial work environment
that developed during the seventies and eighties was often preoccupied with low skilled blue-
collar workers occupations in manufacturing.

Materials and methods

This present study is a part of the MOA-study, Modern Work and Living Conditions for Women
and Men, a Swedish inter-disciplinary study. In the MOA-study, atriangular design was used to
investigate whether a number of often used questionnaire items more reflect a subjective
evaluation or afactual description of work conditions. The study group consisted of 102
women and 101 men at 80 work sitesin five different counties in Sweden. Three quarters of the
study group were matched according to gender, qualification level and type of work (working
with people, things or data). If possible the matched pairs were chosen at the same work sites.
The remaining fourth mainly consisted of women from female dominated occupations and work
sites and men from male dominated ones. Men and women were also equally distributed
regarding age, socio-economical groups and family situation in the whole study group.

In Sweden the measurement of work demands and control often is conducted by means of a
shorter version of the JCQ-scale consisting of 11 items. In this present study reliability and
validity for 8 of these was investigated. Reliability was established through a test-retest
procedure and validity through comparisons between questionnaire data and estimations from
two different theoretical and methodological perspectives made by researchers. An estimation
from an external/descriptive perspective was primarily based on of job analysis through on-site
observations and an estimation from an internal/eval uative perspective was based on interviews
about the subjective experience of the matter which the item concerned.

Reliability and the concordance between questionnaire data and the two expert estimations
were cal culated by means of weighted kappa-val ues and percentage total agreement. In order to
investigate if lack of stability was due to any systematic misclassification in any subgroup,
Wilcoxon signed rank tests were performed for type of occupation, age-group and educational
level separately.
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Results

The analyses show that reliability for al the items are acceptable, in some cases excellent.
However, reliability for some of the items was not stable for various subgroups, often dueto a
skewed distribution of responses for some of the groups.

Generally the concordance between guestionnaire data and the assessments from the external
perspective was lower than the concordance with the assessments from the subjective
perspective. The deviation from the assessments based on job analysis was more often lower
for the responses among females than for the responses among males.

A systematically higher reporting of possibility to learn new things and the extent to which
work requires creativity, was noted in relation to the external perspective among the whole
study group. Correspondingly alower reporting of monotonous work could be noticed. This
discrepancy regarding self-reporting of skill utilization was especially attenuated for persons
working with things and persons with alow level of education. People working with things,
especially men, also tended to report higher levels of decision authority in comparison with the
external assessment. In relation to the estimation of the subjective experience, questionnaire
data showed a notabl e deviation regarding psychological demands. In the questionnaire, both
men and women reported less psychol ogical demands than later was expressed in the interview.

Discussion

The greater discrepancy between guestionnaire data and the external assessment compared with
the internal assessment iswhat could be expected. The psycho-social dimensions derived from
the job analysis are based on action regulation theory and therefore not identical to the onesin
the demand control model. However the criteria used in the external assessment were equally
defined for the whole study group. It could therefor be concluded that the systematic higher
differences noted for people working with things and persons with low education regarding
skill utilization and decision authority indicate that these groups put a somewhat different
meaning into these concepts. A qualitative analysis of the subjective significance of these items
shows that people working with things tended to refer to a narrower spectrum of decision
authority than for example people working with data.

The relatively small study group naturally limits the possibilities to generalize the results .
However, the reflections made are based upon a material of high quality. The resultsindicate
that skill utilization and decision authority may be somewhat overexerted among people
working with things and/or low education. This means that the job strain ratio may be
underestimated for these categories. The results do not support the assumption that the
guestions should be less appropriate for women than for men.
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I ntroduction

Occupational epidemiology has provided convincing results supporting predictive effects of
psychosocial factors at work on both physical and mental health. Asthere is aclear gender
division of work, and as women are not engaged in the same work activities than men, they may
also be exposed to different occupational exposures, especially regarding psychosocial factors
at work. The objective of this study was to explore the associations between gender and
exposure to psychosocial factors at work in alarge occupational cohort.

Population

The study was based on the subjects of the GAZEL cohort established in 1989 and composed at
baseline of 20624 workers employed by the French national electric and gas company (EDF-
GDF) and followed up since then by means of yearly self-administered questionnaires and by
the collection of data provided by the medical and personnel departments of the company.
Research on psychosocial factors at work and health has been conducted in this cohort since
1995 (4,5,6). The study was restricted here to the working subjects who responded to the self-
administered questionnaire of 1997 and 1998.

Methods

Two theoretical models were used to evaluate psychosocial factors at work: the Demand-
Control (DC) model elaborated by Robert Karasek (1,3) and the Effort-Reward Imbalance
(ERI) model elaborated by Johannes Siegrist (8). The Job Content Questionnaire (JCQ)

devel opped by Robert Karasek (2) was used to measure psychol ogical demands, decision
latitude and social support, and the French version was introduced in the self-administered
guestionnaire of 1997. Job strain was defined by the combination of high demands and low
latitude (median cut-off). In addition, isostrain was defined by the combination of high
demands, low latitude, and low support. The French version of the ERI instrument (9)
measuring extrinsic effort and reward was introduced in the questionnaire of 1998 (7). Effort-
reward imbalance was defined by aratio of extrinsic effort to reward higher than 1.
Occupational grade was provided by the personnel department of the company. Three
categories were defined: low grade (clerks and blue collar workers), intermediate grade
(technicians, foremen, and other associated professionals), and high grade (managers,
engineers, and other professionals). Analyses were performed using t-test, analysis of variance,
Chi-Square test and logistic regression analysis.

301


mailto:i.niedhammer@st-maurice.inserm.fr

Results

In 1997, 11447 working subjects, 8277 men and 3170 women, answered the self-administered
guestionnaire including JCQ. In 1998, they were 10174, 7251 men and 2923 women, to respond
to the ERI questionnaire. Women were more likely to belong to intermediate or low
occupationa grades than men. They were also more likely to be exposed to lower decision
latitude, lower social support and lower levels of reward than men. After adjustment for
occupational grade, the exposure to psychological demands was significantly higher and the
exposure to decision latitude was lower for women than for men. Futhermore, significant
interactions between gender and occupational grade were observed: the gap between men and
women increased with low occupational grade for both psychological demands and decision
latitude (figures 1 and 2). Regarding extrinsic effort and reward, no significant differences were
found between men and women when occupational grade was taken into account. The
prevalence of job strain was found to be significantly higher for women (29.1%) than for men
(17.7%). In the same way, the prevalence of isostrain was higher for women (20.4%) than for
men (13.1%). Using logistic regression analysis, women were more likely to be exposed to job
strain and isostrain than men (OR=1.6 and OR=1.4 respectively) after taking into account
occupational grade. In addition, an interaction was observed betwen gender and occupational
grade for both job strain and isostrain; the difference between men and women increased for
low occupational grade (figures 3 and 4). The prevalence of effort-reward imbalance was
significantly higher for women (7.0%) than for men (5.6%), but this difference was no longer
significant when occupationa grade was included in the model.
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Discussion

This study explored the differences between men and women for two job stress models, the
Demand-Control model and the Effort-Reward Imbalance model. First of al, differences were
observed between genders for occupational grade, women were more likely to work aslow or
intermediate grade workers than men. Women were more likely to be exposed to job stress
factors than men, but the differences between genders were significant only for psychological
demands and decision latitude when occupational grade was taken into account. Futhermore,
stronger differences were found between men and women in lower occupational grade for these
two psychosocia dimensions, leading to greater difference in prevalence of job strain and
isostrain. In conclusion, this study underlines the differences between men and women
regarding the prevalence of job stress conditionsin a large occupational cohort, and highlights
that these differences may be still stronger in lower occupational grades.
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I ntroduction

Occupational stressis a growing epidemiological field in France. Up to now, some surveys
have been set up in particular occupations or industries, but the exposure to job stress factorsin
the general working population in France is not precisely known.

The aim of this study was to develop a job-exposure matrix (JEM), based on a national
survey in France, and to describe exposure to various psychosocial, physical, and chemical
factors across occupations. Physical and chemical factors were explored in this study as other
potential job stress factors. In the present paper, we focused on the method of the JEM
construction and we gave preliminary results.

Methods

The study population was based on a French national survey on working conditions from the
French Ministry of Labour. The first survey took place in 1978, and was conducted again in
1984 and 1991, each time on a national representative sample of the French working
population. In the present study, the data from the 1991 survey were explored, in which 20 868
workers, 11 643 men and 9 225 women, were interviewed by questionnaire.

Thefirst step was to define the occupational exposure from the 77 questions, retained as
being pertinent regarding job stress. These items were separated in two groups: psychosocial
factors (45 items), and physical or chemical factors (32 items). For each group, a principal
component analysis with Varimax rotation was performed to construct scores based on the
identified dimensions. For psychosocial factors, the dimensions were interpreted using
Karasek’ s model (2). For physical and chemical factors, factor analysis results were deepened
by an expert judgement. Scores were obtained by summing items.

Three other variables were used in this study: sex, age (10-year groups), and occupation.
Occupation was coded according to the French occupational classification from the National
Institute for Statistics and Economic Studies (INSEE). This classification is composed of 4
hierarchical levels of codes with a maximum of 455 categories.

The CART (Classification And Regression Tree) segmentation was used to construct the
JEM. The construction of a segmentation tree is based on successive divisions of the initial
sample according to occupational categories, thus providing a partition of the population
between homogeneous exposure groups (HEG or terminal nodes) for each exposure studied.
HEG areindividualized to obtain amaximal between-group variance for exposure and a
minimal within-group variance.

Results

For psychosocial factors, 14 scores were constructed based on the results of principal
component analysis. For physical and chemical factors, principal component analysis and
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expert judgement allowed the construction of 9 scores. Table | presents the mean score for each
exposure for men and women separately.

Tablel: Mean score for each psychosocia and physical/chemical exposure for French working
men and women in 1991.

Men Women

Noof Mean Standard Mean Standard

items deviation deviation
Psychosocial factors
Lack of decision authority® 7 34.2 27.3 375 25.7
Particular working hours? 5 22.7 26.1 19.9 24.8
Repetitive work® 4 9.7 18.5 113 19.1
Relations with public® 4 41.7 33.3 45.4 32.3
Lack of material means® 3 18.8 28.1 19.7 28.7
Psychological constraints’ 4 52.4 335 35.9 32.1
Concentration/attention® 4 20.0 25.7 16.7 23.4
Organizational constraints 4 22.6 25.7 16.8 233
Shift work? 4 16.6 238 14.4 20.3
Polyvalent job® 2 39.1 37.0 36.9 36.1
Supervisor role” 1 31.1 05 14.1 0.4
Isolated work® 1 5.4 0.2 5.2 0.2
Lack of work® 1 14.2 0.4 15.2 0.4
Lack of cooperation” 1 12.7 0.3 17.2 0.4
Physical or chemical factors
Physical load® 6 35.3 29.2 24.4 24.3
Noise® 4 21.6 24.4 15.5 214
Extreme temperatures’ 2 24.5 35.9 19.0 30.4
Unhealthy environment® 5 31.6 32.2 15.9 23.3
Biological risks? 2 9.3 21.0 13.4 24.2
Windowless environment?® 2 27.3 37.1 28.6 36.0
Immediate physical risks® 8 25.6 27.1 9.6 16.6
Chemical risks 2 24.3 34.2 12.6 24.9
Road risks’ 1 40.2 0.5 11.2 0.4
4 Mean exposure score from 0 to 100
® Percent of exposed people

Two matrices were built for each exposure, separately for men and women. In men, the number
of tree terminal nodes or HEG varied according the exposure considered from 5 to 44 (from 2
to 30 in women). Ageinterfered twice in HEG construction (different levels of exposure
according to age, in asame HEG) for both men and women.

Discussion

This study isthe first attempt to construct JEM in the area of job stress factorsin France. To
the best of our knowledge, three other JEM have been developed (4,1,3) in the field of
occupational stress. Asin our study, they were based on existing survey data, and for one of
them on expert judgement.

In these previous studies, evaluation of exposure was based on mean scores calculated by
occupational category which do not always allow to have reliable evaluations when there are
few people in some categories. The method of construction used in our study has the two
following advantages: it provides an exposure assessment for occupational categoriesin which
there are only few people and it takes into account the hierarchical structure of the French
occupational classification codesin the HEG construction.
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Thus, our results provide evaluation of exposure to job stress factors for al the 455
categories of the French occupational classification for men and women separately.
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Introduction

Assessment of indoor air quality (IAQ) in terms of microbial floraisimportant since
inhalation of air-borne microorganisms has been associated e.g. with asthmaand alergy. It is
well known that only a small fraction of the total microbia florain an indoor environment is
culturable. Direct microscopy isinsufficient as regards specificity. Therefore new, non-
culture based analysis methods are required.

Methods
We focus on certain unique microbial markers:

1) muramic acid (MUAc), marker of bacterial peptidoglycan/biomass;

2) 3-hydroxy fatty acids (3-OH FASs) with 10-18 carbon chains, markers of
lipopolysaccharide (LPS, endotoxin) of Gram-negative bacteria;

3) branched-chain fatty acids - differ between Gram-positive bacteria;

4) ergosterol, marker of fungal biomass.

An integrated method was devel oped for the determination of these markersin organic dust.
For all these analyses only two dust samples are required, one for
muramic acid, 3-OH fatty acids and branched-chain fatty acids, and another for ergosterol.
C™-labelled blue-green algae are used as an internal standard for the first three markers
and dehydrocholesterol for ergosteral.
In brief, samples are subjected to acid/akaline hydrolysis, purified with extractions and
derivatized for rendering them suitable for analysis with gas chromatography - ion-trap mass
spectrometry (GC-MSMS)(1).

Results
The studied markers can be detected in air-borne and settled house dust samples even when

present in amounts of only afew nanograms. Figure 1 shows: muramic acid (a), 3-OH fatty
acids (b), branched-chain fatty acids (c) and ergosteral (d) in the studied dust sample.
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Figure 1. @ muramic acid, b) 3-OH fatty acids, c) branched-chain fatty acids, d) ergosterol,

in a house dust sample.

308



Discussion and conclusion

The described method can be used for characterisation of microbial communities in indoor
environments as regards fungal biomass, relative amounts of Gram-negative/Gram-positive
bacteria, and information about the bacteria species present (see for example reference 2).
Our future research will include studies on the relations between marker patterns, dampness
of the buildings and health effects.
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I ntroduction

The specific occupational risksin health care workers (HCW) are hepatitis B virus (HBV),
hepatitis C virus (HCV) and HIV infections. In the mgjority of cases occupational transmission
occurs by parentheral needlestick inoculation, by other sharp instrument injury or through
mucous membranes. We performed an investigation to establish the prevalence of HBV and
HCV infectionsin health care workers, and to see the routine practice while handling blood and
other blood products. In this study, the aim was to establish the frequency of exposure to blood
and of sharp needlestick injuries and mucous membrane contact, as well as the other risk
factorsfor these injuries.

M ethods

A sample of health care workers (HCW) from different hospitals (cardiovascular, orthopedics,
psychiatric, occupational health) was selected in order to estimate the prevalence of blood
borne hepatitis B (HVB) and hepatitis C (HV C) infections, using self-administered
guestionnaire. Total of 394 HCW responded with response rate 46.7% (nurses 48.7%;
physicians 42.5%). For this study, a sample of HCW occupationally exposed to blood (N =
316) was included. Among them, nurses were more prevalent than physicians (Table 1), as well
as females compared to the males. They were engaged in various departments as follows:
operating theatre, intensive care, invasive diagnostics, ward, outpatient clinic, etc.

Table 1. Main characteristics of the examined health care workers

Physicians Nurses
Number 47 269
Males 36 (76.6) 20 (7.4%)
Females 11 (23.4%) 249 (92.6%)
Age - mean (range) yr. 40.2 (31-65) 34.8 (19-62)
Exposure duration - mean (range) yr. 10.9 (1-35) 12.2 (0-40)

A self administered questionnaire was used to obtain different data regarding possible HVB
and HV C infections, as well as frequency of blood contact during the work and frequency of
needlestick or mucous membrane exposures, use of protection during the work, HBV
vaccination, etc.

Results

Almost the half of the physicians have the blood contact from 1 to 14 times per week (Table 2),
compared to 6.5% of nurses. On the other hand, more than a half of nurses are exposed to the
patient’ s blood more than 50 times per week (chi-square = 62.32; p = 0.0000). The average
number of blood contact per week is almost 4 times higher in nurses than in physicians (H =
35.363; p = 0.0000).
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Less accidental needlestick or mucous membrane exposures per year have been reported by
physicians than nurses. One third of all nurses had more than 15 needlesticks per years
compared to 15% in physicians (chi-square = 11.56; p = 0.009). Mean number of accidental
injuriesin nursesis 23.6 per years, more than twice higher than in physicians (H =7.931; p =
0.0049). When the more frequent and less frequent blood contact were compared, the risk for
needlestick injury was higher in both the physicians and nurses when the blood contact is more
frequent (RR = 9.43; 95% Cl 2.43-36.57 and RR = 3.76; 95% CI 1.35-10.48, respectively).

Table 2.

Physicians Nurses
Blood contact
* 1-14/week 22 (46.8%) 16 (6.5%)
* 15 - 49/week 18 (38.3%) 100 (40.3%)
* > 49/week 7 (14.9%) 132 (53.2%)
—Mean (range) per week 30.1 (4 - 200) 106.9 (4-1000)
Needlestick or mucous membrane
blood exposure
*None 5 (10.6%) 17 (6.3%)
*1-4 27 (57.4%) 96 (35.7%)
*5-14 8 (17.0%) 63 (23.4)
*> 14 7 (14.9%) 93 (34.6%)
—Mean (range) per week 9.7(0-72) 23.6 (0 - 144)

While handling blood, protective gloves have not been used regularly. There is a difference
between physicians and nurses, in the way that 80% of physicians compared to 35% nurses use
them often, while never wear them 15% and 10%, respectively. Risk for more frequent
needlestick injuriesis not elevated for those that are not wearing protective gloves compared to
those who use them often neither in physicians (RR = 0.42; 95% CI 0.06 - 2.70) nor in nurses
(RR=0.91; 95% CI 0.61 - 1.35).

Discussion

Our results show that the needlestick injuries occur more often in nurses than in physicians.
Similar has been found in other investigations (1,2,3). More knowledge on modes of
transmission of blood borne infections and preventive measures could be an explanation for
that. However, we found that risk for needlestick injuriesis elevated when the daily contact
with blood is more frequent, and that was significant both for physicians and nurses. The
average number of incidentsin our study is much higher than found in some others (2,4,5).
Wearing gloves while handling with blood, was not related to the frequency of injuries.

This study is completely based on the data from the questionnaire. The response rate is low,
particularly for physicians. Some answers might be with error, like reporting 144 injuries per
year. Questionnaires are not much in use in Y ugoslavia, and people are not used on them. We
suppose that some subjects do not understand well the questions, so the answers are biased.
This has to be changed in the further studiesto obtain more reliable data on exposure to blood.

Our data have shown that third of all nurses never wear protective gloves handling blood.
Reporting needlestick and other accidental injuriesis not mandatory and not regul ated.

Conclusions
In spite of all shortcomings our data have found more needlestick injuriesin nurses than in
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physicians, and both are higher than found in other studies. We also noticed that the incidents
are more frequent when the blood contact is more frequent. The method of assessing exposure
to blood must be improved in order to perform adequate preventive measures and prevent
possible occupational blood borne infections in health care workers.
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I ntroduction

To determine possible chronic health effects from exposure to solvents, it is necessary to be
able to characterise lifetime exposure. Exposure misclassification can reduce study power and
failure to identify possible causal associations. The aim of this work was to utilise two recently
devel oped subjective exposure assessment techniques to determine both inhalation and dermal
solvent exposures and to compare these results with other simpler exposure assessment
methods.

M ethods

One hundred and twenty men participated in the study. The mean age was 54 years (range 28 to
79). Ninety-two had worked in the paintshop of alocal dockyard with afurther 28 recruited as
non-painters from the local community. Exposure assessment was carried out using two
previously devel oped strategies to estimate both inhalation (1) and dermal (2) exposure to
solvents. The exposure reconstruction strategy employed occupational information gathered
from all subjects using a self-completed questionnaire and detailed interviews. Data on working
practices, processes and control measures was utilised. Data on solvent levels were obtained
from aliterature review and records of paint types and monitoring data collected in the
workplace during the 1980’ s. Workplace visits were used to help understand the process and
current working conditions.

The process of estimating personal exposuresin each job code took account of changes over
time in work practices and methods. The 25 job codes were subdivided into 89 job code eras. In
turn, each was further divided into primary job tasks and atotal of 127 job tasks were
produced.

Inhalation and dermal exposure estimates for each task were completed and summed
according to the time fraction spent on the task to produce atime-weighted average solvent
exposure for the 89 job code eras. The job code era exposures were applied to the work history
database and the lifetime solvent exposures calculated. A similar procedure was used to
eval uate non-occupational exposures. The cumulative exposure was expressed as the equivalent
number of yearswork at the current UK Occupational Exposure Limit (OEL .years) for that
particular solvent mixture. The sum of these fractions was used as a cumulative lifetime solvent
index.

The final cumulative exposure metric was compared with three simpler metrics used in
previous investigations of these painters. Thisincluded 'Ever/Never' worked in the dockyard
paintshop, years of employment in the paintshop, and finally the subjective exposure
assessment carried out purely in terms of occupational inhalation exposure.

Results

Total cumulative solvent exposures ranged from 0 to 64.1 OEL .years with a mean value of
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13.5. The ever/never categorical classification of workers exposure indicated that the group
who had never worked in the paintshop typically had very low cumulative exposures (mean
0.53 OEL .years range 0-8.2). However, those classified as having worked in the paintshop had
carried out a diverse range of activities for an equally wide range of employment durations and
as aresult had awide range of cumulative exposures (mean 17.5 OEL .years range 0-64).
Indicating that alarge fraction of these workers would be misclassified by this method.

The surrogate metric of years of employment in the dockyard was a similarly poor predictor
of lifetime cumul ative exposure as indicated by a Pearson correlation coefficient of 0.51 and
figure 1.

The assessment of inhalation exposures provided an excellent prediction of lifetime
cumulative solvent exposure in OEL .years as shown in figure 2. The Pearson correlation
coefficient is 0.99. Such a strategy however failsto identify non-occupationa exposures and
the solvent dose resulting from dermal uptake. We found that the fraction of additional solvent
exposure from non-occupational and dermal sources was, on average, 13% and ranged from O-
70%. This additional fraction may have important repercussions in terms of epidemiological
analyses and limit setting.

Conclusions

Simple exposure assessment strategies based on categories such as 'ever' or 'never' employed in
an industry or surrogate metrics such as years of employment are likely to create considerable
exposure misclassification. When considering cumulative lifetime exposure to a chemical that
may be experienced in many occupational and non-occupational settings and where exposure
may be received by more than one route, afull characterisation of exposure is necessary. The
methodology employed in this study is particularly useful where limited measurement data
exist.
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Figure 1: Graph of cumulative solvent exposure against duration of dockyard employment
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Figure 2: Graph of cumulative solvent exposure against occupational solvent exposure by
inhalation only
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I ntroduction

The manufacture of fibreglass reinforced plastic products may give rise to substantial
occupational exposure to styrene. Using hand lay-up and spray-up techniques, employees work
near large styrene emitting surfaces. During these operations, ten to 15 percent of styrene can
evaporate into the work place air. Short-term peak exposure is frequently observed in this
industry. Such exposure pattern needs further consideration in terms of styrene neurotoxicity.
The aim of this pilot study was to examine the exposition profilesin 10 fibreglass reinforced
plastic plants and to aid in the selection of industrial cohortsto be included in a future
epidemiological study. The emphasis was placed upon the analysis of peak concentrations.

Methods

Exposure data were collected in 10 small, medium-sized and large plants in Quebec, producing
boats, showers, baths, parts of truck or bus bodies, balconies and various small objects. In each
plant, exposure of workers was monitored during the various tasks. A task is defined as a
working cycle during which alamination of one layer is completed.

The concentration of airborne styrene in the breathing zone was «continuously» recorded
with a portable gas chromatograph (Varian Chrompack CP-2003) The instrument was
calibrated with standard mixtures 21 — 852 mg/m® styrene in air. Sample were taken and
analysed every 1.2 minutes during entire working cycles, to obtain styrene peaks exposure data.
Work practices were recorded simultaneously. A peak concentration was defined as a short-
term concentration exceeding at |east twice the average of the personal 8-hour TWASs most
recently observed in this plant. To assess the average 8-hour exposure in each plant, the data
set included 4-hour TWA concentrations measured using passive dosimeters by the local
community health hygiene teams.

Results

Presently, 5 of 10 plants have been evaluated : two small plants (2 and 6 directly exposed
workers), two medium-sized plants (15 directly exposed workers) and one large plant (45
directly exposed workers). Small plants used between 200 and 800 kg styrene resin/day, the
medium plant used 1100 kg/day, and the large plant 3400 kg/day. The styrene content in the
resin varied between 20 and 70 percent (by weight). The volumes of the lamination rooms
varied from 2500 to 20 000 m®. The operations were generally much the samein all plants and
the two major operations were hand lay-up and spray-up. Two plants used robots for spray-up
of some parts.

Big structures were laminated in large, open areas without separation into different sections,
i.e spray-up molding was done in an open area of plants. Laminators performed their tasksin
many instances in close proximity to the chop gun operators and while the “ gunner” was
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spraying the resin. Gel coaters, always wearing a respirator,were not evaluated. The use of
respirators by other workers was not observed. All the plants had both local and/or general
exhaust ventilation. In all plants the entire environment was controlled by a central dilution
ventilation system consisting of exhaust fans and conditioned make-up air. In some instances,
the ventilation system was aided by the use of circular fans which developed directional air
flow patterns. There was no large accumul ation of styrene at the worksites. In all plants, there
were no differences between summer and winter exposures of workers.

Table 1 shows a summary for 5 fibreglass facilities evaluated. These data indicate substantial
variability of exposures within the industry. The average 4 hour-TWA exposure in 5 plants
ranged between 112 and 374 mg/m®. There was no relationship between the average exposure
and the size of plants. The heaviest exposure took place during the lamination of boat shell
molds. A comparison of the sampling data with the Quebec recommended 8-hour TWA
exposure limit shows that 50 to 100 % of workers sampled in 4 plants would be exposed to
concentrations above the limit level of 213 mg/m®,

The measurement of the short-term concentrations during the tasks showed a great variation
in the styrene concentrations over different tasks. In 4 plants, the average concentrations over
the duration of the measured tasks were under the Quebec recommended short-term limit of
426 mg/m® with one exception. Concentrations over 426 mg/m® were registered for X persons
in one plant with the heaviest exposure. The duration of the tasks varied between 3 and 67
minutes with 66 % of the tasks under 15 minutes, 26 % between 15 and 30 minutes and only 8
% over 30 minutes.

No peak concentrations were observed in one large and one small plant with average
exposures over the VEMP. In the other 3 plants the peak concentrations were 2 — 16 times the
mean concentrations. Surprisingly, the highest peaks mounting up to 1781 mg/m°® were
registered for 35 % of the tasks in the plant with the lowest average exposure. The duration of
peaks varied between 2 and 11 minutes.

Table 1. Summary data on exposure of workers to styrenein 5 Quebec plants

PLANT A-large | B-small C-small D-medium E-medium
4-hour Number of 14 2 9 4 4
TWA samples 6 9
conc. Conc. 243 218 217 116 374
(mg/m°) 220 112
Average Number of 10 7 7 7
conc. tasks 3 13
during Duration 3-67 3-10 3-15 4-66
tasks (minutes) 14-16
Min.-max. 55-294 73-159 63-233 57-575
(mg/m°) 206-215 64 — 256
Peak conc. | Number of - - 3 5
during peaks - 12
tasks Duration - - 2-6 35
(minutes) - 2-32
Min.-max. - - 459-546 | 247-1657
(mg/m°) - 213-1781
Peak/ - - 2.1-25 2.1-14.3
average - 2.3-159

Two independent sectors of the plant A and D were evaluated separately
Conc. = concentration
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Discussion and conclusion

Thisinvestigation in the fibreglass reinforced plastic industry showed that considerable styrene
concentrations are involved in the manufacturing processes. The concentrations while doing a
specific task (spray-up and hand laminating) did not differ very much between large and small
plants. The major factor determining the overall level of exposure to styrene within each plant
was (1) the distance between the unprotected worker and the large surfaces from which styrene
evaporates (2) the effectiveness of the plant's ventilation systems.

It has been shown that styrene exposure may affect the function of both the central and the
peripheral nervous system. In the present study workers were exposed to a number of peak
levels up to 1781 mg/m?® in spite of the low TWA concentration of about 112 mg/m®. These
results indicate that even in plantsin which the 8-hour TWA isrelatively low, peak
concentrations much above recommended short-term limit can be reached. This may raise
concerns regarding potential central nervous system effects in the workers.

This study was supported by IRSST (Québec, Canada).

318



Estimating exposures in asphalt industry for an international
epidemiological cohort study of cancer risk

Burstyn | 2, Boffetta P ®, Kauppinen T ©, HeikkilaP ®, Svane O @, Partanen P ®, Stiicker |
® Frentzel-Beyme R ©, ArhensW ©, Merzenich H ©, Heederik D ¥, Hooiveld M @, Langérd
S Randem B ”, Jarvholm B ®, Bergdahl | ©, Shaham J©, Ribak J©, Kromhout H ®

(1) Occupational and Environmental Health Group, Institute for Risk Assessment Sciences
(IRAS), Utrecht University, Utrecht, the Netherlands, e-mail: | .Burstyn@vet.uu.nlj

(2) Unit of Environmental Cancer Epidemiology, International Agency for Research on
Cancer, Lyon, France;

(3) Finnish Institute of Occupational Health, Helsinki, Finland;

(4) Danish Working Environment Service, Copenhagen, Denmark;

(5) INSERM U.170, Villgjuif, France;

(6) Bremen Institute for Prevention Research and Social Medicine (BIPS), Bremen, Germany;
(7) Centre for Occupational and Environmental Medicine, The National Hospital University of
Oslo, Odlo, Norway;,

(8) Department of Public Health and Clinical Medicine, Umea University Hospital, Umea,
Sweden;

(9) Occupational Cancer Unit, Occupational Health and Rehabilitation Institute, Raanana,
Israel.

I ntroduction

The International Agency for Research on Cancer has assembled a cohort of asphalt workers
from eight countries. Asphalt workersin the context of the study were defined as individuals
involved in handling of asphalt from its manufacture at asphalt mixing plantsto its application
in paving, roofing or waterproofing. Some of the employees in the companies of interest were
also employed in building and ground construction. The study was prompted by an ongoing
controversy about carcinogenicity of emissions derived bitumen, the binder used in the asphalt
mix. The primary concern was whether lung cancer was associated with bitumen fume
exposure. Thus, inhalation of other known and suspected carcinogens that are likely to exist in
the study population, such as coal tar, polycyclic aromatic hydrocarbons (PAH), silica dust,
diesel fume, and asbestos, also had to be assessed. Exposure assessment was designed to be
specific for country, time period, company and job class, since we anticipated that production
characteristics nested within these categories affected exposure pattern. The objective of this
report was to describe devel opment of an exposure matrix for known and suspected
carcinogens for a multi-centric international cohort study of asphalt workers.

M ethods

Production characteristics in the companies enrolled in the study were ascertained viaa
guestionnaire and consultations with industry representatives and industrial hygienists.
Exposures to bitumen fume, organic vapour, polycyclic aromatic hydrocarbons (PAH), diesel
fume, silica and asbestos were assessed semi-quantitatively using company questionnaires and
expert opinions on relative exposure intensities. Quantitative exposure estimates for road
paving workers were derived by applying regression models (based on monitoring data) to
exposure scenarios identified by company questionnaires. Frequency of coal tar use was
derived directly from the questionnaires. All estimates were standardized to an 8-hour work-
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shift. The resulting exposure matrix was time period-, company- and job class-specific.

Results

Most of 203 firms from eight countries enrolled in the study were engaged in asphalt paving
(51%) and mixing (94%). Coal tar use was most common in Denmark and the Netherlands, but
it its frequency declined dramatically since between 1960 and early 1970's; the practice is now
obsolete in the studied countries. The highest bitumen fume, organic vapour and PAH
exposures occurred among roofers and waterproofers. Exposure matrix identified non-
monotonic historical decrease in exposuresto al agents except for silicaand diesel exhaust
(Figure 1). Complex pattern of assessed bitumen fume exposuresisillustrated in Figure 2, and
it emphasizes difference in historical exposure patterns among countries. Bitumen fume and
coal tar exposures were moderately correlated (r=0.34), with the highest correlation for pre-
1960 time period (r=0.47). There was avery strong correlation among bitumen fume, organic
vapour and PAH exposures (r=0.78 to 0.98).

Figurel Figure2
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Conclusions

We cannot distinguish among cancer risks associated with bitumen fume, organic vapour and
PAH exposures. Adjustment of risk estimates for coal tar exposure should be possible. Our
approach produced a data-driven exposure matrix that can be challenged in future studies and
easily re-estimated. We have demonstrated that quantitative exposure assessment is possiblein
multi-centric occupational cohort studiesif sufficient occupational hygiene monitoring data can
be recovered and subjected to statistical modeling. Complex exposure patterns identified
through the exposure matrix could not have been devel oped with any degree of certainty by
relying exclusively on "expert evaluation" methodology.
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Does current rather than cumulative dust exposure predict onset of
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I ntroduction

Current dust exposure might be a more relevant metric than cumulative dust exposure when
studying asthma and other respiratory conditions. In a previous retrospective cohort study of
workers from a soft paper mill in Sweden, asthma was not associated with cumulative dust
exposure, and the effect of current exposure was not addressed (1). Also, unpublished analyses
of the same data revealed that chronic bronchitis was not associated with cumul ative dust
exposure. We re-analyzed these data to investigate whether current dust exposure predicted the
onset of either asthmaor chronic bronchitis. Based on a prior study of air samples from the
mill, the dust contained no asbhestos and less than 1% silica, and therefore fulfilled the criteria
for a particle not otherwise regulated (PNOR) as defined by the USA Occupational Safety and
Health Administration (OSHA). A final aim of this study was to investigate whether the OSHA
PNOR standard of 15 mg/m® total dust was protective for workers in a soft paper mill.

Methods

The subjects included 972 people who were aive in 1987 and had worked at least one year in
the paper mill during 1960 to 1987 and 781 othersliving in the mill town in 1987. Subjects
entered follow-up at either age 18 or 1960, whichever was later. Follow-up ended at ilIness
onset for cases and 1987 for non-cases. Subjects completed a postal questionnaire that inquired
about the occurrence of asthma since age 15 and respiratory symptoms characteristic of chronic
bronchitis. Those who reported these conditions were asked to indicate year of onset. The
guestionnaire also inquired about work history, cigarette smoking, and childhood atopy.
Proportional hazards regression was used with time-dependent outcome and paper-mill-
exposure variables. Potential confounders that were considered included both time-dependent
variables (e.g., cigarette smoking status) and variables that did not change during follow-up
(e.g., childhood atopy).

Historical measurements of airborne dust in the paper mill were combined with self-reported
work historiesto get annual estimates of current and cumulative exposure for each subject.
Based on the available dust measurements, each combination of job title and calendar year was
assigned to one of five exposureranges. 0, >0to <1, >1to <5, >5t0 10, and >10 mg/m3. The
person-years of current paper mill work were approximately equally split between the exposure
ranges of >0 to <1 and >1 mg/m?®, and these two ranges were considered low and high current
exposure, respectively. To estimate cumulative exposure, each year of follow-up for a subject
was characterized by one of five exposure levels based on the approximate mid-points of the
current-exposure ranges. 0, 0.5, 3.0, 7.0, and 15 mg/m®. These annual values were then
summed to determine an individual’ s cumul ative exposure, expressed in units of mg/m*-year.
The person-years of current mill work were approximately equally split between the cumulative
exposure ranges of >0 to 9.5 and >9.5 mg/m>-year, and these two ranges were considered low
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and high cumulative exposure, respectively, among current workers. Therelatively small
number of person-yearsin the category of previous mill employment discouraged further
division based on cumulative exposure.

Results

There were 44 people with onset of asthma and 119 with onset of chronic bronchitis during
follow-up. Theincidence of asthmavaried little among the current exposure categories of
unexposed (1.2 cases per 10° person-years), low-exposed (0.6 cases/10%), high-exposed (1.7
cases/10%), and previously employed (2.1 cases/10%), and regression analysis confirmed there
was no statistically significant difference between unexposed subjects and each of the other
three categories. In contrast, the incidence of chronic bronchitis varied by current exposure
level: unexposed 2.2 cases/10° low-exposed 2.8 cases/10°, high-exposed 6.4 cases/10° and
previously employed 6.3 cases/10°. The elevated incidence among those with high current
exposure was not attributable to the experience of those with very high exposure. In fact, of the
37 cases in the high-current-exposure category (>1 mg/m®), 35 were in the exposure range 1 to
<5 mg/m® with an incidence of 8.5 cases/10°. Incidence was also elevated relative to the
unexposed for current mill workers when they were categorized by low and high cumulative
dust exposure (4.6 and 5.3 cases/10°, respectively). To clarify the relative contribution of
current and cumulative dust exposure, the person-time experience of current workers was
classified by both simultaneously. Based on regression, hazard ratios were consi stently
elevated for high current exposure but not high cumulative exposure (Table 1). Further
analyses with chronic bronchitis revealed an elevated hazard ratio for current mill work (1.9,
95% CI 1.2, 2.9) independent of smoking status, while an elevated hazard ratio for previous
mill work was limited to current smokers (3.8, 95% CI 2.0, 6.9).

Table 1. Proportional hazards regression model for chronic bronchitis*

Current/Cumulative Exposure? Hazard Ratio (95 % CI) P-values
None/None 1.0

Low/Low 1.3 (0.7, 2.4) 0.41
Low/High 09 (0.2,3.9) 0.93
High/Low 2.7 (13,5.5) 0.01
High/High 21 (1.2,35) 0.01
Previously employed 25 (15,4.2) <0.01

! Controlling for atopy as a child and current smoking.
% The cut points between low and high exposure were 1 mg/m® for current exposure and 9.5
mg/m°-yrs for cumulative exposure.

Discussion

We were able to use historical measurements of dust exposure to estimate job- and time-
specific current exposuresin a soft paper mill. Current dust exposure at >1 mg/m?® predicted
onset of chronic bronchitis but not asthma. The findings for chronic bronchitis suggest that the
OSHA PNOR standard of 15 mg/m® total dust may not be protective for workers exposed to
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paper dust.
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1. TorénK et al. Respiratory symptoms and asthma among workers exposed to paper dust: a cohort
study. AmJ Ind Med 1994;26:489-496.

323



M easurements of mercury exposure in end-exhaled (alveolar) air
Sdlsten G @, Barregérd L®

! Department of Occupational and Environmental Medicine, Sahlgrenska University Hospital,
Goteborg, Sweden, e-mail: gerd.sallsten@ymk.gu.se

I ntroduction

Inhalation is the most important uptake route for mercury vapour. Mercury (Hg) is readily
absorbed through the lungs and distributed to various organs before elimination, mainly by
urinary and faecal excretion, but also by exhalation and sweat. For biological monitoring
mercury in urine or blood can be used to assess the exposure. A method has aso been
developed for determination of trace amounts of mercury in end-exhaled air (1). The usefulness
of this biological marker for assessment of mercury exposure has been investigated.

Subjectsand methods

Mercury in end-exhaled air was investigated in 10 subjects without amalgam fillings, in 32
subjects with amalgam fillings and in four occupationally exposed subjects (without amalgam
fillings). In the group of 32 subjects, 17 subjects were frequently using chewing gum, on
average 5 hours per day. The remaining 15 subjects had similar amalgam burden as the
chewers. Among subjects with amalgam fillings we also determined mercury in plasma and
urine.

In two of the occupationally exposed subjects mercury in end-exhaled air was determined
immediately after end of work. In the other two occupationally exposed subjects, repeated
measurements of Hg in end-exhaled air were performed after end of exposure. In these
individuals the half-life of the slow elimination phase was cal culated using a one-compartment
model.

As ethanol increases the levels of Hg in end-exhaled air (2) no acohol intake was allowed
for eight hours before the investigation.

Mercury vapour was preconcentrated by amalgamation on sampling traps filled with gold. A
small air volume (100 ml) was collected at the end of an oral exhalation and repeated sampling
was performed up to five times. For subjects with amalgam fillings, the air sample was
collected after exhalation through the left nostril in order to avoid contamination of mercury
released from their amalgams. A specially designed sampling device, consisting of a modified
peak expiratory flow meter, was used (1). Mercury was determined using PSA (PS Analytical,
Orpington, UK) Sir Galahad instrument consisting of a two-stage amalgamation technique
combined with atomic fluorescence detection. Hg in plasma and urine was determined by an
automized cold-vapour atomic fluorescence technique after digestion with acids.

Results

In all 10 subjects without amalgam fillings mercury in end-exhaled air could be detected and, as
expected, higher mercury levels were found in subjects with amalgam fillings (Tablel).
Chewers had significantly higher levels than non-chewers and in subjects with on-going
occupational exposure the mercury concentrations were even higher.
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Tablel. Mercury concentrationsin end-exhaled air among different exposure groups

Subjects Mercury in end-exhaled air, pg/L
Median Range

10 without amalgam fillings 4 3-12

15 with amalgam fillings 19 8-35

17 chewers with amalgam fillings 50 11-287

2 with on-going occupational 1100 900 and 1300

mercury exposure, no amal gams*
*The two other occupationally exposed subjects are presented in Table 2.

In the chewers, mercury levelsin plasma, urine and end-exhaled air were significantly higher as
compared with non-chewers. Among the non-chewers a significant correlation between Hg in
plasma and Hg in end-exhaled air was found (rs=0.74 p=0.002). Among chewers, high
correlations were found for mercury in end-exhaled air and mercury in plasma (rs=0.92
p=0.0001) and urine (r<=0.94 p=0.001), respectively.

A slow elimination phase of mercury was seen in end-exhaled air in the two subjects after
occupational exposure (Table 2). The half-life was 3.5 and 1.5 months, respectively.

Table 2. Mercury concentrations in end-exhaled air after end of occupational exposure.

Subject Time after exposure Mercury in end-exhaled air, pg/L
(months)

1 4 71
5 57
6.8 44
14.4 7

2 2 75
3 63
4.8 26
24 7

Discussion

Mercury in end-exhaled air could be detected also in very low exposed individuals. The
procedure is fast and simple but samples have to be taken in an uncontaminated area. It is
necessary to avoid any alcohol intake for at |east eight hours before determination of mercury
in end-exhaled air since ethanol causes an inhibition of the oxidation of Hg” to Hg?" in tissue.
In an earlier study (2) an increase of Hg in end-exhaled air was seen also after a very low dose
of ethanol (0.1 g/kg body weight).

The method for determination of mercury in end-exhaled air could be a valuable tool to
assess short-term Hg exposure, especialy if no blood sample can be collected. Mercury in urine
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is not agood biomarker after short-term exposure. Peak exposure can be detected in end-
exhaled air if sampling is performed in connection with the exposure. In blood and urine there
isadamping effect and peak exposures are therefore difficult to detect.

A good correlation was found between Hg in plasma and Hg in end-exhaled air in subjects
with a steady-state mercury exposure. Mercury in end-exhaled air reflects the concentration of
inorganic mercury in blood. Therefore, if inorganic Hg is of interest, Hg in end-exhaled air
could be preferred compared to determination of total mercury in blood, which yields the sum
of inorganic and organic mercury.

In subjects with long-term exposure, an increased level of Hg in end-exhaled air could be
seen even some months after end of exposure. The half-life for the slow phase isin accordance
with the half-life for inorganic mercury in humans for the whole body and the kidneys.

Conclusion

Mercury in end-exhaled air is a new non-invasive biological marker for inorganic mercury
exposure, of specia value at peak exposures.
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I ntroduction

Organic Acid Anhydrides are agroup of industrial chemicals used intensively in the production
of arange of everyday products such as plastics, electronic components and paints. They are
also known to be one of the most powerful low molecular weight occupational IgE sensitisers
(1). The aim of this study was to quantify long-term exposure to a particularly sensitising
anhydride, hexahydrophthalic anhydride (HHPA) using the total plasma protein adducts
(TPPA) of the anhydride (H-P) as an index of exposure and to relate this to specific
immunoglobins (H-1g) and work-related symptoms.

Subjectsand methods

A total of 139 workers from afactory producing electrical components containing epoxy resin
which uses HHPA as hardner, were studied. These workers were also exposed to an another
anhydride, methylhexahydrophthalic anhydride (MHHPA). There was no correlation between
HHPA and MHHPA exposures. Plasma was obtained from these subjects and exposure was
estimated by quantification of H-P using a recently published gas chromatography-mass
spectrometery (GC-MS) method (2). Serum from the subjects were analysed for H-IgE and H-
19G (2). Information on clinical symptoms were obtained from self administered questionaires
and supplemented with interviews by a physician.

Data analysis

Using H-P as exposure index, the subjects were divided into four groups (I-1V), each containing
the same number of workers. Percentage of workers positive for i) H-IgE, ii) H-1gG, iii)
symptoms from the lower airways, iv) eyes v) nose and vi) suffering from nose bleed were
calculated for each of the four groups.

Results

Thelevels of H-A and the corresponding air levels for HHPA are shown in table 1. Overall,
about 20% of all workers were found to be positive for specific Igs (table 2). The percentage of
exposed workers having various clinical symptoms ranged from about 8% to 27%.

A clear dose-response relationship was seen in most cases where increasing levels of
exposure gave increasing percentage of workers with antibodies and symptoms. The
HHPA exposure threshold level for the production of H-IgE was seen to be somewhat
lower than that of H-1gG.
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Discussion

The results from this study show that TPPA of HHPA is an excellent biomarker of long-term
exposure. Aswell as being stable and easily measurable, it is capable of monitoring a range of
exposure levels. Furthermore, it showed good dose-response correlations with immunological
effects, such aslevels of Igs and clinical symptoms of the allergic disease. It is noteworthy to
emphasi se that sensitisation had occured at exposure levels even at air levels of just afew
Hg/m°. These results may allow determination of the threshold levels of exposure which cause
sensitisation and thus will be useful in prevention of allergic diseases and for establishment of
occupational exposure limits.

Table 1. Levels of H-A and the corresponding air levels.

Groups |H-P(fmol/ml) | HHPA Air levels (ug/m°®)
| 0-40 <1l
1l 40-100 1-3
11 100-300 3-9
1\ >300 >9

Table 2. Percentage of HHPA exposed workers with positive H-IgE, H-1gG and various clinical
symptoms.

Exposure H-1gE H-1gG Lower Symptoms Symptoms Nose bleed
group airways from eyes from nose
symptoms
I 5.7 5.7 11.6 8.6 17.1 2.9
I 18.9 2.7 8.1 18.9 27.0 8.1
I 25.0 18.8 - 21.9 313 6.3
v 28.6 42.9 229 34.3 34.3 14.3
All subjects | 19.4 17.3 10.8 20.9 27.3 7.9
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I ntroduction

Naphthalene is one of the most ubiquitous polycyclic aromatic hydrocarbons at work sites and
in the environment. The aim of the pilot study was investigate the excretion of naphthalene as
1-OHN (1-hydroxynaphthalene) in humans following oral, dermal and respiratory exposure.

Methods

The volunteers were two healthy, non-smoking, adult research workers: a woman (age 43 years,
weight 59 kg) and aman (age 46 years, weight 73 kg). The volunteers gave informed consent
after being informed about the purpose of the study, the methods, potential risks, and their right
to withdraw at any time. The pilot study followed the recommendations in the Declaration of
Helsinki.

The subjects ingested a single dose of 0.5 mg/kg of naphthalene dissolved in 2 ml of ethanol
and mixed with 0.2 | of a coladrink. The excretion of 1-OHN was followed by collecting al the
voided urine in separate samples every 2™ hour for the first 8 h and spontaneous voids
thereafter for 24 h. Control urine specimens were collected before the experiment.

The same two volunteers applied 0.5 mg/kg naphthalene dissolved in 2 ml diethylether on an
area of about 23-25 cm? on their ventral forearm skin. The compound was kept under occlusion
for 4 h and then washed away with soap and water. The excretion of naphthalene was followed
by collecting all the urine voided every 4™ hour for the first 8 h and then spontaneously for 24
h. Control samples were abtained before the experiment.

The same two volunteers were exposed by inhalation to alow level of naphthalenein a
dynamic exposure chamber. Exposure was generated by mixing saturated naphthal ene vapour
with laboratory room air drawn into the chamber. The stability of the naphthalene concentration
was automatically controlled by an infrared spectrophotometer (Miran 1A) and a processor
which varied the feed rate of saturated naphthalene vapour as needed. The airborne
concentration was confirmed by collecting samples onto three X AD-2 resin tubes. The samples
were analysed by HRGC equipped with a FID detector. The concentration of naphthalene was
0.8 mg/m3 by HRGC and 0.8-1.0 mg/m3 by Miran 1A. The exposure time was 3 h 56 minutes.

For the estimation of uptakes via different routes, the following assumptions were made:

- Naphthalene was compl etely absorbed after oral ingestion.

- Inhalation uptakes were derived by assuming that lung ventilation of the volunteers was 15
I/min (sedentary activity), and that 50% of naphthalene was retained in the lungs.

No data were available on the retention of naphthalene following inhalation. The assumption of
50% was based on the knowledge that only a part (about 70 %) of inhaled air reaches the gas
exchange part of the lungs, and that the pulmonary retention of vaporous lipid soluble aromatic
compounds such as xylenes, toluene and benzene has been 56-59%, 53% and 50%,
respectively, in humans.
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Results

Table 1 shows the excreted amounts of the 1-OHN/24 h obtained in the two volunteers
following oral, dermal and respiratory exposure to naphthalene. The urine voids collected by
the male volunteer were incomplete after the ingestion of naphthalene.

Table 1. The naphthal ene doses and the measured excretion of 1-OHN in the experimental
study.

Route of Sex Dose Administered or Voided Excreted Ratio, excreted/
exposure estimated taken dose  urine/24h  urinary 1- taken or
OHN administered
mg/kg mg pmol L (umol)
ingestion m 05 36° 281° 0.6°
f 05 29.5% 230° 14 112 0.49
dermal m 0.5 36° 281° 1.3 4.4 0.02
f 05 30° 234° 15 2.26 0.01
mg/m®
inhalation m 0.8 142 118 1.6 0.7 0.06
f 0.8 1.4% 112 1.9 0.94 0.09

& Estimated absorbed dose
b All urine voided in 24 h was not collected
¢ Administered dose

When the given assumptions were used for the calculation of respiratory uptake, in average 7%
of the naphthalene taken vialungs was excreted in urine as 1-OHN. After dermal application, 1-
2% of naphthalene applied on the skin was found in urine as 1-OHN. In order to estimate the
amount of naphthalene that was absorbed through the skin, it was presumed that formation of 1-
OHN issimilar after dermal and inhalation absorption. Adopting the result from the inhal ation
study, i.e. that about 7% of naphthalene taken up was metabolised to 1-OHN, showsthat 11-
26% (mean 18%) of the naphthalene applied to the skin was absorbed. The reason for assuming
that the metabolic fate of naphthaleneis rather similar following absorption via the lungs and
the skin, whilst it may be different after ingestion, isthe likely firstpass metabolismin the liver
after oral absorption.

Discussion

The fraction of **C-naphthal ene absorbed through the skin after dermal application in rats was
50% (1), but no quantitative data on the absorption of naphthalene in humans are available.
Neither are data avail able on the percentage of naphthalene excreted as 1-OHN in human urine
after dermal exposure. The pattern of the metabolites of naphthalene differs among animals and
humans (2), and therefore animal studies cannot be used for an extrapolation to humans. In this
study, the ratio (7%) of excreted urinary 1-OHN to estimated uptake vialungs was used in
calculating the percentage of naphthalene absorbed after dermal application.

The results confirm the importance of skin as aroute of entry for naphthalene. A dermal dose
of 118 mg of naphthalene has resulted in aurinary 1-OHN concentration of 600-2600 pumol/mol
creatinine in psoriatic patients treated with coal tar ointment once a day for 4 weeks (3).
Comparable results were obtained in this study: the dermal dose of 30-36 mg naphthalene
resulted in a 1-OHN concentration of 300-550 pmol/mol creatinine.

The kinetics of naphthalene metabolism, after entry by different routes into the human body
has not been studied before. The results of the pilot kinetic study with two volunteers
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confirmed that naphthal ene enters the body by all routes of exposure - also the skinisa
significant route of exposure - and that the fraction of naphthalene excreted in urine as 1-OHN
depends on the route of exposure. According to the literature, PAH metabolism varies
significantly between individuals. Thus the results from the two volunteers only provide
suggestive, not necessarily representive information.
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I ntroduction

Thetoxic effects of different exposures at workplaces on the haematopoietic and immune
systems are of basic importance due to the time of exposure, lasting on average 8 hours daily
during one-week (1).
So, there are many studies about immunotoxic and hematotoxic effects of occupational
exposures, such as:
e porphyrinuriaand porphyrias have been observed after exposure to chlorinated
dibenzodioxines and hexaclorbenzene;
« aplastic anemia may occur after exposure to benzene, pesticides;
e neutropeniawas marked after exposure to carbon disulfide, benzene and
electromagnetic fields (3).
L eukemia seems to be influenced by different factors: geographical, ethnic, age, sex etc (2).
In spite of alot of epidemiological studies, precise knowledge about the causes involved in
disease’ s occurrenceis till far from being clarified.

Methods

A case-control study has been performed for occupational risk factors of leukemia, based on 23
cases (average age: 37.15 + 7.89 years) and 71 matched (average age: 37.96 + 8.62 years).

The subjects wereill persons from a Hematology Clinic (hospitalized in the period January
1998 — December 1999).

Detailed data regarding to: sex, age, occupational route and exposure were analyzed through
a detailed questionnaire and assessed by an occupational physician.

The data regarding the accurate diagnostic were filled in from the observation chart of each
surveyed case. The odds ratios (OR) were computed using EPIINFO 6.04 program.

Results

The reference disease was leukemia, all types cases hospitalized in the Haematology Clinic.
Occupational route revealed work places were those questioned worked and in this way, we
assessed the exposures to benzene, electromagnetic fields and pesticides.
Exposure data were gathered from the hygiene district specialists.
a. Leukemia-benzene

Leukemia

+ - Tota
Exposed to YES 6 8 14
BENZENE NO 13 72 85

19 80 99
Statistical significance: OR=2,80; IC: 95% (1,28-6,14);

p<0,01

We found 6 cases of leukemia:
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e 5 caseswith acute lymphoblastic leukemia;
¢ 1 casewith chronic myelogenous leukemia

b. Leukemia-electromagnetic fields

Leukemia

+ - Tota
Exposed to YES 3 2 5
electromagnetic fields NO 16 78 94

19 80 99

Statistic significance: OR=3,53; IC: 95% (1,52-8,19); p<0,01
We found 3 cases of leukemia:
e 2 casescu acute myelogenous leukemia

e 1 case cu chronic lymphoblastic leukemia

c. Leukemia-pesticides

Leukemia

+ - Total
Exposed to YES |2 2 4
Pesticides NO 17 78 95

19 80 99

Statistic significance: not significant

We found 2 cases of chronic lymphoblastic leukemia.

We were unable to accurately assess the exposure to pesticides, because many subjects were
using substances with unknown composition on their own land (small farmers).

We also assessed the influence of confounding factors, such as: residential environment
(urban-rural), smoking, ionizing radiation (medical treatments), detergents in household use,
traumatic episodes.

Discussion and conclusions

Our study adds credence to hypothesis that occupational exposure to benzene and
electromagnetic fields are leukaemogenic agents.

Exposure to benzene causes mostly acute lymphablastic leukemia and in the exposure to
electromagnetic fields prevail myelogenous types.
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Introduction

Although descriptions of chronic nephropathies secondary to lead exposure are ancient (Ollivier in
1863 and Lancereaux in 1882) they are lately admitted by everybody. Indeed, in different countries,
various epidemiological, clinical and anatomical survey were accomplished, some of them are putting
in doubt the reality of the renal toxic effect, whereas others are confirming it.

It is true that these nephropathies, that are a belated complications of the lead exposure, are difficult
to appreciate. Indeed until these last years, the diagnosis of these renal diseases is essentially based
upon the presence or the absence of a more and less important urinary protein that will condition the
pursuit of the renal explorations.

But, currently, the present biochemical means allow the exploration of the glomerular and the tubular
function. Indeed, it exists a hundred of urinary enzymes which permit the renal disease diagnosis (1-

17) and provide a biochemical biopsy that give more information about the site and the importance of
the renal lesion.

Method

This survey concerned 100 male workers. Their mean age was 43 years (interval 30-60 years) and
their mean exposure was 15 years (interval 8-24). These workers have always been exposed to
concentrations of lead in the atmosphere between 1.66 and 3.83 g/m’ of air according to work post.
The aim of this survey is to study the renal lesion at workers, who have been chronically exposed

to the inorganic lead. This survey consists to measure out the proteinuria, the microproteinuria and the
urinary enzymes whose activity permit to evaluate the degree and the place of these renal damage.
The enzymes dosage, after centrifugation, are made on the morning’s urines.
These workers have the following characteristics:

* never have specific treatment of the lead poisoning

* have a normal arterial pressure

* have no urinary infections.

* don't present a mellitus diabetes
Otherwise the dosage of the blood “creatinine”, and the dosage of the blood and urinary urea are
normal.
Because of feasibility, the dosage is made on the 12 hours urines that are collected at 7 hours a.m.

Results

Concerning the proteinuria, the results show that only 3% of the exposed workers present a proteinuria
with an average rate of 510 mg/24 hours. The microproteinuria is also present at 42% of workers with
an average rate of 42.39 mg/24h (Table 1).

The rates of microproteinuria are variable and there is no correlation neither with the age of the
workers nor with the period of the lead exposure Table 2).

If we compare the urinary activity of the enzymes, we note that the NAG and the GGT have a
similar high activity. The intestinal alkaline phosphatase has an average activity; and the urinary
activity of the LDH is very weak. Indeed, the urinary dosage of enzymes shows the presence of the
NAG at 100% of workers with a fluctuation rates between 1.07 U/l and 57 U/l (Table 3). The GGT is
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also present at 98% of cases with a rate going between 1U/l and 37 U/l. The activity of the intestinal
alkaline phosphatase is lower, and we find it at 23% of cases with a rates varying between 1U/l to 12
U/l. At Last the LDH, is present at only one person.

Table 1 - mean and peak (SEM) urinary enzymes (mg/l) and correlation according to age

Age Microproteinuria LDH alcaline NAG GGT
phosphatase
31-35 72.55(87.38) 0O 1.05 (2.83) 1.45 (0.29) 2.72 (1.27)
36-40 17  (25.79) 0 0.41 (1.00) 2.16 (0.14) 4.64 (7.60)
41-45 42.31(73.68)  0.05(0.02) 0.36 (0.83) 2.68 (0.19) 3.63 (3.78)
46-50 42.88 (67.86) 0O 0.11 (0.32) 3.58 (0.41) 3.63 (7.41)
51-55 38.61(45.82) 0 0.23 (0.43) 5.31(0.57) 2.92 (1.11)
56-60 30 (31.11) 0 2.11 (2.71) 19.25 (6.13)  3.33(2.94)
total 42,39 (64.85) 0.01(0.1) 0.52 (1.54) 3.95(5.31) 3.97 (5.31)
r -0.08 - -0.01 0.51 0.06

Table 2- mean and peak (SEM) urinary enzymes (mg/l) and correlation according to
exposure duration

Exposure Microprotéinuria LDH alcaline NAG GGT
duration phosphatase
6-10 49.22 (78.71) 0.03(0.19) 0.70 (2.30) 3.18 (1.96) 2.81 (1.07)
11-15 42.27 (66.97) 0 0.27 (0.76) 6.57 (12.60)  2.78 (0.95)
16-20 42.17 (69.05) 0 0.41 (1.08) 2.97 (1.04) 3.67 (3.49)
21.25 34.40 (34.45) 0 0.68 (1.52) 3.55(1.17) 6.90 (9.86)
42.39 (64.85) 0.01 (0.1) 0.52 (1.54) 3.95(5.31) 3.97
(5.31)
r -0.108 - -0.01 0.51 0.06

Table 3: percentage of positivity

%

Proteinuria 60 % (macroproteinuria 6% - microprotéinuria 54%)
LDH 1 %

Alcaline phosphatase 23 %

NAG 100 %

GGT 98 %
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Discussion

We always suspected the renal toxicity of the lead, nevertheless the doubt persists concerning
the primary responsibility of the lead or of the arterial hypertension in the renal disease. To
palliate to that, the survey has been lead on 100 persons exposed to the inorganic lead, and
who never received any treatment for the lead poisoning and who have a normal arterial
pressure.

The nephrotoxicity of the inorganic lead can express itself through either a glomerular
and/or a tubular affection.

The presence of microproteinuria is considered as a precocious glomerular lesion. In our
survey the urinary protein dosage showed that 60% of workers present a glomerular lesion
among which, 54% at a precocious degree.

To this stadium the dosage of proteins by the test strip procedure used of a systematic manner
in occupational health doesn't permit to question a possible glomerular affection, of where the
interest of the urinary research of microproteins.

Indeed the microproteinuria, (2-9-10) is defined as being the presence of abnormally high
urinary proteins without clinic proteinuria.

The microproteinuria is present when its rate is included between 20 and 200 mg/min (12-
15), rate to which the test with the test strip procedure is negative (9) and that corresponds
approximately to rates included between 30 and 300 mg/24h (2- 6-11-12).

If the enzymes usually provided information on organs, which are affected by the illness,
as the myocardial infarction, it is not the case for the kidney. The reason of this failing is due
extensively to the fact that the dosage of only one urinary enzyme can not give a reliable
information on the site, the type and the extent of the renal damage. The simultaneous use of
several enzymes as the N-acethyl-beta-D-glucosaminidase (NAG), the gama-glutamyl-
transferase (GGT) the intestinal alkaline phosphatase (PAL) and the lactate deshydrogenase
(LDH) permit an early and precise diagnosis.

In our survey, all the exposed workers to the inorganic lead have a tubular lesion attested
by the presence in the uri