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Abstract Multiple environmental determinants resulting from human activities are known to have impacts on human health. These effects on human health can be described using indicators; instruments which express the effects quantitatively. Although there is a wide variety of existing environmental health indicators, these indicators generally have several important shortcomings as communicative instruments: 1. The high geographical scale. 2. The fact that the indicators are expressed in units which can be hard to understand for laymen (such as probabilities). 3. Different types of risk are quantified in different units which make them hard to compare. 4. The indicators often contain a large uncertainty which is generally not quantified, this makes them difficult to communicate as they are difficult to interpret and understand. A new indicator is needed that takes into account the shortcomings and meet people’s perception and expectations as well. In order to do so, the major part of this research focused on assessing people’s views and knowledge on health risks and communication. This was done by using the mental models approach, which consists of conducting interviews and sending out questionnaires. The municipality of Moerdijk was chosen as the case study area to perform the research. This research proves a lack of information provision in the townships of Klundert and Moerdijk. This may cause the people to lose faith in the city council and feel unsatisfied about the communication concerning local health risks. The people’s views on the expression of the new indicator were also analyzed. From this it can be concluded that the indicator should be expressed on the ‘effects’ level (health impact, for example respiratory problems due to inhalation of soot particles). Local respondents prefer expression of health impacts in number of complaints by neighbors (Moerdijk) and illness rate (Klundert). The majority of people would like the data on health risks to be interpreted for them and visualized by means of color coding. In order to successfully communicate using the future indicator, it is important that the reliability and professionalism of the people responsible for the research or data gathering should be stated very clearly. The research or data gathering should preferably be carried out (or at the very least supervised) by an independent institution (such as a university).
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Samenvatting Als gevolg van menselijke activiteiten zijn er verschillende milieufactoren die de menselijke gezondheid beïnvloeden. Deze effecten op de menselijke gezondheid kunnen worden beschreven met behulp van indicators. Dit zijn instrumenten die deze effecten kwantificeerbaar uitdrukken. Ondanks het feit dat er een grote verscheidenheid aan bestaande gezondheidsindicatoren is blijft er een behoefte aan een nieuwe indicator, omdat de bestaande indicatoren een aantal tekortkomingen vertonen: 1) Ze hebben een hoge geografische schaal 2) Ze worden uitgedrukt in eenheden die moeilijk te begrijpen zijn voor leken (zoals waarschijnlijkheden) 3) Verschillende typen risico’s worden uitgedrukt in verschillende eenheden, wat ze moeilijk te vergelijken maakt 4) De indicatoren bevatten vaak een grote mate van onzekerheid, die normaal gesproken niet gekwantificeerd is. Dit maakt het moeilijk om ze te gebruiken voor communicatie, omdat ze moeilijk te begrijpen en te interpreteren zijn Om een nieuwe indicator te ontwikkelen die de risico’s uitdrukt in termen die aansluiten bij de publieke perceptie van deze risico’s heeft het grootste deel van dit onderzoek zich gericht op het onderzoeken van de meningen en misvattingen van de mensen met betrekking tot gezondheidsrisico’s en de communicatie daarover. Hierbij is gebruik gemaakt van de mental models approach waarbij interviews worden afgenomen en enquêtes verstuurd. Als studiegebied is de gemeente Moerdijk gekozen. Dit onderzoek bevestigd gebrek aan informatievoorziening in de dorpskernen Moerdijk en Klundert. Hierdoor kunnen mensen het vertrouwen in de gemeente verliezen. Ook kan dit leiden tot ontevredenheid over de informatievoorziening. De inwoners zien de nieuwe indicator het liefst uitgedrukt op het “effect” niveau (invloed op gezondheid, bijvoorbeeld ademhalingsproblemen veroorzaakt door het inademen van roetdeeltjes). De voorkeur wordt gegeven aan het uitdrukken in de vorm van klachten van omwonenden (Moerdijk), en ziektecijfers (Klundert). De behoefte aan visualisatie van de gegevens is ook onderzocht. De meerderheid van de mensen gaf er de voorkeur aan dat de gegevens voor hen geïnterpreteerd werden, en weergegeven met behulp van kleurcodes. Om op een succesvolle wijze te communiceren met behulp van de nieuwe indicator is het belangrijk dat de betrouwbaarheid en professionaliteit van degenen die verantwoordelijk zijn voor het onderzoek en verzamelen van gegevens duidelijk aangegeven wordt. De meerderheid prefereert dat onderzoek naar gezondheidsrisico’s en het verzamelen van gegevens wordt uitgevoerd (of op zijn minst gecontroleerd door een onafhankelijke instelling (zoals een universiteit).
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1. Introduction 1.1 Context: Health and Environmental indicators Just as we are affecting our environment, the environment also affects us. Multiple environmental determinants resulting from human activities are known to have impacts on our health. Most health risks have been reduced over the past centuries due to improvements in drinking water supplies, sewage systems and waste collection. However the progress of mankind has resulted in new risks due to the increasing demand for transport, resources and energy. According to Knol & Staatsen (2005), the most prominent risks are caused by air pollution (PM10, PM5, ozon, NO2, SO2), radiation (radon, UV), noise and dampness in houses. The above mentioned adverse effects of the activities of mankind on the environment have been linked to a variety of health effects such as asthma, premature mortality, bronchitis and increased respiratory distress symptoms (Environics Research Group, 2004). In this research particular attention is given to the perceived adverse health effects of traffic and industry. Traffic related air pollution is associated with all-cause mortality, with strong associations for cardiopulmonary deaths (Hoek et al., 2002). The industry also poses several health risks to the public, caused by air, water and soil pollution and external safety. The transport of dangerous substances by rail and road is another risk factor. In the case of air pollution by both traffic and industry, certain groups of the human population are especially vulnerable to these adverse health effects; for example children, elderly people and people already facing a cardio-respiratory disease. These vulnerable groups are often referred to as YOPIs (Young, Old, Pregnant and Immuno-compromised patients). Also people who spent a lot of time outdoors are expected to be increasingly susceptible to the negative effects of environmental stressors, especially air pollution. This concerns incidental air pollution in particular since quality objectives set for air quality are based on indoor as well as outdoor air quality. In order to visualize and quantify the negative effects associated with earlier mentioned environmental stressors, various environmental indicators for different environmental pressures have been developed. An environmental health indicator can be defined as the expression of the link between environment and health, targeted at an issue of specific policy or management concern and presented in a form which facilitates interpretation for effective decision making (Briggs et al. 1996). Indicators can be quantified on the level of emission, exposure and effects. Examples of indicators describing the effects of stressors with a focus on morbidity and mortality outcomes are QALY (Quality Adjusted Life Years), DALY (Disability Adjusted Life Years), life expectancy and WTP (willingness to pay) (Hoffstetter & Hammitt, 2002). There is a wide variety of existing environmental health indicators; nevertheless there is need for an indicator which endpoints specifically meets people’s perception of the environment.



1.2 Communicating environmental health effects In communicating about human health risks using environmental health indicators some difficulties occur. Some of these difficulties are of a technical nature, while others are more socio-political Examples of socio-political difficulties are: 1) Not every individual has the same susceptibility to environmental stressors. This can be because some individuals are more vulnerable to environmental stressors, for various reasons (an example of this is the YOPIs mentioned in chapter 1.1). 2) Some individuals are simply more exposed to environmental stressors which makes them more likely to be affected
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3) The current indicators generally deal with large scale environmental stressors and are often expressed in normative ways which influences the interpretation of the actual height of the risk, due to differences in perception of environment amongst individuals. Because of this, current indicators frame environmental problems and health effects in ways that are to a limited extent informative for the public. Current indicators therefore have a limited potential to inform the public and empower them to make thoughtful decisions regarding risk-taking. This is the main obstacle in risk communication. To overcome this obstacle the people’s perception of risk has to be determined. This will allow the communication of risks in an understandable and informative way. People’s perception and the influence this has on risk communication will be thoroughly discussed in chapter 2. There are also several important technical shortcomings of the existing indicators which make them unsuitable for use in communication with the public: 1) The scale of the indicators is relatively high, since most of them have been developed on a national or regional scale. This makes interpreting and understanding them more difficult for the public. An important aspect of an environmental indicator is the relevance. People are mainly interested in stressors that are actually present in their own environment (or will be in the future). The relevance of indicators that are developed on a regional or even national scale is therefore less evident to people. 2) The indicators are often expressed in physical units which are hard to understand by the public and for the policy makers as well (i.e. concentrations, probabilities). This undermines the effect of a risk communication, which should be informative and provide the general public with understandable information on health impacts. This cannot be accomplished if the public is unable to comprehend and interpret the data they are provided with. 3) Because the units of indicators differ from each other, it is difficult to compare them in a quantitative way. This complicates the interpretation and comparability of different activities and stressors (like substances, radiation, noise etc.). 4) The environmental health indicators have a large uncertainty due to assumptions in calculations in the models used, very often the magnitude of uncertainty is not quantified. Such uncertainties are of great importance for the interpretation of the indicator. Information about the magnitude of the uncertainties can help with deciding how reliable the presented information is. Therefore, an environmental health indicator which can be used to facilitate communication between policy makers and inhabitants on local scale must be developed. This will allow the outcomes of indicators to be expressed in an understandable way. In order to achieve this, the new indicator must have the following qualities: 1) It must be transparent, easy to understand and interpret. This means the information must be presented clearly and the public has to be able to understand it easily. Any uncertainty present has to be presented and explained, allowing the public to form its own judgment about its implications. 2) It must also be relevant, with regards to scale used. A communication about risk aimed at a municipality should not use a very high scale, but rather a smaller scale to make it more applicable to a smaller area and therefore useful to the people living there. 3) It must be able to be used to quantify risks from different sources in the same (meaningful) way, so they can be easily compared to each other.
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1.3 Importance of investigating the views of the general public The main goal of this study is to investigate the current perception of the general public regarding health risks and communication. Why is it important to know the views of the general public for a successful risk communication? Pidgeon (1998) gives several reasons why the perception of the public should be taken into account in risk communication and management. 1) People should have input into risk decisions that affect them This motivation is ethical/philosophical: exposing an individual to risk without consultation may be viewed as contrary to the democratic process or an infringement of individual rights. Additionally, participatory decision making increases an individual's commitment to the course of action selected, particularly if the decision process is seen to be fair. Finally, public participation may increase trust in the organizations who manage the risk and through this lead to greater acceptance of hazards 2) Public perceptions reflect basic" 'values' This means that factors identified in risk perception research reflect aspects of people's 'true' preferences and underlying values concerning risk and safety (rather than just a lack of information). Therefore, insight into the public’s perception can provide information about these values. 3) Perceptions have consequences This argument claims that policy ignores perceptions at its peril, because perceptions lead to actions with real consequences: either direct costs, or new risks to the public or the viability of institutions. This argument indicates that, at minimum, policy makers must show awareness of the public's likely perception of a given hazard, and a willingness to act on the perception if the consequences produced by the perception are likely to exceed those of not acting. 4) Experts can be biased too There is now considerable literature suggesting that it is not only the general public who might exhibit systematic biases of judgment: experts may do so as well. Experts' overconfidence in their own judgments has been demonstrated, and while it is tempting to believe that placing experts in groups will eliminate such biases, this is not always the case. Hence, while scientific expertise is indispensable in providing relevant information concerning both facts and their associated degree of uncertainty, experts cannot be viewed as unbiased gold standards of judgment. 5) Public risk perspectives can enrich expert analyses Experts are often in a privileged position in terms of information, even if their values and decision processes are not always employed optimally. On the other hand, while non-experts may not possess as much relevant factual information, they may be in a position to augment expert risk analyses with additional useful information, resulting in an overall superior analysis. For example, the public may possess knowledge not readily available to experts, corporations or government, and through this be in a position to criticize hidden (possibly inadequate) assumptions underlying risk assessments. For example, they might possess knowledge of the actual conditions under which a hazardous product will be used in the real world. In addition to the above mentioned reasons, the PhD study in the context of which this study is carried out strives to improve communication between experts and laypeople by developing a new indicator. This new indicator must not possess the same shortcomings as the currently existing environmental health indicators (as described in chapter 1.2) All these shortcomings are centered around the same main problem: their inability to be used to successfully communicate information to the general public (because the general public is unable to understand and interpret them). In order to develop an indicator which does not have this problem, it is imperative to have a clear understanding of the perception of the general public on the risks that are being communicated. The currently available
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indicators have all been developed to be used by experts to inform other experts and policy makers, not the general public. This study takes a different approach by taking the views and perception of the general public as a starting point in designing the indicator. This should help ensure that the end result is an indicator which meets the public’s requirements.



1.4 Problem definition and working method This study is carried out in the context of a PhD study with the following research goal: To develop a meaningful and integrative environmental health indicator to be used on a local scale. This study will contribute to this by performing a case study for the municipality of Moerdijk. In this case study the following questions are asked: 1) What is the local situation with regards to the presence of industry and traffic? 2) How can the environmental pressure in Moerdijk be calculated for the stressors traffic and industry? 3) What is the current perception of the residents of Moerdijk regarding health risks and the communication thereof? The first question is answered in the case study description in chapter 2.1. The second question is answered in the text about the models CAR2 and STACKS, which can be found in appendix E since it is not the main focus of this study. The third question is the main focus of this study, and can be divided into three sub questions: 3.1) 3.2) 3.3)



What are the views and knowledge of the general public on the health risks caused by traffic and industry? What are the views of the general public on the communication about the health risks caused by traffic and industry? What recommendations for the new indicator can be formulated based on the answers to questions one and two?
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1.5 Methods for investigating the views of the general public There are several possible methods to assess the public’s views on health risks and communication, the psychometric method, the social amplification of risk framework, and the mental models approach. These methods are described below.



The Psychometric method: The psychometric approach entails the use of questionnaires to measure the public’s attitudes towards the risks and benefits from various activities (Fischhoff et al, 1978). In this method, participants are asked (through a questionnaire) to form judgments on different types of risk, with regards to their acceptability, the perceived benefit to society and the perceived risk level. The results are then analyzed to gain insight into how the respondents view the risk. Conclusions can be drawn about the relations between perceived risk and risk benefit, perceived risk and acceptable risk, differences between voluntary and involuntary risks. There are several points of criticism on the psychometric approach: 1) The answers to hypothetical questions in a questionnaire often bear little relationship to actual behavior. 2) In this approach, the public is asked to form complex judgments about difficult societal problems, and to produce orderly interpretable responses. This could prove to be a difficult task for the public, especially when they have little knowledge about the risks they are asked to form a judgment about. This method could be useful in this study as it provides a means to gain insight into the views of the target audience on the different environmental risks. The method does not fit the goal of the research entirely however, as it serves to gain insight in the views of the public, but not the knowledge about the risks. For this reason this approach was not chosen to be used in this study.



Social Amplification of Risk Framework (SARF) SARF was developed in the late 1980’s as a response to the disjunctures between the various strands of risk research. These were seen to limit our understanding of the meaning and social causes of risks (Kasperson et al, 1988). It aims to facilitate a greater understanding of the social processes that can mediate between a hazard event and its consequences. SARF identifies categories of mediator/moderator which intervene between the risk event and its consequences and suggests a causal and temporal sequence in which they act. Information flow through first various sources and then channels, triggering social stations of amplification, initiating individual stations of amplification, precipitating behavioral reactions. These engender ripple effects, resulting in secondary impacts. There are several weaknesses in the SARF approach (Petts et al, 2000): 1) It is primarily a linear process; 2) The way in which it materializes risks and separates risk events from the underlying and preexisting interpretations of issues 3) The focus on the individual at the expense of social and group processes; 4) Its potential to simplify the complex interplay between grounded and mediated knowledge which is known to occur when people respond to risks; 5) Its focus on amplification of risk and on this as a negative process, 6) Its failure to account for the power of (and use of power by) institutions, corporations and governments. In the context of this study the SARF framework could be useful in creating a clear picture of which factors shape the risk perception of the general public. The different forms of communication are also analyzed. The SARF approach does not fit the goals of this research completely however, since it focuses more on determining why the public perceives risks a certain way, and not how it perceives the risks. For this reason, this approach was not chosen to be used in this study.
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Mental Models approach This approach, which was designed by Fischhoff and Morgan, consists of a systematical analysis of the beliefs and knowledge of the general public. This analysis helps to produce a clear picture about the information people need in order to be able to make the decisions they face (Fischhoff et al, 2002). In this research the first three steps of the mental models approach were used. The final two steps deal with drafting and evaluating a risk communication, which is not the purpose of this research. The first three steps are: 1) Creating an expert model (to be used as a frame of reference when analyzing the mental models of the public) 2) Mental model interviews (to investigate the views and knowledge of a sample from the target audience) 3) Structured initial interviews (to test whether the results from the mental model interviews are representative for the entire target audience) The term “mental model” refers to the method by which people interpret a risk communication. Even though the target audience does not have a complete understanding of the subject matter, they might still have beliefs and information about related phenomena. When people need to reach conclusions about a risk, for example about how big it is, or how it can be controlled, they will assemble all their fragmented beliefs and information into a “mental model”. This then serves as a tool which helps them interpret information and reach conclusions. A comparison of this mental model to the constructed expert model can reveal information about the knowledge gaps that exist between the mental and the expert model, and the information that is already present which can be built upon. There are several possible problems with using the mental models approach in this study. 1) The lack of experience of both researchers with conducting interviews. This might have made the second step of the method difficult to carry out correctly. In the case of this study, this did not prove to be the case. 2) The approach depends on the cooperation of the local residents in the form of cooperating with the interviews and filling out the questionnaires. This could have caused problems with completing the second and third step. In the case of this study, this did not prove to be the case. The mental models approach fits the goals of this study very well. It offers tools to gain insight into both the views and knowledge of the general public on health risks. While the approach does not focus on ascertaining the views of the general public on the communication about health risks, the interviews and questionnaires can easily de designed to include questions on this subject as well. Based on a review of the literature on the three methods, the mental models approach was chosen to be used in this study. This approach was decided to be the best suited to achieve the goals of the study. The main research goal was to gain insight into the views and knowledge of the general public with regards to health risks caused by traffic and industry and the communication thereof. The fact that the mental models approach was designed to do just this, and that it is relatively straightforward makes it the best choice. The other methods either focus more on determining why the public perceives different risks the way they do and not on how they perceive these risks (SARF), or only on the views/opinions of the public and not their knowledge (Psychometric testing). The different steps of the mental models approach and how they were applied in this study are described in chapter 3.1. The psychometric method and the social amplification of risk framework are explained in more detail in appendix F
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Figure 1: Working method Figure 1 shows the different phases of the study. In the first phase a literature review is performed on existing indicators and the criteria for a successful indicator. Also, an expert model is created. In the second and third phase the questions about the views of the general public concerning health risks and communication are answered (3.1 and 3.2). The final step consists of designing recommendations for the new indicator, which answers question 3.3. Exposure modeling can be conducted in a later stage of research in order to realize a new indicator. The data gathering needed for the exposure modeling was done already in this research.
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1.6 Reader’s guide In chapter 1 a general introduction to the study is given, presenting information about environmental health risks, the use of indicators and risk communication. Then the importance of investigating the views and knowledge of the public is discussed. Also the problem definition and working method are defined. Finally several ways to investigate the views and knowledge of the public are discussed. In chapter 2 a theoretical framework will be presented. This will provide general information on risk communication and perception. It also features a review of the existing environmental health indicators and their strong and weak points. In chapter 3 the working method is explained. First the case study area is described in detail. This answers research question 1 (what is the local situation?). Then a detailed description is given of how the mental models approach was applied in this study. Finally an account of the steps which were taken to gather data for the environmental modeling and their results is given. In chapter 4 the results of the study are presented, starting with the results of the interviews, followed by a characterization of the respondents based on several demographic questions in the questionnaire. Finally the results from the questionnaire are presented. In chapter 5 the results of the interviews and questionnaire are discussed and conclusions are drawn. This answers research questions 3.1 (what are the views and knowledge of the general public on the health risks caused by traffic and industry?) and 3.2 (what are the views of the general public on the communication about the health risks caused by traffic and industry?). Also the recommendations for the new indicator are presented, answering research question 3.3 (What recommendations for the new indicator can be formulated based on the answers to question one and two?). In appendixes A the mental model interview which was used can be found. In appendix B the analyses of the mental model interviews are presented. In appendix C the expert models for traffic and industry and examples of mental models created by interviewees for both traffic and industry are given. In appendix D the questionnaire which was sent out is presented. In appendix E a description of two environmental models is given which can be used to calculate air pollution by traffic and industry. These are useful for answering research question 2 (How can the environmental pressure in the municipality of Moerdijk be calculated for the stressors traffic and industry?). In appendix F a detailed description of the two methods to investigate the views and knowledge of the public which were not chosen to be used in this study can be found. In appendix G the data which was gathered for exposure modeling for industry and traffic is presented.
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2. Theoretical framework: risk communication and current indicators 2.1 Risk communication and perception The case study area of the municipality of Moerdijk was chosen because of the active attitude and the awareness amongst residents (see chapter 3.1). Because of the course of events in this area, people are more susceptible to information about health risks and possibly have a clear view about the requirements of this information. An important aspect in risk communication is to define the target group and determine their information need and perception of risks. There are several definitions for the classification of target groups. In the group-grid theory four basic types are generated by consideration of the compactness of social interaction and networks (group) and the extent of social differentiation governing the mode of interaction (grid) (Thompson et al cmf Marris et al, 1998). The four defined types of citizens are: egalitarians, bureaucrats, atomized individuals and entrepreneurs. The four types of the group-grid theory are also used in the Cultural Theory of risk perception, by Douglas & Wildavsky (1983), described as individualists, hierarchists, egalitarians and fatalists. The classification of the public, used in this study is based on a typology developed by Motivaction research (Motivaction, 2005): 1) Non participating citizens, who do not show interest in any form of risk communication. 2) The law-abiding citizens who accept information handed out in a correct way by governmental institutions. 3) Pragmatic citizens, who do not specifically care about the environment and risks associated with it until risks become personally relevant. 4) The interactive citizens, who are strongly focused on active participation and taking part in decision making. The target groups of this study are groups 2-4. Depending on the characteristics of the target group a specific communication tool can be developed. It will deal with specific, local-scale information relevant to the people living in the case study area.



2.2 Criteria for environmental health indicators Gray and Wiedemann (1999) studied the selection of the proper risk indicators. They stated that the function of an indicator is to describe the condition of a broader phenomenon or aspect of reality. Usually indicators are thought to be quantitative, but assuming a broader concept of indicators, also qualitative statements are used. The basic difficulty with indicators is that they are selective, representing one measure of one aspect of any situation. Also selection of indicators should not be on a technical basis alone. This is often insufficient to achieve acceptable decisions or ‘rational’ behavior by the affected people (from the expert’s viewpoint). The communicative criteria for indicators must also be taken into consideration, a possible set of criteria are the maxims of communication, stated by the philosopher Grice (1975): 1) Truthfulness, this means the indicator should not only be technically meaningful but the presentation should be transparent and not manipulated in order to encourage favorable perceptions. This is a criterion which is difficult to test to, since the presentation can be adjusted and is not always fixed when selecting an indicator. 2) Informativeness, which can be interpreted as the need to meet the audience’s information requirements. It can be seen as to what extent the indicator meets the needs of the intended audience.
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3) Clarity, to cover the visualization of the data, the use of numerical or qualitative terms, extent of complexity and the representations of uncertainty. 4) Relevance is very important, this encompasses whether information that is presented applies specifically to an individual and whether the information is useful to the concerned public, as to whether it is applicable to their local environment.



2.3 Current environmental health indicators In this section a selection of current indicators will be evaluated according to the criteria cited by Gray & Wiedemann (1999). The selection aims to obtain a wide variety of different kinds of indicators. In order to be able to make this selection a literature study was done. This study resulted in information about a large amount of different indicators. These indicators varied in technical complexity and transparency. Beforehand, a selection was made eliminating the indicators who were thought to be too technical or difficult to understand. This left with indicators often used to express health impacts to lay people. These indicators were classified into different groups; mortality based, (mortality and) morbidity based, monetary valuation and the remainder. These categories represent what is taken into account in calculating the outcomes of the indicators. The current environmental health indicators will be analyzed using the criteria; informativeness, truthfulness, relevance and clarity. Table 1 summarizes the different indicators reviewed below and scores the compliance with the four criteria stated by Gray and Wiedemann (1999). A short description of the different indicators will be given according to the classification in different categories. Table 1: evaluation of different existing environmental health indicators according to criteria stated by Gray and Wiedemann (1999). – stands for little compliance, + stands for compliance, ++ stands for strong compliance. Indicators Informativeness Truthfulness Relevance Clarity LE + + + DALY + + + QALY + + + WTP + + GES ++ + + ++ Concentrations compared to quality objects + + Number of people exposed to concentration>quality object + + + + TRACI + + + Mortality based indicators Life expectancy (LE) Life expectancy is a traditional quantitative indicator which only takes risks in terms of mortality into account. In Western society however, public health focus has gradually changed from life expectancy to health expectancy (De Hollander et al. 1999). Healthy life expectancy is not exclusively based on mortality but also on morbidity rates. In order to calculate the healthy life expectancy the total number of years lived by the population between given ages are calculated from a mortality table and the number of years without disability is derived from the abundant health data (Robine & Ritchie, 1991). The number of years spent without disability is thus accumulated from a starting point and divided by the number of survivors at that age and thereby giving an estimation of disability free life expectancy at a given age. Calculating life expectancy and healthy life expectancy as a function of specific diseases is however still problematic as more realistic calculations would need to take into account the complex correlation between risk factors and morbidity. This implies that the indicator is not as useful as it may seem, since it is difficult to determine the realism of the calculations. Also it is difficult to express and quantify the uncertainties entailed with the calculations. Life expectancy is an indicator of environmental health risks though can be very clear to the general public, since the endpoint of this
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indicator would fit well with the perception of lay people. The endpoints are often used already in the media and can be understood and interpreted by most people. This also makes the indicator truthful, since its transparency is part of the clarity of this indicator. Morbidity based indicators DALY DALY stands for disability adjusted life years and is the sum of the years of life lost and the years of life lived with disability compared to a hypothetical model of perfect health integrated over time (De Hollander et al. 1999). Using DALY various environmental stressors can be expressed in the same units, which enable comparison between the different stressors. A disadvantage of the DALY is the complex calculation and the amount of input data needed, the unit of expression might not be easy to understand for the general public and needs explanation or interpretation. This is why clarity is not a strong aspect of DALY as indicator of environmental health impacts. As stated earlier it is able however to take into account multiple environmental stressors, and therefore very informative and relevant. QALY QALY stands for quality adjusted life years and is a measure of health outcomes that combines the number of life years and quality of life. The quality of life, or utility, is measured by a single summary score between 0 and 1, where 0 represents death and 1 full health (Guyatt et al. 1993). A QALY is thus a life year weighted by its quality of life. As with DALYs; the unit of expression might not be easy to understand for the general public and probably needs explanation or interpretation. Just like DALY, an advantage of QALY is the integrative nature, this means several stressors can be analyzed and easily compared. This contributes to the informativeness of the indicator. But just as with DALY, QALY as well is not very clear to the general public, since the unit of expression might be difficult to understand. Monetary valuation indicators Willingness to pay (WTP) Whereas some indicators (e.g. QALY and DALY) make the restrictive assumption of timeproportionality, WTP values loss in life in monetary units that have an external reference. It can be interpreted as the rate of substitution between health and wealth. In contrast to for instance QALY, WTP allows for the possibility that preferences over health outcomes depend on individual characteristics, such as wealth, as well as on characteristics of the risk, such as whether it is perceived uncontrollable, unfamiliar or unimaginable (Hammitt, 2002). Willingness to pay can be used for multiple environmental stressors; nonetheless the unit of expression might not appeal to everyone, resulting in low clarity. Other indicators GES The GES is developed by the public health services under the authority of the ministries of Health, Welfare and Sport (VWS) and Housing, Spatial Planning and the Environment (VROM) (GGD Nederland, 2006). It is a quantitative methodology to visualize local health effects of urban developments. In this way, policy decisions can be screened on health effects in an early stage. The primary goal of GES is to assure that health effects are taken into account in policymaking in a way that policy makers and managers are aware of the importance of the state of public health. GES mainly focuses on policy makers and the creation of insight in the public health impacts related to (the early stages) of (urban) planning projects; for example in the fields infrastructure and new housing estates. In order to construct a GES the following steps must be taken. First, the assessment whether or not the GES methodology will have a surplus value in the planning project has to be made. Second, the sources and environmental factors with possible impacts on the planning area are listed.
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Environmental factors that are distinguished are: air pollution, noise, odor, external safety and electromagnetic fields. The third step is the quantitative analysis of the listed sources and environmental factors. In general, the GES conducts the process of source identification, emission, dispersal, exposure at certain locations and the determination of exposed people using number of residences. Exposure is linked to a GES score ranging from 1 to 8; a GES score of 6 equals the maximum permissible risk (MTR). These scores are related to a residence score which gives an indication of the number of people exposed; it also takes into account exceptional buildings like schools, shopping malls, hospitals etc. These scores can be converted to colors, which make the impacts even easier to understand for lay people. Uncertainties are not well quantified in the GES. The scores from 1 to 8 are the same for every environmental factor, meaning that the ranking of 6 for air pollution results in the same color on a map as for sound nuisance. This can be misleading to people because it could be difficult to distinguish between the different environmental factors and to put the ranking into perspective resulting in lower truthfulness and relevance. Concentrations compared to quality objectives Quality objectives are set for different environmental stressors and their activities such as discharge and emission of chemicals by industry and cars. Air concentrations are monitored by several instruments, for example the Landelijk Meetnetwerk Luchtkwaliteit of the RIVM. This consists of 48 monitoring sites in the Netherlands which are organized into networks that gather a particular kind of information, using a particular method (RIVM, 2007). This enables comparison of pollutant concentration in the air with the quality objectives set for these pollutants. This comparison is an indicator of air quality. It is a very transparent and truthful method. This is because the data is actually measured and not provided by modeling. The informativeness of the indicator can be questioned since merely information on whether pollutant concentrations exceed the quality objectives does not reveal on the health impact. This also limits the suitability for the number of environmental stressors since it is very time consuming and expensive to monitor different stressors all the time. Number of people or area exposed to exceeding quality objectives This indicator compares the exposure of the number of residents of an area or the surface of the area itself to the quality objectives valid for this area. This resembles the indicator described above. The difference with the previous indicator is the fact that this indicator takes the comparison one step further. This is done by incorporating the number of people affected by a possible exceeding of the set quality objectives. Hereby it is possible to estimate the number of people possibly affected by the health impact caused by the exceeding. This enables to understand the extent of the environmental stressors in the area. This increases the relevance and informativeness of the indicator since it now takes into account the population density. TRACI TRACI stands for Tool for Reduction and Assessment of Chemical and other environmental Impacts. It is a computer program developed by the U.S. Environmental Protection Agency. It is aimed at facilitating the characterization of environmental stressors that have different potential effects, including global warming, acidification, human health effects, fossil fuel depletion and land-use effects (Bare et. al. 2003). It consists of a set of LCIA methods to provide with the most up to date treatment of impact categories for the North American context, meaning TRACI can only be used by residents of the North American continent. This results in a low level of relevance at present; however the method itself might be useful. Because TRACI is widely available, it is simple and small enough to be run on any PC. This could cause constraints because advanced features such as geographical information system (GIS) spatial linking and the inclusion of uncertainty modeling such as the Monte Carlo simulation could have exceeded the memory of many PCs. Nonetheless, TRACI is a very clear and informative indicator which aims to integrate numerous environmental impacts.
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3. Working method 3.1 Case study The recommendations for the development of a local, integrated and understandable health indicator are formulated based on the results of a case study. The area chosen to perform the case study is the village of Moerdijk, situated in the municipality of Moerdijk, in the western part of the Province of Noord Brabant. Figure 2 shows a map of the case study area. It shows the current industrial area (grey area), between the townships of Moerdijk and Klundert (visualized by the red circles). The municipality of Moerdijk has around 37,000 inhabitants and covers 18,500 ha of land. The township of Moerdijk has around 1,200 inhabitants. To the west of the township of Moerdijk there is a large industrial area separated from the township by a small forest area. In the area there are also two highways (the A16 and the A17) and several railways, including a HSL (high speed line). The people who are living in of the municipality of Moerdijk are already very concerned about the possible negative impact of the nearby heavy industry on their health (as evidenced by the results of a milieubelevingsonderzoek, a research project to determine how the people experience their environment and the possible risks, held there). Near Moerdijk, the province of Noord Brabant is planning to build an additional large industrial area, called Moerdijkse Hoek. These plans, if realized will very likely cause health risks to the people living in the municipality of Moerdijk to change. Both the inhabitants and the municipality are very much against the second industrial area. The province however is strongly in favor as they view it as a prime location to expand the industry/economy of Noord Brabant. This is because of its proximity to both the port of Rotterdam and its surrounding area as well as its good connection to the port of Antwerp, and the fact that there are already many logistical facilities in place because of the presence of the existing industrial area. They feel the development of the new industrial area is an economical necessity, because of the expected 13,000 new jobs it will create. The residents and city council of Moerdijk have come up with an alternative to the construction of a new industrial area (called Port of Brabant). In their plan, the current industrial area will be filled out. There is a lot of empty space, and unused areas belonging to companies like Shell which can be used to house new companies. Also, a logistic park of about 150 ha will be developed next to the existing industrial area. This would mean that the creation of the new large industrial area could be avoided. At present, the process of decision making about the future of the industrial area near Moerdijk is still ongoing. Because of the complex decision making, the multitude of stakes involved and the concern of public, the development of the industrial site in the municipality of Moerdijk seems to be an appropriate site to study the public’s perception about risk communication and the use of indicators. In order to enable the inhabitants of to form a substantiated opinion of the possible risks concerning their safety and health they need to be sufficiently informed about the plans of the province. The province has ordered a Milieueffectrapportage and a Gezondheidseffectscreening to be done for the area of Moerdijk, investigating both the current situation, and 3 possible scenarios for the creation of the new area (of around 600 ha). These instruments are used to assess the environmental (health) impacts of the proposed project of the Province. From these analyses, it became clear that no matter what scenario would be chosen, the inhabitants would face increased risks, mainly in the areas of external safety, odor and noise. In reporting the environmental effects of the planned project, conclusions are based on three different scenarios. The present state of affairs is that the original plan of the Province has been rejected by the city council. They question the necessity of the new industrial zone. The Province has decided not to continue pressing the second industrial area. According to new predictions of the CPB (central planning bureau) the need for company premises can be met until at least 2020 by filling out the available space on the current industrial area and creating a small logistical park (Province of Noord Brabant, 2007).
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Figure 2: map displaying current industrial area (grey area), townships Moerdijk and Klundert (red circles) (Municipality Moerdijk, 2007) On April 20 of 2007 a meeting was organized at the port authority with members of several organizations in Moerdijk. Attendants were: the authors of this report, supervisors Loes Geelen, Astrid Souren and Ad Ragas. Also present was Henk Jans, head of the agency for health, environment and safety. The meeting started with an introduction about the industrial area by the manager Safety and Environment of the port authority, which included a tour of the industrial area. Following that a meeting was scheduled with a member of the neighbor’s council and a foundation dedicated to the preservation of the rural area of Moerdijk. After that two representatives from the Hart of Moerdijk foundation came by to express their views on the local situation. Finally a discussion was scheduled with a board member of the association of the companies on the industrial area, and director of Kolb, one of said companies. This meeting provided a lot of information about the industrial area, and the goals and motivations of the different organizations which are active in Moerdijk.
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3.2 Mental models approach One of the goals of the research is to gain insight into the views and knowledge of the general public concerning local health risks and the communication about these health risks. In order to achieve this, the Mental Models approach was chosen. In the following text the different steps of the MMA are examined in detail, with the focus on how each step was applied in this study. *Step 1: Create an expert model: In this step, the existing literature about the risks in question is reviewed in order to get a picture of the processes that determine the nature and magnitude of the risks. This knowledge is then summarized from the perspective of what can be done about these risks in the form of an influence diagram. This diagram shows the risk, its effects and all the factors that influence it. There are several strategies to create an influence diagram. 1) The assembly method. In this method the influence diagram is seen as a set of linked factors. The diagram can then be created by listing all the relevant factors and figuring out how they are related. 2) The materials/energy balance method. In this method, the underlying thought is that many risks involve physical processes. The laws of physics state that under normal circumstances energy and mass are both conserved. This means that the total mass of all raw materials that flow into a manufacturing plant must be equal to the total mass of the products and wastes that flow out of it or are stored there. The same principle holds true for energy, although the form of the energy can change. These same conservation laws can be applied to risks, and the processes which surround them. 3) The scenario method. In this approach the risks are described in a causal chain of events. The occurrence of each event affects the probability of the next event. Thus a risk may be described by showing all the links in the chain and how they affect each other. 4) The template method. In this method, general templates for risks with similar structures are created (based on recurrent exposure and effect processes), which can be applied to specific risks, eliminating the need to create a separate model for each individual risk. In this study, a combination of the first and third method (the assembly and the scenario methods) was used. The diagram consists of an environmental cause and effect chain, starting with a human need, and resulting in exposure, which has several direct and indirect effects. This part corresponds with the scenario method. Furthermore all the relevant factors which can influence the environmental cause and effect chain are added to the diagram in the correct location, and the links between the different direct and indirect effects of exposure are included. This part corresponds with the assembly scenario. The choice for the structure of the model centered around the cause and effect chain was based on a review of available literature on the subject (Bouwer & Leroy, 1995; de Haes, 1991; Ragas et al 1994; Smeets & Weterings, 1999). The cause and effect chain was chosen as the center of the model because it provides a clear picture of the different factors involved in the occurrence of health risks caused by traffic and industry. The direct and indirect effects which were included in the model were based on a review of available information on the (health) effects caused by industry and traffic (Environics Research Group, 2004; Hoek et al., 2002; Knol & Staatsen,2005; Milieu Centraal n.d.; de Provinciale Milieufederaties & Stichting Natuur en Milieu &Milieudefensie, 2007; RIVM, n.d.; GGD Nederland, 2006; VROM, n.d.) Once the influence diagram is constructed, several experts with different backgrounds and perspectives are consulted in order to get their opinions and feedback on the expert model. This feedback is then used to improve and correct the expert model. In this study two experts were consulted: Dr Ad Ragas, Department of Environmental Science, Radboud University Nijmegen, and Drs Loes Geelen, of the agency for health, environment and safety. These experts were chosen
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because they both have extensive knowledge about the subject of (environmental) health risks but have different areas of expertise. Based on the feedback from these experts, several corrections and additions were made to the models, resulting in the final versions which can be seen in Appendix C. *Step 2: Mental model interviews: In this step open-ended semi-structured interviews are conducted. The interviewees are chosen to form a random sample of the target community. This is achieved by contacting several different organizations and asking them for their cooperation. This is done to get information about how the public perceives the risks, what they know (or do not know) about it, and in the case of this study also about what they believe a helpful indicator should be like. The interviews are then analyzed, to ascertain how well the mental models of the public correspond with the expert model. The organizations contacted and asked for their cooperation in this study are: 1) De Moerdijkse vogelvrienden (bird watchers organization) 2) Hollands Diepklanken (music club) 3) EHBO Klundert (first aid society) 4) Tennis vereniging de Klaverpolder (tennis club) 5) Toneelvereniging Moerdijk (drama club) Some of these organizations were willing to provide contact information for their members so letters explaining the study and asking for their cooperation could be sent to them, while others were willing to pass a request for cooperation by e-mail along to their members. In total, 40 letters and several emails were sent. The letters and e-mails informed the residents about the study, and asked them if they would be willing to cooperate, by agreeing to be interviewed. Two weeks after the letters were sent, a follow-up by phone was conducted to try to get more residents to cooperate. This resulted in 8 residents who were willing to be interviewed, of which 6 were actually interviewed, due to logistical and time constraints. Over the course of two days the 6 residents were interviewed in a neutral location in Moerdijk. The questions for the interviews were partly designed to gain insight into the mental models of the interviewees concerning the health risks caused by traffic and industry, and partly to learn their views on the communication of these health risks. The interview was divided into several sections: 1) General questions. This section included some demographical questions and some general questions about the living environment. 2) Questions about (health) risks. This section contained questions about the health effects of industry and traffic and the resident’s views about them. 3) Questions about communication and the requirements of the new indicator. In this section questions were asked about the current state of communication regarding health risks, the opinions of the respondents about this communication and how it might be improved. There were also some questions included here which went into more detail with regards to the visualization and expression of health risks. 4) Mental model exercise. In this exercise the respondents were provided with the building blocks for the expert model. They were given the cause and effect chain as a starting point, and the different factors which influence the chain and the direct and indirect effects on separate cards. They were also given some blank cards for each category (influences and effects) in case they came up with factors or influences which were not included in the expert model. They were then asked to construct a model explaining the different (health) effects of industry and traffic using the provided material. It was emphasized they should only use those influences and effects which they considered relevant, and not treat the exercise as a puzzle where all the pieces had to be used. The end result was a mental model for both traffic and industry for each interviewee, which was photographed to be analyzed later. 5) Questions about the local situation. In this section the respondents were given a chance to voice their opinions about the current situation concerning the presence of a large industrial area and the government’s plans to create a second large in industrial area in the municipality
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of Moerdijk. They were also asked if they had any additional comments with regards to the study. In appendix A the interview-guide is given, in appendix B an analysis of the mental models produced in the interviews is given and in Appendix C some examples of these mental models are provided.



*Step 3: Conduct structured initial interviews: In this step, a confirmatory questionnaire is created. Its contents capture the beliefs on the risks and the requirements for the new indicator expressed in the open-ended interviews. It is then tested (with the help of both experts and laypeople) and distributed to larger samples from the target audience. The questionnaire is used to estimate the prevalence of the beliefs and knowledge about the risks amongst the general public, and to confirm the information about the requirements for the new indicator gained from the interviews. To create the questionnaire the results from the mental model interviews had to be analyzed so they could be used as input. The interviews provided input for the questionnaires in two ways: 1) The interviews were analyzed by breaking them down into separate statements and then clustering these based on their subject (industry and traffic in general, health effects, living environment, communication etc). A distinction was also made based on whether the statements were positive or negative. An example of such a statement is: “There are a lot of traffic jams and sometimes when there is a traffic jam they all pass through the township on their way to the industrial area”. This statement would fall into the category Traffic, negative. An example of a positive statement is: “When you are in Moerdijk, you do not notice there is an industrial area close by”. This statement would be categorized under Industry, positive. Once all interviews were processed this way, from each category several statements (both positive and negative) were chosen to be incorporated in the questionnaire, so that it could be determined whether a larger portion of the residents agreed or disagreed with them. This way it could be established whether the views and opinions presented in the interviews were representative for the community as a whole. 2) The Mental Models created during the interviews were also analyzed, by comparing them with the expert models. The main points of comparison were the placement of the various influences on the environmental cause and effect chain, and the use of the different direct and indirect effects of exposure. Some models showed a reasonable similarity to the expert model, while others were completely different. This analysis gave insight into which effects the interviewees felt were relevant for traffic and industry, and which influences on the cause and effect chain they thought are present. In the questionnaire several questions were included asking respondents to mark the effects of industry and traffic they thought were relevant. Then a follow-up question asked them to name the tree most important effects (in their opinion). The effects given were the same as those presented to the interviewees in the mental models exercise with the addition of any additional effects the interviews produced. They included negative effects like health effects, air pollution and odor nuisance, but also positive effects such as employment opportunities and prosperity. These questions gave insight into whether the respondents of the questionnaire perceived the same effects as relevant as the residents who were interviewed. This further served to compare the views and knowledge from the interviewees to the community they are a part of. It also provided more insight into which effects of industry and traffic the general public recognizes and which it considers to be the most important. There were also several categories of questions in the questionnaire which did not follow directly from the interviews: 1) At the start of the questionnaire some demographical questions were asked. These questions allow the results to be analyzed based on a division of the respondents in different groups (with and without children, education level, occupation, gender, age etc)
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All these factors can influence risk perception. (Slimak & Dietz, 2006). This could lead to insights on whether the thoughts on health risks and the requirements for a new indicator differ for various groups. These questions can also serve as a means to establish if the pool of respondents represents a good cross section of the local community. 2) Some questions were included about the information provision and whether respondents looked for information themselves. Respondents were asked if they ever received information about local health risks, how often, and by whom. They were also asked if they ever looked for information themselves, and if so, through what medium and on what subject. Furthermore they were asked if they were satisfied with the current information provision and if not, why. Finally they were asked who they thought should be responsible for the provision of information. These questions served to gain insight into the current state of information provision in Moerdijk and Klundert, and what the residents think about this. They also provide clues as to how the information provision might be improved. 3) Some questions were added to investigate in more detail the preferences of the respondents with regards to the expression and visualization of the new indicator and the way information should be presented in general. Questions were about the clarity of text compared to figures and graphs when presenting information. Other questions asked which endpoints and ways to express the new indicator were the most informative. From these questions conclusions can be drawn about the preferences of the general public with regards to the requirements of the new indicator. 4) Finally some questions were included about the reliability of the different sources of information. These questions provided insight into the attitude of the general public towards the different sources of information. This knowledge can be useful in making sure the information is not dismissed because the source is considered to be unreliable or unprofessional.



3.3 Sample size Once the questionnaire was completed, it was printed and sent out. The following formula was used to calculate the respondent size n (Zielhuis, 2006):



n
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with: p: expected size d: level of significance The calculated respondent size was 384. Then a correction was applied to the respondent size using the Lohr method (Lohr, 1999):
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with: N: size of the target group (residents of an age between 18 and 65, 768 for Moerdijk and 3596 for Klundert). n c: corrected respondent size n: respondent size This yields a respondent size of 256 for Moerdijk and 347 for Klundert. Since the expected response is 50% the sample size is twice the respondent size. Following this, 512 questionnaires were sent to Moerdijk and 694 to Klundert, for a total of 1206. The total response was 30.6%. The returned questionnaires were manually imported into a statistical program (SPSS 15.0) in order to be analyzed. The results of this analysis can be found in chapter 4; their implications are discussed in chapter 5.
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3.4 Data gathering for exposure modeling In order to estimate the exposure this can be modeled using emission data. Specific data is needed in order to perform this exposure modeling. These data concern the environmental stressors industry and traffic. For industry data is needed on the emission of air borne pollutants; preferably expressed in kilograms per second. For traffic data on the traffic intensity and road type is needed. More supplemental specific data can also be used if available, otherwise standard data already implemented in the model is used (chimney diameter, terrain roughness, meteorological data etc.) The following institutions have been contacted in order to obtain the data needed: Port Authority, County Council, City Council, Regional Environmental Agency (RMD) and DHV (consultancy). In the following diagram the means of contact are visualized.
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The gathering of data on emissions for industry and traffic and traffic intensity was a long process, during which many different sources were contacted. 1) When contacted the Port Authority (Jacco Rentrop) stated they can be looked upon as the manager of the industrial area and therefore did not possess the required emission data themselves. 2) The RMD implements environmental policies under the authority of the municipalities of West Brabant. Therefore it was expected that they would be in possession of accurate emission data for the industry located in West Brabant. The RMD was contacted by phone but no useful information was gained. 3) The county council agreed to arrange a meeting with several of its employees (Marnik Aarts, Janny v.d. Heijden, Ton Brok, Martin Eijkelhof and Arian van Weerden) of the department of ecology in order to discuss whether they possessed the required data for traffic and industry. From this meeting it became clear that they did not have the required data at their disposal as
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well. They provided contact information for employees of DHV (the consultancy which performed the GES in the municipality of Moerdijk). 4) From telephonic contact with DHV (Karen van Tol) it became clear that a report by TNO on the air quality in the municipality of Moerdijk from 2002 contained emission data for the industry. This report was also used by DHV for the GES of Moerdijk. After obtaining the report (from the website on the province of Noord Brabant) it was found to contain a table with emission data (in kg/year) for several substances for the industrial area as a whole. This data could serve as input for the STACKS model (Thijsse & Boersen, 2002). See appendix G for the table. 5) The city council proved to be useful in referring to possible sources and providing with contact information. As a result of phone calls made with the city council, a copy of the original letter concerning the PhD research of Loes Geelen, informing the City Council and requesting them to cooperate in the research was sent to Mrs. Claudia Mol. Also the reply from the City Council at that time was sent in which the Council indicated to be enthusiastic about the research and willing to cooperate. Mrs. Mol was asked whether the City Council would be able to provide data on the traffic intensity and road types in the municipality of Moerdijk. This resulted in an e-mail explaining the municipality gets their data from two websites, one from the province of Noord Brabant, which gives a lot of data, including data on the intensity of traffic (Province of Noord Brabant, 2005). This data is available on the right scale, as zooming in on the map displaying the data is possible. The other website belongs to the ministry of transport and public works (Ministry of transport and public works, n.d.). This website offers data on traffic intensity for the Netherlands in 2004 and 2005. It also provides data on a more regional scale (by zooming in on the map displaying the data). This data can be used in the CAR2 model. Data of provincial roads (N285) is supplied with percentages of types of traffic (light, medium, heavy). This is not the case for the motorways (A17, A16); however these percentages are estimated and available in the manual of the CAR2 model. In summary, after a long process of consulting many different sources at several different organizations, data for both industry (TNO report) and traffic (websites ministry and province) were acquired. With this data model simulations for air pollution using CAR2 and STACKS are possible for the municipality of Moerdijk. In the case of STACKS it would be preferable to have data for single companies rather then the industrial area as a whole.
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4. Results In this chapter the results of the mental model approach and the questionnaire are discussed. The results of the mental model approach will be discussed in section 4.1. Then, the results of the questionnaire will be thematically reviewed in section 4.2. The respondents were asked to give their opinion on several topics; the results are grouped into the following categories: perception of environment, effects of industry, effects of traffic and views on information provision.



4.1 Mental models In the mental model approach, interviews are conducted to compare the expert models with the mental models of the residents of Moerdijk The results of the mental models are subsequently discussed and compared in this section. Expert models In appendix C, the expert models are shown. These models are constructed according to the mental models approach. The models mainly focus on the health impact of two environmental stressors, industry and traffic. This is done because of the nature of the indicator to be developed. The indicator mainly focuses on the environmental health impact of different stressors. Mental models residents The Mental Model Approach also includes the construction of mental models. These are models that visualize the conceptions and ideas of the general public on a topic of interest. Two mental models are included in appendix C. Comparison The constructed mental models are compared with the expert model in order to gain insight in the conceptions and knowledge of the general public of health risks associated with traffic and industry. The most striking was the fact that people found it very difficult to construct their mental models. The major difference between the mental models and the expert models is the different arrangement of influences on the environmental impact chain. For example, they connect the government with exposure while in the expert model it is seen as an actor which can influence the industry through legislation. Another difference is that the interviewees did not differentiate between direct and indirect effects, meaning all the effects were seen as direct effects caused by either industry or traffic. In the expert model direct effects led to indirect effects, for example air pollution could lead to respiratory diseases. In the mental models, in most cases, no link was constructed between effects only between exposure and effects in general, meaning that effects like air pollution and respiratory diseases were all heaped together as effects. Furthermore they mentioned effects that were not present in the expert model, such as allergies and light nuisance. The results from the comparison of the mental models and the interviews are used as input data for the questionnaire. The development of the questionnaire is discussed in chapter 3 and will therefore not be thoroughly discussed here.



4.2 Questionnaire The questionnaire contains questions based on the mental model interviews, the answers to the questions are clustered into the following categories: characterization respondents, perception environment, effects of industry, effects of traffic, views on communication and information provision and the views of the general public on a new indicator.
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4.2.1 Characterization respondents In total 1206 questionnaires were sent out, 512 were sent to the residents of Moerdijk and 694 to the residents of Klundert. The response was 156 resp. 214, which is very reasonable (in total 30.6%). The level of education of the respondents is classified by the standard question of highest completed education used by the Public Health Services (GGD Nederland, 2003). These categories can be clustered into 4 groups: 1) Low = no education and elementary education 2) Middle 1= Elementary General Secondary Education, Lower General Secondary Education, Lower Vocational Education 3) Middle 2= Pre-university Education, Higher General Secondary Education, Intermediate Vocational Education 4) High = Higher Vocational Education, University In the following table the demographic data of the respondents is compared to corresponding demographic data on the residents of Moerdijk taken from the socio-economic profile of the municipality of Moerdijk (SES West-Brabant, 2006) and from the central agency for statistics (CBS, 2006). Table 2: Demographic data for respondents and residents of Moerdijk Age
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18-30: 15%



20-29: 17%



Low: 6%



Basic: 8%



Male: 41%



Male: 50%



Yes: 70%



Yes: 40%



31-40: 24%



30-39: 27%



Middle 1: 40%



VMBO: 25%



Female: 59%



Female: 50%



No: 30%



No: 60%



41-50: 28%



40-49: 29%



Middle 2: 31%



MBO: 43%



51-65: 34%



50-59: 28%



High: 23%



HBO/WO: 24%



4.2.2 Perception environment Overall people of Moerdijk and Klundert are satisfied with their living environment (see Figure 3), though people in Klundert statistically significant judge their environment more positive (independent sample T-test, p= 0.006). When people are asked what they would like to change in their living environment, the majority of the respondents say they would like to have more shops and activities in their townships. Furthermore, the respondents would like to move the industry. This feeling is stronger amongst respondents from Moerdijk compared to respondents from Klundert (see Figure 4).
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Figure 3: “I am satisfied with my living environment.” The mean values (+/- standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05) What would you like to change in your living environment? 70.0
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Figure 4: “What would you like to change in your living environment?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates statistically significance by an independent sample T-test (P level 0.05).
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4.2.3 Effects of industry Figure 5 shows that respondents from Moerdijk and Klundert often worry about the industry in their local environment (Statement 14). Also they consider the surroundings spoiled because of the industry (Statement 15). Nonetheless, respondents also see the benefits of industry, for example the employment opportunities and the products and resources provided by the industrial companies (Figure 5, Statement 11&17). When asked about the effects of industry, the most important ones are odor nuisance and health effects according to the respondents from Moerdijk and health effects and air pollution according to respondents from Klundert (Figure 6). Effects that are least mentioned by the respondents of the two townships are light nuisance, radiation and in case of respondents from Klundert the aging of the population (Figure 7). Aging means that people (especially young parents) move out of the townships, causing an increase in the average age of the population of the township. This differs statistically from the respondents from Moerdijk who judge this effect more negatively (independent sample T-test, p= 0.000). People of Klundert are more positive about the industry and would therefore not necessarily want to move the industry, whereas people of Moerdijk feel that the industry should be moved (Figure 5). As was stated before, health effects are considered one of the most important effects of industry. According to the respondents from Klundert and Moerdijk the most important health effects are cancer, respiratory diseases and allergies (Figure 8).



Figure 5: Statements about industry. The mean values (+/- standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05)
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Figure6: “Please mark the effects industry has on your environment.” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05). Please give the 3 most important effects of industry 25.0
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Figure 7: “Please give the 3 most important effects of the industry.” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05).
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Please give the 3 most important health effects of the industry 35.0
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Figure 8: “Please give the 3 most important health effects of the industry.” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert.



4.2.4 Effects of traffic The respondents from Moerdijk and Klundert consider their township easily accessible (Figure 9, Statement 18). Also they do not consider their environment to be crowded because of the traffic. Nonetheless, respondents indicate that the disadvantages of traffic outweigh the advantages (Figure 9, Statement 21). This is in concordance with the fact that respondents from Moerdijk and Klundert consider the roads to and from the industrial area to be inconveniently crowded in the morning and evening (Figure 9, Statement 19). The respondents from Moerdijk agree statistically significantly stronger with this statement (p= 0.000). The respondents also disagree with the statement of their children being able to play safely outside without their parents having to worry (figure 9, Statement 16), where respondents from Klundert statistically significant disagree stronger (p= 0.000). The observed effects of traffic on the living environment of the respondents are mainly traffic jams (on the highway and in the township itself as well) and air pollution (Figure 10). When asked to specify the most important health effects caused by traffic, the same effects are mentioned as those related with industry: allergies, cancer and respiratory diseases (Figure 11).
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Figure9: Statement about traffic. The mean values (+/- standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05) Please mark the effects of traffic on your living environment 80.0
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Figure 10: “Please mark the effects of traffic on your living environment.” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05).
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Figure 11: “Please give the 3 most important health effects of traffic.” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert.



4.2.5 Views on communication and information provision Communication Respondents from Moerdijk and Klundert indicate they are not satisfied with the current level of information provision (Figure 12, Statement 37). The reasons for being unsatisfied are: the moment of information provision, frequency and clarity (Figure 13). Moment of information provision means the moment in time the information is sent. This can be on a regular basis irrespective of the course of events or only after an incident or report. Frequency is referring to the number of times and regularity of the information provision. At present the majority of the respondents indicate they receive information once every half year (Figure 14). Only 11.5% of the respondents from Moerdijk and 7.5% of the respondents from Klundert indicate they receive information more often than once every half year. The information people receive is mainly via letters and the newspapers (Figure 15) and is sent by the city council and the industrial companies (Figure 16). When people go looking for information on their own they mainly use the Internet and the newspapers (Figure 17). When asked who the respondents consider responsible for providing information about health risks, the majority of the respondents from Moerdijk and Klundert (91% resp. 83.1%) think the city council should be responsible (Figure 19).
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Figure 12: Statements about information provision and interpretation. The mean values (+/standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05) Why aren't you satisfied with the current level of information services? 50.0
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. Figure 13: `Why aren’t you satisfied with the current level of information services?”. Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert.
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Figure 14: “How often do you receive information on health risks in your local environment?” An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample Ttest (P level 0.05). How is information about environmental health risks presented to you? 70.0
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Figure 15: “How is information about environmental health risks presented to you?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05).
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Figure 16: “Who is the sender of present information services?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05). Where do you look for information on health risks in your local environment? 35.0
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Figure 17: “Where do you look for information on health risks in your local environment?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert.
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Figure 18: “What kind of information do you look for?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert. Who do you think should be responsible for providing information on health risks in the local environment? 100.0
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Figure 19: “Who do you think should be responsible for providing information on health risks in the local environment?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. An asterisk indicates a statistically significant difference between Moerdijk and Klundert by an independent sample T-test (P level 0.05).
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Visualization Concerning the visualization of health risks, respondents from both Moerdijk and Klundert feel that information on a national scale is not specific enough and needs to be translated to a local scale (Figure 20, Statement 43). A combination of text and figures is considered a very clear way of visualizing health risks (Figure 20, Statement 41). Also the use of maps is considered more informative then using tables and graphs (Figure 20, Statement 42). Moreover the respondents feel that when raw data is interpreted by researchers it is easier for them to form their own judgment (Figure 12). An important aspect of the information provision in the present and especially in the future is the reliability and professionalism of the sender. This becomes evident from the fact that the city council is not considered professional enough to inform the respondents from Moerdijk and Klundert (Figure 21, Statement 52). The need for a reliable source is underlined by the fact that companies are only considered trustworthy when they are supervised by an independent institution (Figure 22, Statement 58). Figure 21 shows that companies alone are not considered a reliable source of measurement data (Statement 51). Perception of the local environment of the respondents also plays a role considering the confidence of respondents in provided information. This is illustrated by the fact that when the results of scientific research contradict what they see or experience in their own environment the respondents will not believe the research (Figure 22, Statement 54). A more technical aspect of reliability concerns the use of models; this is not considered an acceptable alternative for taking measurements by the respondents from Moerdijk and Klundert (Figure 21, Statement 50).



Figure 20: Statements about information provision and visualization. The mean values (+/standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05)
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Figure 21: Statements about information provision and data gathering. The mean values (+/standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05)



Figure 22: Statements about information provision and data gathering. The mean values (+/- standard deviation) are shown for each township; 1 stands for strong agreement, 2 for agreement, 3 for disagreement and 4 stands for strong disagreement. The dotted line indicates the ‘neutral value’ of 2.5.An asterisk indicates statistically significance by an independent sample T-test (P level 0.05)
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4.2.6 Views of general public regarding a new indicator The respondents were asked what conditions a new indicator should meet and which aspects should be taken into account. The majority of respondents prefer the information to be provided at the level of ‘effects’ (Figure 23). The expression of the health risks is preferred either to be in complaints by neighbors (Moerdijk) or illness rates (Klundert) (Figure 24). Table 3 shows the Friedman test and Kendall’s W; these tests tell whether the ranking is statistically significant and what the measure of concordance is between the different respondents. Both the respondents from Moerdijk and Klundert prefer color coding as a way to visualize the interpreted data compared to visualization by means of grading or comparison with other health risks (Figure 25).
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Figure 23: “At which scale would you like to receive information on the magnitude of health risks in the local environment?” Multiple replies are possible; the sum of the answers does not necessarily add up to 100%. There are no statistically significant differences between the townships of Moerdijk and Klundert.
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Figure 24: “Please rank the following expressions of health risks.” 1 stands for a clear expression; 8 stands for a moderate expression. Expressions with a low average means relative high ranking by the respondents Ranking visualization interpretations 2.5
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Figure 25: “Please rank the following visualizations of interpretations.” 1 stands for a clear visualization; 3 stands for a moderate visualization. Visualizations with a low average means relative high ranking by the respondents
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Table 3: Statistics Friedman test and Kendall’s W for figure 25 (expression) and 26 (visualization) Expression Visualization Moerdijk N 140 Moerdijk N 101 Sig. 0,000 Sig. 0,011 Kendall's 0,254 Kendall's 0,044 W W Klundert N 196 Klundert N 152 Sig. 0,000 Sig. 0,002 Kendall's 0,211 Kendall's 0,042 W W
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5. Discussion Research goal The main goal of this traineeship was to gain insight into the views and knowledge of the public on health impacts of traffic and industry and communication and to formulate recommendations for the development of a new indicator. This research goal was divided into three research questions: 3.1) What are the views and knowledge of the general public on the health risks caused by traffic and industry? 3.2) What are the views of the general public on the communication about the health risks caused by traffic and industry? 3.3) What recommendations for the new indicator can be formulated based on the answers to question one and two?



Method In order to gain insight into the views and knowledge of the public, the mental models approach was used. This approach, which consists of the creation of an expert model, conducting interviews and sending out a questionnaire, was instrumental to finding the answers to the research questions. The MMA performed well since it provided the information needed and resulted in unexpected insights. The creation of the expert model helped clarify the scope of the health risks caused by traffic and industry. The conducting of interviews yielded useful insights into the mental models of the respondents, their views and misconceptions on health risks and their thoughts on communication. For example, the interviews produced several effects of the industry and traffic which were not included in the expert model, but the interviewees felt were relevant. The questionnaire proved very useful for testing the results from the interviews on a larger scale. An abundance of information was gathered. The research as a whole proved to be useful in assessing people’s views and ideas on communication of health risks. The respondents appreciated this approach especially since it gave them a chance to voice their opinions and contribute to improving communication in the future. Also several demographic questions were implemented in the questionnaire. These results are compared with general demographic information from the socio-economic profile of the municipality of Moerdijk (SES west Brabant, 2006) and the central agency for statistics (CBS, 2005) to see whether the respondents are representative for the municipality of Moerdijk. An overview of these results can be found in chapter 4.2.1 in table 2. 1) From the data on the division over the different age classes it can be concluded that the division of the respondents over the age classes matches the division of the entire population of Moerdijk quite closely. The largest difference in the highest age class can be explained by the fact that in this study the class ranges from 51-65 while in the socioeconomic profile this class is 50-60. 2) From the data on education it can be concluded that the respondents match the socio economic profile fairly well, with the exception that the middle two classes are reversed. This means that the respondents are overall slightly less educated then the average for the residents of Moerdijk. This could imply a bias towards more concerned people, as the literature shows that those with lower education are more likely to be concerned about environmental health risks (Slimak & Dietz, 2006). 3) In this study more females have responded then males. This corresponds with the literature which states that woman express greater concern about environmental issues, making them more likely to respond to the questionnaire (Howel et al 2002). 4) The large percentage of respondents with children (much larger then the percentage for the residents as a whole) could be explained by the fact that respondents who have children are more likely to be concerned about negative health effects of traffic and



44



industry because they not only worry about the effects on their own health, but on that of their children as well. The literature supports this; an example is the fact that women with children are more likely to express concern about issues relating to family or children, the elderly and health compared to women without children and men (Environment Agency, 2001). Based on these 4 characteristics it can be concluded that there is a bias amongst the respondents when compared with the population of Moerdijk as a whole. The percentage of respondents with a low education level is higher in the respondent pool, more women then men have responded, and a larger percentage of the respondents have children. All these groups are known to be more concerned about environmental health risks. This should be taken into account when interpreting the results and drawing conclusions from them. The results are based on feedback from a group with an above average concern about health risks, which means they might not be completely representative for the population of the municipality of Moerdijk as a whole and the population of the Netherlands. The overall response of 30.6% falls short of the expected response of 50%. However, since the actual number of responses is fairly high (380), there is enough data to perform a reliable statistical analysis. This means the low percentage does not pose a problem. However, it is important to realize that with increasing sample size the margins of statistical significance decrease. Therefore statistic tests will more often indicate statistically significant difference between groups. This difference does not necessarily have to be relevant. For example when the difference is very small, it may be statistically significant, but not relevant.



Interviews Expert-mental model The comparison between the expert model and the mental models of the interviewees led to several observations and conclusions. The most striking observation is that the exercise of creating a mental model about the health risks caused by traffic and industry proved to be very difficult for the interviewees. The most difficult part of the model was the location of the different influences on the cause and effect chain. All the interviewees had trouble with this, although some influences like prosperity and measures at the source were usually placed on the same location as in the expert model. This indicates that in general they either lacked the knowledge required to understand and reproduce the links between the different elements of the model, or they were unfamiliar with the approach used to create the model. The different direct and indirect effects were more often used correctly, though not all of the interviewees distinguished between the direct and indirect effects. This part of the model seemed to fit their perception of their environment better. Although it was expected that the interviewees found this exercise difficult, it yielded some useful results since it gave insight into what aspects of the model they could and could not identify with. It also provided new elements that can be incorporated into the model, for example allergies (indirect effect) and light nuisance (direct effect). The finding that public perceptions of risk often not align with scientific assessments is supported by Slovic (cfm McComas, 2006).



Questionnaire Industry From the questions in the questionnaire about the effects of industry it becomes clear that the respondents from both Moerdijk and Klundert see health effects as one of the two most important effects. This corresponds with the results of the Milieubelevingsonderzoek carried out in the same area by the Public Health Department in 2006 (Nijdam & Jans, 2006). This research showed that the respondents from the townships Moerdijk and Klundert were more concerned with the impact of the industry on their health compared to the municipality as a whole. They differ however on the other
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most important effect, the respondents from Moerdijk chose odor nuisance while those of Klundert chose air pollution. The fact that the respondents from Moerdijk felt that odor nuisance was an important effect of the industry corresponds with the results of Nijdam & Jans (2006) who also found that the residents of Moerdijk complained about odor nuisance significantly more then the residents of the other townships. This could be explained by the location of the industrial area which is in between the townships of Klundert (to the west) and Moerdijk (to the east) and the fact that the wind direction is usually south-west. A possible explanation of the experienced air pollution by the respondents from Klundert is that the view of the industrial area is not obscured by a patch of forest like it is in Moerdijk. This means the residents are more directly confronted with the sight of the chimneys and especially the large chemical plant on the east side of the industrial area. Overall, the respondents from Klundert are less negative concerning the industrial area and are more likely to see the benefits of the industry as well, such as employment opportunities and prosperity. This could be explained by the higher number of respondents from Klundert who are employed by companies on the industrial area (Jans, 2007, personal communication). The concern about light nuisance which was put forward in the interviews was not seen as a major factor in the results of the questionnaire. It was amongst the least chosen effects of the industry in general and only a small percentage of the respondents chose it as one of the 3 most important effects. This corresponds with the results of Nijdam & Jans (2006), who also found a very low percentage of people complaining about light nuisance. The respondents from Klundert mention this effect more often then those of Moerdijk, which may be explained by the fact that there is no buffer between the township and the industrial area like the patch of forest on the side of Moerdijk. Therefore, the residents of Klundert have an unhindered view of the industrial area, making them more likely to be bothered by the lights at night. Cancer, respiratory diseases and allergies are seen as the most important health effects caused by industry both by the respondents from Moerdijk and Klundert. The expressed concern about high cancer rates can also be found in the Milieubelevingsonderzoek (Nijdam & Jans, 2006), where respondents also indicated to experience significantly higher cancer rates compared to other parts of The Netherlands. This could be explained by the anxiety of the residents in Moerdijk and Klundert, due to the course of events in the area concerning the industrial zone. The large percentage of the respondents which was concerned about the occurrence of allergies as a result of the presence of the industry was unexpected, as this effect was originally not part of the expert model. It does fit with the results of the interviews where this effect was mentioned as a consequence of the industry. With regards to the importance of the health effects compared with the other problems which are present in Moerdijk the following can be concluded: From the question about what the respondents would like to change in their living environment it becomes clear that moving the industry is chosen most often by respondents from Klundert, and for Moerdijk second only to creating more shops. To understand why so many respondents would like to move the industry, the question about the most important effects of the industry must be analyzed. For respondents from Moerdijk the health effects are the second most important effect, after odor nuisance. For respondents from Klundert the health effects are also the second most important effect, after air pollution. Other effects such as the degradation of the living environment, the aging of the population and the heavy traffic are considered less important. The same goes for the nuisance factor (caused by sound, odor and light), with the exception of odor nuisance in Moerdijk, which is considered to be the most important effect. From these results it can be concluded that the health effects are amongst the most important effects of the industry according to the respondents from Moerdijk and Klundert, making a study to improve communication about them very relevant.
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Traffic From the questions about the effects of traffic the most striking result is that the health effects are not amongst the most important effects of traffic in contrast to industry. For traffic other effects such as traffic jams (Moerdijk) and air pollution (Klundert) are considered more important. This may be explained by the fact that people often underestimate the health risks of traffic since it does not necessarily evoke strong negative feelings the way industry does. This is underlined by McComas (2006): “If people have positive feelings about an activity, they tend to judge the risks as lower than if they have negative feelings about the activity and vice versa. Feelings can also override analytical reasoning.” (p.78). Another explanation is that health effects are not amongst the most visible effects caused by traffic such as traffic jams, accidents and noise nuisance. A notable difference between Moerdijk and Klundert can be seen for the effect traffic jams in the township. For the respondents from Moerdijk this is the third most important effect of the traffic, while for Klundert it is seen as much less important. This can be explained by the location of Moerdijk, which is wedged in between the industrial area and both the A16 and the A17, two major highways, this could lead to cut-through traffic from the highways to and from the industrial area. This is confirmed by the results of the interviews, where several interviewees mentioned a high occurrence of cut-through traffic in the township. The Milieubelevingsonderzoek (Nijdam &Jans, 2006) also mentions this. For Klundert this is not such an issue as it lies on the other side of the industrial area, and above the A17. The shortest route from the highway to the industrial area does not lead through Klundert. Cancer, respiratory diseases and allergies are seen as the most important health effects caused by traffic both by the respondents from Moerdijk and Klundert. These are exactly the same health effects mentioned as the most important for the industry; this indicates that people associate the same health problems with these two determinants.



Provision of information From the questions taken from the questionnaire about the information provision it becomes clear that the provision of information is considered to be very poor by the respondents from both Moerdijk and Klundert. There are two important reasons given for this by the respondents. The first one is the timing, which concerns the moment in time people are provided with information. They feel this is done exclusively after an incident has occurred or complaints have been submitted. The second reason is the frequency; they feel the information is not provided often enough. Most people who reported they received information indicated this happened once a year, or once per six months. Another explanation of the lack of satisfaction with the information provision is the fact that the two main sources of information are considered unreliable (the industrial companies) and unprofessional (the city council). Decline in trust in institutions has been recorded for Northern America and Europe, in particular industry and government (Marris et al, cmf Environment Agency, 2001). The main media used to inform the respondents are letters and newspapers. When respondents look for information by themselves they do this by means of the newspaper and internet. Herein lies a promising opportunity to improve the communication of health risks because the use of internet would probably allow a larger audience to be reached. The Milieubelevingsonderzoek (Nijdam & Jans 2006) also recommends the use of the internet. With regards to the presentation of the information the respondents feel that a combination of figures and text is the most clear. This corresponds with the literature on this subject. Ancker et al (2006) and Lipkus and Hollands (1999) mention the value of graphics to supplement the use of text in risk communication.



Recommendations for new indicator In order to produce recommendations for the development and communication of the new indicator, the relevant questions from the questionnaire were analyzed. This led to the following observations: 1) The respondents prefer the expression of health impacts to be on the level of effects. For example expressing the health risk of the inhalation of soot particles in terms of the respiratory problems this causes.
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2) Furthermore the respondents from Moerdijk prefer the expression of health impacts to be in the number of complaints by neighbors, whereas the respondents from Klundert prefer expression in the form of illness rates. 3) Both the respondents from Moerdijk and Klundert would like the results to be interpreted for them in order to facilitate forming a judgment about the (acceptability of) health risks. The preferred way to visualize the interpreted data is by color coding (for the respondents from both townships). The reasons given for this were the fact that people are visually oriented, and with the use of color coding it is easy to get a clear picture of the levels of the risks in different areas at a glance. This is supported by the literature, where the use of color coding is also recommended as a way to visualize the information concerning health risks, with the addition that colors should be used which are commonly associated with particular messages. For example green for low risk and red for high risk (Peterson, 2002). As expected the scale of the indicator should preferably be attuned to the local environment, because the respondents stated that the national scale was not informative enough. 4) With regards to the gathering of data and the provision of information the respondents feel that the use of computer models to estimate concentrations is not an acceptable alternative for taking measurements. This could imply the necessity of clearly explaining the use of models to the general public in the future. They further feel that those measurements should be carried out or at least supervised by an independent institution. According to the vast majority of the respondents the responsible party for providing the information should be the city council. 5) The results of the questionnaire emphasized the importance of reliability and communication. It is very important that the information is provided by a reliable source, meaning that this source should not have a bias, and should possess enough professionalism. The loss of trust in institution is a possible consequence of risk amplification (McComas, 2006). Trumbo and McComas (2003) state that credibility is very important for those whishing to communicate about risk as it can influence the success of the communication. It is important that the reliability of the source is stressed since people are very skeptical. This was underlined by the fact that the results show scientific research is doubted in case it contradicts their perception. This was also found by Johnson (cmf Johnson & Chess, 2006). The Milieubelevingsonderzoek (Nijdam & Jans 2006) also stresses the importance of transparency and the building of trust in communicating with residents. 6) Concerning the communication, it is important that the information is provided on a regular basis as opposed to only after incidents or reports. Also the use of internet and newspapers could facilitate a fast and widespread communication to the people living in the municipality of Moerdijk. When looking for information on health risks, the majority of respondents from Moerdijk and Klundert use internet (25.5% resp. 29.2%).



Conclusion Based on an analysis of the results from the interviews and questionnaire the following answers are formulated to the research questions: 3.1: The following conclusions are drawn about the views and knowledge of the public on the health risks caused by traffic and industry: - Industry: 1) Health effects are considered to be amongst the most important effects of the industry. 2) Cancer, respiratory diseases and allergies are considered to be the most important health effects caused by industry. - Traffic: 1) Health effects are not considered to be amongst the most important effects of traffic. 2) Cancer, respiratory diseases and allergies are considered to be the most important health effects caused by traffic.
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3.2: The following conclusions are drawn about the views of the public on the communication about the health risks caused by traffic and industry: 1) The communication about health risks in the municipality of Moerdijk is considered to be very poor. 2) The sources of information are considered unreliable (the industry itself) and unprofessional (the city council). 3) When information is provided this is done through newspapers and letters. 4) When respondents search for information themselves they use newspapers and the internet. 5) The majority of the respondents feel the city council should be responsible for the provision of information about health risks. 3.3: The following recommendations for the development of the new indicator and its use in risk communication are formulated: 1) It should express health impacts on the level of “effects”. 2) It should express these effects in the form of the number of complaints by neighbors (Moerdijk) and illness rates (Klundert). 3) The data should be visualized by means of color coding. 4) The usefulness and reliability of models used in data gathering should be clearly explained when presenting information. 5) It is important that the information is presented by a source which is considered reliable and professional. 6) The information should be presented on a regular basis and distributed using the media of newspapers and the internet to reach as many people as possible.



Further research Further research should focus on a more in depth analysis of the output of the questionnaire. In this study respondents were classified in two groups: Moerdijk and Klundert, but probably more factors determine the views and knowledge. For example education level, children or no children, age, sector of employment (industry and transport), etc. Also a cluster analysis can be conducted; this could result in specific groups emerging from the clustered data. This additional research could demonstrate the need for different indicators for different groups. More case studies in different areas should also be carried out in order to verify if the results of this research are representative for the general public. When creating the expert model, more experts from different backgrounds should be consulted, this could lead to additional insights into the factors involved in the occurrence of health risks. Exposure modeling is needed to check whether the indicator can be of use in converting emission data to a useful endpoint. In order to do so, data needs to be gathered on emission by traffic and industry. This data needs to be as up to date as possible. In case of traffic, information on vehicle densities and speed are needed. In case of industry the physical dimensions of the chimneys and emission data in kg/year are needed, as well as meteorological data. Another area for further research is the possibility and effect of compensation by the industry for the health effects caused by them. This could be in the form of the creation of recreational areas (in the case of Moerdijk a marina for example), or the establishment of more shops. This could alter the way the residents perceive the industry, and thereby improve the relationship between the companies and the residents.



Process evaluation traineeship In hindsight there are some aspects of the research that could be revised. The time allocated to the MMA was not nearly enough. In particular the questionnaire took much longer to create, distribute and analyze then expected. This in turn interfered with the data gathering and exposure modeling. If this had been known in advance the time planning would have been more realistic, allowing more time for the questionnaire, and starting the data gathering earlier in the process.
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Appendices Appendix A – interviews Algemeen -



Algemene gegevens: geslacht, leeftijd, opleiding, herkomst e.d. (demografische vragen)



-



Hoe lang woont u al in deze omgeving?



-



Wat vindt u van deze leefomgeving?



-



Als u 3 dingen mocht veranderen aan deze omgeving, welke zouden dat zijn?



-



Is er veel verkeer in/rond uw leefomgeving?



-



Woont u dicht bij industrie in de buurt?



-



Wat is uw definitie van het woord risico?



-



Wat is uw definitie van communicatie? Of anders gezegd:



-



Wat zijn uw associaties bij het woord communicatie?



-



Hebt u wel eens hinder van uw leefomgeving?



-



Zo ja, praat u daar wel eens over met andere mensen, en met wie dan?



Specifiek Risico’s - Kunt u verschillende factoren opnoemen waarvan u denkt dat ze effecten kunnen hebben op uw gezondheid, -



Waarom denkt u dat? (Bijvoorbeeld geluid, geur, schadelijke stoffen in de lucht, verkeer, industrie)



-



Kunt u de volgende risico’s/effecten/gebeurtenissen rangschikken van grootste risico tot kleinste risico: roken, naast een snelweg wonen, naast een industriegebied wonen, parachutespringen, etc. (stuk of 10 risico’s opnoemen, wel zorgen dat je zelf weet waar je het over hebt, achtergrondkennis).



-



Kunt u ook beargumenteren/onderbouwen waarom u de risico’s in deze volgorde plaatst?
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-



Denkt u dat de aanwezige industrie in uw leefomgeving risico’s kunnen veroorzaken?



-



Waarom denkt u dat?



-



Zo ja, welke invloed heeft deze activiteit (industrie) op uw gezondheid?



-



Hoe gaat dit in zijn werk? ( om te kijken of ze ook echt weten op wat voor een manier hun gezondheid beïnvloedt kan worden en niet alleen dat het mogelijk is).



-



Waarop baseert deze relatie tussen de activiteit (industrie) en de gezondheidseffecten (oftewel dosis-respons relatie)?



-



Vindt u deze risico’s acceptabel?



-



Waarom vindt u deze risico’s acceptabel dan wel onacceptabel?



-



Vindt u dat de aanwezige (vervuilende, zoals industrie) bronnen, ook positieve effecten hebben?



-



Waarom vindt u dat?



-



Hoe staat u tegenover het aanwezige verkeer in uw leefomgeving? (Nadruk leggen op positieve dan wel negatieve associatie met verkeer).



-



Waarom staat u er zo tegenover?



-



Denkt u dat het aanwezige verkeer in uw leefomgeving risico’s kan veroorzaken?



-



Zo ja, welke invloed heeft deze activiteit (verkeer) op uw gezondheid?



-



Hoe gaat dit in zijn werk? ( om te kijken of ze ook echt weten op wat voor een manier hun gezondheid beïnvloedt kan worden en niet alleen dat het mogelijk is).



-



Waarop baseert deze relatie tussen de activiteit (industrie) en de gezondheidseffecten (oftewel dosis-respons relatie)?



-



Vindt u deze risico’s acceptabel?



-



Waarom vindt u deze risico’s acceptabel dan wel onacceptabel?



Specifiek Communicatie/Indicator - Werd u in het verleden of wordt u in het heden geïnformeerd over eventuele risico’s in uw leefomgeving (oftewel gezondheid en leefomgeving)? -



Zo ja, via welk medium wordt u geïnformeerd? (tv, folders, voorlichtingen)
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-



Hoe wordt de informatie gepresenteerd? (tabellen, kaartjes, grafieken)



-



Door wie wordt u geïnformeerd over gezondheid en leefomgeving? (vragen naar voorbeelden)



-



En bent u daar tevreden over?



-



Als u daar niet tevreden over bent, hoe denkt u dan dat het beter zou kunnen?



-



Wie zou volgens u verantwoordelijk zou moeten zijn voor het verstrekken van deze informatie?



-



Waarom denkt u dat die instantie/persoon hiervoor verantwoordelijk voor zou moeten zijn?



-



Gaat u wel eens zelf actief op zoek naar informatie over risico’s veroorzaakt door verkeer in uw leefomgeving?



-



Gaat u wel eens zelf actief op zoek naar informatie over risico’s veroorzaakt door industrie in uw leefomgeving?



-



Waarom gaat u wel dan wel niet actief op zoek naar informatie?



-



Zo niet, hoe komt u dan aan informatie over deze activiteiten en de mogelijke risico’s? (in het geval dat mensen niet geïnformeerd worden en ook niet actief op zoek gaan naar informatie).



-



Hebt u wel eens actie ondernomen of uw gedrag aangepast naar aanleiding van informatie die u ontving over bepaalde risico’s in uw leefomgeving?



-



Hoe zou u het risico van verkeer op uw gezondheid weergeven? (bijvoorbeeld). Mochten mensen hier niets op kunnen antwoorden, dan voorbeelden laten zien en laten ‘kiezen’ uit grafiekje/plaatje/tekst/etc. Bijvoorbeeld 10 opties geven en vervolgens laten sorteren op basis van duidelijkheid. In voorbeelden verschillen in schaal aanbrengen!!



-



Hoe zou u het risico van industrie op uw gezondheid weergeven? (Zie vorige vraag).



-



Wat vindt u de belangrijkste informatie over activiteiten? (Wat voor risico’s veroorzaakt worden, preventie, etc.)



Mental model inwoners Zou u een schematisch overzicht willen maken van activiteit (industrie en verkeer) en gevolgen en invloeden die erop uitgeoefend kunnen worden.
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Afsluitend - Bent u op de hoogte van de bestemmingsplannen van het gebied tussen Moerdijk, Zevenbergen en Zevenbergse Hoek? -



Zo ja, hoe bent u op de hoogte gebracht?



-



Wat vindt u van de plannen voor Port of Brabant?



-



Wat is uw betrokkenheid bij de invulling van de bestemmingsplannen rondom het industriegebied?



-



Zijn er nog dingen die u graag wilt vertellen naar aanleiding van dit onderzoek?



-



Denkt u dat u er voordeel mee kan doen door beter (of in ieder geval op een andere wijze waarvan wij denken dat die beter is) geïnformeerd te worden over de activiteiten en verbonden risico’s in uw leefomgeving?
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Appendix B – mental models B.1.1 Analyse Mental Model Verkeer Dit is een model wat op de tweede dag van interviews gemaakt is. Toen hebben we besloten om de milieu effect keten ietwat te simplificeren omdat naar ons idee mensen er veel moeite mee hadden om deze te begrijpen. Daartoe hebben we menselijke behoefte weggelaten en milieubelasting en milieukwaliteit vervangen door het blok milieuvervuiling. Het model lijkt qua structuur erg sterk op het model B.2.1 wat het vermoeden nogmaals bevestigd dat het simplificeren van de milieu effect keten het duidelijk aan kunnen geven van aangrijppunten van de invloeden wat moeilijker wordt en dat mensen snel geneigd zijn om de invloeden rondom het blok verkeer te plaatsen, de directe effecten rondom het blok milieuvervuiling en de indirecte effecten rondom het laatste blok, blootstelling. Dit is ook min of meer wat de geïnterviewde gedaan heeft, onder het eerste blok liggen de invloeden, dit zijn: verkeersintensiteit, keuze woonplaats, infrastructuur, welvaart, brongerichte maatregelen en educatie/risicobeleving. De invloeden die ontbreken zijn: type verkeer, gedragspatroon veranderen en effectgerichte maatregelen. De intensiteit houdt verband met de drukte op de weg, dit kan volgens de geïnterviewde een bepaling zijn van de keuze voor je woonplaats, maar aan de andere kant heeft ze ook wel het voordeel dat ze vlakbij de snelweg zit en dus zo overal bent. Maar daar zit ook weer een keerzijde aan. Door voldoende doorstroming (infrastructuur) krijg je minder milieuvervuiling omdat dan de files weg zijn. Verder speelt welvaart een grote rol want daardoor komen er alleen maar meer auto’s op de wegen, maar daar is waarschijnlijk ook geen geschikte oplossing voor. Verder twijfelt ze tussen gedragspatroon veranderen, brongerichte maatregelen en effect gerichte maatregelen. Uiteindelijk heeft ze gedragspatroon veranderen er niet bijgelegd omdat ze vindt dat mensen toch kuddedieren blijven dus dat dat niet zo veel uithaalt. Maar ze ziet blijkbaar wel dat er een verband kan bestaan tussen het veranderen van gedrag en de blootstelling aan verkeer dan wel de milieuvervuiling. Echter wanneer ze gaat bedenken of dit haalbaar is concludeert ze van niet en is dat een reden om deze invloed achterwege te laten. Dezelfde redenering geeft ze voor de effect gerichte maatregelen, volgens de geïnterviewde moet je echt naar de bron om iets te kunnen veranderen en dat is dan ook de reden dat deze invloed wel in haar model voorkomt en de andere twee niet. Educatie/risicobeleving, daar wordt al veel aan gedaan maar het blijft wel heel belangrijk om aan te geven wat de risico’s zijn van verkeer. De directe effecten in het model zijn: geluidsoverlast, transportveiligheid, ruimtegebruik en lucht -, water -, en bodemverontreiniging. Dit houdt in dat ze beeldvervuiling niet als een direct effect ziet van het verkeer. Verder geeft ze niet erg veel uitleg over waarom ze voor deze directe effecten heeft gekozen, alleen bij ruimtegebruik geeft ze aan dat er steeds meer wegen komen en dat het belangrijk is dat er goed op gelet wordt dat er ook nog groen overblijft en dat er ook nieuw aangeplant wordt. Transportveiligheid is in haar ogen voornamelijk de veiligheid op de weg en dit hangt onder andere samen met de grootte en het bouwjaar van de auto’s. De indirecte effecten zijn rondom blootstelling geplaatst en zijn: luchtwegaandoeningen, kanker, sterfte, geestelijk letsel (stress) en lichamelijk letsel. De twee indirecte effecten die wel in het expert model staan maar niet in het model zijn: hart – en vaatziekten en slapeloosheid. Ze heeft wel verbanden aangegeven tussen de directe en de indirecte effecten. Zo wordt geluidsoverlast gekoppeld aan geestelijk letsel (stress), in het expert model wordt dit verband ook gelegd, daarbij ook het verband met slapeloosheid en hart – en vaatziekten, deze laatste twee ontbreken in het model. Transportveiligheid wordt in verband gebracht met lichamelijk letsel, dit gaat dan over wanneer er aanrijdingen plaatsvinden. Verder wordt dit ook in verband gebracht met geestelijk letsel en sterfte. Dit zijn exact dezelfde verbanden die ook in het expert model gelegd worden. Ruimtegebruik wordt gerelateerd aan geestelijk letsel, dit komt overeen met het expert model. De lucht -, water -, en bodemverontreiniging worden gekoppeld aan kanker, luchtwegaandoeningen en sterfte. Dit komt overeen met het expert model alleen worden daarin ook nog de verbanden gelegd met hart – en vaatziekten en geestelijk letsel. De luchtwegaandoeningen worden volgens de
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geïnterviewde veroorzaakt door de uitlaatgassen die vrijkomen. Kanker en sterfte komen door de vervuiling van het leefmilieu met de uitlaatgassen indirect (via water, bodem en lucht) en ook door dingen als smeltend rubber en het asfalt en de afvalstoffen daarvan. Een ander voorbeeld is het afvoeren van oude lantaarnpalen. Verder geeft ze aan dat geestelijk letsel ook kan komen van achter het stuur zitten.
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B.1.2 Analyse Mental Model Industrie Ook bij het model voor industrie legt de geïnterviewde de invloeden rondom het eerste blok, de directe effecten rondom het tweede blok en de indirecte effecten rondom het derde en laatste blok. De invloeden die ze in het model plaatst zijn: - actiegroepen - keuze woonplaats, door de industrie zijn er mensen die niet in deze omgeving willen wonen, zoals eerder ook al aangegeven worden de invloeden dus weer verward, nu is het de industrie die als invloed op de keuze van de woonplaats gezien wordt, terwijl eigenlijk de keuze van de woonplaats als invloed gezien dient te worden (op bijvoorbeeld de blootstelling). - Vestigingsbeleid, in de zin van er is nu al zware industrie dus er komt steeds meer zware industrie bij. - Overheid (wetgeving) - Maatregelen bij bron - Ruimtegebruik, dit is eigenlijk een effect maar zoals van tevoren duidelijk aangegeven is, is dit een model zoals de geïnterviewden bepaalde verbanden rondom industrie zien. Dit slaat op het ruimtegebruik op het industrieterrein zelf, doordat er hele velden open liggen terwijl er al weer nieuwe grond wordt aangekocht. Dus dan gaat het meer om de efficiëntie waarmee met de beschikbare grond op het industrieterrein zelf wordt omgegaan. - Communicatie, dit is iets wat de geïnterviewde er zelf nog heeft bij gelegd, oftewel dit miste ze nog tussen de kaartjes die gemaakt waren. De invloeden uit het expert model die hier niet bij liggen zijn: welvaart, soort industrie, concentratie en oppervlakte, bufferzones en gedragspatroon veranderen. De directe effecten in het model zijn: straling, beeldvervuiling, geluidsoverlast, geuroverlast en lucht -, water -, en bodemverontreiniging. Alleen externe veiligheid komt dus niet terug als direct effect in het model. Deze directe effecten worden in dit model in verband gebracht met de indirecte effecten, straling wordt in dit model in verband gebracht met kanker, sterfte, slapeloosheid, luchtwegaandoeningen en geestelijk letsel. Terwijl in het expert model straling uitsluitend in verband wordt gebracht met kanker. Beeldvervuiling wordt in verband gebracht met geestelijk letsel, dit komt overeen met het expert model. Geluidsoverlast wordt in verband gebracht met slapeloosheid, dit komt overeen met het expert model, behalve dat daarin geluidsoverlast ook nog in verband gebracht wordt met hart – en vaatziekten en geestelijk letsel. De lucht -, water -, en bodemverontreiniging wordt in dit model gekoppeld aan kanker en sterfte. Het verband met sterfte wordt in het expert model niet gelegd, wel worden daarin nog andere verbanden gelegd zoals met luchtwegaandoeningen en hart – en vaatziekten. Geuroverlast wordt in verband gebracht met luchtwegaandoeningen, terwijl dit in het expert model in verband gebracht wordt met slapeloosheid en geestelijk letsel. Dit wordt ook toegelicht door de geïnterviewde, zij wordt ’s nachts wakker van de stank, en dan heeft ze een zere keel en prikkende ogen en moet vervolgens verder slapen met de ramen gesloten anders kan ze niet slapen. Wat opmerkelijk is dat er dus wel een verband genoemd wordt tussen slapeloosheid en geuroverlast maar dat dat in het model niet aangegeven wordt. Verder geeft de geïnterviewde aan dat het sterftecijfer op Moerdijk hoog is omdat er veel mensen aan kanker overlijden, dus vandaar dat die effecten er tussen liggen, er wordt momenteel ook een onderzoek uitgevoerd om te onderzoek of het sterftecijfer hoger is dan gemiddeld, aldus de geïnterviewde. Straling is volgens de geïnterviewde ook erg belangrijk, ze geeft aan de straling die van mobieltjes afkomt al aanzienlijk is. Verder geeft ze ook aan dat er beeldvervuiling kan zijn door de industrie, doordat als ze over de Moerdijkbrug rijdt heel veel industrie ziet en ’s avonds alles overal verlicht is, waardoor de kinderen hun thuis herkennen, de geïnterviewde zelf ziet liever bomen.
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B.2.1 Analyse Mental Model Industrie De milieu-effect keten: Bij menselijke behoefte ligt welvaart, dit klopt met het expert model. Bij industrie ligt maatregelen bij de bron, dit klopt met het expert model. In het expert model horen hier nog verschillende andere invloeden, die ontbreken hier, zijn of niet gebruikt, of liggen elders in het model. Bij milieubelasting liggen overheid, vestigingsbeleid en actiegroepen (de redenering is dat de overheid het vestigingsbeleid bepaalt, en daarbij wordt invloed uitgeoefend door actiegroepen). Geen van deze is hier in het expert model aanwezig. In het expert model ligt hier soort industrie en concentratie en oppervlakte, die ontbreken in dit mental model. Bij milieukwaliteit is ook een pijl vanaf de overheid, die moet de kwaliteit van het milieu in de gaten houden, de actiegroepen horen hier ook bij. Bufferzones en keuze woonplaats legt hij ook bij milieukwaliteit, klopt niet met het expert model (horen bij blootstelling). Bij blootstelling legt hij geen invloeden, hier staan in het expert model invloeden als bufferzones, gedragspatroon veranderen en keuze woonplaats. De gevolgen: Bij blootstelling legt hij de volgende directe gevolgen: Lucht/water/bodemverontreiniging, geuroverlast, geluidsoverlast en ruimtegebruik. Straling ontbreekt, komt volgens hem niet voor in Nederland. Beeldvervuiling vindt hij niet van toepassing. Sterfte gebruikt hij ook niet, vindt hij te algemeen. Hij ziet verder de volgende indirecte gevolgen: Luchtweg aandoeningen (door lucht/water/bodemverontreiniging), kanker (door geuroverlast en l/w/b verontreiniging), geestelijk letsel (door geluidsoverlast en ruimtegebruik), en als gevolg daarvan hart- en vaatziekten. In vergelijking met het expert model mist hij verder nog externe veiligheid van de directe gevolgen, en lichamelijk letsel en slapeloosheid van de indirecte gevolgen. Alles bij elkaar wijkt zijn keten sterk af van die in het expert model, hij heeft eigenlijk maar twee overeenkomsten. De gevolgen komen meer overeen, hij mist alleen drie directe en drie indirecte gevolgen, maar hij legt wel een aantal kloppende links (ook een niet correcte, van geuroverlast naar kanker).
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B.2.2 Analyse Mental Model Verkeer De milieu-effect keten: Bij menselijke behoefte legt hij welvaart en keuze woonplaats. Dit klopt precies met het expert model, daar liggen hier dezelfde twee. Bij verkeer legt hij op elkaar volgend: Keuze woonplaats, verkeersintensiteit en infrastructuur. Aan deze laatste hangt hij de indirecte gevolgen ruimtegebruik en transport veiligheid. Infrastructuur klopt met het expert model, al hangen daar de gevolgen niet hieraan, maar komen ze net als de andere gevolgen voort uit de blootstelling. De andere twee kloppen niet met het expert model, die zitten daar op andere plaatsen. Bij milieubelasting legt hij brongerichte maatregelen, dit komt in de buurt van het expert model, daar ligt de pijl van brongerichte maatregelen tussen verkeer en milieubelasting in. Bij milieukwaliteit legt hij geen invloeden, in het expert model liggen hier ook geen invloeden, alleen de pijl van effect gerichte maatregelen ligt hier net voor, tussen milieubelasting en milieukwaliteit in. Ook bij blootstelling legt hij geen effecten, in het expert model zijn die er wel, namelijk keuze woonplaats en gedragspatroon veranderen. De gevolgen: Zoals gezegd hangt hij twee indirecte gevolgen (transport veiligheid en ruimtegebruik) onder verkeer (aan infrastructuur) in de milieu-effect keten, dit klopt niet met het expert model, daar hangen alle gevolgen aan blootstelling. Aan blootstelling hangt hij de volgende directe gevolgen: Lucht/water/bodem verontreiniging en geluidsoverlast. Aan l/w/b verontreiniging hangt hij de indirecte gevolgen kanker en luchtweg aandoeningen. Aan geluidsoverlast hangt hij aan de ene kant lichamelijk letsel wat weer tot sterfte leidt. Aan de andere kant hangt hij er ook slapeloosheid aan, wat leidt tot geestelijk letsel, wat weer leidt tot hart en vaatziekten, wat uiteindelijk weer leidt tot sterfte. In vergelijking met het expert model mist hij van de directe gevolgen alleen beeldvervuiling, de indirecte gevolgen gebruikt hij allemaal. Hij heeft een aantal links tussen directe en indirecte gevolgen hetzelfde als in het expert model (l/w/b verontreiniging naar luchtwegaandoening en kanker, geluid naar slapeloosheid en geestelijk letsel), maar ook een aantal incorrecte, zoals van geluid naar lichamelijk letsel, en uiteindelijk naar sterfte). Ook mist hij een aantal links, zoals van l/w/b verontreiniging naar hart- en vaatziekten, sterfte en geestelijk letsel. Samenvattend valt op dat hij gevolgen op een andere plaats in het model plaatst dan eigenlijk de bedoeling is, en dat hij wel een aantal correcte links ziet tussen directe en indirecte gevolgen. De milieu-effect keten komt meer overeen met het expert model dan bij de industrie, er zijn een paar schakels die hij correct heeft, en sommige invloeden hangen op de juiste plek, al hangt hij onder verkeer een aantal dingen die daar niet thuishoren en mist hij bij blootstelling alle invloeden.
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B.3.1 Analyse Mental Model Verkeer De overeenkomsten met het expert model zijn de invloeden op de milieubelasting, in het expert model zijn dit: type verkeer en de verkeersintensiteit. De geïnterviewde geeft in haar model ook aan dat deze twee factoren invloed uitoefenen op de milieubelasting. Onder het type verkeer verstaat ze het onderscheid tussen bijvoorbeeld personenauto’s en vrachtwagens. Volgens de geïnterviewde verbruikt een vrachtwagen namelijk minder dan een personenauto. Wat ze er verder nog mee in verband brengt is de infrastructuur, deze heeft invloed op de verkeersintensiteit wat vervolgens invloed uitoefent op de milieubelasting. Andere invloeden die ze heeft verwerkt in het model zijn: welvaart, keuze woonplaats en educatie/risicobeleving. Welvaart en keuze woonplaats brengt ze in verband met verkeer. Voor de welvaart is dit met een vergelijkbare redenering voor de plaatsing van welvaart bij de menselijke behoefte in het expert model. Namelijk dat de mens(heid) streeft naar welvaart waardoor er meer auto’s komen dit heeft uiteraard invloed op het verkeer zelf, namelijk een toename hiervan. Dus de onderliggende gedachte voor de plaatsing van welvaart in het model komt redelijk overeen met die van het expert model. Educatie brengt ze in verband met menselijke behoefte, omdat zoals ze zelf aangeeft educatie iets is waar mensen naar streven. Bij de effecten maakt de geïnterviewde niet een onderscheid tussen directe en indirecte effecten. Alle effecten met uitzondering van lucht -, water - en bodemvervuiling komen achter blootstelling te liggen. De lucht -, water -, en bodemvervuiling legt ze in verband met de milieukwaliteit. Hier liggen ook verder geen indirecte effecten bij. Dit in tegenstelling tot het expert model, waarin deze vervuiling leidt tot geestelijk letsel (stress), sterfte, kanker, hart – en vaatziekten, luchtwegaandoeningen en kanker. Directe effecten die ze in verband brengt met blootstelling zijn beeldvervuiling en geluidsoverlast. Ook weer in tegenstelling tot het expert model worden hier geen indirecte effecten aan gekoppeld. In het expert model zijn dit voor beeldvervuiling: geestelijk letsel (stress) en voor geluidsoverlast: geestelijk letsel, hart – en vaatziekten en slapeloosheid. Het is overigens niet zo dat de geïnterviewde deze effecten helemaal niet in verband brengt met blootstelling aan verkeer alleen legt ze deze in eerste instantie indirecte effecten direct in verband met blootstelling aan verkeer. Lichamelijk letsel, luchtwegaandoeningen en slapeloosheid zijn effecten die ze in verband brengt met blootstelling. Vervolgens brengt ze luchtwegaandoeningen nog in verband met sterfte en allergieën, een effect wat ze zelf als aanvulling op het model aanbrengt. Er zijn dus nogal wat effecten en invloeden die de geïnterviewde niet gebruikt. Voor sommige geeft ze ook aan waarom, sterfte vindt ze bijvoorbeeld wel heel erg, en zou dat alleen van toepassing vinden als er mensen overlijden bij verkeersongelukken. Opvallend is dus dat transportveiligheid en sterfte niet in haar model voorkomen terwijl ze die wel noemt tijdens het maken van het model. Verder worden de effecten ruimtegebruik en geestelijk letsel niet gebruikt. Invloeden die niet aan bod komen zijn: gedragspatroon veranderen, effectgerichte maatregelen en brongerichte maatregelen. Over het algemeen zijn er dus nogal wat overeenkomsten met het expert model, voor de geïnterviewde was dit ook geen onmogelijke taak, in tegenstelling tot andere geïnterviewden. Ze gaf namelijk zelf ook al aan dat ze op school ook met dit soort modellen werkt (milieu effect ketens).
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B.3.2 Analyse Mental Model Industrie Het eerste wat opvalt aan het model is dat er ook onderling veel verbanden worden gelegd en dat niet zozeer de invloeden worden gekoppeld aan de gegeven effect keten. Zo hebben volgens de geïnterviewde de actiegroepen invloed op de overheid/wetgeving, deze vervolgens op het vestigingsbeleid en dit uiteindelijk op de industrie. Terwijl in het expert model deze drie invloeden los van elkaar in verband worden gebracht met industrie. Verder geeft de geïnterviewde in haar model aan dat de overheid niet alleen invloed heeft op het vestigingsbeleid maar ook op maatregelen bij de bron en bufferzones. De laatste twee legt brengt ze op zijn beurt weer in verband met milieukwaliteit, waar in het expert model de maatregelen bij de bron invloed uitoefenen op de milieubelasting en de bufferzones op de blootstelling. Andere invloeden die ze heeft verwerkt in het model zijn: welvaart en keuze woonplaats. De laatste wordt in verband gebracht met de menselijke behoefte, dit slaat terug op het feit dat de aanwezigheid van industrie zou kunnen bepalen of je ergens wel of niet wilt wonen (behoefte). Dit is een ietwat andere redenering dan in het expert model, hierbij draait het voornamelijk om het feit dat de keuze van de woonplaats invloed uitoefent op de blootstelling. Welvaart oefent in het model invloed uit op de industrie, dit heeft te maken met het feit dat industrie voor werkgelegenheid zorgt en dat door de toenemende technologische ontwikkeling er meer vraag is naar industrie. Wat ook opvalt, is dat er tussen de invloeden ook al een effect in het model staat, beeldvervuiling heeft ze namelijk direct aan industrie gekoppeld. Dus niet, zoals in het expert model uiteindelijk via blootstelling. Op zich is dit ook wel begrijpelijk omdat ze bij blootstelling waarschijnlijk meer denkt aan directe gezondheidseffecten van blootstelling aan industrie. Terwijl dit verband direct is gelegd, tussen industrie en beeldvervuiling. Invloeden die niet in dit model gebruikt worden maar wel in het expert model te vinden zijn: soort industrie, concentratie en oppervlakte en gedragspatroon veranderen. Waarom deze niet in het model voorkomen is niet duidelijk. Bij de effecten wordt weer lucht - , water -, en bodemvervuiling direct aan milieukwaliteit gelegd, net zoals het verkeersmodel. Andere directe effecten die terug te vinden zijn in het model zijn: geluidsoverlast en geuroverlast. Indirecte effecten worden hier niet aan gekoppeld maar zijn individueel in verband gelegd met blootstelling, dit zijn: slapeloosheid, luchtwegaandoeningen en kanker. Vervolgens wordt sterfte en lichamelijk letsel weer in verband gebracht met kanker. Indirecte effecten die niet in het model voorkomen maar wel in het expert model zijn: ruimtegebruik, straling en externe veiligheid. Directe effecten zijn: geestelijk letsel, hart – en vaatziekten. Wat opvallend is, is dat de overlast van lichten van het industrieterrein wel genoemd wordt in het interview maar dat het niet expliciet aangegeven wordt in dit model, terwijl duidelijk uitgelegd is dat wanneer er naar inzicht van de geïnterviewden effecten of invloeden missen ze deze vooral aan moeten vullen. Dus de overlast wordt wel ervaren maar niet in verband gelegd met gezondheidseffecten door toedoen van de industrie op het moment dat er gevraagd wordt om dit schematisch weer te geven. Wat opvalt aan dit model; en dat is niet alleen bij de geïnterviewde, is dat mensen moeilijk in kunnen schatten wat wordt verstaan onder de invloeden. Dit is vooral te merken bij keuze woonplaats, dit oefent in beginsel invloed uit op de blootstelling aan industrie. Maar veel meer wordt dit gezien als een gevolg van industrie, waardoor mensen redeneren dat de keuze van de woonplaats beïnvloedt wordt door de industrie en dus niet alleen de losse kaartjes als invloed zien maar ook de gegeven keten.
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B.4 Analyse Mental Model De geïnterviewde heeft maar een mental model gemaakt wegens tijdgebrek. Het is een soort van combinatie geworden van verkeer en industrie… Er is niet veel uit te concluderen omdat de geïnterviewde meer bezig was met verhalen vertellen dan met het model maken. Er zit niet bepaald structuur in het model. Bij dit model kreeg de geïnterviewde de verkorte keten, met alleen verkeer, milieuvervuiling en blootstelling. Het heeft weinig zin om te proberen om het mental model met het expert model te vergelijken, aangezien er totaal geen structuur inzit, de kaartjes met invloeden niet bij specifieke schakels in de keten liggen, en de gevolgen allemaal een beetje lukraak onder de keten gelegd zijn. Dus hier volgen een aantal notities die gemaakt zijn tijdens het maken van het model, die mogelijk iets zeggen over de geïnterviewde haar gedachten. Haar man woonde er voor de industrie, toen die kwam moest iedereen weg, niemand had er een keuze over. Veel industrie doet weinig gevaarlijks, bv. een staalfabriek veroorzaakt alleen geluid, chemische industrie is anders. Ruimtegebruik hoort erbij Sterfte, iedereen sterft, industrie heeft hier niet echt invloed op, als er geen industrie was zouden ze wel ergens anders aan overlijden. Wat er in het eten zit geeft meer risico dan de chemische industrie. Welvaart, type verkeer, infrastructuur en verkeersintensiteit komen voor industrie, beïnvloeden elkaar, stress ook. Tussen industrie en vervuiling gedragspatroon en educatie en effect gerichte maatregelen. Milieuvervuiling -> bron gerichte maatregelen. Samenvattend maakt de geïnterviewde zich niet echt druk om de eventuele gezondheidseffecten van de industrie. Het is iets van deze tijd, de mens heeft het zelf gecreëerd, het hoort er nou eenmaal bij. Het belangrijkste dat ze ziet is de kans op ongevallen bij de chemische industrie. Ook ziet ze voor zowel verkeer als industrie de luchtverontreiniging als een probleem. Het was voor haar wel belangrijk dat mensen de keuze hebben om wel of niet bij industrie in de buurt te wonen, het mag mensen niet opgedrongen worden.
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B.5.1 Analyse Mental Model Verkeer Dit is een model wat op de tweede dag van interviews gemaakt is. Toen hebben we besloten om de milieu effect keten ietwat te simplificeren omdat naar ons idee mensen er veel moeite mee hadden om deze te begrijpen. Daartoe hebben we menselijke behoefte weggelaten en milieubelasting en milieukwaliteit vervangen door het blok milieuvervuiling. Doordat we het milieu effect keten teruggebracht hebben tot drie blokken (verkeer, milieuvervuiling en blootstelling) is het misschien ook wat moeilijker om de aangrijppunten van de invloeden precies aan te wijzen. De geïnterviewde heeft dan ook onderscheid gemaakt en de kaartjes in 3 groepen verdeeld en ze zo gerangschikt rond de drie blokken, namelijk de invloeden, de directe effecten en de indirecte effecten. De invloeden liggen allemaal boven en onder het kopje verkeer. Daar kunnen verder dus geen verbanden onderscheiden worden. Er zijn er twee die niet in het model gebruikt worden die wel in het expert model voorkomen, dit zijn gedragspatroon veranderen en effectgerichte maatregelen. Verder legt de geïnterviewde hier ook weinig over uit waarom hij deze invloeden er wel of niet bij wilde hebben. De effecten zijn zoals eerder genoemd wel gescheiden, waarbij de directe effecten rondom het blok milieuvervuiling geplaatst zijn en de indirecte effecten rondom het blok blootstelling. Verder worden de directe effecten worden wel gekoppeld aan indirecte effecten. Alle indirecte effecten die in het expert model voorkomen, komen ook terug in het model. Ook bijna alle directe effecten uit het expert model komen terug in het model, met uitzondering van slapeloosheid. Maar zoals uit de interviews ook al blijkt lijkt de risicobeleving van verkeer onder andere af te hangen van de locatie waar men woont in het dorp. Er is een groot verschil tussen wonen in de relatief rustige kern en wonen aan de rand, waar nog wel eens wat sluipverkeer langs komt in verband met het industrie terrein (dit zijn dan voornamelijk personenauto’s). Ruimtegebruik en beeldvervuiling worden niet in verband gebracht met indirecte (gezondheids)effecten. In het expert model worden deze gerelateerd aan geestelijk letsel. In het model wordt geluidsoverlast gekoppeld aan geestelijk letsel (stress), in het expert model leidt geluidsoverlast ook nog tot slapeloosheid en hart – en vaatziekten, dit verband komt niet terug in het model. Lucht - , water – , en bodemverontreiniging leidt in het model tot luchtwegaandoeningen, kanker, sterfte en hart – en vaatziekten. Dit komt redelijk overeen met het expert model, hier wordt namelijk ook nog een verband gelegd tussen deze verontreiniging en geestelijk letsel (stress). Als laatste de transportveiligheid, de geïnterviewde brengt dit in verband met lichamelijk letsel, dit verband wordt in het expert model ook gelegd, maar daar worden echter ook nog andere indirecte effecten van transportveiligheid gevonden die niet voorkomen in het model, zoals geestelijk letsel (stress) en sterfte.



66



B.5.2 Analyse Mental Model Industrie Ook bij het industriemodel is de keten weer teruggebracht tot drie blokken, en ook is het wellicht lastig om de precieze aangrijppunten van de invloeden weer te kunnen geven in het schema. De geïnterviewde heeft ook hier weer een verdeling gemaakt tussen invloeden, indirecte effecten en directe effecten. Waarbij de invloeden rondom het blok industrie geplaatst zijn, de directe effecten rondom het blok milieuvervuiling en de indirecte effecten rondom het laatste blok, blootstelling. De invloeden die geplaatst zijn, zijn: - bufferzones, dit is meer omdat de geïnterviewde vindt dat deze aanwezig moeten zijn, waarschijnlijk ziet hij dit niet als een effectgerichte maatregel die de blootstelling kan verminderen. - actiegroepen, deze moeten volgens de geïnterviewde de industrie proberen te belemmeren. - overheid/wetgeving, vestigingsbeleid, maatregelen bij de bron, keuze woonplaats, met dit laatste wordt ook meer gedoeld op het feit dat mensen niet graag wonen in een omgeving waar veel industrie is. En dus niet zozeer dat door ergens anders te gaan wonen de blootstelling aan industrie minder zou kunnen zijn, zoals al eerder genoemd is het kennelijk moeilijk om dat onderscheid duidelijk te maken, dat de losse kaartjes invloed kunnen uitoefenen op de industrie en de effecten daarvan en niet andersom. Er zijn een aantal invloeden die niet in dit model voorkomen maar wel in het expert model, deze zijn: welvaart, soort industrie, concentratie en oppervlakte en gedragspatroon veranderen. Ondanks het feit dat de geïnterviewde in het interview wel aangeeft dat er door de het economische belang bepaalde industrie in zijn leefomgeving gevestigd is geeft hij dit in zijn model niet aan. Net zoals bij het verkeersmodel zijn de effecten mooi gescheiden, en komen alle directe effecten uit het expert model terug in het model. Ook bijna alle indirecte effecten komen overeen, alleen slapeloosheid komt niet voor in het model en wel in het expert model. Er zijn een aantal directe effecten die verder nergens mee in verband worden gebracht, dit zijn: ruimtegebruik, beeldvervuiling, externe veiligheid en geluidsoverlast. De overige effecten worden wel in verband gelegd met indirecte effecten: - lucht -, water -, en bodemverontreiniging wordt in verband gebracht met kanker, hart – en vaatziekten, luchtwegaandoeningen en sterfte. Dit komt redelijk overeen met de verbanden die in het expert model gelegd worden, echter daar wordt de lucht -, water -, en bodemverontreiniging in verband gebracht met geestelijk letsel en het verband met sterfte ontbreekt. - Straling wordt in verband gebracht met sterfte en kanker. In het expert model wordt het verband met sterfte niet gelegd, het verband met kanker wel. - Geuroverlast wordt in verband gebracht met geestelijk letsel. Dit komt overeen met het expert model, al wordt hier ook nog een verband gelegd tussen geuroverlast en slapeloosheid. Over het algemeen legt de geïnterviewde weinig uit over waarom hij bepaalde effecten en invloeden in verband brengt met de milieu effect keten. Hij meldt wel dat we erg compleet zijn in onze effecten en dat hij er zelf niks aan toe te voegen heeft.
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B.6.1 Analyse Mental Model Verkeer De milieu-effect keten: Wederom lopen bij de geïnterviewde de pijlen van de schakels in de keten naar de invloeden in plaats van andersom. Bij menselijke behoefte heeft hij pijlen naar welvaart, brongerichte maatregelen en infrastructuur.. De redenering is dat wij welvaart willen, en dat wij willen dat er maatregelen genomen worden. Ook liggen keuze woonplaats en gedragspatroon veranderen hier. In vergelijking met het expert model liggen welvaart en gedragspatroon veranderen op de goede plaats, keuze woonplaats, brongerichte maatregelen en infrastructuur horen elders. Bij verkeer heeft hij type verkeer. In het expert model ligt deze bij milieubelasting. Daar ligt bij verkeer infrastructuur. Bij milieubelasting heeft hij verkeersintensiteit, dit klopt met het expert model. Daar ligt verder ook nog type verkeer erbij, en brongerichte maatregelen en effectgerichte maatregelen respectievelijk net voor en net achter milieubelasting. Dit ontbreekt bij de geïnterviewde. Bij milieukwaliteit heeft hij effect gerichte maatregelen en educatie/risicobeleving. Effect gerichte maatregelen is ongeveer op zijn plaats, ligt in het expert model net voor milieukwaliteit. Educatie/risicobeleving hoort hier in het expert model niet. Bij blootstelling heeft hij geen invloeden, in het expert model liggen hier gedragspatroon veranderen en keuze woonplaats. De gevolgen: Wederom maakt de geïnterviewde geen onderscheid tussen directe en indirecte gevolgen en legt hij geen relaties tussen de verschillende gevolgen. Hij legt de verschillende gevolgen gewoon allemaal om blootstelling heen. Hij gebruikt de volgende directe gevolgen: geluidsoverlast, beeldvervuiling, lucht/water/bodem verontreiniging, transport veiligheid en ruimtegebruik. Van de indirecte gevolgen gebruikt hij alleen luchtwegaandoeningen, slapeloosheid en lichamelijk letsel. In vergelijking met het expert model heeft hij alle directe gevolgen gebruikt, en maar enkele indirecte. Samenvattend had de geïnterviewde wederom grote moeite met de opdracht. Zijn keten wijkt behoorlijk af van die in het expert model, hij heeft maar een paar invloeden op de juiste plaats. Bij de gevolgen heeft hij weliswaar alle directe gevolgen gebruikt, maar het leek er meer op dat hij gewoon de kaartjes er maar bij gelegd heeft. Hij heeft maar een paar indirecte gevolgen gebruikt, en heeft weer geen onderscheid gemaakt tussen directe en indirecte gevolgen, en geen relaties aangegeven tussen de gevolgen.
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B.6.2 Analyse Mental Model Industrie De milieu-effect keten: De geïnterviewde redeneert een beetje omgekeerd, in plaats van dat er invloeden uitgeoefend worden op de schakels in de keten legt hij vanuit de schakels pijlen naar de invloeden. Vanuit menselijke behoefte gaan er pijlen naar keuze woonplaats, welvaart, actiegroepen en gedragspatroon veranderen. De redernering voor actiegroepen is dat het een menselijke behoefte is om actiegroepen te hebben. In vergelijking met het expert model heeft hij hier een aantal dingen liggen die er niet horen, alleen welvaart ligt hier goed. Bij industrie legt hij een pijl naar welvaart, want de industrie zorgt voor welvaart. Ook gaat er een pijl naar bufferzones. Verder legt hij een keten van overheid naar vestigingsbeleid naar maatregelen bij de bron naar industrie. De redenering is dat de overheid verantwoordelijk is voor het vestigingsbeleid, en dat de industrie moet zorgen voor maatregelen bij de bron. In vergelijking met het expert model liggen de drie invloeden in zijn keten van drie wel op de goede schakel, maar in het expert model grijpen ze alle drie afzonderlijk aan op de schakel industrie, niet in een keten. De pijl naar welvaart en bufferzones hoort hier niet in het expert model. Bij milieubelasting heeft hij geen invloeden, in het expert model zijn die er wel, zoals soort industrie en concentratie en oppervlakte. Bij milieukwaliteit heeft hij ook geen invloeden, in het expert model zijn die er ook niet. Bij blootstelling heeft hij ook geen invloeden, in het expert model zijn er wel een aantal, zoals keuze woonplaats, bufferzones en gedragspatroon veranderen. Bij blootstelling ziet hij een aantal gevolgen, hij maakt geen onderscheid tussen directe en indirecte gevolgen, en legt ook geen relaties tussen de gevolgen. Het zijn gewoon allemaal gevolgen van blootstelling. Van de directe gevolgen gebruikt hij: Geuroverlast, geluidsoverlast, lucht/water/bodem verontreiniging, externe veiligheid en beeldvervuiling. Van de indirecte gevolgen gebruikt hij alleen slapeloosheid en luchtwegaandoeningen. In vergelijking met het expert model mist hij een aantal indirecte en bijna alle indirecte gevolgen. Samenvattend had de geïnterviewde het heel erg moeilijk met de opdracht, hij kon vooral met het stuk van de milieu-effect keten erg weinig. Zijn keten lijkt weinig op die van het expert model, op veel schakels heeft hij geen enkele invloeden. Wel had hij een paar invloeden op de juiste schakel liggen, zei het niet op de juiste manier. Van de gevolgen zag hij de meeste directe gevolgen wel, de meeste indirecte gevolgen gebruikte hij niet. Ook gaf hij geen relaties aan tussen de gevolgen, en maakte hij geen onderscheid tussen de directe en de indirecte gevolgen.
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Appendix C – expert model and mental models



Figure 1: Expert Model Industry



Figure 2: Expert model traffic
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Figure 3: mental model B. 3.1



Figure 4: mental model industry B.3.2
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Figure 5: mental model B.5.2



Figure 6: mental model B.5.1
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Appendix D – questionnaire Beste meneer/mevrouw, De Universiteit van Nijmegen doet in samenwerking met de GGD in West-Brabant onderzoek naar risicocommunicatie. Het onderzoek richt zich op de invloed van het milieu op de gezondheid en de verbetering van de communicatie hierover tussen overheidsinstanties en de bevolking. In deze enquête gaat het specifiek over de gezondheidsrisico’s veroorzaakt door industrie en verkeer in de gemeente Moerdijk. Wij willen een beeld krijgen van de opvattingen en ideeën die er heersen bij de inwoners van de gemeente Moerdijk. Hiervoor hebben wij uw hulp nodig, in de vorm van het invullen en terugsturen van deze enquête. Wij willen u dan ook vragen om de enquête in te vullen, en voor… juni terug te sturen in de bijgeleverde retourenvelop. De informatie uit de enquêtes blijft volledig vertrouwelijk. Wij zullen deze informatie in geen geval vrijgeven aan derden. Wij gebruiken deze louter voor ons onderzoek, met als doel een bijdrage te leveren aan de verbetering van de communicatie tussen de overheid en de burgers. Dit doen wij door onze resultaten onder de aandacht te brengen van de GGD en de gemeente. Ook zullen wij de inwoners van de gemeente Moerdijk informeren over onze resultaten. Wij vragen u om bij de meerkeuze vragen slechts een antwoord aan te kruisen, tenzij het anders aangegeven is. Het invullen van de enquête zal ongeveer 30 minuten duren. Wij willen u bij voorbaat hartelijk bedanken voor uw medewerking.



74



1. Ik ben een □ Man □ Vrouw 2. Ik ben □ 18-30 jaar □ 31-40 jaar □ 41-50 jaar □ 51-65 jaar 3. Als u kinderen heeft, geef dan hieronder per kind aan in welke leeftijdscategorie ze vallen. Als u geen kinderen heeft ga dan verder met vraag 4. 0-4 jaar



5-12 jaar



13-18 jaar



19 en ouder



0-4 jaar



Kind 1



Kind 6



Kind 2



Kind 7



Kind 3



Kind 8



Kind 4



Kind 9



Kind 5



Kind 10



5-12 jaar



13-18 jaar



19 en ouder



4. Het hoogste opleidingsniveau wat ik heb afgerond is: □ Geen opleiding (lager onderwijs niet afgemaakt) □ Lager onderwijs (basisschool, speciaal basisonderwijs) □ Lager of voorbereidend beroepsonderwijs (zoals LTS, LEAO, LHNO, VMBO) □ Middelbaar algemeen voortgezet onderwijs (zoals MAVO, (M)ULO, MBO-kort, VMBO-t) □ Middelbaar beroepsonderwijs en beroepsbegeleidend onderwijs (zoals MBO-lang, MTS, MEAO, BOL, BBL, INAS) □ Hoger algemeen en voorbereidend wetenschappelijk onderwijs (zoals HAVO, VWO, Atheneum, Gymnasium, HBS, MMS) □ Hoger beroepsonderwijs (zoals HBO, HTS, HEAO, HBO-V, kandidaats wetenschappelijk onderwijs) □ Wetenschappelijk onderwijs (universiteit) □ Anders, nl:___________________________



75



5. Geef hieronder aan in welke sectoren het inkomen/de inkomens in uw huishouden worden verdiend, met welk(e) beroep(en) dit is, en of dit parttime of fulltime is (meerdere antwoorden mogelijk). □ Agrarische sector Beroep:________________________ Fulltime/Parttime* □ Commerciële sector, Beroep:_________________________ Fulltime/Parttime* □ Dienstverlenende sector Beroep:_________________________ Fulltime/Parttime* □ Educatieve sector (onderwijs en wetenschappen) Beroep:_________________________ Fulltime/Parttime* □ Industriële sector Beroep:_________________________ Fulltime/Parttime* □ Transport sector Beroep:_________________________ Fulltime/Parttime* □ Uitkering (bv WAO, Bijstand, WW) □ Anders, nl:________________________ Beroep:_________________________ Fulltime/Parttime* *) Doorhalen wat niet van toepassing is.
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6. Geef aan in welke zone u woont, volgens het onderstaande kaartje van Klundert. □ Zone I □ Zone II □ Zone III □ Zone IV □ Buiten deze zones.



Zone II



Zone III



Zone I



Zone IV



7. Ik heb □ Altijd in deze zone gewoond □ Tussendoor ergens anders gewoond, maar wel in de gemeente Moerdijk □ Tussendoor ergens anders gewoond, buiten de gemeente Moerdijk □ Eerst ergens anders gewoond, maar wel in de gemeente Moerdijk □ Eerst ergens anders gewoond, buiten de gemeente Moerdijk
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In de volgende vragen wordt uw mening gevraagd over de positieve en negatieve elementen van uw leefomgeving.



Geef voor de volgende stelling aan in welke mate u het er mee eens of oneens bent. 8.



Ik ben tevreden over mijn leefomgeving



Sterk eens □



Eens □



Oneens □



Sterk oneens □



9. Wat zou u aan uw leefomgeving willen veranderen? Geef aan met welke antwoorden u het eens bent (maximaal 3 antwoorden). □ Minder verkeer □ Minder zwerfvuil □ De industrie verplaatsen □ Meer winkels □ Meer activiteiten/recreatie in de omgeving □ Niets □ Anders nl:_______________________________________________________________ Geef voor de volgende stellingen over industrie en verkeer aan in welke mate u het er mee eens of oneens bent. 10.



11. 12. 13. 14. 15. 16.



17. 18. 19. 20. 21.



Als ik mocht kiezen of de industrie in mijn omgeving mocht blijven of verplaatst moest worden zou ik de industrie laten blijven Je kunt niet buiten industrie, met alle producten en grondstoffen die het verschaft De verkeerssituatie in mijn omgeving is goed geregeld De aanwezigheid van industrie in mijn omgeving heeft meer negatieve dan positieve gevolgen Ik maak me regelmatig zorgen over de industrie in mijn leefomgeving De directe omgeving waar de industrie aan ligt, is verpest Kinderen kunnen hier rustig op straat spelen, zonder dat hun ouders zich zorgen hoeven te maken om het verkeer De industrie in mijn omgeving zorgt voor veel werkgelegenheid Klundert is goed bereikbaar ’s Ochtends en ’s avonds is het hinderlijk druk op de wegen van en naar het industrieterrein Er is teveel verkeer in mijn directe omgeving De nadelen van verkeer wegen zwaarder dan de voordelen



Sterk eens



Eens



Oneens



Sterk oneens



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



78



De volgende vragen gaan over de effecten van industrie in uw leefomgeving. Hieronder zullen enkele effecten toegelicht worden:



Beeldvervuiling: de vervuiling van het uitzicht, bijvoorbeeld hinder die u ervaart door schoorstenen die in uw directe zicht staan. Beslaglegging op ruimte: het ruimtegebruik door industrie, ruimte die hierdoor dus niet meer voor iets anders benut kan worden. 22. Geef hieronder aan welke effecten de industrie in uw omgeving heeft (meerdere opties mogelijk). □ □ □ □ □ □ □ □ □ □ □ □ □ □ □ □ □ □



Achteruitgang leefomgeving Beeldvervuiling Beslaglegging op ruimte Bodemverontreiniging File op A16/A17 Geluidsoverlast Geuroverlast Gezondheidseffecten Kans op grote ongevallen Lichtoverlast Luchtverontreiniging Straling Vergrijzing dorp Verkeers drukte in de ochtend – en avondspits aan de rand van het dorp Waterverontreiniging Welvaart Werkgelegenheid Anders, nl:___________________________



23. Geef hieronder de drie belangrijkste effecten aan, met op 1 de belangrijkste. 1) _____________________________ 2)______________________________ 3)______________________________
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24. Indien u bij vraag 22 gezondheidseffecten heeft aangekruist, aan wat voor effecten denkt u dan? (meerdere opties mogelijk). Heeft u dit niet aangekruist, ga dan verder met vraag 26. □ Allergieën □ Geestelijk letsel (stress) □ Hart – en vaatziekten □ Kanker □ Lichamelijk letsel □ Luchtwegaandoeningen □ Slapeloosheid □ Sterfte □ Anders, nl:___________________________ 25. Geef hieronder de drie belangrijkste effecten aan, met op 1 de belangrijkste. 1)_______________________________ 2)_______________________________ 3)_______________________________ De volgende vragen gaan over de effecten van verkeer in uw leefomgeving. Hieronder zullen enkele effecten toegelicht worden:



Beeldvervuiling: de vervuiling van het uitzicht, bijvoorbeeld hinder die u ervaart omdat er snelwegen in uw directe omgeving zijn die u dagelijks ziet. Transportveiligheid: de veiligheid van het vervoer van gevaarlijke stoffen en materialen dan wel over de weg, het spoor of het water. Beslaglegging op ruimte: het ruimtegebruik door het verkeer, ruimte die hierdoor dus niet meer voor iets anders benut kan worden. 26. Geef hieronder aan welke effecten het verkeer in uw omgeving heeft (meerdere opties mogelijk). □ Beeldvervuiling □ Bereikbaarheid □ Beslaglegging op ruimte □ Bodemverontreiniging □ File op A16/A17 □ Geluidsoverlast □ Geuroverlast □ Gezondheidseffecten □ Luchtverontreiniging □ Transportveiligheid □ Verkeersongevallen □ Verkeersopstoppingen bij het dorp □ Waterverontreiniging □ Werkgelegenheid □ Anders, nl:_________________________
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27. Geef hieronder de drie belangrijkste effecten aan, met op 1 de belangrijkste. 1)__________________________________ 2)__________________________________ 3)__________________________________



28. Indien u bij vraag 26 gezondheidseffecten heeft aangekruist, aan wat voor effecten denkt u dan? (meerdere opties mogelijk). Heeft u dit niet aangekruist, ga dan verder met vraag 30. □ Allergieën □ Geestelijk letsel (stress) □ Hart – en vaatziekten □ Kanker. □ Lichamelijk letsel □ Luchtwegaandoeningen. □ Slapeloosheid □ Sterfte □ Anders, nl:_________________________ 29. Geef hieronder de drie belangrijkste effecten aan, met op 1 de belangrijkste. 1)__________________________________ 2)__________________________________ 3)__________________________________



30. Hieronder volgt een lijstje met 9 oorzaken van gezondheidsrisico’s. Rangschik deze oorzaken door ze een cijfer te geven van 1 tot en met 9, dus een 1 voor de oorzaak die naar uw idee het grootste gezondheidsrisico met zich meebrengt. - Alcohol nr:___ - Het roken van sigaretten nr:___ - Luchtverontreiniging door industrie nr:___ - Luchtverontreiniging door verkeer nr:___ - Ongevallen in de industrie nr:___ - Ongevallen in het verkeer nr:___ - Ongevallen thuis nr:___ - Overgewicht nr:___ - Passief roken (meeroken) nr:___
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De volgende vragen gaan over de informatievoorziening in uw leefomgeving. Oftewel, hoe wordt u op de hoogte gehouden van de gezondheidsrisico’s in uw omgeving?



31. Hoe wordt u geïnformeerd? (meerdere opties mogelijk) □ Brief □ Folders □ Formele bijeenkomsten (bijvoorbeeld voorlichtingsavonden) □ Informele bijeenkomsten (bijvoorbeeld verjaardagen) □ Internet □ Krant □ Telefonisch □ Anders, nl:___________________________ □ Ik word nooit geïnformeerd, ga verder met vraag 34 32. Geef aan hoe vaak u informatie ontvangt over de gezondheidsrisico’s in uw leefomgeving. □ 1 keer per jaar □ 1 keer per half jaar □ 1 keer per maand □ 1 keer per week □ Dagelijks. 33. Van wie is de informatie afkomstig? (meerdere opties mogelijk) □ Bedrijven □ Familie en Vrienden □ Gemeente □ GGD □ Havenschap □ Milieudienst □ Provincie □ Anders, nl:___________________ 34. Gaat u zelf wel eens op zoek naar informatie over gezondheidsrisico’s in uw leefomgeving? □ Nooit, ga verder met vraag 37 op blz. 10 □ Zelden □ Maandelijks □ Wekelijks □ Dagelijks 35. Waar zoekt u zelf naar informatie? (meerdere opties mogelijk) □ Bellen met informatienummers □ Bij de gemeente □ Familie en vrienden (sociaal netwerk) □ In de krant □ Internet
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□ Anders, nl:_____________________ 36. Naar welke informatie zoekt u dan zelf? Informatie over: (meerdere opties mogelijk) □ Afgegeven vergunningen □ Gezondheidseffecten □ Industrieterrein □ Lozingen op oppervlaktewater □ Verontreiniging van drink en/of zwemwater □ Voeding (additieven) □ Vrijgekomen stoffen □ Wegwerkzaamheden □ Ziektes □ Anders, nl:__________________________ Geef voor de volgende stellingen over informatievoorziening aan in welke mate u het er mee eens of oneens bent. 37. Ik ben tevreden over de informatievoorziening



Sterk eens



Eens



Oneens



Sterk oneens



□



□



□



□



Indien u bij de vraag 37 de opties Oneens of Sterk oneens heeft aangekruist, beantwoord dan vraag 38, zo niet ga verder met vraag 39. 38. Waarom bent u niet tevreden over de informatievoorziening? (meerdere opties mogelijk) □ Niet afkomstig van betrouwbare bron. □ Niet vaak genoeg □ Niet duidelijk. □ Geen relevante informatie. □ Uitsluitend na plaatsvinden calamiteit of melding. □ Anders, nl:________________________ 39. Wie vindt u dat er verantwoordelijk zou moeten zijn voor het verstrekken van informatie over gezondheidsrisico’s in uw leefomgeving? □ Bedrijven □ Gemeente □ GGD □ Havenschap □ Milieudienst □ Provincie □ Anders, nl:____________________________



De volgende vragen gaan over de weergaves en uitkomstmaten van gezondheidsrisico’s. Er zijn verschillende mogelijkheden om een gezondheidsrisico weer te geven. Het effect van verschillende activiteiten op de volksgezondheid kan in verschillende uitkomstmaten uitgedrukt worden..
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Geef voor de volgende stellingen over weergaven aan in welke mate u het er mee eens of oneens bent. 40



Het gebruik van figuren (tabellen, grafieken, etc.) is duidelijker dan gebruik van tekst Een combinatie van figuren en tekst is het duidelijkst Het ruimtelijk weergeven van informatie doormiddel van een kaartje (zoals figuur 2) is duidelijker dan gebruik van tabellen en grafieken (zoals in figuren 1 en 3) Als ik weet hoe groot de gezondheidseffecten zijn voor Nederland hoef ik dit niet specifiek voor mijn directe omgeving te weten



41. 42.



43.



Sterk eens



Eens



Oneens



Sterk oneens



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



□



Concentratie fijnstof 12-06-07 60 Midden 50 Concentratie (µg/m3)



Noord 40



30 Zuid 20



10



0 Re gio



figuur 1: grafiek



figuur 2: kaartje



Regio Noord Nederland Midden Nederland Zuid Nederland



Gemiddelde concentratie fijnstof op 12-06-‘07 42 51 23



figuur 3: tabel
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44. De grootte van gezondheidsrisico’s kan op verschillende niveaus worden weergegeven. Deze niveaus zijn de stappen tussen de bron en de effecten. Op welk van de onderstaande niveaus zou u geïnformeerd willen worden over de grootte van het gezondheidsrisico? □ Uitstoot (welke stof en hoeveel, bijvoorbeeld de uitstoot van roetdeeltjes door de uitlaatgassen van het verkeer) □ Blootstelling (concentraties, bijvoorbeeld hoeveel roetdeeltjes er zitten in de lucht die ingeademd wordt) □ Effecten (effect op de gezondheid, bijvoorbeeld problemen aan de luchtweg door het inademen van roetdeeltjes in de lucht) Indien u bij vraag 44 effecten heeft aangekruist, ga dan verder met vraag 45, heeft u uitstoot of blootstelling aangekruist, ga dan verder met vraag 47. 45. Hieronder volgt een lijstje met uitkomstmaten, rangschik deze door ze een cijfer te geven van 1 tot en met 8, dus een 1 voor de maat die naar uw idee het meest informatief is en een 8 voor de maat die naar uw idee het minst informatief is. - Aantal incidentmeldingen bedrijven nr:___ - Aantal meldingen/klachten omwonenden nr:___ - Aantal verloren levensjaren door sterfte en ziekte nr:___ - Levensverwachting nr:___ - Medicijngebruik nr:___ - Percentage gehinderden nr:___ - Sterftecijfers nr:___ - Ziektecijfers (bijv. huisartsbezoek en ziekenhuisopname) nr:___ 46. In de vorige vraag vroegen we u een rangschikking te maken van 8 mogelijke uitkomstmaten voor gezondheidsrisico’s. Indien er naar uw mening nog een andere maat is om deze risico’s uit te drukken, licht deze dan hieronder toe.



Uitkomstmaten zoals in vraag 46 kunnen worden gezien als ruwe data, hier is dus nog geen waarde oordeel aan verbonden. De volgende vragen gaan over de interpretatie van deze ruwe data. Geef voor de volgende stelling aan in welke mate u het er mee eens of oneens bent. 47.



Als de onderzoekers de ruwe data voor mij interpreteren kan ik makkelijker mijn eigen oordeel vormen



Sterk eens



Eens



Oneens



Sterk oneens



□



□



□



□
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Indien u bij vraag 47 de opties mee eens of sterk mee eens heeft aangekruist, beantwoord dan vraag 48, zo niet ga verder met vraag 49. 48. Hieronder volgt een lijstje met interpretaties, rangschik deze door ze een cijfer te geven van 1 tot en met 3, dus een 1 voor de interpretatie die naar uw idee het meest informatief is en een 3 voor de interpretatie die naar uw idee het minst informatief is. - Kleurcodes (groen, oranje, rood) nr:___ - Rapportcijfer nr:___ - Vergelijking met andere risico’s) nr:___ Licht hieronder uw keuze toe:



Geef voor de volgende stellingen over informatievoorziening aan in welke mate u het er mee eens of oneens bent. 49. 50.



51. 52.



53. 54.



55. 56. 57.



58.



Als de informatie uit een betrouwbare bron komt maakt het niet uit hoe deze informatie weergegeven wordt Het schatten van concentraties doormiddel van het gebruik van computermodellen is een acceptabel alternatief voor meten De industrie is geen betrouwbare bron van meetgegevens over gezondheidsrisico’s De gemeente heeft genoeg professionaliteit in huis om mij te informeren over de gezondheidsrisico’s in mijn omgeving Als wetenschappelijk onderzoek heeft aangetoond dat stof X niet schadelijk is dan geloof ik dat. Als de resultaten van wetenschappelijk onderzoek tegenspreken wat ik ervaar of zie in mijn omgeving vertrouw ik het onderzoek niet. Ik heb een goed beeld van wat voor bedrijven er aanwezig zijn op het industrieterrein Ik heb een goed beeld welke gezondheidsrisico’s de activiteiten van deze bedrijven met zich meebrengen Ik vind het belangrijk dat de informatie die ik krijg over gezondheidsrisico’s is gebaseerd op metingen uitgevoerd door een onafhankelijke organisatie Bedrijven zijn een betrouwbare bron van meetgegevens, als ze gecontroleerd worden door een onafhankelijke instelling
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Als wij u mogen benaderen voor eventueel vervolgonderzoek, vul dan hieronder uw naam en adresgegevens in: Naam:_________________________________________________________________ Adres:__________________________________________________________________
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Appendix E – exposure modeling STACKS Model Calculating air pollution due to industry. STACKS (Short Term Air-pollutant Concentrations: Kema Modelling System) is a model which can be used to calculate the atmospheric dispersion of air pollution around a chimney (KEMA, 1999). It was developed by KEMA in the 1985-1995 period. In 1998 it was supplemented with the random-sample method (Monte-Carlo). The model calculates hourly averages for concentrations at the surface level for one or more sources (point or surface sources). From this, other averages can be calculated (day, month, year). Percentile values (75-99.99 percentile) can be calculated for 1, 8 and 24 hour averages. The results from the model can be presented in several ways: a journal file, a numerical file and in the form of 2-dimensional contour plots. The model needs the following input data:  Background concentrations of the modeled substance  Soil moistness  Component (Type of substance modeled)  Emissions (mass flux in Kg/s)  Building dimensions  Geographical longitude and latitude  Grid size  Impulse rise (Rise of the plume of smoke)  Measurement level (Height above surface level of the wind/temperature measurements)  Meteorological data  Dimensions of surface source (if applicable)  Receptor height (Height above the surface level for which the concentration calculations are executed)  Terrain roughness (the number and height of obstacles on the ground)  Chimney dimensions  Start and stop dates  Heat emission  X and Y coordinates Importance of the different types of input (taken from the manual by KEMA): Background concentrations The STACKS model calculates the ground-level concentrations per hour around a chimney. For several of the modeled substances there are already certain background concentrations present. For many components these background concentrations are often more important then the contributions from the source. An example of this is SO2 concentration, which is mostly caused by large scale transport, and very rarely by local sources. These background concentrations are therefore important in determining the true dispersal of the emitted substance. Soil Moistness The soil moistness is entered as a model-parameter (the Priestly-Taylor parameter). This parameter determines the potential of the soil to evaporate moisture. The moistness of the soil defines the division of the incoming warmth from sunshine between evaporation and warming up of the above lying air layers. The sensitivity of the results for this parameter is low and only noticeable at relatively short distances. For this parameter, a number of predefined values have been determined. For the Netherlands, a value of 1.0 is used.
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Component The component defines which air-polluting substance is used. The possibilities are SO2, NOx, NO2, Particulate Matter, odor, chloride, fluoride, bromide, mercury, selenium, Boron, benzene and CO. Not all substances display the same type of dispersion in the air. The differences mainly lie in the deposition speed and the degree of chemical reactivity. An example is NO which is oxidized rapidly into NO2 in the air by ozone, especially in the summer with higher temperatures. This could cause dispersion models to overestimate the NO concentrations and underestimate the NO2 concentrations. It is therefore important to take the behavior of the different substances into account. Emissions The emissions of the sources are at the basis for the calculations. The emission gives the mass flux in kg/s. Emissions can be treated as constant or fluctuating. Building dimensions The dispersion model can take into account the influence of the building on the behavior of the plume. Factors which are relevant are the height of the building, its shape and the location of the chimney (on top, beside, or behind the building). In the case of a short chimney on top of a building the air flow around the building can influence the plume, which mainly affects concentrations over a short distance from the source (0.1-1 km). If the chimney is at least twice as high as the building, the effect will be negligible. Geographical latitude and longitude The latitude and longitude are entered as positive values for the northern hemisphere and for eastern longitude locations. These values can be read from normal maps. The latitude and longitude are used to calculate the condition of the atmosphere, in case no data on solar irradiation is present. The solar irradiation is then estimated based on the available data on cloud levels. For the Netherlands a longitude of 5 and a latitude of 52 are used. Values are entered in degrees. Grid area Calculations in STACKS are performed for a number of concrete locations, the receptor locations. The user can specify a square grid, a line, or individual locations. The grid is defined by the number of grid locations on one side, and the length of this side. Whether the grid is coarser or finer determines the accuracy of the calculations (as well as the time needed). If the grid is too coarse it will result in an inadequate display of the concentration gradient over distance from the source. The maximum length of the grid is 60 km. The maximum number of grid points for each line is 20. Impulse rise The gasses/smoke can rise in the atmosphere after leaving the chimney. This can have two causes. The first one is impulse rise, which refers to the rise of the plume as a result of the exit velocity of the gasses (without heat influences). It is influenced by the wind velocity at the top of the chimney. The second cause is the presence of an inherent heat in the smoke/gasses. For higher chimneys (above 50m) impulse rise is usually of little importance. The exhaust gasses for these chimneys are usually hot, which means the rise of the plume is mainly determined by the heat content of the gasses. For lower chimneys (below 50m), the impulse rise can be important, especially in the presence of other buildings. The model determines based on the entered data whether impulse rise or rise by heat content must be determined. Measurement height The height above surface level at which the wind measurements are conducted is usually set at 10m. If specific meteorological data uses different heights, these can be used. The temperature measurements are always taken on the reference height of 1.5m above surface level. The measured temperature is strongly dependant on the measurement height. The model is not very sensitive to the precise value of the temperature. The measurement height of global radiation has very little influence on the results. The same goes for the cloud degree.
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Meteorological data STACKS needs several types of meteorological data to perform its calculations. The model comes with two data sets, one for the area around Schiphol and one for the area around Eindhoven. It is usually sufficient to choose the data set closest to the location of the source. If more specific data for the region of the source is available this can be used as well. The data needs to include at least wind direction, wind velocity, temperature, cloud levels and preferably also solar-radiation entered as global radiation. Surface-source dimensions A surface-source is a source of which the emission does not come from one clearly defined point, but rather is spread over a certain surface. If one or more surface sources are used in the calculations the dimensions of this source are needed. Concentrations from a surface-source will be more spread out close to the source, and therefore lower then those for a point-source. Further away from the source the difference becomes very small. Receptor height The receptor height is the height above the surface level at which the concentration calculations for the scenario are executed. Usually a height of 1.0 or 1.5m is used for the level of surface concentrations. The minimum value cannot be lower then the roughness length of the terrain. Roughness of the terrain The roughness of the terrain is a measure for the number and height of obstacles which are present on the ground. A rough surface causes a reduction of wind velocity at surface level. This causes the creation of a certain wind profile, leading to the ignoring of turbulence. The roughness affects the vertical atmospheric wind profiles and therefore also the transport velocity of the plume, the amount of turbulence in the atmosphere and therefore also the dilution speed of the plume and the height of the border layer. For higher sources the influence of roughness is much smaller then for lower sources. For sources above 50m a precise choice for the roughness is not important, for sources lower then 50m the roughness deserves more attention. The length of the roughness varies from a few cm to 1 or 2 m. The model comes with a number of predefined values. For a more precise value for the selected location the roughness map of Wieringa (KEMA, 1999) can be used. When using custom meteorological data this parameter can be important. Chimney dimensions For the model calculations, several dimensions of the chimney must be known. The height of the chimney is important, either from the surface level or from the edge of the building the chimney is on. This determines the height of the dispersion of the gasses. The diameter of the chimney is also important, for both the calculation of the exit velocity of the gasses and the calculation of the “down-wash” at the top of the chimney. Down wash is the (usually minor) plume descent which occurs behind the top of the chimney. Both the inside and the outside diameter are required. Start and stop date The start and stop dates define for what date and time the calculations for a scenario must be performed. The dates and times must fit within the possibilities of the meteorological file, the background concentration file and the emission data. Heat emission The heat emission of a source is the amount of warmth per time unit that leaves the chimney. This can be entered in megawatt. Because the emission of warmth is determined by the amount of emitted gasses and the corresponding temperature is can also be entered as the volume flux. The heat emission is calculated with the following formula: Qmw = 306.4 * 4.19 10 -6 V0 (T 0-Ta) Where the volume flux V0 (m 3/s) and the exit temperature T0 (K) are used. T a is the average outdoor temperature (285K in the Netherlands). The heat emission is of great importance in calculating the rise of the plume of smoke gasses. The height the plume can reach in the atmosphere can be considerably higher then



90



the chimney height. This will reduce the ground level concentrations around the chimney significantly. Usually an extremely accurate record of the heat emission is not necessary, an accuracy of around 10% is mostly sufficient. X and Y coordinates The x and y coordinates (in m) concern the source’s position in the grid area and are entered as positions in the user-chosen grid in comparison to the lower left corner (which has the coordinates 0,0). Each source has its own position with the corresponding x and y coordinates. If a surface source is used, the coordinates of the center must be entered. The coordinates define the location of the sources and therefore the concentration patterns in the calculated field.
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CAR2 Model Calculating air pollution due to road traffic.(from the Manual CAR2, version 6.1) CAR2 (Calculation of Air pollution from Road traffic) is a model which can be used to calculate air quality in and next to roads. The CAR2 model is a screening model developed by RIVM, TNO and VROM (Handleiding CAR2, versie 6.1). It is an easily manageable model to quickly obtain insight in air quality in and next to traffic routes. The model is based on classes (road types, speed classes, etc.), this causes an inaccuracy in the model and makes it less suitable for determining air quality effects due to changes in properties of the (building next to) the concerning traffic road. This requires more extended or numeric models like Computational Fluid Dynamics (CFD) or wind tunnel research. The input data for the model are: - location - name of the road - x[m], x-coordinate in Rijksdriehoekscoördinaten (middle of the road) - y[m], y-coordinate in Rijksdriehoekscoördinaten (middle of the road) - intensity (number of vehicles per day) - fraction light traffic - fraction medium traffic - fraction heavy traffic - fraction bus - number of parking movements on the road - speed characterization: o A: motorway in general, typical motorway traffic, average speed of 65 km/h, on average 0.2 stops per kilometer o B: country road in general, typical country road traffic, average speed of 60 km/h, average 0.2 stops per kilometer o E: urban traffic with less congestion, average speed of 30-45 km/h, average 1.5 stops per kilometer o C: normal urban traffic, typical urban traffic with reasonably degree of congestion, average speed of 15-30 km/h, average 2 stops per kilometer o D: stagnating urban traffic, urban traffic with large degree of congestion, average speed less then 15 km/h, average 10 stops per kilometer - road type, the method distinguishes 4 different road types, determined by the building alongside of the road: 1 road passing open land, incidental buildings or trees within a radius of 100 meter 2 basic type of road, all roads different from road type 1, 3a, 3b or 4 3a both sides of the road have more or less continuous building; distance between road axis and front lies between 3 and 1.5 times height of building 3b both sides of the road more or less continuous building; distance between road axis and front shorter than 1.5 times height of building 3 building on one side of the road; more or less continuous building at a distance of less than 3 times height of the building - fraction of trees (presence of trees and the span of the tops over the road:1, trees are rare or absent ; 1.25, one or more rows of trees, distance less than 15m, space between tops or 1.5, tops are touching and span at least on third of the road width) - distance of location till the road axis (road types 2 and 3a max. 60m, road types 3b and 4 max. 30m, road type 1 max. 300m) - fraction of stagnation, 24 hours average fraction of traffic intensity coming to a halt (number between 0 and 1) - year to be modeled
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-



-



meteorology (passed year, long-term meteorology (average meteorological conditions for 10 years), unfavorable meteorology (meteorological condition related to unfavorable year (e.g. low wind speed) originating from a dataset covering 10 years) ratio emission factors



Background concentrations are determined by filling out the XY-coordinates of the road. The model calculates emission along a straight line across the road. However, there are locations that may be more loaded because of multiple roads. CAR2 does not account for these situations. The model does take into account crossroads if they are within 25 meters of the concerned road surface. Crossroads are classified as road type 2. Based on emission and toxicological data and current concentration levels the next substances are of importance: nitrogen dioxide, particulate matter 10, benzene, carbon monoxide and benzo(a)pyrene. The model uses the next formulas: 1. Dilution factor In order to calculate concentrations on road types 2, 3a, 3b and 4 dilution factors are used. This factor is dependant on the distance of the road axis to the chosen location (road types 2 and 3a max. 60 m; road types 3b and 4 max. 30 m and road type 1 max. 100 m). Dilution factor for road types 2, 3a, 3b and 4 for all distances is calculated by:



(1)



  a*S2 b*S  c



with: θ S a,b,c



: : :



dilution factor distance to be calculated parameters



In case of distances between 30 and 60 m the dilution factor for road types 2 and 3a is calculated by:



(2)



   * S 0, 747



In case of road type 1, dilution factor is calculated by:



(3)



  a*S



b



S e S



* (c * S  d )



Table 1: Dilution parameters depending on road type. Parameter Road type 1 2 3a a 0.725 3.1*10 -4 3.25*10 -4 b -0.77 -1.82*10 -2 -2.05*10-2 c -0.0011 0.33 0.39 d 1.20 n.v.t. n.v.t. e 2.70 n.v.t. n.v.t. α n.v.t. 0.799 0.856



3b 4.88*10-4 -3.08*10 -2 0.59 n.v.t. n.v.t. n.v.t.



4 5.00*10-4 -3.16*10-2 0.57 n.v.t. n.v.t. n.v.t.
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2. Emission calculation Emission by traffic for all substances (except benzene) is calculated by:



E  [(1  FS ) * ((1  ( Fm  Fv  Fb )) * E p  Fm * E M  Fv * Ev  Fb * Eb )  (4) with: E N Fm Fv Fb Ep Em Ev Eb FS Ex,d



FS * ((1  ( Fm  Fv  Fb )) * E p , d  Fm * Em ,d  Fv * Ev ,d  Fb * Eb ,d )] * : : : : : : : : : : :



1000 * N 24 * 3600



emission [µg/m/s] -1 number of vehicles per day [24 hour ] fraction medium traffic [-] fraction heavy traffic [-] fraction busses [-] emission factor passenger travel [g/km] emission factor medium traffic [g/km] emission factor heavy traffic [g/km] emission factor busses [g/km] fraction congestion [-] emission factor of vehicle class x, in case of jammed traffic [g/km] (speed class D)



Benzene emission by traffic is calculated by:



(5) Ebenzene  [(1  FS ) * ( N  N p ) * ((1  ( Fm  Fv  Fb )) * E p  Fm * E m  Fv * Ev  Fb * Eb ) 



FS * ( N  N p , d ) * ((1  ( Fm  Fv  Fb )) * E p ,d  Fm * E m , d  Fv * E v, d  Fb * Eb ,d )] * with: E Np



: :



(6)



Np 



1000 24 * 3600



benzene emission [µg/m 3] correction parking movements (see 6)



Pp 107



* Pmv



with: Np : emission due to vehicles movements corresponding emissions due to parking movements [24 hour-1] Pp : parking movements per 100 m road per day Pmv : number of driving vehicles corresponding to extra emission due to 107 parking movements per 100 m*24 hour-1 (differs per speed class, see table 3). Table 2: number of driving vehicles corresponding extra emission due to 107 parking 100 m/day by speed class. Motorway (a) Country road Circulating Regular (b) urban traffic urban traffic (e) (c) Pnv 0 3500 1700 1400



movements per Congesting urban traffic (d) 1100
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3. Calculating concentrations Calculating year-average concentrations is similar for all substances, using:



(7)



C ya contributi on  0,62 * E *  * Fb * Fregion



with: Cya-contribution Fb Fregion







: : : :



contribution to concentration due to traffic (year-average) fraction trees [-] region factor concerning meteorology [-] dilution factor (see 1) [-]



CO CO is formed during incomplete combustion. At low speed the combustion is less complete and therefore the CO emission high. Roads contribute little to the CO concentration. Poor circumstances concerning CO are: congested heavy traffic through a small road with high buildings. CO displaces oxygen when binding to haemoglobin in the blood. This may lead to effects on the heart and central 3 nervous system. The limiting value for 98 percentile of CO (8-hour average) is set at 3.6 µg/m (GGD Nederland, 2006). Calculated concentrations for CO are the result of the 98-percentile of 8-hour averages. The 98percentile is calculated using year averaged concentrations.



(8)



C CO 98 p  PCO * C CO  ya contributi on  C backgournd _ CO



with: 3 CCO-98p : 98 percentile of CO (8-hour average) [µg/m ] PCO : ratio 98-percentile/year-average (depending on road type, see table 3) Cbackground_CO : 98-percentile of 8-hour average background concentration of CO [µg/m 3], picked from background concentration file based on coordinates COCO-ya-contribution : contribution to year-average concentration CO [µg/m 3] calculated by (7) Table 3: converting factors of year-average CO concentration to 98-percentile (8-hour average). Road type 1 2 3a 3b 4 PCO 2,12 2,50 2,55 2,50 2,50 Benzene At low speed the combustion is less complete and therefore the benzene emission high. This is especially true for a cold start. Roads contribute little to the benzene concentration. Poor circumstances concerning benzene are: congested heavy traffic through a small road with high buildings. Chronic exposure to benzene may lead to leukemia. Limiting value for benzene is set at 10 µg/m 3. From 2010 this value will be reduced to 5 µg/m 3 (GGD Nederland, 2006). Only year-average concentrations are calculated, total year-average concentration is calculated using:



(9)



C benzene  ya  C benzene contributi on  C background _ benzene



with: 3 Cbenzene-ya : year-average concentration benzene [µg/m ] Cbenzene-contribution : contribution to year-average concentration benzene [µg/m 3] Cbackground_benzene : background concentration benzene [µg/m 3] calculated by (7)
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BaP At low speed the combustion is less complete and therefore the BaP emission high. This is especially true for a cold start. Roads contribute little to the BaP concentration. Poor circumstances concerning BaP are: congested heavy traffic through a small road with high buildings. BaP is presumed to be carcinogenic, which means that chronic exposure can lead to lung cancer. Dutch policy set a limiting value of 0.1 ng/m 3. The EU executives set an air quality objective in 2004 for BaP, which is 1 ng/m 3 (GGD Nederland, 2006). Benzo(a)pyrene concentration is calculated analogous to the benzene concentration; year-average concentration is calculated using:



(10)



C bap  ya  C bap contributi on  C background _ bap



with: Cbap-ya Cbap-contribution Cbackground_bap



: : :



year-average BaP concentration [ng/m 3] 3 contribution to year-average BaP concentration [ng/m ] 3 background concentration BaP [ng/m ] calculated by (7)



Particulate matter (PM10) At lower speed, the combustion is less complete, which causes a high emission of particulate matter. Roads can have a considerable contribution to the NO2 concentration, poor circumstances concerning PM are: congested heavy traffic through a small road with high buildings. Deposition of particulate matter with adherent toxic components can contribute to the exposure of people. Deposition can also lead to soil pollution and therefore to pollution of crops growing in the soil. Particulate matter consists of different fractions. PM10 is defined as particles with a diameter less than 10 µm. Particles smaller than 10 µm can penetrate the bronchial tubes. Exposure to PM10 is associated with an increase in respiratory diseases, medicine usage and hospital admissions due to respiratory complaints. In The Netherlands approximately 2300-2500 people die prematurely due to daily fluctuations in levels of PM10 (GGD Nederland, 2006). PM10 consists of inorganic secondary components, carbon containing components, sea salt, metal and silicon oxides and water. Concerning health effects the most important components are not yet identified. Research so far indicates that nitrate, sulfate and see salt is of less importance. More important are the toxic effects of soot particles from combustion processes. Therefore emission caused by traffic is considered to contribute to health effects due to exposure to PM10. Not only the components or origin of the particles affect the health effects. The smaller the particles the deeper they can penetrate the bronchial tubes. In general PM2.5 (particles with a diameter≤2.5 µm), are considered most health relevant. The World Health Organization (WHO) 3 has suggested the use of PM2.5 as indicator in stead of PM10. For PM10 the limiting value is 40 µg/m , this is a year average. To a maximum of 35 days per year, the 24-hour average concentration of 50 µg/m 3 is allowed to be exceeded (GGD Nederland, 2006). The year-average concentration of PM10 is calculated using:



(11)



C PM 10  ya  C PM 10 contributi on  C background _ PM 10



with: CPM10-ya CPM10-contribution Cbackground_PM10



3



: year-average concentration particulate matter [µg/m ] : contribution to year-average concentration PM [µg/m 3] 3 : background concentration PM [µg/m ] calculated by (7)



Also the number of days the 24-hour average design value exceeds 50 µg/m 3 is calculated using the total year average concentration of PM. The formula used depends on the magnitude of the year average concentration (Regeling VROM, 2006).
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If CPM10_ya > 31.2 µg/m 3 then use:



(12)



N  5.367 * C PM 10 ya  132.4 3



3



If 16 µg/m < CPm10_ya 


(13)



N  0.10498 * (C PM 10 ya  31.2) 2  3.1092 * (C PM 10  ya  31.2)  35



If CPM10_ya < 16 µg/m 3 then use:



(14)



N  12days



N : the number of days the 24 hour average critical value of 50 µg/m 3 is exceeded [year-1] CPM10_ya : year-average concentration particulate matter [µg/m 3] NO2 Emission of NO2 mainly depends on the heat of combustion. At higher temperatures more NO2 is formed. Roads can have a considerable contribution to the NO2 concentration. Poor circumstances concerning NO2 are: congested heavy traffic through a small road with high buildings. NO2 penetrates as far as the smallest branches of the bronchial tubes. At high concentrations it causes irritated eyes, nose and throat. Exposure to lower concentrations is correlated with decreasing lung functioning. Supposedly, only peak concentrations of NO2 higher than 1000 µg/m 3 are causing the effects. Peak concentrations caused by traffic however are beneath these values. It is therefore more likely that the NO2 concentration resembles the mixture of air pollution. The limiting value on year average is 40 µg/m 3. Roads with an amount of 40.000 vehicles per day are allowed to exceed the hour average value of 200 µg/m 3 by 18 times per year (GGD Nederland, 2006). These two values are valid until 2010. Calculating NO concentrations in the air is complicated because traffic emits NO x (NO+NO2). In the atmosphere chemical reactions convert some of the NO in NO2. The weighted part of NO2 directly emitted by traffic is calculated using:



(15)



FNO 2 



with: ENO2 ENOx



: :



E NO2 E NOx directly emitted NO2 determined using (4) directly emitted NOx determined using (4)



NO2 concentrations are calculated using:



(16)



C NO 2  ya  FNO2 * C NO 2 ya 



with: CNO2-ya CNOx-ya FNO2 Cbackground_O3 Cbackgournd_NO2



: : : : :



B * C background _ O 3 * C NOx  ya * (1  FNO2 ) C NOx  ya * (1  FNO2 )  K



 C background _ NO 2



3



year-average concentration NO2 [µg/m ] year-average contribution to concentration by traffic [µg/m 3] weighted part direct emitted NO2 [-] 3 background concentration ozone [µg/m ] 3 background concentration NO2 [µg/m ]
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B,K K B



: : :



empirical fixed parameters for converting NO to NO2 3 100 [µg/m ] 0.6 [-]



4. Fraction direct emitted NO2 A part of NOx is emitted as NO2. The part NO2 directly emitted by traffic is calculated by:



(17) f NO2  with: fNO2 fNO2_P fNO2_V fM fZ EL_NOx EM_NOx EZ_NOx



: : : : : : : :



(1  ( f M  f Z )) * f NO2 _ P * E L _ NOx  f M * f NO2 _ V * E M _ NO x  f Z * f NO2 _ V * E z _ NOx (1  ( f M  f Z )) * E P _ NOx  f M & E M _ NOx  f Z * E Z _ NOx weighted fraction directly emitted NO2 fraction NO x emitted by light traffic as NO2 = 0.045 fraction NO x emitted by medium-heavy traffic as NO2 = 0.055 fraction medium traffic [-] fraction heavy traffic [-] emission factor NOx for light traffic [g/km] emission factor NOx for medium traffic [g/km] emission factor NOx for heavy traffic [g/km]



5. Sum concentration contributions of different sources Formula 7 is used to calculate a year-average concentration based on concentration data and concentration contribution of road traffic on the specific road. In case another (local) source is present which contributes to the concentration of CO, benzene, BaP or PM10 as well; it is possible to add this to the calculated concentration using formula 7. In case of nitrogen oxide, contributions of multiple local sources can not be added up since NO 2 is partially formed by conversion in the air; the following steps need to be taken first: 1. calculating contribution to year-average concentration NOx of each source (18) 2. calculating contribution to total year-average concentration of NOx (19) 3. calculating contribution to total year-average concentration NO2 (using formula 7; fNO2=0.05)



(18)



Cc , ya [ NOx ] 



    2  4 * f NO 2 * C 2 * f NO 2



with:



C  C c _ ya [ NO2 ] * K



  ( f NO 2 * K  B * C b _ ya [O3 ]  C c _ ya [ NO x ]) with: Cc,ya[NOx] fNO2 Cc,ya[NO2] Cb,ya[O3] B,K K B



(19)



: contribution to year-average concentration NOx by a source [µg/m 3] : weighted fraction directly emitted NO2 = 0,05 [-] : contribution to year-average concentration NOx [µg/m 3] : background concentration ozone [µg/m 3] : empirical determined parameters for conversion of NO to NO 2 : 100 [µg/m 3] : 0.6 [-]



C NOx _ total  C NOx _ contributi on  C NOx bron1  C NOx bron 2



with: CNOx_total CNOx_contribution CNOx-bron1 CNOx-bron2



3



: year average concentration NOx by all sources [µg/m ] : contribution to year average concentration NOx due to traffic [µg/m 3] : NOx contribution of NO2 source 1 [µg/m 3] 3 : NOx contribution of NO2 source 2 [µg/m ]



98



99



Appendix F – Methods for determining the views and knowledge of the public Social Amplification of Risk Framework (SARF) The framework identifies two stages. Within Stage I the focus is upon the hazard event, the relationship between the various stations of amplification and their relationships with public perceptions and first order behavioral responses. Stage II of the framework is concerned with secondary impacts. Here there is a direct link between the amplification of risk perceptions and behaviors and secondary consequences. Secondary consequences consist of socio-economic and political impacts.



Figure 7: Social amplification of risk As conceived in this framework, social amplification or attenuation may occur in several ways. It may begin with a risk event, such as an industrial accident or a chemical release. Since most of society learns about the parade of risks and risk events through information systems rather than through direct personal experience, risk communicators, and especially the mass media, are major agents, or what we term social stations, of risk amplification and attenuation. Particularly important in shaping group and individual views of risk are the extent of media coverage; the volume of information provided; the ways in which the risk is framed; interpretations of messages concerning the risk; and the symbols, metaphors, and discourse enlisted in depicting and characterizing the risk. The channels of communication are also important. Information about risk flows through multiple communication networks-the mass media represented by television and newsprint, the more specialized media of particular professions and interests (including, increasingly, Internet or the information superhighway), and, finally, the more informal personal networks of friends and neighbors on whom individuals continually rely as reference points for validating perceptions and contextualizing risk. Risk and risk events compete for scarce space in the media's coverage, and the outcome of this competition is a major determinant of whether a risk will be socially amplified or attenuated in society's processing and disposition of the risk. Social institutions and organizations also occupy a primary role in society's handling of risk for it is in these contexts that most risks are conceptualized, identified, measured, and
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managed. In postindustrial democracies, large organizations-multinational corporations, business associations, and government agencies-largely set the contexts and terms of society's debate about risks.



The Psychometric method: The psychometric method can be explained referring to a study by Fischhoff, Slovic and Lichtenstein (1978). In this study psychometric procedures were used to elicit quantitative judgments of perceived risk and benefit from various activities and technologies as well as judgments of acceptable risk levels. Participants in the experiment also judged the degree of voluntariness of each activity or technology. These judgments were used to determine whether people do, indeed, judge the acceptability of risks differently for voluntary and involuntary activities. The influence of other potential moderators of perceived and acceptable risk was also studied. These included familiarity with the risk, its perceived controllability, its potential for catastrophic (multiple-fatality) consequences, the immediacy of its consequences, and the extent of scientists' and the public's knowledge about its consequences. The participants in the study evaluated each of 30 different activities and technologies with regard to (1) its perceived benefit to society; (2) its perceived risk, (3) the acceptability of its current level of risk; and (4) its position on each of nine dimensions of risk. Perceived Benefit People given this task were asked to "consider all types of benefits: how many jobs are created, how much money is generated directly or indirectly (e.g., for swimming, consider the manufacture and sale of swimsuits), how much enjoyment is brought to people, how much of a contribution is made to the people's health and welfare, and so on." Thus, they were told to give a global estimate of all benefits, both tangible and intangible. They were specifically told: "Do not consider the costs of risks associated with these items. Perceived Risk Participants in this task were told to "consider the risk of dying as a consequence of this activity or technology. For example, use of electricity carries the risk of electrocution. It also entails risk for miners who produce the coal that generates electricity. Motor vehicles entail risk for drivers, passengers, bicyclists and pedestrians, etc." They were asked to order and rate these activities for risk with instructions that paralleled the instructions for the perceived benefit task, giving a rating of 10 to the least risky item and scaling the other items accordingly. Risk Adjustment Factor After rating risks or benefits, both groups of participants were asked to judge the acceptability of the level of risk currently associated with each item. On their answer sheets, participants were provided with three columns labelled: (a) "Could be riskier: it would be acceptable if it were -- times riskier;" (b) "It is presently acceptable;" and (c) "Too risky: to be acceptable, it would have to be -- times safer." These risk adjustment factors were used to establish levels of acceptable risk. Rating Scales As their final task, participants were asked to rate each activity or technology on nine seven-point scales, each of which represented a dimension which has been hypothesized to influence perceptions of actual or acceptable risk. These scales, in the order and wording in which they were described, were: 1) Voluntariness of risk: Do people get into these risky situations voluntarily. (1 = voluntary; 7 = involuntary.) 2) Immediacy of effect: To what extent is the risk of death immediate--or is death likely to occur at some later time? (1 = immediate; 7 = delayed.) 3) Knowledge about risk: To what extent are the risks known precisely by the persons who are exposed to those risks? (1 = known precisely; 7 = not known.) 4) Knowledge about risk: To what extent are the risks known to science? (1 = known precisely; 7 = not known.)
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5) Control over risk: If you are exposed to the risk of each activity or technology, to what extent can you, by personal skill or diligence, avoid death while engaging in the activity? (1 = uncontrollable; 7 = controllable.) 6) Newness: Are these risks new, novel ones or old, familiar ones? (1 = new; 7 -- old.) 7) Chronic-catastrophic: Is this a risk that kills people one at a time (chronic risk) or a risk that kills large numbers of people at once (catastrophic risk)? (1 = chronic; 7 = catastrophic.) 8) Common-dread: Is this a risk that people have learned to live with and can think about reasonably calmly, or is it one that people have great dread for--on the level of a gut reaction? (1 = common; 7 = dread.) 9) Severity of consequences: When the risk from the activity is realized in the form of a mishap or illness, how likely is it that the consequence will be fatal? (1 = certain not to be fatal; 7 = certain to be fatal). Participants rated all 30 activities and technologies on each scale before proceeding to the next. The results were analyzed to gain insight into the relations between perceived risk and risk benefit, perceived risk and acceptable risk, interparticipant agreement, differences between voluntary and involuntary risks, perceived risk and acceptable risk
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Appendix G – Data gathered for exposure modeling STACKS: Table 4: Emissions for the industrial area as a whole in kg/year Stof Puntbron Diffuus Zwaveldioxide 885697 0 Stikstofoxiden 2839461 0 Fijn-stof (PM10) 58229 0 Lood 0.01 0 Koolmonooxide 491834 0 Benzeen 1991 4693 PAK als B(a)P 153 0 Cadmium 7.6 0 Arseen 0 0 Nikkel 0.66 0 Fluoriden 542 0 Kwik 25.7 0 Tolueen 700 884 Styreen 1599 5503 Ethyleenoxide 31 2788 Propyleenoxide 104 6078 Formaldehyde 1142 0 Dioxines 0.00037 0 NMVOS 308209 389883



Totaal 885697 2839461 58229 0.01 491834 6683 153 7.6 0 0.66 542 25.7 1584 7102 2819 6182 1142 0.00037 698092



CAR2: Table 5: traffic intensity road N285 Road stretch Count type Intensity (vehicles per day) %Light %Medium %Heavy



285MOER Periodical 9707.0 88.7 3.9 7.4



285RW17 Permanent 16544.0 86.0 9.0 5.0



Road stretch Count type Intensity (vehicles per day) %Light %Medium %Heavy



285DRIE Periodical 7349.0 89.0 2.6 8.3



285WAGE Permanent 9151.0 87.5 7.8 4.7



N285 285KROO Periodical 11414.0 83.5 9.0 7.4 N285 285RW59 Periodical 18180.0 89.7 7.1 3.1



285ZEVE Periodical 12193.0 85.3 8.5 6.2



285SUIK Periodical 7007.0 85.5 7.9 6.6



285ZEGG Periodical 14935.0 89.1 7.2 3.7



285TERH Permanent 20129.0 91.0 6.2 2.8



285LANG Periodical 7236.0 85.4 8.5 6.1
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Table 6: traffic intensity motorways A17/A59 Working day Week day A16 (Klaverpolder/ 's Gravendeel Working day Week day A16 (Zondeel/ Zevenbergsche Hoek) Working day Week day



21136 19817 58418 53608



50097 46085



A16



Knooppunt Klaverpolder Afslag Moerdijk A17/A59



Afslag industrieterrein



A16



A17/A59



Afslag Zevenbergen



Knooppunt Zondeel



Figure 8: map displaying traffic intensities of motorways A16 and A17 near Moerdijk in The Netherlands.
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