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Abstract: Understanding the differences in the risk judgments of residents of industrial
communities potentially provides insights into how to develop appropriate risk
communication strategies. This study aimed to explore citizens’ fundamental
understanding of risk-related judgments and to identify the factors contributing to
perceived risks. An exploratory model was created to investigate the public’s risk
judgments. In this model, the relationship between laypeople’s perceived risks and the
factors related to the physical nature of risks (such as perceived probability of
environmental contamination, probability of receiving impacts, and severity of catastrophic
consequences) were examined by means of multiple regression analysis. Psychological
factors, such as the ability to control the risks, concerns, experiences, and perceived
benefits of industrial development were also included in the analysis. The Maptaphut
industrial area in Rayong Province, Thailand was selected as a case study. A survey of 181
residents of communities experiencing different levels of hazardous gas contamination
revealed rational risk judgments by inhabitants of high-risk and moderate-risk
communities, based on their perceived probability of contamination, probability of
receiving impacts, and perceived catastrophic consequences. However, risks assessed by
people in low-risk communities could not be rationally explained and were influenced by
their collective experiences.
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1. Introduction

The development of industrial sectors worldwide has contributed to vast damage to the environment
and human health [1-4]. The Maptaphut industrial development area, a chemical industry hub in
Thailand, is one of many cases representing a failure in environmental risk management. After the
industrial estate was established, all types of environments in the area, including soil, water resources,
and air, have been contaminated with hazardous substances and compounds [5—8]. The most serious
issue is polluted air, which has been assumed as a cause of cancer and respiratory diseases among
patients in the area [9,10]. The results of air monitoring during the 2007-2013 period showed that
many types of volatile organic compounds (VOCs) in ambient air, including benzene, 1,3-butadiene,
chloroform, and 1,2-dichloromethane, were above the annual standard [11]. In 2003, the National
Cancer Institute in Thailand revealed that the number of cancer patients in the area was significantly
higher than the national average and in Bangkok City [12]. It was also found that the rate of patients
with diseases caused by environmental pollution had increased rapidly in the area since 2003 [13].

Although environmental problems caused by industrial activities in the area have been
enthusiastically addressed by governments and the industrial sector, many parties are still concerned
and believe that the risks associated with industrial activities still exist. One of the critical issues is a
failure in risk communication among laypeople, governments, and the industrial sector. This failure
has impacted the decision-making process which, until now, cannot be carried out if there is no
agreement among all parties involved. Governments mostly make decisions regarding the development
of industrial activities based on experts’ scientifically estimated risks; however, local residents’ risk
judgments are not well understood or considered. As a result, industries have been growing despite
public protests. Thus, the differences in risk judgments among laypeople, governments, and the
industrial sector are a major cause of the problems in risk communication [13—15].

The causes determining laypeople’s risk judgments and perceptions need to be thoroughly studied
in order to create effective risk communication between governments and the public [14,16-18].
Comprehending laypeople’s fundamental understanding of risk-related judgment can help risk
communicators achieve the following: effectively establish communication efforts, properly select
pieces of information and their formats [8], and foster information sharing among relevant parties.
Risk perception is filtered differently by people according to their attitudes and moral values [16].
In addition to social and cultural factors (such as gender, value systems, and social norms), people’s
conscious, analytical way of thinking may cause significant differences in risk perception [16].
Crawford-Brown [19] noted that residents’ perceived risks might depend on the evidence they possess
regarding the frequency, severity, and variability of effects. Laypeople’s risk judgments also involve
judgments of probability [15,20], severity of catastrophic consequences [20], and perceived control [20].

Currently, a range of previous, relevant research mostly explained risk perception based on the
assumption that laypeople had limited scientific knowledge and capability to cope with the risks they
faced; thus, their perceptions were significantly influenced by a wide spectrum of social and
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psychological factors such as fear, familiarity with the risk, ability to control the risk, etc. [21-23]. For
example, Americans’ perceptions of the dangers of nuclear waste storage were significantly affected
by psychological factors such as fear, distrust, and uncertainty [21]. However, in the present times,
with the enhanced quality of education received by laypeople, an increase in public environmental
awareness, the strength of laypeople’s social networks with other organizations, and varieties of public
media, people’s easier access to risk-related information possibly increases their capabilities to assess
the risks they face. Psychological factors might therefore be less influential. On the contrary,
laypeople’s risk perceptions might be processed based on their analytical way of thinking. Factors related
to the nature of risks such as perceived probability of occurrence and severity of facing risks [22—24]
might be more powerful in predicting laypeople’s perceived risks.

This study aimed to investigate the determinants of risk perceptions held by inhabitants of industrial
communities who were experiencing different levels of hazardous gas contamination, as well as to
offer suggestions that could improve the current risk communication and management. The Maptaphut
Industrial Estate (MIE) in Rayong Province, Thailand was selected as a case study due to the
seriousness of its contamination and the need for improving risk communication and management.
In determining a sampling group, the VOC and sulfur dioxide/nitrogen dioxide (SO»/NO,) contamination
in the area was first reviewed to understand the degree of potential risks existing in communities.
Ten industrial communities were selected and classified into the following three types in terms of the
degree of contamination experienced: high-risk, moderate-risk, and low-risk communities.

In this paper, the analysis is divided into two parts. First, risk perceptions exhibited by laypeople in
the three types of communities are analyzed, and their differences in risk perception are tested.
Then the determinants of these people’s risk perceptions and how these differ among them are identified
and investigated. Finally, the development of risk communication and management is discussed.

2. Theoretical Context
2.1. Concepts Related to Risks

Currently, risk-related concepts are diverse. According to Lash and Wynne [18], risks can be
conceptualized as the probabilities of catastrophic harm caused by technological or other modernization
processes. Otway and Thomas [25] mentioned at least two major risk concepts. The first is the realist
approach that views risk as a physical reality that is estimated based on scientific knowledge.
The second is risk as a social construct that emphasizes the contrasting definitions of risks in social
reality. In other words, risk can be conceptualized into three approaches: objective, subjective, and
perceptive [19]. The objective approach refers to risk as a product of scientific research conducted based
on experiments and scientific methods. In contrast, the subjective approach claims that risk is not solely
objective; it varies depending on people’s state of mind influenced by collective experiences, social
norms, and uncertainties. In the perceptive approach, risk is defined as the set of all destructive
consequences that are believed to be possible by a person who has evidence about the frequency,
severity, and variability of the effects [19]. However, Fischoff [26] stated that no definition of risk is
ultimately correct, since no suitable one applies to all problems. Recently, traditional risk assessment
based on science alone has increasingly come into question [17] because the risks to society are
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exhibiting far more diverse aspects beyond the scope of scientifically estimated risks. Ropeik [17] argued
that although scientific risk assessment is thoroughly conducted by using reliable methods, results will
conflict with the inherent way human beings perceive risk, because how normal people live is not well
understood by experts and policymakers. Many scholars are becoming increasingly interested in risk
perception. Understanding how it is perceived can potentially contribute to the improvement of
risk communication [14,15,27]. Furthermore, such understanding can also help mitigate underlying
impacts [28,29] and support stakeholders’ long-term engagement in risk management [30].

2.2. Risk Perception and Risk Judgment

Risk perception is a judgment of the adverse consequences of a particular hazard and can be made
by an individual, a group of people, or society [31]. The term “risk perception” generally refers to
natural hazards and threats to the environment or health [16]. Risk perception can be formed based on
both belief and self-appraisal [16,31,32]. Until now, four approaches have been used to study how
risks are perceived. The first approach is the sociocultural paradigm, including the cultural theory of
risk or simply cultural theory. Based on the cultural theory, risk perception is constructed from beliefs
influenced by social forces in society [33,34]. Although it is constructed from beliefs, this sort of risk
perception reflects the interests and values of each group, the diverse meanings of the term “risk” and
natural phenomena within each group [31,35].

The second approach is the psychometric paradigm, which includes the psychometric model and the
basic risk perception model (BRPM). The psychometric model proposed by Fischhoff in 1978
addressed how human risk perception is significantly influenced by the physical properties of risks
(voluntariness, familiarity, and catastrophic consequences), as well as psychological and cognitive
factors (dread, experience, benefits associated with the risks, controllability, and knowledge) [15,26].
Psychometric studies found that each type of hazard has a specific pattern of qualities related to risk
perception. Some scholars working with this approach have critiqued the cultural theory. For instance,
Sjoberg’s study [36] revealed the low relationship between culture adherence and risk perceptions.
He explained that risk perception is related to real risks rather than cultural aspects. In 1993, Sjoberg
developed his own model, the BRPM, which explains more diverse dimensions of risk perception.
It adapts the psychometric dimension [37] and includes the four factors of attitude, risk sensitivity,
specific fear, and trust.

The third approach is the interdisciplinary paradigm that applies several concepts to explain risk
perception. Its most distinct concept is Kasperson’s social amplification of risk framework (SARF) [38],
a systematic conceptualization of how scientific risk is influenced by psychological, social, institutional,
and cultural processes [39]. This model explains two processes associated with risk perception: first,
risk perception is affected by a variety of social processes such as social institutions’ roles in
communicating risk-related information, a range of communication channels existing in societies,
institutional behaviors, and sociopolitical processes; second, risk messages are interpreted and
perceived by individuals or society as a whole [40].

The last approach is the axiomatic measurement paradigm that focuses on how average people
subjectively transform objective risk information [41]. It is believed that risk perception is influenced by
possible catastrophic consequences (fatal outcomes, mortality rates, etc.) and likelihood of occurrence.
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Risk perception is a dynamic process that takes place in society. The factors determining risk
perception can be related to all four approaches and may differ in each specific threat. In the case of
environmental health risk associated with industrial development, risk perception may not only be
determined by social adherence and/or emotional factors. It is also important to understand the influence
of laypeople’s comprehension of the nature of risks, including probability and consequence. People need
information related to the physical nature of the risk presented to them in a way they can understand.

2.3. Factors Determining Risk Perception

As mentioned above, risk perception can be formed based on both belief and self-appraisal. In other
words, risk perception can be processed based on a rational system [22,24] or an experimental system,
which includes emotion, value, and affect in risk judgments [42], and a different set of determinate
factors affects perception processed through a different system. Regarding the perceived risk held by
the experimental processing system, the psychometric framework has been widely used to explain the
influence of psychological and cognitive factors on the risk perception of individuals with limited
understanding of risk impacts [43—45]. The psychological and cognitive factors include controllability,
experiences, perceived benefits, and concerns. Laypeople’s ability to control the risk could play
a profound role in shaping risk perception. First, risks would be highly perceived if individuals feel
that they have no ability to control them, for instance, risks associated with nuclear power plants or
with flying in an airplane [20,26,46]. Second, previous experiences also constitute a crucial factor that
might have a positive relationship with individuals’ perceived risks [47-49]. As stated by
Paolo et al. [47], people smelling unfamiliar odors may exhibit a high-risk perception due to their
concerns about respiratory diseases such as asthma and lung cancer. In the case of perception about the
dangers of natural hazards, according to Wachinger ef al.’s observations [50], experiences may have
both positive and negative relationships with risk perceptions. With experiences of natural calamities,
laypeople mostly exhibit high perception of potential disaster damages, but in some cases, risks are
perceived low if people did not receive much negative impact from previous events, and the natural
catastrophe does not occur often. People think that after its last occurrence, a natural disaster is
unlikely to happen again in the near future. Third, perceived benefits from industrial development
comprise one of the psychological factors that has been widely investigated, whether it is associated
with perceived risks. Gregory and Mendelsohn [51] stated that individual risk assessment is included
with the person’s perceived benefits. When technologies are perceived as highly beneficial, their risks
are relatively devalued [52]. It is therefore possible that laypeople who perceive high benefits might
exhibit lower perception of the risks they face. The fourth factor constitutes family concerns, which
could contribute to perceived high risks. Laypeople who live in large households and/or have families
with a number of children might have high concerns regarding potential impacts of contaminated air;
thus, their risk perception can be perceived as high [53].

Besides psychological and cognitive factors, laypeople’s perceived risks could be constructed based
on their analytical way of thinking about the nature of risks [22,24], including the perceived
probability of environmental contamination, probability of receiving impacts, and perceived severity of
catastrophic consequences [16,20,22,24]. The relationships between the factors related to the nature of
risks and risk perception are explained in the axiomatic approach; namely, an individual’s perceived
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risk is influenced by the probability of its occurrence and the likelihood of a negative outcome [41].
Currently, the contribution of factors related to the nature of risks and to environmental risk perception
is still unclear and scarcely investigated in previous studies. One related research conducted by
Yong et al. [54] found that the likelihood of injury is not a significant factor contributing to
perceptions of risks associated with consumer products, but the most influential factor is severity of
injury. In the case of environmental health risks, Slovic [32] found that laypeople’s risk judgments are
highly related to characteristics of catastrophic potential rather than probability; if there is substantial
adverse damage associated with the disaster, the perceived risk is high, though there is low probability.
Furthermore, many previous studies showed that laypeople’s perception of environmental risks is a
function of their psychological and cognitive characteristics, but factors related to the nature of risks
have less power in explaining risk perception [55,56]. However, regarding the current situation,
particularly in democratic societies (where laypeople can easily access risk information due to their
strong social networks with other organizations and the enhanced quality of education), the
determinants of risk perception held by laypeople could be changed.

2.4. Study Framework and Hypotheses

According to the literature review, the factors potentially affecting risk perception could be divided
into two main groups. The first group comprises factors related to the nature of risks, such as perceived
probability of environmental contamination, probability of receiving impacts, and perceived severity of
catastrophic consequences. The second group consists of psychological and cognitive factors, including
perceived ability to control risks, concerns about family members, previous experiences with air
pollution, and perceived benefits from industrial development. This study investigated the relationships
between these selected factors and the risk perceptions held by laypeople facing different degrees of air
contamination. The study defined laypeople’s risk perceptions as expected losses or potential adverse
consequences caused by environmental contamination [31]. To measure risk perception, the study
explored laypeople’s perceptions of the potential impacts of industrial activities on human health and
well-being, which were classified into five aspects: (1) psychological effects, i.e., the negative impacts
of air pollutants on the human psychological system, such as anxiety or mental disorder; (2) physical
health effects, i.e., the impact of air pollutants on the human immunity system; (3) respiratory effects,
i.e., any respiratory diseases caused by inhalation of air pollutants; (4) lifestyle disruptions, i.e.,
negative changes in local people’s daily lives, local customs, or traditions; and (5) nuisance, i.e.,
annoying conditions caused by the changes in living environments, for example, noise pollution.
Figure 1 shows an overview of the conceptual model of risk perception. Based on the assumption that
laypeople are knowledgeable and have more potential to assess risk, and risk might be judged and
perceived based on their rational process system rather than the experimental process system, the
research hypotheses could be proposed as follows:

(1) Risk perceptions held by laypeople in three types of communities are significantly different
according to the degree of air contamination experienced by each community type.

(2) Laypeople’s perceived risks are determined by factors related to the physical nature of the risks
and/or psychological and cognitive factors.
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Figure 1. Conceptual model of risk perception.

Perceived probability of
environmental contamination

Factors related to the Perceived probability of
nature of receiving impacts
environmental risks

Perceived severity of
catastrophic consequences

Risk
Perceived ability to control the Perception
risk

Concerns about family
Psychological and members
cognitive factors

Pervious experiences in facing
pullulated air

Perceived benefits from
industrial development

3. Methodology
3.1. Case Study

The MIE in Rayong Province is one of the 29 industrial estates in Thailand. It is located at
approximately 12.5° N (latitude) and 101.5° E (longitude), near the Gulf of Thailand. The project was
first established in 1989 by the state enterprise, the Industrial Estate Authority of Thailand (IEAT), and
the Ministry of Industry [57]. The MIE initially comprised a total area of 6.72 km?® that consisted
of agricultural farms, wasteland, and small rural farming and fishing communities. In 2002, the area
was expanded to 11.2 km?, and it was later found that many factories are situated in nearby residential
areas [58]. Currently, there are five industrial estates in the Maptaphut area: Maptaphut, East Hemaraj,
Asia, Padaeng, and RIL. About 1800 factories and a seaport are situated in the area [57]. Most of the
industrial plants are petrochemical factories, coal-fired power plants, chemical fertilizer factories, and
oil refineries. The industrial development in the area has been critiqued by the public due to the
adverse health impacts suffered by the local people, as well as other negative social impacts, including
drug abuse, crime, and pregnancy among young women [59].

Environmental problems in Maptaphut, such as polluted air, wastewater, polluted groundwater, and
soil contamination, have concerned the public, industrial investors, governments, and nongovernmental
organizations (NGOs). Among these problems, air contamination is perceived as the most serious
one [7]. According to the results of air quality monitoring conducted by Department of Pollution
Control during the 2007-2013 period, several types of VOCs were found to be above the national
standard. Other air pollutants are also distributed throughout the area, including NO,, SO,, carbon
monoxide (CO), and particulate matter (PM10) [7,8].

The Maptaphut municipality and neighboring areas were selected as a case study because of the
seriousness of their environmental contamination and the need for risk mitigation and communication
strategies. Until 2013, there were 38 communities in the Maptaphut area. The population consisted of
56,591 people (28,504 male and 28,087 female), with 42,295 households [60]. The area’s five
industrial estates are surrounded by residential and commercial areas.
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3.2. Determining the Sampling Group

A sampling group was determined based on the degree of hazardous gas contamination throughout
the Maptaphut area. To classify the levels of potential threat faced by the communities, the study
employed the results of Thepanondh er al. study [7] on VOC (benzene and 1,3-butadiene)
contamination, as well as the results of Chusai et al. study [8] on SO, and NO, concentrations.
The hazardous gases and compounds investigated in those two studies have been assumed to be a
cause of cancer and respiratory diseases in the area [10].

Regarding the study conducted by Thepanondh and colleagues, VOC concentrations across the
Maptaphut area were measured by means of gas chromatography/mass spectrophotometer (GC/MS)
and conducted based on the United States Environmental Protection Agency’s toxic organic
compounds (USEPA TO-15) procedure. The results showed that the VOC concentrations in the area
varied according to the proximity to emission sources and types of compounds. Although this
investigation was conducted during the 20072008 period, the results remain consistent with those of
air monitoring conducted on a monthly and annual basis by Department of Pollution Control [61].
More specifically, benzene and 1,3-butadiene have thus far been found to be higher than the annual
national standard. In the case of SO,, and NO, concentrations, the study carried out by Chusai and
colleagues included observations of these two compounds’ dispersion throughout the Maptaphut area
by using a spatial model called the American Meteorological Society-Environmental Protection
Agency Regulatory Model (AERMOD). The results showed varying degrees of NO, and SO,
concentrations caused by both stack and nonstack sources; the differences in the findings also
depended on the geographic and atmospheric conditions in each particular area.

To determine the degrees of hazardous gas and compound contaminations experienced by different
areas in the Maptaphut municipality, the study employed geographic information systems (GIS) to
assess contamination situations based on data provided by those two studies. The degree of
concentration in each area was divided into three levels, according to the Air Quality Index (AQI)
established by the USEPA [62] (see Table 1). Low concentration means that it potentially generates
health impacts, and it is suggested that people with respiratory diseases, children, and the elderly avoid
any outdoor activities. Moderate concentration means that it potentially generates high health impacts,
and it is recommended that people with respiratory diseases avoid any outdoor activities. For general
people, especially children and the elderly, outdoor exercise should be limited when high levels of
pollutants are present in the air. High concentration means that it could generate severe health impacts,
and it is strongly recommended for the general public to remain inside a building or shelter.

Table 1. Determining degrees of pollutant concentration experienced by local communities.

Degree of Concentration (ug/m°)

Type of Gas and Compound 5 National Standard *
High Moderate Low
NO, 500-3000 200-500 <200 320 (1 h)
SO, 1000-2700 600-1000 <600 300 (24 h)
Benzene 3.5-4.7 2.5-3.5 1.7-2.5 1.7 (year)
1,3 Butadiene 0.48-0.58 0.38-0.48 0.33-0.38 0.33 (year)

* According to Department of Pollution Control, Thailand.
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The results of the GIS analysis demonstrated the distribution of hazardous gases and compounds
throughout the Maptaphut area (see Figure 2). The numbers shown in Figure 2 represent the respective
locations of selected communities. Ten local communities, all of which were relatively old and
established before the industrial projects, were selected for this study. These selected communities
were categorized into four types, according to their respective levels of hazardous gas contamination.
In classifying a type of community, communities located in areas with a high concentration of each
type of hazardous gases or compounds (benzene, 1,3-butadiene, SO,, or NO,) were given a score of 3.
Communities, located in areas with a moderate concentration were assigned a score of 2, and
communities located in areas with a low concentration were assigned a score of 1. A score of 0 was
given to communities located in areas associated with a degree of pollutant concentration lower than
the national standard. Then, the average score assigned to each community was calculated, and
classified as one of the four categories such as lowest-risk community, low-risk community, moderate-risk
community, and high-risk community. The results are shown in Table 2.

Figure 2. Distribution of hazardous gases and compounds throughout the Maptaphut area.
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Table 2. Degrees of potential risks faced by Maptaphut communities.

1,3 Butadiene Benzene NO, and SO, Potential

Community ) . ) Average * . N.
Concentration Concentration Concentration Risk
1. Banprayoon and Namrin 1 | 1 1.00 low 19
2. Nuangfab 1 1 1 1.00 low 11
3. Bantrakual 3 2 2 2.33 high 20
4. Nuenpra 2 2 3 2.33 high 31
5. Maptaphut 2 | 3 2.00 moderate 40
6. Banbonnuen 0 1 2 1.00 low 14
7. Banpandintai 0 | 1 0.67 low **
8. Nuenkrapork 0 1 3 1.33 low
9. Mapkha 0 2 3 1.67 moderate 18
10. Nuenpayom 0 3 3 2.00 moderate 12

Total 181

Notes: * (0-0.75 = lowest-risk community, 0.76-1.50 = low-risk community, 1.51-2.25 = moderate-risk
community, 2.26-3 = high-risk community). ** Only one community was defined as a lowest-risk

community. To effectively perform the statistical analysis, the study, therefore, included this community in
low-risk communities. In addition, the community is also located nearby the other low-risk communities. The
degree of potential risk faced by this community might not enormously differ from those low-risk

communities.
3.3. Data Collection and Analysis

In-depth interviews with the local people were conducted in March 2013. Then the questionnaire
was created and distributed to 200 people living in the selected communities during October and
November 2013. In total, 181 questionnaire sheets (about 90%) were completed. The factors, variables,
and types of questions used to collect the data are shown in Table 3. The measurement of variables is
presented below.

(1) Risk perception: A Likert scale, a single-select, rating scale question method [63], was used to
collect the data related to respondents’ attitudes about industrial risks. Respondents were asked to
rate their level of concern about potential impacts of air pollutants on their health and
well-being, divided into five aspects (see Table 3). In contrast to previous research in risk perception,
where the relevant characteristics of risk and rating scales have been based on literature reviews [45],
this study created judgment scales reflecting degrees of risk perception based on information
received from the in-depth interviews with laypeople. Based on the results of in-depth interviews,
laypeople often simply exhibited degrees of concerns about potential impacts of air contaminations,
such as “no impact”, “low impact”, or “high impact”. In this study, the 5- point rating scale ranged
from 0 (“not at all concerned”) to 4 (“strongly concerned”). Respondents were asked nine questions,
and the results obtained would be tested for their correlation before being added and calculated as a
mean score, representing a level of risk perception.

(2) Factors related to the nature of risks, including perceived probability of environmental
contamination, probability of receiving impacts, and severity of catastrophic consequence:
These factors were measured using single-select rating questions. Based on the results of
in-depth interviews with laypeople, 4-point Likert scale questions were created. Respondents were
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asked to rate each question, ranging from 1 (“no possibility/no severity”) to 4 (“high
probability/high severity”).

(3) Psychological and cognitive factors, including perceived ability to control the risks, family

concerns, previous experiences with air pollution, and perceived benefits from industrial
development: To measure respondents’ perceived ability to control the risks, they were asked to
rate their degree of capability in protecting themselves from the dangers of polluted air.
Based on the results of in-depth interviews with laypeople, a 3-point Likert scale question was
created. The rating scale ranged from 1 (“not at all”) to 3 (“highly capable”). In the case of
measuring their concerns about family members, the survey simply asked about the household
size. Regarding their previous experiences with air pollution, respondents were asked to indicate
the frequency of feeling irritated in their eyes or nose when staying near the plants. The rating
scale of frequency ranged from 1 (“never”) to 3 (“always”). To measure the factor related to
perceived benefits from industrial development, respondents were asked whether their household
incomes increased since the development of industrial activities in the area, and the rating scale
ranged from 0 (“not at all”) to 4 (“significantly increased”).

Table 3. Factors, variables, and development of questionnaire.

Factors Variables Questions
- Have industrial activities in the area impacted your original career?
Lifestyle disruption - Asaresult of industrial development, how much can you use local resources for
your leisure activities?
Respiratory effect - Has air quality in the area caused respiratory diseases among residents?
- Has air quality in the area caused several kinds of cancer among residents?
) Physical health effect - Has air quality in the area caused diseases related to self-immunity systems such
Risk . as immunity disorder, fever, efc.?
perception
- Asaresult of industrial development, do you feel worried about your health?
Psychological effect - Asaresult of industrial development, do you feel worried about your future life
in Maptaphut?
- Have industrial activities caused nuisance such as noise or smells?
Nuisance effect Has the current condition of the community caused nuisance such as traffic jam,
congestion, noise, smells, ezc.?
Nature of Probability of contamination What is the possibility that industries still generate polluted air in the area?
environmental Probability of receiving impacts What is the possibility that you will be impacted by air pollution in the area?
risks Severity of consequences How severely can contaminated air in the area affect humans?
Perceived ability to control ) )
Do you know how to protect yourselves from contaminated air?
the risks
Concerns (number of
Psychological How many family members do you have?

and cognitive

factors

family members)

Previous experiences with

air pollution

Have you ever felt irritated in your eyes or nose when staying near the vicinity

of factories?

Perceived benefits from industrial

development

Has industrial development in the area generated more income for your family?
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All the collected data were statistically analyzed by using two methods. First, the analysis of
variance (ANOVA) was performed to identify the significant differences in risk perception of people
living in high-risk, moderate-risk, and low-risk communities. Next, to identify the factors determining
the risk perception of people living in each type of community, a multiple regression analysis was
performed in order to evaluate the relationship between risk perception (dependent variable) and
selected potential predictive factors (independent variables), such as the physical nature of risks,
perceived ability to control the risks, family concerns, and previous experiences. The results are
presented as a set of regression equations describing the statistical relationship between the dependent
and independent variables. Finally, all results are discussed in terms of their implications for the
development of risk communication strategies.

4. Findings and Discussion
4.1. General Characteristics of Respondents

The number of respondents comprised 51 from high-risk communities, 70 from moderate-risk
communities, and 60 from low-risk communities. Overall, the number of male respondents was
slightly higher than that of female respondents, at 51.4% and 48.6%, respectively. Table 4 shows the
general characteristics of respondents in the three types of communities. The distributions of gender,
age, and educational levels were not significantly different, based on the results of the Chi-square test.
Most of them were within the working age range; respondents in the 30-39 and 20-29 age groups
occupied a major proportion of those living in the moderate-risk and low-risk communities. Most of
the respondents in the high-risk communities belonged to the 30-39 and 40-54 age brackets.
Regarding their educational levels, the majority of the respondents in the three communities only
finished high school, which is considered sufficiently eligible for several kinds of low-skilled jobs such
as those in the service and industrial manufacturing sectors, construction work, as well as labor in the
agricultural sector. The survey also showed that the careers and incomes of the respondents in the three
types of communities were significantly different, according to the results of the Chi-square and
ANOVA tests. Most of the respondents in the high-risk communities worked as industrial employees
and in private companies, respectively. The majority of the respondents in the moderate-risk and low-risk
communities were laborers in the agriculture and service sectors, with relatively lower incomes than
their counterparts in the high-risk communities.

Table 4. General characteristics of respondents.

High-risk Moderate-risk Low-risk Test
Characteristic Community [V =51] Community [N =70] Community [N = 60] Statistics
N/Mean % N/Mean % N/Mean %

Gender Male 30 58.8 36 514 27 45.0 =210
Female 21 41.2 34 48.6 33 55.0
Under 20 years old 3 5.9 8 11.4 7 11.7
20-29 12 23.5 27 38.6 13 21.7

Age 30-39 17 333 18 25.7 20 333 X=9613
40-54 15 29.4 11 15.7 12 20.0

55 and above 4 7.8 6 8.6 8 13.3
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Table 4. Cont.

High-risk Community Moderate-risk Low-risk Community
Characteristic [N=51] Community [N = 70] [V =60] Test Statistics
N/Mean % N/Mean % N/Mean %
Primary school 5 9.8 8 11.4 8 13.3
High school 28 54.9 41 58.6 31 51.7
Vocational degree and
. . 3 59 3 43 5.0 83 )
Education Associate degree X =40982
Undergraduate degree 13 25.5 18 25.7 13 21.7
Higher than
2 3.9 0 0.0 3 5.0

undergraduate degree
Public servant 8 15.7 4 5.7 6 10.0

Laborer in agriculture

sector and service sector 6 18 28 400 = 383
Industrial worker 13 25.5 10 14.3 8 133
Career  Private company employee 10 19.6 5 7.1 6 10.0  X*=19.956 *
Self-employed, such as
business owner, service 8 15.7 16 22.9 10 16.7
provider, and merchant
Other 6 11.8 7 10.0 7 11.7
Income Average income/month 14,458 £ 6774.86 11,464 + 454791 11,650 + 7546.6 F=3.908 *

(Thai Baht + SD)

Note: * p <0.05.
4.2. Laypeople’s Risk Perceptions

Table 5 shows the mean scores of the risk perception variables and their correlations.
Respondents exhibited higher perceptions of physical health effect, nuisance, and respiratory effect
than those of psychological health impacts and lifestyle disruption. The results of the Pearson
correlation analysis revealed that most of the perception variables were positively correlated with one
another. The results of Bartlett’s test of sphericity and the Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy also manifested high correlations among all variables, indicating that all these
variables can represent a degree of risk perception. All variables were added and calculated as a mean
score representing a degree of risk perception. Higher scores represented higher perceived risks.
The Table 6 shows an average risk perception score and descriptive statistics of potential predictors.
Generally, it was found that all factors related to the nature of risks are more correlated with
laypeople’s risk perception than psychological and cognitive factors.

The mean scores of perception of environmental risks exhibited by respondents from high-risk,
moderate-risk, and low-risk communities were compared, and the differences among the groups were
statistically proven by the results of the one-way ANOVA. First, the test of homogeneity of variances
showed unequal variances across groups (sig = 0.001). Therefore, the results of Welch’s t-test were
used instead of the regular ANOVA test. The findings showed that the degrees of risk perception
significantly differed among respondents living in different communities facing varying levels of
hazardous gas contamination, ' (2178) = 12.908, p = 0.000, np2 = 0.138. Because of the unequal
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variances across groups, a post-hoc analysis using Dunnett T3 was then performed to demonstrate
multiple comparisons (see Table 7).

Table 5. Mean scores of risk perception variables and their correlations.

Lifestyle Psychological Respirator Physical Health
Nuisance
Variable Disruption Impacts y Impact Impact
1 2 3 4 5 6 7 8 9
Have industrial activities in the area
1.000

impacted your original career?

As aresult of industrial development, how

N

much can you use local resources for your 0.439 ** 1.000

leisure activities?

As aresult of industrial development, do
) 0.309 **0.529 ** 1.000
you feel worried about your health?

As aresult of industrial development, do
you feel worried about your future life in  0.427 **0.464 ** 0.614 **  1.000
Maptaphut?

N

Has air quality in the area caused
) ) ) 0.170 * 0.353 ** 0.645 ** (0.504 ** 1.000
respiratory diseases among residents?

Has air quality in the area caused several
) ) 0.204 **(0.372 ** 0.552 ** 0.522 ** (.701 ** 1.000
kinds of cancer among residents?

Has air quality in the area caused diseases
7 related to self-immunity systems such as 0.124 0.381 ** 0.523 ** 0.506 ** 0.689 ** 0.773** 1.000

immunity disorder, fever, efc.?

Have industrial activities caused nuisance
) 0.234 *%(0.442 ** 0.469 ** 0.458 ** (0.511 ** 0.515** 0.595 ** 1.000
such as noise or smells?

Has the current condition of the community

9 caused nuisance such as traffic jams, 0.226 **0.291 ** 0.252 ** 0.247 ** 0.276 ** 0.275 ** 0.327 ** 0.644 ** 1.000
congestion, noise, smells, efc.?

Mean 224 236 2.57 2.40 2.71 2.77 2.82 2.85 2.61

SD 1.152  1.059 0.924 0.993 0.868 0920 0.885  0.853 0.934

Notes: * p <0.05, ** p <0.01. Bartlett’s test of sphericity = 806.773 df'= 36 p = 0.000. Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy = 0.847.

Table 6. Average risk-perception score and descriptive statistics of potential predictors.

It Mean/N Correlation
ems

(%) with RP
Risk perception (RP) Risk perception (RP) 2.604 0.665 1

P ived probability of
erocivec propabliity ot - 3381 0661 0415
environmental contamination

Fact lated to the nature of Perceived probability of
ac orsre.:ae 0 e'na re o erc.e1.ve 'pro ability o 3.993 0.705 0.404
environmental risks receiving impacts

Perceived severity of

. 3.265 0.712 0.339
catastrophic consequences
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Table 6. Cont.

Correlation
Items Mean/N (%) SD with RP
Perceived ability to control the risk
- Notatall 39(21.5%) -- 0.043
- Moderately capable 117(64.6) --
- Highly capable 25(13.9) --
Concerns about family members 4.133 1.912 —0.205
Psychological and cognitive factors Pervious experiences with air pollution
- Never. 29(16%) -- 0022
- Sometimes 109(60.2%) --
- Often 43(23.8%) --

Perceived benefit from

2.276 1.221 0.243
industrial development

Table 7. Differences in means of risk perception scores given by respondents in three types
of communities.

Mean Difference (Multiple Comparison)
Type of Community N  Mean SD High-risk Moderate-risk  Low-risk
Communities Communities Communities

High-risk 51 296  0.759 -- 0.38989 * 0.62775 *
Moderate-risk 70 2.57  0.601 —0.38989 * -- 0.23786 *
Low-risk 60 2.34  0.501 —0.62775 * —0.23786 * --
Total 181 2.60  0.665

Notes: (Welch’s t-test analysis) F = 12.908, p = 0.000 * The mean difference is significant at 0.05.

The results indicated that the average risk perception score given by respondents in low-risk
communities was significantly lower than those in moderate-risk (p = 0.045) and high-risk communities
(» = 0.000). Similarly, respondents in moderate-risk communities had significantly lower risk perception
scores than those in high-risk communities (p = 0.009), but higher than those in low-risk communities.
The risk perception scores given by the respondents showed that those in high-risk and moderate-risk
communities believed that the existence of industrial risks was still high and would potentially bring
significant losses to their lives. In contrast, respondents in low-risk communities exhibited low risk
perception, which signified minimal expected losses caused by air contamination in the area.

An interpretation of the analysis results could be that risks perceived by laypeople are related to the
degrees of hazardous gas contaminations estimated by experts [7,8]. The results of this analysis could
support Sjoberg’s [36] claim that the relationship between cultural adherence and risk perception was
low, and laypeople’s perceptions were significantly related to real risks. In this study, which emphasized
environmental health risks, the cultural theory [34,37] might not be an appropriate concept to explain
how environmental health risks are determined by laypeople. Although most of the respondents in this
study shared a similar culture, they had significantly different degrees of risk perception.
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4.3. Factors Determining Risk Perception

Multiple regression analysis was performed to test if the factors related to the nature of
environmental risks and psychological factors significantly predicted respondents’ risk perceptions.
The predictors were the seven indices, while the criterion variable was the degree of risk perception.
The results indicated that the linear combination of the seven predictors could predict the degree of
risk perception exhibited by respondents, but its power to explain the degrees of risk perception held
by the respondents in the three types of communities was different (see Table 8). In high-risk
communities, the linear combination of the selected predictors was significantly related to the degree
of risk perception, F(7,42) = 9.655, p = 0.000. The multiple correlation coefficient was 0.785,
indicating that approximately 61.7% of the variance in risk perception can be accounted for by the
linear combination of selected predictors. The linear combination of these predictors could also explain
a significant proportion of the variance in the risk perception score given by respondents in moderate-risk
communities (R* = 0.456, F(7,62) = 7.415, p = 0.000) and low-risk communities (R* = 0.414,
F(7,52) =5.258, p = 0.000).

Table 8. Summary of regression analysis for variables predicting environmental risk perception.

High-risk Community Moderate-risk Community Low-risk Community
Variable [NV =50] Missing 1 [N=170] [N =60]
B SE B B VIF B SEB B VIF B SEB B VIF

Perceived probability of
. o 0.534 0.185 0.395* 2.057 0.119 0.095 0.128 1.184 0.091 0.093 0.126 1.470
environmental contamination

Perceived probability of
o 0.165 0.168 0.139 2.181 0.359 0.083 0.451* 1.246 0.042 0.090 0.060 1.458
receiving impacts
Perceived severity of
. 0.178 0.162 0.133 1.589 0.223 0.083 0.271* 1.150 0.001 0.086 0.001 1.305
catastrophic consequences
Perceived ability to control

) -0.184 0.144 —0.132 1.163 —0.002 0.098 -0.002 1.034 0.005 0.096 0.005 1.046
the risks

Concerns about family members —0.021 0.034 —0.063 1.124 —0.034 0.039 —0.090 1.173 —0.033 0.028 —0.128 1.041
Previous experiences with
) ) 0.026 0.126 0.021 1.112 —-0.022 0.105 -0.020 1.014 0.408 0.085 0.522* 1.052
air pollution
Perceived benefits from
0.207 0.054 0.398* 1.174 0.068 0.050 0.130 1.051 0.101 0.057 0.195 1.063
industrial development
R 0.617 0.456 0.414
F 9.655 * 7.415 * 5.258 *

Note: * p <0.01.

The significance of individual variables in predicting risk perception scores is presented in Table 8.
It was found that the variables significantly predicting risk perceptions held by the respondents in the
three types of communities were different. For respondents in high-risk communities, two of the seven
predictors were statistically significant: perceived probability of environmental contamination and
perceived benefits from industrial development. In contrast, the perception score given by respondents
in moderate-risk communities was significantly predicted by the variables of perceived probability of
receiving impacts and perceived severity of catastrophic consequences. The perception score given by
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respondents in low-risk communities was significantly predicted by only one predictor: perceived
experiences with air pollution in the area. Table 8 presents a regression model with significant
predictors of risk perception held by respondents in each type of community.

Based on the findings, environmental risks were determined differently by respondents who lived in
the three different types of communities. Similar to what Aven [31] addressed, this study found that
respondents may either use beliefs or self-appraisal to judge and perceive risks. The risk perceptions of
respondents from high-risk and moderate-risk communities have been proven as significantly related
to how they think about the nature of risks. This finding is partly related to the results of Slovic’s [20]
and Leiserowitz’s research [24], which suggested the influence of the nature of risks on the public’s
environmental risk perceptions. Respondents in high-risk communities judged risks based on their
perceived probability of environmental contamination; however, respondents in moderate-risk
communities assessed risks by considering the probability of being impacted by the contamination, as
well as the potential adverse impacts they might face. On the other hand, the perceptions exhibited by
respondents from low-risk communities were not particularly determined by factors related to the
nature of risks, but were instead significantly influenced by one of the psychological and cognitive
variables, that is, previous experiences with air pollution. Possibly, the perceptions of residents in
low-risk communities were not processed based on the rational system but formed based on their
beliefs, which were affected by previous experiences.

Besides being determined by perceived probability of contamination, the risk perceptions of
respondents in high-risk communities were also significantly influenced by their perceived benefits
generated from industrial development in the area. This finding is related to those of the studies
conducted by Slovic [64] and Gregory and Mendelsohn [51], which also stated the influence
of perceived benefits on perceived risks; however, the positive relation between perceived benefits and
perceived risks found in this study was unexpected and different from the results of previous
studies [51,52]. For instance, Gregory and Mendelsohn [51] concluded that individual risk assessment
is included with one’s perceived benefits, whereas Alhakami and Slovic [52] argued that when
technologies are perceived as highly beneficial, risks are relatively devalued. In this study, respondents
in high-risk communities seemed to understand that the more benefits they gained, the more risks they
faced, whereas respondents in the other two types of communities did not include benefits at all in
their risk assessments and perceptions. This situation could be explained that most of respondents in
high-risk community work in the industrial complex (see Table 4), and relatively have higher income
than those respondents from moderate-risk and low-risk communities. It is possible that respondents in
high-risk communities are certain that there are potential risks associated with industrial activities, and
they tend to accept those risks as long as benefits are gained.

Overall, the results indicated that laypeople used different processing systems to judge and perceive
risks. Moreover, the factors related to the physical nature of environmental risks played more important
roles in shaping the risk perceptions of laypeople in high-risk and moderate-risk communities than
psychological and cognitive factors did. Possibly, people became more knowledgeable, and thus they
judged risks based on their rational processing system [22,24].
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S. Implications for Development of Risk Communication

Generally, the study implies that laypeople living in contaminated sites are knowledgeable, since the
respondents’ degrees of risk perception are related to the levels of hazardous gas and compound
concentrations estimated by experts. Additionally, laypeople are not emotional when judging and
perceiving risks. As evidenced by the findings, most of the psychological factors are not associated with
perceptions of environmental risks. Risk is determined based on laypeople’s understanding of the nature
of environmental risks, such as perceived probability of contamination caused by industrial activities,
perceived probability of receiving impacts, and perceived severity of catastrophic consequences. With
the exception of residents in low-risk communities, the respondents’ perceived risks are formed based on
their experiences with air pollution. Inhabitants of low-risk communities may possibly pay less attention
to facing risks that are less serious for them. However, this particular case may not be applicable in
explaining the risk perceptions of people in every contaminated site, since this study’s participants have
been struggling with environmental problems for a long time and have exerted much effort in fighting
against organizations that have failed to manage risks. Furthermore, they have been educated with
a variety of information and have gained many experiences.

Additionally, the study demonstrates that perceived benefits generated by industrial activities are not
considered when risks are judged by respondents in moderate-risk and low-risk communities. As for
study participants in high-risk communities with commercial areas, they have realized the correlation
between gaining substantial benefits and taking high risks. In this regard, the institutions involved may
be unsuccessful in their efforts to mitigate the public’s perceived risks by merely providing different
types of compensation and facilities without demonstrating an initiative to effectively minimize risks.
Reducing or increasing people’s risk perceptions significantly depends on how they understand the
nature of risks. Communicating information related to the physical nature of risks is therefore vital,
on the contrary, poor communication can lead to high public anxiety and high risk perception.

This study also helps relevant parties identify the gaps in risk perception when laypeople’s
fundamental understanding of risk-related judgment is compared to those of other stakeholders. If the
causes of the risk perception gap among parties are accurately indicated, then risk communication
strategies, including the goals and methods of communication efforts, as well as information types and
formats, can be properly designed to bridge this gap [65,66]. This study’s results suggest that
appropriate information, such as knowledge of community sensitivities that influence the public’s
perceived probability of receiving impacts, should be mutually exchanged among involved parties.
Laypeople with a solid understanding of such sensitivities can play a crucial role as messengers.
Two-way or collaborative communication between and among stakeholders should therefore be
established. Moreover, due to the diverse risk perspectives among residents of different types of
communities, those in high-risk and moderate-risk communities might be more interested in
information about the nature of environmental risks, such as the probability that industries might cause
contamination, the amount of pollutants released, and the potential of contracting diseases.
Scientific data regarding the nature of risks can gain higher acceptance among people in high-risk and
moderate-risk communities but might be completely rejected by inhabitants of low-risk communities.
Therefore, in designing an effective environmental risk communication, the broad range of the public’s
risk judgments should be seriously taken into consideration.
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6. Conclusions

The study presents how environmental risks are determined by lay people living in contaminated
sites, and how risk communication can be created based on lay cognitive models. First, the study found
that the degree of risk judged by lay people was related to the degree of hazardous gas contamination
existing in their living area. This implies that lay people’s risk perception can reflect what risk actually
is in reality. Factors related to the physical nature of risks play an important role in shaping the risk
perception of people living in areas with high and moderate concentrations of hazardous gas; however,
people living in an area with low concentrations of hazardous gas judge and perceive risk based on
their experiences. In addition, perceived benefit from industrial development in the area was not taken
into account when risk was determined by people in moderate-risk and low-risk communities, while
people in high-risk communities appeared to understand that the more benefits they received, the more
risk they faced. This finding implies that the effort to provide affected communities with some sort of
compensation as well as facility without demonstrating an effort to mitigate risks might not be able to
reduce laypeople’s perceived risk. Additionally, to effectively communicate risks with lay people and
to support an effective environmental risk management, the study suggests that laypeople’s risk
information interpretations should be clearly understood by relevant parties, so that what laypeople are
concerned can be taken into account in risk management. In addition to merely providing laypeople
with risk information, an environmental risk communication should emphasize fostering information
sharing between laypeople and relevant parties and putting an effort to include laypeople in risk
management process. The study also suggests that people with different risk perspectives need to be
communicated with using different information formats. People who judge risks based on belief may
completely deny scientific information related to the nature of risk, while such information might be
accepted by people who perceive risks based on their self-appraisal.

Acknowledgments

This study was funded by Kochi University of Technology, Tosayamada, Kami City, Kochi, Japan.
The authors would like to acknowledge all local residents from Maptaphut communities and
governmental officers of Maptaphut Municipality in Rayong Province, Thailand for the supports and
participation in the study.

Author Contributions

Janmaimool Piyapong conceived the idea of the study, carried out data collection and data analysis.
Tsunemi Watanabe supervised data collection and data analysis. Both authors drafted the manuscript,
read and approved the final manuscript.

Conflicts of Interest

The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2014, 11 6310

References

10.

11.

12.

13.

14.

15.

16.
17.

Bhopal, R.; Moffatt, S.; Pless-Mulloli, T.; Phillimore, P.; Foy, C.; Dunn, C.; Tate, J. Does living
near a constellation of petrochemical, steel and other industries impair health? Occup. Environ.
Med. 1988, 55, 812—-822.

Luginaah, I.N.; Martin, T.S.; Elliot, S.J.; Eyles, J.D. Community reappraisal of the perceived
health effects of a petroleum refinery. Soc. Sci.Med. 2002, 55, 47-61.

Jadsri, S.; Singhasivanon, P.; Kaewkungwal, J.; Sithiprasasna, R.; Siriruttanapruk, S.; Koncho, S.
Spatio-temporal effects of estimated pollutants released from an industrial estate on the
occurrence of respiratory disease in Maptaphut Municipality, Thailand. /nt. J. Health Geogr. 2006,
5,48-61.

Burningham, K.; Thrush, D. Pollution concerns in context: A comparison of local perceptions of
the risk associated with living close to a road and a chemical factory. J. Risk Res. 2004, 7, 213-232.
Thongra-ar, W.; Musika, C.; Wongsudawan, W.; Munhapol, A. Heavy metals contamination in
sediments along the eastern coast of the gulf of Thailand. Environ. Asia 2008, 1, 37-54.
Wattayakorn, G. Petroleum pollution in the gulf of Thailand: A historical review. Coast. Mar. Sci.
2012, 35, 234-245.

Tanyanon, W.; Vichit-Vadakan, N. Exposure to volatile organic compounds and health risks
among residents in an area affected by a petrochemical complex in Rayong, Thailand. Southeast
Asian J. Trop. Med. Public Health 2012, 43,202-211.

Chusai, C.; Manomaiphiboon, K.; Saiyasitpanich, P.; Thepanondh, S. NO, and SO, dispersion
modeling and relative roles of emission sources over Maptaphut industrial area, Thailand. J. 4ir
Waste Manag. Assoc. 2012, 62, 932-945.

Tepanondh, S.; Varoonphan, J.; Saruthichart, P.; Makkasap, T. Airborne volatile organic
compounds and their potential health impact on the vicinity of petrochemical industrial complex.
J. Air Waste Manag. Assoc. 2010, 214, 83-92.

Panientong, S.; Maleehuan, S.; Chamchod, C. The development of environment related to health
surveillance in Rayong pollution control zone. J. Med. Health Sci. 2012, 12, 46-54. (In Thai)
Pollution Control Department; Department of Environmental Quality VOCs Ambient Air
Monitoring Report; Ministry of Natural Resources and Environment: Bangkok, Thailand, 2008.
Khuhaprema, T.; Srivatanakul, P.; Sriplung, H.; Wiangnon, S.; Sumitasawan, Y.; Attasara, P.
Cancer in Thailand Vol. V 2001-2003; Medical Publisher: Bangkok, Thailand, 2010.

Office of the Permanent Secretary for Public Health, Ministry of Public Health. Available online:
http://service.nso.go.th/nso/nsopublish/BaseStat/basestat.html (accessed on 3 February 2014).
Better, H. Risk Behavior and Risk Communication: Synthesis and Expert Interviews; Final Report
for the Noaa Coastal Service Center; Department of Sociology and Anthropology, Florida
International University: Florida, FL, USA, 2009.

Fischhoff, B.; Ann, B.; Marilyn, J.Q. Risk perception and communication. Annu. Rev. Public
Health 1993, 14, 183-203.

WHO, 2013. Available online: http://www.euro.who.int/ (accessed on 12 February 2014).

Ropeik, D. Risk perception in toxicology-part I: Moving beyond scientific instincts to understand
risk perception. Toxicol. Sci. 2011, 121, 1-6.



Int. J. Environ. Res. Public Health 2014, 11 6311

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lash, S.; Wynne, B. Risk Society: Towards a New Modernity; Saga Publication: London, UK, 1992.
Crawford-Brown, D.J. Risk-Based Environmental Decisions: Methods and Culture, Kluwer
Academic Publishers: New York, NY, USA, 1999.

Slovic, P. Perception of risk. Science 1987, 236, 280-285.

Slovic, P. Perceived Risk, Trust and Democracy. In The Perception of Risk; Slovic, P., Ed.;
Earthscan: London, UK, 2000; pp. 316-326.

Leiserowitz, G.F.; Weber, E.U.; Hsee, C.K.; Welch, N. Risk as feeling. Psychol. Bull. 2001,
127,267-286.

Epstein, S. Integration of the cognitive and the psychodynamic unconscious. Am. Psychol. 1994,
49, 709-724.

Leiserowitz, A. Climate change risk perception and policy preferences: The role of affect,
imagery, and values. Clim. Chang. 2006, 77, 45-72.

Otway, H.; Thomas, K. Reflections on risk perception and policy. Risk Anal. 1982, 2, 69-82.
Fischhoff, B.; Watsan, S.; Hope, C. Defining risk. Policy Sci. 1984, 77, 123—139.

Veland, H.; Aven, T. Risk communication in the light of different risk perspectives. Reliab. Eng.
Syst. Saf. 2013, 110, 34-40.

Martin, W.E.; Martin, I.M.; Kent, B. The role of risk perceptions in the risk mitigation process:
The case of wildfire in high risk communities. J. Environ. Manag. 2009, 91, 489—498.

Dauglas, M.; Wildaysky, A. Risk and Culture: An Essay on the Selection of Technical and
Environmental Dangers; University of California Press: Berkeley, CA, USA, 1982.

Kajenthira, A.; Holmes, J.; McDonnell, R. The role of qualitative risk assessment in
environmental management: A Kazakhstani case study. Sci. Total Environ. 2012, 420, 24-32.
Aven, T; Renn, O. Risk Management and Governance; Springer Verlag: New York, NY, USA, 2010.
Slovic, P.; Weber, E.U. Perception of Risk posed by Extreme Events. In Proceedings of
the Conference on Risk Management Strategies in an Uncertain World, New York, NY, USA,
12—13 April 2002.

Dake, K. Orienting disposition in the perception of risk: Analysis of contemporary world views
and cultural biases. J. Cross-Cult. Psychol. 1991, 22, 61-82.

Grendstand, G. Grid-group theory and political orientations: Effects of cultural biases in Norway
in the 1990s. Scand. Polit. Stud. 2000, 23, 217-244.

Lopez-Navarro, M.A.; Llorens-Monzonis, J.; Tortosa-Edo, V. The effect of social trust on citizens’
health risk perception in the context of a petrochemical industrial complex. Int. J. Environ. Res.
Public Health 2013, 10, 399-416.

Sjoberg, L. Strength of belief and risk. Policy Sci. 1979, 11, 39-57.

Sjoberg, L.; Drottz-Sjoberg, B.M. Risk Perception of Nuclear Waste: Experts and the Public;
Risk Perception Report 16; Center for Risk Research: Stockholm School of Economics,
Stockholm, Sweden, 1994.

Kasperson, R.E.; Renn, O.; Slovic, P.; Brown, H.S.; Emel, J.; Goble, R.; Kasperson, J.X.; Ratick, S.
The social amplification of risk: A conceptual framework. Risk Anal. 1988, §, 177-188.
Kasperson, J.X.; Kasperson, R.E.; Pigeon, N.; Slovic, P. The Social Amplification of Risk:
Assessing 15 Years of Research and Theory. In The Social Amplification of Risk; Pigeon, N.,
Kasperson, R.E., Slovic, P., Eds.; Cambridge University Press: Cambridge, UK, 2003; pp.13-45.



Int. J. Environ. Res. Public Health 2014, 11 6312

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

Renn, O.; Bums, W.J.; Kasperson, J.X.; Kasperson, R.R; Slovic, P. The social amplification of
risk: Theoretical foundations and empirical applications. J. Soc. Issues 1992, 48, 137—-160.

Weber, E.U. Decision and Choice: Risk, Empirical Studies. In International Encyclopedia of the
Social and Behavioral Sciences; Smelser, N.J., Baltes, P.B., Eds.; Elsevier Science Limited:
Oxfords, UK, 2001; pp.13347—-13351.

Slovic, P.; Finucane, M.; Peters, E.; MacGregor, D.G. The Affect Heuristic. In Heuristics and
Biases: The Psychology of Intuitive Judgment; Gilovich, T., Griffin, D., Kahneman, D., Eds.;
Cambridge University Press: Cambridge, UK, 2002; pp. 397-420.

Bencko, V.; Quinn, J.M. Risk perception and environmental risks management in environment
and health protection context. EJBI 2013, 9, 28-31.

Pursglove, D.T. The contestation of risk: An analysis into the perception of environmental risks of
local industrial development in limmingham, UK. Earth Environ. 2010, 5, 153—184.

Carlton, S.J.; Jacobson, S.K. Climate change and coastal environmental risk perceptions in
Florida. J. Environ. Manag. 2013, 130, 32-39.

Slovic, P.; Fischhoff, B.; Lichtenstein, S. Facts and Fears: Understanding Perceived Risk.
In Societal Risk Assessment: How Safe is Safe Enough? Schwing, R.C., Albers, W.A., Eds.;
Prenum Press: New York, NY, USA, 1980; pp. 181-1216.

Paolo, L.; Perkins, C.; Lyons, M. Health Risk Perception and Environmental Problem: Findings
from Ten Case Studies in the North West of England; Summary Report; Faculty of Health and
Applied Social Sciences: Liverpool John Moores University, Liverpool, UK, 2009.

Johnson, B.B. Advancing understanding of knowledge’s role in lay risk perception. RISK 1993, 4,
189-212.

Whitmarsh, L. Are flood victims more concerned about climate change than other people? The
role of direct experience in risk perception and behavioral response. J. Risk Res. 2008, 11, 351-374.
Wachinger, G.; Renn, O.; Begg, C.; Kuhlicke, C. The risk perception paradox-implications for
governance and communication of natural hazards. Risk Anal. 2013, 33, 1049-1065.

Gregory, R.; Mendelsohn, R. Perceived risk, dread, and benefits. Risk Anal. 1993, 13, 259-264.
Alhakami, A.S.; Slovic, P.A. Psychological study of the inverse relationship between perceived
risk and perceived benefit. Risk Anal. 1994, 14, 1085-1096.

Dosman, D.M.; Admowicz, W.L.; Hrudey, S.E. Socioeconomic determinants of health and food
safety-related risk perceptions. Risk Anal. 2001, 21, 307-317.

Yong, S.L.; Wogalter, M.S.; Brelsford, J.W. Relative Contribution of Likelihood and Severity of
Injury to Risk Perceptions. In Proceedings of the Human Factors Society 36th Annual Meeting of
the Conference, Atlanta, GA, USA, 12—-16 October 1992; pp. 1014-1018.

Sjoberg, L. Factors in risk perception. Risk Anal. 2000, 20, 1-11.

Silmak, M.W.; Dietz, T. Personal values, beliefs. And ecological risk perception. Risk Anal. 2006,
26, 1689-1705.

Industrial Estate Authority of Thailand, 2004. Available online: http://www.mtpie.com (accessed
on 17 February 2014).

Decharut, S.; Penchom, T. Health Impact Assessment of the Eastern Seaboard Development
Program: A Case Study of Maptaphut Industrial Estates; Health System Research Institute:
Nonthaburi, Thailand, 2005.



Int. J. Environ. Res. Public Health 2014, 11 6313

59.

60.
61.

62.

63.

64.

65.

66.

Nuntavorakarn, S. The Quest for Development Alternatives: HIA and the Health Assembly on
Industrial Development in Maptaphut and Rayong Province. In HIA for HPP: Thailand’s Recent
Experiences; Jindawatthana, A., Ed.; National Health Commission Office: Nonthaburi, Thailand,
2008, pp. 23-42.

MTP, 2011. Available online: http://www.mtp.go.th/ (accessed on 5 January 2014).

Department of Pollution Control, Ministry of Natural Resource and Environment. Available
online: http://agnis.pcd.go.th/data/vocs (accessed on 3 January 2014).

Guideline for Reporting of Daily Air Quality. Available online: http://www.epa.gov/ttn/caaa/
tl/memoranda/rprtguid.pdf (accessed on 3 August 2013).

Likert, R. A4 Technique for the Measurement of Attitudes; Columbia University: New York, NY,
USA, 1932.

Slovic, P. Perception of Risk. In The Perception of Risk; Slovic, P., Ed.; Earthscan: London, UK,
2000; pp. 220-231.

Morgan, M.G.; Fischhoff, B.; Bostrom, A.; Atman, C.J. Risk Communication: A Mental Models
Approach; Cambridge University Press: Cambridge, UK, 2002.

De-Bruin, W.B.; Bostrom, A. Assessing what to address in science communication, psychological
and cognitive science 2013. Proc. Natl Acad. Sci. USA 2013, 110, 14062—14068.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



