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Stellingen
1.

De keuze voor effectieve beheersmaatregelen kan vereenvoudigd worden door het toepassen van blootstellingsmodellen in arbeidshygienische veldonderzoeken.
(dit proefschrift)

2.

Individuele verschillen in hygienisch gedrag verklaren voor een relatief
groot deel de variatie in opname van chemische Stoffen in de arbeidssituatie.
(dit proefschrift)

3.

Het gebruik van PI adembeschermingsmiddelen bij kwartsblootstelling
in de bouwnijverheid geeft de drager een vals gevoel van veiligheid en
dient daarom ten zeerste ontraden te worden.

4.

Er bestaat een duidelijke interactie tussen de inrichting van een werkplek en het hygienisch gedrag van werknemers.

5.

Het herhaald uitstellen van de invoering van de verlaagde MAC waarde
voor kwartsstof in de bouwnijverheid prikkelt deze branche onvoldoende tot het ontwikkelen van noodzakelijke stofbeheersende maatregelen.

6.

Voor beheersmaatregelen gericht op verandering van werkhandelingen
zijn arbeidshygienische meetmethoden, die blootstelling aan chemische
Stoffen meteen zdchtbaar maken (bijv fluorescentie-techniek en videomixer) een belangrijk hulpmiddel.

7.

Bij het opstellen van een levenscylusanalyse (LCA) van produkten dient
ook rekening te worden gehouden met de gezondheidseffecten van het
produktieproces op de werknemers.

8.

Arbo-opleidingen moeten opleiden tot capabele arbodeskundigen en niet
tot account-manager.

9.

Het toenemend gebruik van grafische software-pakketten verhoogt de
leesbaarheid, maar ook de eenvormigheid van diapresentaties.

10.

De opkomst van de computer ging gepaard met de verwachting van het
papierloze bureau. Evenzo is de verwachting dat het Internet de mobiliteit zal verlagen onterecht.

11.

Het zou om polemologische en economische redenen zeer wenselijk zijn
dat de aarde in contact komt met een vijandelijke buitenaardse beschaving.

12.

Hard gillen maakt een ritje in de achtbaan minder eng.

Stellingen behorende bij het proefschrift "Aspects of Control Measures in
Occupational Hygiene".
Mieke Lumens, Wageningen, 1 december 1997
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Abstract
This thesis focuses on two aspects which are of major importance in the broad
field of control measures in occupational hygiene: the selection of control
measures in a structured way and the impact of factors modifying the effectiveness
of these control measures.
The main objectives of the thesis are to determine the feasibility of a model
approach in the selection of control measures and to assess the impact of work
practices on the exposure to and uptake of chemical agents.
Two models, i.e. the "dynamic model of exposure, susceptibility and effect" and
the "multiple source model" describe the impact of control measures on workers'
exposure. The feasibility of these models and the impact of the factors modifying
the effectiveness of control measures was studied in the occupational hygiene
practice by performing field studies at different types of workplaces: chromium
plateries, lead smelter, battery factory and at construction sites.
In the lead and chromium industries environmental and biological monitoring was
carried out together with observations and questionnaires to assess hygienic
behaviour. In the construction industry quartz exposure was characterized by
personal air sampling and workplace observations.
From the results of these studies it can be concluded that the application of the two
models proved to be an important aid in the determination of sources of exposure.
Consequently the selection of control measures in different branches of industry
was facilitated.
The differences in individual hygienic behaviour and working methods proved to
be an important modifier of the relation between external and internal exposure.
These results indicate that work practices need to be considered in the implementation of control measures.
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Chapter 1.

Introduction

General introduction
In a large number of professions workers are exposed to chemical agents and
are at risk for developing adverse health effects, related to this exposure.
Whether these workers will really develop clinical effects depends on a number
of factors, such as level of exposure, combination of exposures, duration of
exposure, individual susceptibility and personal protection against exposure.
The impact of the working environment on workers' health is recognized for
centuries. In almost every introductory textbook on occupational health and
hygiene historical sources are mentioned which called for attention to the
severe working conditions and the resulting ill health of the labourers involved.
Ramazzini and Agricola are almost always referred to as historical godfathers
of occupational health (eg Hunter 1978, Morgan 1984). These historical occupational hygienists and physicians not only described the occupational illnesses
due to exposure but also tried to advise employers and workers on how to cope
with these problems. Their possibilities and knowledge however were limited
and their advices not always led to improvement of the workplaces. For instance up till the beginning of the twentieth century a universally held doctrine
prevailed that the only way to prevent industrial poisoning was to keep the skin
clean instead of preventing uptake by inhalation (Hamilton 1948).
Occupational diseases like silicosis and lead poisoning are literally known for
millennia. Although knowledge about working conditions causing these diseases is available, millions of people are still working in workplaces which may
affect their health. Even though solutions for these problems are available,
these are not applied, and in the meanwhile new problems have arisen (Millar
1991).
Workplace conditions in most cases are part of a complex system. Exposure is
rarely solely dependent of the presence of a source of a certain substance.
Several factors play an important role in the development of a risk. Consequently many factors have an impact on the way controls eventually are to be
implemented, like acknowledgement that risks may occur, inclination to change
these situations, availability of control measures, information on the use and
efficiency of these control measures.
In occupational hygiene control measures can be defined as all possible means
to control health hazards. This means that control measures can include both
1
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complete solutions that eliminate exposure and measures that reduce exposure
to an acceptable level.
To improve workplace conditions choices need to be made about which control
measures to take. Several approaches can be followed to come to these choices.
A common sense approach may offer solutions in those cases when the risks
are well defined and control measures are clear and available. In many cases
however a more thorough analysis of the risks is necessary. In an analytical
approach information on workplace conditions, exposures and risks is needed
to detect the sources of exposure and the potential modifiers of the sources and
of the relation between exposure and health risks. A solution oriented approach
will depend more heavily on an analysis of production process and organisation
in its risk assessment as has been shown in two recent theses (Kant 1994,
Swuste 1996).
The objective of occupational hygiene is to protect workers' health and wellbeing and to safeguard the community at large by anticipating, recognizing,
evaluating and controlling health hazards in the working environment (IOHA
1988).
Controlling health hazards in the working environment thus is one of the explicit tasks of the occupational hygienists. This task did not get as much attention as the elements "recognizing" and "evaluating". Despite a rich history of
etiological research, the field of occupational safety and health does not have a
thorough history of research on what works and what does not work to prevent
and control occupational diseases and injuries (Schulte et al 1996).
Occupational hygiene journals show that the majority of the scientific research
is aimed at describing causal relationships between factors present at the workplace and parameters which are an indication for affected health. Goldenhar et
al (1996) reviewed three computerized databases on relevant scientific literature published between 1988 and 1993 and found that publications on the
development and application of control measures are scarce.
The limited knowledge and application of control measures is further illustrated
by a survey of the number and type of control measures applied in Dutch
industry. Spee et al (1990) asked occupational hygienists of 140 companies
after their experience with control measures. Only 21% of the measures were
taken at the point of emission. 49 Percent of the control measures applied
consisted of supplying personal protection equipment. The remaining measures
concerned extraction of polluted air and separation of worker and source.
Important reasons for the dominant position of the use of personal protection
2
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equipment were the lack of expertise in the companies, the lack of exchange of
technical solutions between companies, lack of attention for working conditions at the design stage of the process and the widespread and easy availability
of personal protection equipment.
Recently, attention for prevention and control of health hazards is growing. At
the first IOHA conference in Brussels (1993) a workshop was dedicated to this
issue (Swuste and Buringh 1994). Since that time an international network has
become active on the subject of sharing knowledge on preventive measures
(Swuste et al 1995).
The need for more effective control measures is still growing, among others
because of the implementation of legislation concerning occupational health
care. The preventive approach is encouraged by the Dutch administration
(Ministry of Social Affairs and Employment 1990). In the Netherlands all
companies have an obligation to have their workplaces investigated by a risk
inventory and evaluation from 1994 on. The results of this inventory will be the
main source of information on possible risks in working conditions. Based on
this information companies annually have to formulate new aims on how they
intend to improve working conditions within their premises.
It is since the last years that a systematic effort is made to find the underlying
causes for high exposures and to study ways to prevent or control these high
exposures.
In the USA a control strategy is proposed in which it is stated that engineering
controls are preferred above organizational controls, which in turn are to be
preferred above controls depending on behaviourial changes (NIOSH 1988).
The same principles are applied in the European control strategy. In Council
Directives 80/1107 and 89/391 these principles are elaborated (European Union
1992). In compliance with European legislation in the Netherlands in 1997 the
Resolution on Working Conditions (Arbobesluit) has come into force. This
Resolution indicates that a systematic approach has to be followed in which the
types of measures have to be considered in a hierarchic order. Basically, measures have to be taken as close as possible to the source of emission. Only if a
solution of the highest step can not be found, it is allowed to continue with
solutions of the following step.

3
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This occupational hygiene strategy, as it is called, ranks solutions in order of
preference.
The four levels of measures are:
1. reduction of the source of emission
2. extraction of polluted air from the workplace atmosphere
3. separation of worker and source
4. application of personal protective equipment (Arbobesluit §4.1.11)
Even stricter regulations for controlling exposure are required in the EU Directive on Carcinogenic Substances (EEC 1990). In 1994 this is embodied in the
Dutch legislation. In this act recommendations are given how to cope with
exposure to carcinogenic agents (Arbobesluit §4.2.3). Wherever technically
possible carcinogenics must be substituted by less dangerous agents. If this is
not possible immediately exposure should be kept as low as possible.
Scope of the thesis
Presently both professional interest and legislative requirements are triggering
further research for control measures.
This thesis focuses on two aspects which are of major importance in the broad
field of control measures: the selection of control measures in a structured way
and the impact of factors modifying the effectiveness of these control measures.
The main objectives of the thesis are:
- to determine the feasibility of a model approach in the selection of control
measures
- to assess the impact of work practices on the exposure to and uptake of chemical agents
The application of control measures is aimed at the prevention of adverse
health effects and thus covers the complete field from design to health effects.
As indicated in figure 1.1, in this thesis the attention will be mainly on control
measures at the workplace itself. Aspects dealing with the stage of design or the
stage of controlling eventual health effects are not included in this thesis.

4
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Figure 1.1 Illustration of the area within the larger field of occupational
hygiene on which this thesis focuses.
The feasibility of a model approach and the impact of work practices as part of
control measures was studied in the occupational hygiene practice by performing field studies at different types of workplaces, in the lead and chromium
industry and in the construction trade.
Part of the study was carried out at the Coronel Laboratory for Occupational
and Environmental Health of the University of Amsterdam. The impact of
hygienic behaviour and working methods on the uptake of lead and chromium
were studied witihdn the project "Scoring of Hygienic Behaviour". These studies
were performed in close cooperation with Dr Paul Ulenbelt. The results of his
research are described in his thesis: "Handling exposure to chemical agents:
threshold values, hygienic behaviour and decision latitude" (Ulenbelt 1991).
At the department of Air Quality of the Wageningen Agricultural University
the application of control measures in the construction industry was studied. In
a project concerning quartz exposure in the construction industry the contribution of four categories of sources on total external exposure was studied.
The results of these two projects are applied to address the objectives of this
thesis.

Model approaches
In a systematic approach of determining the feasibility and impact of control
measures models might be very useful. Generally a model can be described as a
simplified way of representing reality. A model is needed which describes the
process of exposure to chemical substances in relation to health effects in such
way that it is possible to develop control measures following this model.
In the literature two models are described which may be valuable instruments
5
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for this objective.
In "the dynamic model of exposure, susceptibility and effect" of van Dijk et al
(1988) several interrelated phases in the process from source to final health
effects can be distinguished.
Monitoring

Technology Workplace
Assessment Inspection

Phase

Rß-Design— Source-

Effect
Modifiers
(Man, Environment
and Interaction
Products)

Technique,
Organization,
Working
Methods

Environmental
Monitoring
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Biological
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Psychophysiological State

Biological
Susceptibility
Psychophysiological State
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Figure 1.2 Dynamic model of exposure, susceptibility and effect including
monitoring and feedback (from: van Dijk et al 1988)
The phases which are discerned are source, external exposure, internal exposure, biological effects, health effects, and behavioural changes. In this model
the stages at which subsequent effects can be modified are clearly defined.
The focus of this thesis is on control measures which can be applied at the
workplace, therefore attention will be restricted to the first stages of the model.
The last phases and transitions described i.e. the detection of biological effects
and possible health or behavioural effects due to practical considerations are
left to the area of occupational toxicology and medicine, and sometimes occupational psychology.
Van Dijk et al consider the modifying factors that are relevant in the transitions
between the various phases as tools for prevention and intervention. According
to this model in the transition from source to external exposure control measures directed at changes in technique, organization and working methods
could be used for prevention. Working methods, personal protection, personal
6
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hygiene and biological susceptibility are supposed to play a modifying effect
on the transition between external and internal exposure. In this phase control
measures should be mainly directed towards improving work practices.
Occupational hygiene control will limit itself on ways to control sources and
next external and internal exposure. The concept "external exposure" in occupational hygiene can be described as the process by which a substance becomes
available for absorption by the worker. "Internal exposure" or "dose" is the
total amount of a substance absorbed by a worker (Duffus 1993).
"Source" is not defined so unambiguously. A further description of the variable
"source" is needed.
Buringh et al (1992) introduce the "multiple source model" for occupational
hygiene. In this model they define source as a potential cause of exposure.
Sources are attributed to four categories: agents, processes or appliances, the
working environment and work practices. The latter source is considered to be
a modifier of relations in the "dynamic model".

EMISSION LEADING TO EXPOSURE
EMISSION TO THE AMBIENT ENVIRONMENT

Figure 1.3 Multiple-source diagram for occupational hygiene (from: Boleij et
al 1995)
7
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The diagram illustrates the contribution of agent, process/appliance and work
practice to the working environment concentration. This concentration determines the exposure level of the worker. Interrelations between agent and process, between process and working environment and the obvious relation between worker and his work practices are shown in this figure.
This model is developed to study the contribution of the different sources with
the aim to facilitate the selection of control measures. The underlying idea is
that tackling the source with the highest contribution is the most effective way
to control exposure.
When the characteristics of the sources change, exposure will change. For
example, the application of a more dust-generating substance will increase
emission leading to exposure. And the introduction of an new production
process equipped with local exhaust ventilation will reduce its emission to the
workplace concentration. A clear distinction between the contribution of these
causes of exposure will facilitate the optimal choice for effective control measures.
In a survey of wood working processes Scheeper et al (1995) successfully
applied this "multiple source model" in setting priorities and developing a
control strategy to reduce the average exposure of wood dust.
Kant (1995) used the multiple source approach in a number of distinct
workplaces. Summarizing the results of these studies he states that this "multiple source model", giving insight into the relation between sources and exposure is a prerequisite to the design of surveys allowing both evaluation and
control of occupational hazards.
Both models are developed to describe the information needed to recommend
the correct type of control measures. The "multiple source model" is more
explicit in describing the sources of exposure, an aspect which is lacking in the
"dynamic model". The "dynamic model" in more detail discloses the subsequent stages from source to eventual health effect. With regard to the second
objective of this thesis, determining the impact of work practices, especially the
transition from external to internal exposure is of importance.
Both the "dynamic model" and the "multiple source model" pay attention to the
impact of the employees' behaviour. "Personal hygiene","the use of personal
protection" and "working methods", effect modifiers in the "dynamic model"
can be summarized as the source "work practice" within the "multiple source
model". A distinct difference in approach of "work practices" can however be
detected between the two models.
8
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In the dynamic model a prominent role is given to the impact of work practices
as modifier. Working methods are supposed to have a modifying effect in the
transition from source to external exposure, and in the transition from external
exposure to internal exposure. Personal hygiene and personal protection are effect modifiers on the transition from external to internal exposure. The modifying effect of personal hygiene and personal protection may be an explanation
for differences in biological monitoring results between workers performing the
same tasks in identical conditions, having similar external exposure.
In the "multiple source model" work practices are considered to be source of
exposure, i.e. emission leading to external exposure of the worker. A possible
impact of work practices on the transition from external to internal exposure is
not described in this model.

Work practices: hygienic behaviour and working methods

In general, good hygienic behaviour can be defined as actions that are directed
towards improving or mamteining a good health. Good hygienic behaviour at
the workplace, within the context of chemical exposure, can be described as a
set of individual actions that lower the uptake of chemical agents. Hygienic
behaviour consists of three elements:
- personal hygiene, e.g. regularly washing hands and carefully changing of
work clothes, refraining from eating and smoking at the workplace
- the use of personal protection equipment, e.g. wearing a mask in the prescribed way during riskfull operations
- working methods, the individual way in which tasks are being performed,
e.g. correct application of local exhaust ventilation, choosing a good working
posture.
When searching occupational hygiene literature for studies on the impact of
hygienic behaviour and working methods, information on this subject proves to
be limited. In some studies subjective classifications are used to assess the
impact of work practices.
Williams et al (1969) investigated lead uptake in an accumulator factory. The
lead exposures of men doing almost identical jobs differed by a factor four.
According to the authors this could only be attributed to personal differences in
working habits. Qualitative not standardized ranking by the researchers for
"cleanliness at work" correlated well with the results of personal air sampling
9
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for persons performing similar jobs.
Hassler (1983) attributed differences in cadmium and nickel exposure of workers doing the same type of jobs to their individual hygienic behaviour. Together
with an occupational nurse she classified the workers' appearance on a scale for
1 to 4, from extremely dirty to very clean. This crude estimate predicted the
variance in exposure level rather well.
Based on the conviction that a change in work practices may have a positive
impact on exposure levels and dose, a number of training programs was developed and applied. A taining program for improving working methods was
proven useful in reducing both lead in urine and lead in blood levels (Maples et
al 1982).
Kentner and Fischer (1994) and Kentner et al (1994) report a significant decrease in both exposure and dose (internal lead load) in a ten year period. They
attribute this decline among others to their efforts to change the hygienic behaviour of the workers. Unfortunately they do not disclose what methods they
used.
Rosen and Lundstrom (1987) tried to visualize the impact of working methods
on exposure levels by combining the readout of direct reading instruments with
concurrent video filming and invented the PIMEX (picture mixed with exposure). They proved to be successful in illustrating the impact of working methods on external exposure and applied this equipment to make instruction films
for several branches of industry, clarifying to workers the impact of certain
working methods on the level of exposure (Rosen 1993, Anthonsson and Rosen
1995).
Not all methods were equally successful. Robins et al (1990) found that the
working methods and hygienic behaviour of workers had an impact on their
exposure level. They implemented a training program to influence their work
practices. After two years the program was evaluated. A subjective progression
could be detected, people indicated that they learned how to behave at the
workplace. Objective changes however were not found: actual workplace
behaviour remained the same.
Differences in work practices however seem to have an impact on external
exposure levels and dose. Some authors attempted to determine their causes.
In a project on hygienic behaviour at workplaces field measurements in an
electric accumulator factory and a secondary lead smelter were carried out. The
impact of hygienic behaviour on the relationships between environmental and
biological monitoring measures of lead was high (Ulenbelt et al 1990a). Next to
assessing the impact of hygienic behaviour, Ulenbelt et al (1989) tried to ex10
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plain what caused the differences in behaviour. In order to explain these differences they applied the Karasek job strain model (1979). The model, consisting
of a scale for job demands and for job decision latitude, is used to describe job
characteristics; the scale "job demands" measures work load and time pressure.
The scale "job decision latitude" measures potential control of the loading
factors, i.e. aspects of task contents, working conditions, social relationships
and conditions of employment. The level of these scales is determined by a
standardized questionnaire. Workers are asked after their own perception of the
characteristics of their jobs. Job characteristics seemed to modify hygienic
behaviour at the work place. It was shown that workers who considered themselves to have a high job decision latitude focus more on source oriented control measures. The source oriented approach might decrease future exposure
levels; for the present, their exposure levels were higher than those of workers
with little job decision latitude. The latter workers relied on the use of personal
protection devices for controlling their exposure. This difference in approach
determined their hygienic behaviour (Ulenbelt et al 1990b).
Most of these findings suggest an important contribution of work practices, i.e.
hygienic behaviour and working methods on the relation between external and
eventual internal exposure. In the above mentioned studies the impact of work
practices is assessed merely by qualitative measures.
After estimating the quantitative contribution of the multiple routes of uptake
of lead exposure Chavalitnitikul (1981) also concluded that hygienic behaviour
must be a major modifier in the relation between external and internal lead
exposure.
In this thesis the impact of work practices on the exposure to and uptake of
chemical agents will be elaborated.
Structure of the thesis

In order to place the results of these studies within the larger framework of this
thesis each chapter on the separate studies will be preceded by a short introduction in which reference will be made to the objectives of this thesis.
In chapter 2 a study in a chromium exposed population is described. The impact of individual hygienic behaviour in determining eventual uptake of chromium is investigated. Next to this the role of hygiene of the general working
environment on exposure levels is described.
Chapter 3 deals with the impact of hygienic behaviour and working methods on
11

