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ABSTRACT
Introduction: We evaluated the effect on exposure of an
intervention programme, which focused on risk education
and providing information on good work practices. This
intervention programme was enrolled as part of a Dutch
covenant in the flour processing industry (industrial
bakeries, flour mills, ingredient producers).
Methods: Data from several measurement surveys
collected pre- and post-intervention were used to
evaluate changes in exposure over time. All datasets
contained personal measurements analysed for flour dust
and fungal a-amylase contents, and contextual information was available on process characteristics, work
practice, and use of control measures.
Results: Changes in exposure over time varied substantially between sectors and jobs. For bakeries a
modest downward annual trend of 22% was found for
flour dust and 28% for amylase. For flour mills the annual
trend for flour dust was 212%; no significant trend was
observed for amylase. For ingredient producers results
were generally non-significant but indicated a reduction in
flour dust exposure and increase in fungal a-amylase
exposure. Modest increase in use of control measures
and proper work practices were reported in most sectors,
especially the use of local exhaust ventilation and
decreased use of compressed air.
Conclusions: The magnitude of the observed reductions
in exposure levels indicates that the sector-wide
intervention strategy implemented during the covenant
period had a limited overall effect. This indicates that a
more rigorous approach is needed to substantially
decrease the exposure levels to flour dust and related
allergens and, respectively, the prevalence of associated
occupational diseases.

In many occupational settings exposure to hazardous substances has declined during the past
decades.1 2 Most suggested reasons for this are the
introduction of exposure limits and technological
innovations in processes.3 4 However, the specific
mechanisms which explain observed time-related
trends in exposure are poorly understood.5 Almost
all studies on exposure trends involve the reanalyses of existing exposure data that often result
in an inability to rigorously evaluate determinants
of exposure. Studies that are a priori designed to
evaluate changes in exposure levels across time are
very rare. A notable exception is the Minnesota
Wood Dust study.6 7 This study evaluated the
effectiveness of tailored interventions on occupational exposure in small wood-working shops,
using a group randomised trial. A comparison
was made between a group of companies receiving
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564

an extensive intervention (training of workers,
technical assistance and written recommendations) and a control group only receiving written
recommendation. The results showed a lower than
expected effect of the extensive intervention
scheme, which was attributed to the challenges
related to the implementation of interventions in
small enterprises.
For the bakery sector and several other flour
processing sectors no decline in exposure over time
was reported in recent studies.3 8 This is an
important observation since occupational exposure
to flour dust is one of the most observed causes
of occupational respiratory disease.9 10 In The
Netherlands approximately 12 000 workers perform
work activities that have a high risk of exposure to
flour dust and related allergens.11 12 To significantly
reduce occupational exposure to flour dust and
related allergens, and decrease the prevalence of
associated occupational disease, a sector-wide intervention programme was initiated in 2001.
This intervention programme was implemented
as part of a covenant among social partners and
major flour processing industries (bakeries, flour
mills and ingredient producers). The social partners
of the covenant were responsible for the design and
conduct of the intervention programme. In The
Netherlands, covenants can comprise detailed
agreements to reduce exposures, introduce exposure control measures, or inform and educate
workers. In the context of these covenants effectiveness of implemented control measures receives
special attention. Various covenants in different
sectors have been initiated in The Netherlands. An
assessment of the impact of a covenant for
hospitals in The Netherlands has been described
elsewhere.13
The main aim of the covenant in the major flour
processing sectors was reduction of the burden of
occupational respiratory diseases among workers
exposed to flour dust. Workers’ health was
monitored through the instalment of a sector-wide
health surveillance system. One of the major
initiatives within the covenant intervention programme was to inform all employers and employees on the risks of occupational exposure(s) and
provide information on good work practices and
control measures. This campaign included visits to
all companies by a trained consultant and the
distribution of a dust control manual specifically
developed for this purpose.14 This manual primarily
contained information on practical control measures and work practices that are easy to implement and a limited number of more elaborate
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technological control measures. The content was primarily based
upon general knowledge of potential control measures and lacked
a sound scientific evidence base. The manual also included a dust
control plan that every company had to fill in to obtain an
overview of the current state of dust control and the plans and
possibilities for future improvements. Within the covenant,
specific aims were set with respect to exposure reduction, that
is, all sectors committed to a 50% reduction in time-weighted
average exposure levels for flour dust and ingredient producers
also aimed at a 50% reduction for fungal a-amylase.
To evaluate the impact of the covenant on occupational
exposure levels, surveys were performed in all three sectors,
both at the beginning and at the end of the covenant period.
This article describes the evaluation of time-related trends in
occupational exposure. The results are discussed in light of
observed changes in work characteristics and use of control
measures.
The presented study is one in a series of studies focusing on
potential exposure reductions and their health impact in flour
processing industries. The results of the time trend evaluation
will be used as a baseline scenario in a health impact assessment
study focusing on the population burden of disease in the flour
processing industry in The Netherlands. The collated information may also provide information on potential further actions
that need to be undertaken to increase awareness of risk and
stimulate control of occupational exposure.

MATERIALS AND METHODS
Exposure data
A large database was created using two large-scale and three
small-scale exposure assessment surveys which have been
conducted during the covenant period. The covenants’ baseline
exposure survey, which led to agreements regarding exposure
reduction included in the covenant, was performed in the three
major flour processing sectors (bakeries, flour mills and ingredient
producers) in 2001, and included 638 personal exposure measurements. This study is described in detail by Meijster et al.8 At the
end of the covenant period, in 2007, another large survey was
performed to evaluate the effect of the covenant. Where possible
this survey included the same companies and workers as the
baseline study in 2001. Traditional bakeries were not included in
this survey. This study comprised 310 personal exposure
measurements. The three small exposure surveys conducted
during the covenant comprised a total of 272 personal exposure
measurements. These studies were performed in 2005 and
included measurements from traditional bakeries, industrial
bakeries and flour mills.
For the bakery sector the exposure component of an
epidemiological study, performed in the early nineties, focusing
on occupational exposure in relation to respiratory symptoms was
also included in the analysis.15 16 This study comprised 550
personal exposure measurements obtained from a random sample
of workers in both traditional and industrial bakeries. The final
dataset comprised 1770 personal exposure measurements generally including data on flour dust and fungal a-amylase levels for
most samples. Table 1 gives descriptive statistics and references
for the different datasets used in the analyses.

Exposure assessment
In all surveys personal sampling was performed in the breathing
zone of the worker. Full shift samples were obtained. During
the post-intervention survey, workers sampled during earlier
surveys were preferentially included. If this was not possible,
544

Table 1 Descriptive statistics and references for the different datasets
used in the analyses
Sectors
Study
period

n

k

c

1993
2001
2005
2007
Total

550
638
272
310
1770

180
99
86
67

21
95
24
23

Flour
Bakeries mills

Ingredient
producers References

550
356
225
131
1262

–
126
–
91
217

–
156
47
88
291

15 16 38 39
8
8

–

c, number of companies; k, number of workers with repeated measurements; n, total
number of samples.

workers with a similar job title and task pattern were included.
Measurement duration was between 4 and 10 h with 85% of
samples having more than 6 h of sampling time. All personal
air samples were obtained using a PAS6 sampling head
(Wageningen University, Wageningen, The Netherlands), with
a mounted glass fibre filter, connected to a Gillian GilAir
sampling pump (Sensidyne Gillian, Clearwater, USA) with a
calibrated air flow of 2 l/min. Dust levels on the filters were
determined by pre- and post-sampling weighing of the filters
after conditioning them for 24 h in an acclimatised room.
Details on personal air sampling can be found in Meijster et al.8
After determining the dust weight, samples were extracted and
analysed for their contents of fungal a-amylase using immunoassays. For all studies similar extraction and analyses
techniques were used. These analyses and extracting procedures
are described in detail by Houba et al16 and Bogdanovic et al.17

Contextual data
Contextual data were obtained from two sources. Information
on process characteristics, work practice, and use of control
measures was obtained in a walk-through survey conducted
during the measurement surveys by a trained field worker. We
also obtained the dust control plans that were part of the dust
control manual of all companies involved in the post-covenant
study. This provided a more general overview of recent and
future changes in these companies, especially with respect to
implementation of control measures. Additionally, a limited
survey was performed in a small sample of companies from all
sectors to look at the impact of the covenant with respect to
familiarity of bakery workers with the risk of flour dust and
their knowledge of potential control measures. This survey also
identified how many bakeries received the dust control manual
and filled in a dust control plan.
The quality and nature of the obtained information varied
substantially between the different studies. In some surveys
information was very detailed and gathered for individual
workers; in other surveys information was only obtained on
company level or in a qualitative way (eg, description of changes
in retrospect). In some cases definitions of variables changed in
between studies initiated by insights obtained in prior studies.
Where possible, changes in process characteristics, work practice
and use of control measures were evaluated in a quantitative
manner preferably on worker level and otherwise on company
level. If data did not allow for such analysis a qualitative
description of the changes is presented to give an overview of
the interventions that resulted from the covenant.

Statistical analysis
The distribution of the exposure data was determined to be
approximately log-normal using fit tests and visual inspection
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564
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of plots of the data. Descriptive statistics (arithmetic and
geometric mean, geometric standard deviation and range) were
calculated for both flour dust and fungal a-amylase stratified for
sector and time period. Box plots of both flour dust and fungal
a-amylase levels were created stratified for sector and study
year. Evaluation of exposure trends was performed with linear
mixed-effects models using the Proc Mixed procedure in SAS
(version 9). Separate time trend analyses were performed for the
three sectors, that is, bakeries, flour mills and ingredient
producers.
Changes in exposure levels over time were modelled by
introducing year as a continuous variable in our mixed-effects
models to estimate the annual relative change in average
exposure.18 Job title and sampling duration were introduced in
the models as co-variable to correct for possible confounding
effects. Sampling duration was introduced as a continuous
variable. Co-variables were included in the final models if the
maximum likelihood test showed significant improvement of
model fit (p,0.05).
Worker and company were incorporated into the analysis as
random-effect variables to account for correlation in the
exposure data.19 Significance of random-effect variables was
tested after adding co-variables (fixed effects). If random effects
were not significant they were excluded from the final analysis.
A compound symmetric covariance structure was assumed. The
models were evaluated for heteroscedasticity using residual
plots. Time trend models stratified for job (eg, bread bakers,
general bakers, pastry bakers, dough makers and low-exposed
jobs) were used to evaluate trends in exposure levels in more
detail. Final analyses were performed looking at trends for the
total time period for which data were available. For bakeries,
separate analyses were performed for the covenant period only
(ie, 2001–2007) to look at effects of intervention implemented
specifically during this period.

RESULTS
The survey measuring the familiarity of bakery workers with
the health risks revealed that .70% of workers were familiar
with the risk of flour dust exposure. Only 35% of traditional
bakeries reported to be familiar with the dust control manual.
This was higher for the other sectors (between 50 and 100%).
Only 30% of the traditional bakeries filled in a dust control plan
(between 48 and 100% for the other sectors). This means that
although the information on risk did reach the workers the
actual implementation of the main tools provided was limited
especially in the traditional bakeries that represent .60% of the
worker population.20
A similar picture arises from the contextual data obtained in
the measurement studies. In the post-covenant study 23
companies were eventually visited; 21 of these companies were
also visited in the baseline exposure survey (2001). The
matching of workers was not successful due to high turnover.
As an alternative, we were able to match measurements on job
title within a company.
The information from the walk-through survey showed that
for several control measures a clear increase in use occurred. The
most significant increase was observed in the use of local
exhaust ventilation (LEV). In the pre-covenant period the use of
LEV was negligible in both flour mills and industrial bakeries,
whereas after the covenant period use of LEV was reported by
approximately 40% of workers in industrial bakeries and 60% of
workers in flour mills. For ingredient production LEV was
already common and it further increased during the intervention from 57% to 70%. In bakeries LEV was mainly installed at
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564

flour dumping installations, often combined with (partial)
enclosure of the mixing tub. For flour mills and ingredient
production industry LEV was mainly installed at bagging and
ingredient dumping sites as well as weighing locations.
Use of pressured air is an important factor for (peak)
exposures; unfortunately this variable was only obtained in a
very crude way in the pre-covenant study. In general, the dust
control plans reported for many companies that use of
compressed air was replaced with use of vacuum cleaning.
However observational data from the post-covenant survey
showed that 51%, 64% and 42% of workers still reported the use
of compressed air in bakeries, flour mills and ingredient
producers, respectively.
In bakeries the use of liquid instead of powder bread improver
(containing fungal a-amylase) increased from 30% to 50% of
workers involved in dough production. Other important factors,
especially related to work practice, were not evaluated in a
quantitative manner. The results of the post-covenant study did
suggest more attention is paid in general to dust-free work
practice, for example, not shaking bags when dumping flour
and/or additives, use of wet cleaning methods instead of
sweeping, and a decrease in the use of dusting flour were often
mentioned by the companies as implemented interventions.
Figure 1 shows the box plots of the overall trends in exposure
not corrected for any co-variables. The plots do not show any
clear changes in exposure over time for flour dust for any of the
sectors. For fungal a-amylase the plot indicates a slight
downward trend for bakeries. In flour mills and ingredient
producers this is less obvious; for the latter one the plot clearly
indicates an increase of exposure over time.
In the overall models for each sector, job was included as a covariable to account for possible selection effects in the various
time periods. Sample time had a significant effect in only two
job-specific models, and was excluded from other analyses. For
the sector-specific analyses both worker and company random
effects were statistically significant and were kept in the
models. The company random effect was not significant in
any of the job-specific trend models, whereas the worker
random effect was significant. Table 2 gives the overall yearly
trends for all three sectors and the trends stratified by job title.
A significant yearly downward trend of approximately 2% was
observed for flour dust and 8% for fungal a-amylase among the
population of bakery workers. Trends varied substantially
between job categories. Dough makers, general bakers, cleaners
and maintenance workers showed a statistically significant
downward trend for exposure to flour dust. No clear time trend
was observed for the other jobs. For fungal a-amylase a
statistically significant downward trend was observed for pastry
bakers and cleaners. For general bakers a strong increasing trend
in exposure to a-amylase was observed (.20% yearly), whereas
trends were absent for bread bakers, dough makers, maintenance workers and low-exposed jobs. Stratified analysis only
looking at the data for the covenant period (ie, 2001–2007)
showed similar overall trend patterns.
In flour mills a strong decreasing exposure trend of 12%
annually was observed for flour dust. This downward trend for
flour dust was observed for almost all job categories (although
not significant in most instances). Conversely, fungal a-amylase
results indicate that an overall time trend was absent. On job
levels a significant decreasing trend was only observed in
maintenance workers.
For workers in ingredient production an overall downward
trend in flour dust exposure was not significant. Stratified
analyses showed inconsistent results with non-significant
545
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Figure 1 (A) Time trend in flour dust exposure for the total measured populations of bakery workers. (B) Time trend in fungal a-amylase exposure
for the total measured populations of bakery workers. (C) Time trend in flour dust exposure for the total measured populations of flour mill workers.
(D) Time trend in fungal a-amylase exposure for the total measured populations of flour mill workers. (E) Time trend in flour dust exposure for the total
measured populations of ingredient production workers. (F) Time trend in fungal a-amylase exposure for the total measured populations of ingredient
production workers.
increasing and decreasing exposure levels for various job titles.
For fungal a-amylase there has been a strong increase in
occupational exposure for all job titles. Overall a non-significant
increasing exposure trend of almost 30% annually was observed
for the covenant period.
546

DISCUSSION
This study evaluated the impact of an intervention programme
implemented in several Dutch flour processing sectors, as part
of a covenant. Moderate decreasing exposure trends were
observed for flour dust and amylase in bakeries and for flour
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564
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Table 2 Yearly trends in flour dust and fungal a-amylase exposure between 1993 and 2007, stratified for
sector
Dust
Sector

Fungal a-amylase

No*

Trend
(%/year)

1259

21.9

0.08

1149

28.2

0.00

Bread bakers
Dough makers{
Pastry bakers
General baker{
Cleaners"
Maintenance workers"
Low-exposed jobs

305
233
104
122
46
30
407
291

0.8
24.0
4.0
23.6
23.7
221.2
0.0
211.9

0.57
0.00
0.18
0.00
0.02
0.02
0.94
0.01

281
221
87
109
43
29
379
230

3.0
20.0
210.0
20.4
24.8
216.0
21.3
23.3

0.23
0.90
0.01
0.00
0.08
0.10
0.29
0.81

Miller
Baggers
Cleaners
Storage workers
General operators
Quality controllers
Maintenance worker
Chef

39
22
32
27
33
31
47
29
217

211.3
210.7
211.5
216.0
27.2
214.7
210.6
0.4
26.1

0.33
0.26
0.27
0.23
0.44
0.03
0.01
0.97
0.42

32
16
25
–
19
26
41
28
202

214.4
21.9
14.3
–
220.4
28.6
220.7
213.6
28.5

0.45
0.93
0.47
–
0.33
0.56
0.01
0.33
0.16

25
15
12
38
31
30
31

29.9
26.5
222.3
4.2
10.7
0.8
21.6

0.25
0.20
0.06
0.63
0.29
0.93
0.82

22
15
11
37
29
15
30

31.8
66.5
76.9
56.6
17.7
16.5
3.2

0.15
0.12
0.04
0.01
0.24
0.38
0.85

Function

Bakeries1
(1993–2007)

Flour mills1
(2001–2007)

Ingredient
producers1
(2001–2007)
Quality controllers
Chef
Weigher/mixer
Bagger
Storage worker
General operator
Dumper

Significance
(p value)

No*

Trend
(%/year)

Significance
(p value)

Results are based on mixed-effects regression models with time period and job as fixed effects and company and worker as
random effects. Bold values are significant at the p,0.10 level.
*Number of samples used in the analysis. {Only in industrial bakeries. {Only in traditional bakeries. 1Only jobs with .5 samples in
both measurement studies were evaluated. "Corrected for sampling time.

dust in flour mills. However, a significant trend was absent for
amylase in flour mills and for both flour dust and amylase in
ingredient producers. In bakeries the observed time-related
trends in exposure are strongest in workers involved in
production and cleaning/maintenance activities. Attention
focused on these activities during the covenant. In addition a
recent study showed a substantial potential effect of a range of
control measures, especially during production and processing
of dough.21 For flour mills, the observed trend in flour dust
exposure is comparable with trends in inhalable dust exposure
in several other industrial environments.18 22 23 An important
difference with bakeries was the strict implementation of the
covenant in each individual flour mill. The number of
production facilities is limited and implementation of the
covenant was centralised, resulting in a higher percentage of
workers being informed and a better implementation of control
measures. In the ingredient sector the reported trends fluctuated
strongly between jobs. It seems that the (limited) additional
measures taken in the covenant period had no significant effect
on exposure to flour dust. For fungal a-amylase it is unclear
how exposure could have increased. Information from the sector
did not indicate an increased use and no obvious changes in the
work practice occurred. In general, for this sector the available
data per job were limited and therefore trend estimates should
be interpreted with caution.
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564

Specific data quantifying the impact of control measures on
exposure to fungal a-amylase are not available. It is likely that
the observed changes in exposure for a large part can be
attributed to the same control measures as for flour dust. The
increased use of liquid enzyme-containing bread improver
instead of powder form may have further decreased exposure
in bakeries. Finally, recent literature indicates that in some cases
fungal a-amylase is replaced with other fungal enzymes.24 25 The
magnitude at which this occurs in the Dutch flour processing
industries is unknown.
As this study shows, observed exposure trends may vary
substantially between sectors and jobs and for different types of
exposure. Therefore, if possible, analyses of exposure trends
should be stratified for sectors and jobs, and different compounds
should be evaluated separately when dealing with exposure to
mixtures in order to detect subtle effects. However, associating
these (subtle) changes in exposure with specific interventions or
changes in work practice will generally remain difficult. An
important reason for this is that a variety of changes in different
exposure determinants is probably responsible for the relatively
small changes in exposure. As a result it is also difficult to
completely explain observed differences in exposure trends
between jobs and sectors in light of this intervention programme.
Although information on wheat allergens exposure was also
available from the different measurement studies, this was not
547
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taken into account in the analyses. The most important reason
for the exclusion is the large yearly variation in wheat protein
levels in grains based upon exogenous factors such as weather
conditions, production soil, etc.26 27 To accurately perform trend
analysis these exogenous factors should be taken into account
and data to do so were not available.
The questionnaire data obtained in the post-covenant study
indicated a substantial increase in awareness of risk among
workers. The familiarity with the dust control manual and
respectively the implementation of good work practice
remained fairly limited, especially in the bakery sector. Where
changes were observed the overall impact on exposure levels
seems limited and could generally not be directly associated
with specific changes in the workplace. This is in line with the
observation that familiarity with the dust control manual was
limited, especially in traditional bakeries. This study shows that
when evaluating the impact of complex intervention strategies
the quality of the contextual data to a large extent determines
the possibility to evaluate detailed association between control
measures and changes in exposure. The power of an intervention study will benefit immensely from using a strict design that
approaches a true scientific experiment, preferably a randomised
controlled trial design.7 28 29 However, in our study where a
complete occupational population is the subject of an intervention programme, such a study will not be possible since a
control population is not available. In these situations nonexperimental longitudinal data as presented in this study, might
be the next best choice, even though many factors will be
beyond the influence of the researcher (eg, drop out of
companies/workers). Although we were able to match the
majority of companies in the pre- and post-intervention study,
we were only to a very limited extent able to trace the same
workers in 2007. This is primarily caused by the relatively long
follow-up time (6–7 years) and the substantial turnover of
workers in most branches. On the other hand a shorter followup time would have strongly decreased the implementation of
control measures, which would have prohibited a comprehensive evaluation as well.
Exposure trend analyses have been performed in recent years
for a large range of occupational exposures and environments.
The main conclusion from many of these trend analyses is that
occupational exposure has been decreasing in the past decades.1 2 4 Downward exposure trends of up to 12% annually are
not uncommon; trends of between 25 and 28% annually were
most commonly observed.
It is likely that changes in exposure do not occur gradually
but in a stepwise manner, either in relatively large steps
associated with changes in legislation, elimination of exposure
sources or other major changes in work characteristics, or in a
combination of smaller steps associated with several relatively
minor changes in the work characteristics.1 5 30 In most cases,
specific data to underpin this pattern of exposure change are
lacking as are data to determine the relation with specific
changes in determinants of exposure.1 2 Several studies that
found downward trends in occupational exposure were to some
extent able to identify determinants likely associated with
exposure, but could generally not quantify their individual
contribution to the observed exposure trends.31–35 A study by
Vermeulen and co-authors in 2000 in the rubber producing
industry showed a decreasing trend in exposure to inhalable
particles and dermal exposure to cyclohexane soluble matter of
6–7% annually. They were able to relate different types of
control measures and specific changes in work characteristics to
changes in exposure over time.22
548

Main messages
c

c

c

Only limited effect on exposure levels was observed from a
sector-wide intervention programme in Dutch bakeries aimed
primarily at education of workers.
Although workers’ knowledge on the risk of flour dust
exposure improved, this only to a very limited extent resulted
in change in work practice.
This study shows that when evaluating the impact of complex
intervention strategies the quality of the contextual data to a
large extent determines the possibility to evaluate detailed
association between control measures and changes in
exposure.

Policy implications
c

c

These results of this study indicate that a much more rigorous
approach is needed to effectively decrease exposures in
complex worker environments, especially when dealing with
small- and medium-sized enterprises.
The power of intervention studies will benefit immensely from
using a strict design that approaches a true scientific
experiment, preferably a randomised controlled trial design.

An important reason for the absence of a substantial overall
time-related trend in exposure is the limited evidence base that
underlies the content of the intervention programme, especially the dust control manual. The design was primarily
determined by the social partners of the covenant with only
very limited input from research(ers). This resulted in an
approach that focused on education and training. The actual
implementation of control measures was largely left to the
responsibility of the employers (individual companies). This
resulted in a limited amount of companies actually introducing
controls within the covenant period. There are likely two
important reasons for this; first, a limited motivation to
change work practices. This lack of motivation is likely
associated with a still relatively low risk awareness related to
occupational exposure among bakery workers and the absence
of exposure limits. The post-intervention study discloses that
there is still a substantial group of workers that ignores the
risks and continues to work in a way that potentially leads to
high (peak) exposure levels. Second, there is limited technological advancement especially in bakeries. Financial constraints
in small- and medium-sized enterprises may have limited the
introduction of more advanced (control) technologies. In small
bakeries in particular, the production processes still include a
substantial amount of manual labour with many peak
exposure moments.21 This might also explain why, for
example, the increased use of LEV only had a minor effect.
LEV is only used in a limited part of the work activities and in
these cases it should be used appropriately to benefit fully.
Furthermore a substantial group of companies, especially in the
small traditional bakeries, did not, or only to a limited extent,
participate in the activities initiated by the covenant.12
The fact that the intervention scheme implemented within
the covenant period did not result in a more drastic overall
exposure reduction is clearly disappointing. For bakeries this is
Occup Environ Med 2009;66:543–549. doi:10.1136/oem.2008.042564
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specifically shown by the fact that the covenant did not result
in a substantially larger change in exposure than what was
observed in the period prior to the covenant (1993–2001). Earlier
examples also show a limited effectiveness of large-scale
intervention strategies among a broad worker population.6 7
These results indicate that a much more rigorous approach is
needed to effectively decrease exposures in complex worker
environments, especially when dealing with small- and medium-sized enterprises. Although no design for such a rigorous
approach is readily available, it is likely that tailored workplace
interventions aimed at (individual) workers within an identified
high-risk population (eg, high exposed workers) might prove to
be more effective.
Results from this study provide insight into the trends of
exposure resulting from an intervention programme implemented in the recent Dutch covenant in the flour processing
industry. Given the available dose-response information a
limited reduction of the health risk is expected, with small
differences between sectors.36 37 More insight into the expected
health impact of the observed changes in exposure will be
provided by a recently performed health impact assessment
using a recently developed dynamic population-based model.
The results of this analysis may learn to what extent the
observed (limited) decline in exposures will lead to an
improvement of the health status in the population. This
health impact assessment will also provide detailed information
on exposure reductions that are required to arrive at a
proportion of workers with health problems, which is more
acceptable to all parties involved.
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