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Abstract

To explore the influence of experiencing accidental explosions, a questionnaire-based survey was
conducted. This paper compares the risk perception characteristics of inhabitants living near a
chemical plant at which accidental explosions occurred (group A) and of those living near a plant
where no serious accidents have occurred (group B). The survey forms contain the following items:
demographics, knowledge about causes of accidental explosion, dread, frequency, and risk rating
variables. In addition, participants of group A are asked about their level of participation in phys-
ical risk communication. The survey reveals that 1) participants of group A have a greater sense of
dread than those of group B; 2) participants of group A are more likely to perceive accidental ex-
plosions in chemical plants that occur more frequently; 3) risk rating of physical risks is indepen-
dent of that of health risks; 4) the “frequency” variable is a key factor that influences decision
making whether they participate in physical risk communication or not.
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1. Introduction

Physical risk is the risk of death, injury and property damage caused by a physical effect (e.g., explosion, fire,
radiant heat, projection) [1]. Industrial accidents involving hazardous materials can result from explosions, fires,
chemical spills and leaks, leading to human injury and environmental damage. Industrial accidents may cause
both casualties and economic loss; thus, accidental explosions and fires at a chemical plant pose a social prob-
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lem in many countries [2]-[5]. Predictably, any industrial plant dealing with hazardous materials poses a physi-
cal risk. In Japan, explosion and fire accidents involving dangerous goods have increased over the previous two
decades (1994-2011) [6]. In particular, serious accidental explosions and fires have received much attention
owing to the fact that such accidents tend to be highly publicized. Further, the social and political impacts of ac-
cidental explosions and fires are often intensified by public perception of risks [7]. Previously, many risk per-
ception studies have focused on natural hazards [8], and health and environmental problems [9]. Reportedly, the
experience of a hazard has a greater effect on risk perception and risk-related behavior [8]. The effect of the ex-
perience of a hazard event on risk perceptions may vary depending on the type of risk event or activity involved.
However, few studies have been reported on the effects of the experience of a physical hazard. Thus, the devel-
opment of effective risk management and communication about physical risks requires an understanding of the
public’s perception of physical risk.

In the present study, we compare the risk perception of people living near a chemical plant at which acciden-
tal explosions/fires occurred and that of people living near a chemical plant where no other serious explo-
sion/fire accidents happened nearby. This study employed a questionnaire survey to investigate the influence of
the direct explosion experience. Risk perception of the two groups is characterized by five parameters: demo-
graphics, knowledge about causes of accidental explosions, dread, frequency of accidents, and risk rating va-
riables. The reasons why these parameters are employed in this study are as follows. Demographic variables
have been found to be an important predictor of risk perception [10]. Many studies on risk perception have sug-
gested that “dread” is the most important factor [11] [12]. In this study, because a majority of people living near
a chemical plant have twice experienced accidental explosions of the chemical plant, “frequency” is included as
a variable. In addition, these people who live near a chemical plant where accidental explosions/fires occurred
are asked whether they want to participate in physical risk communication.

2. Accident Description

Yokohama is the second largest city in Japan by population and an important industrial city in the Keihin indus-
trial region (Figure 1). Yokohama’s major industries include petrochemical and other chemicals, automobiles,
and machinery. While many facilities are located in lightly populated areas, some chemical plants manufactur-
ing hazardous materials are located in close proximity to residential areas as well.

On January 7, 2010, 5:47 p.m., a strong explosion caused by a runaway reaction occurred at a chemical plant
(hereafter referred to as Plant A) near a residential area [13]. This plant is located in an industrial park in Yoko-
hama city, which borders Tokyo Bay to the east and a residential area to the west. In the residential area, there
are several schools and stations. The explosion injured eight operators at the chemical plant and four people out-
side of it. The blast also damaged roughly 17 buildings at the plant including four that were completely de-
stroyed and three that subsequently burned down. In addition, 82 buildings and 69 cars were damaged outside of

Figure 1. Map of Keihin industrial region.
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the plant. The explosion blasted several pieces of debris: a 10-ton autoclave used as a reactor vessel, a stirring
motor, and a part of the autoclave were found 38 m, 48 m, and 739 m away from the plant, respectively. News-
papers reported that many nearby inhabitants heard a huge blast and witnessed fireball, smoke plume, and flying
debris.

Another explosion accident occurred at the same chemical plant A on April 7, 2008 [13]. This explosion
caused one death and one injury. A fire triggered by this explosion burned down one building and damaged oth-
ers. To be precise, two huge accidental explosions have occurred at this chemical plant A in a short period.
Hence, when an explosion occurred in 2010, the event was highly publicized by local media.

3. Methods
3.1. Participants and Data Collection

The main objective of this study is to elucidate how the experiences of explosion accidents influence risk per-
ception characteristics. Perceived risk can be directly affected by the experiences of repeated explosion and fire
accidents. In this paper, we surveyed the differences in the perceived physical risk between inhabitants living
near plant A and those living near a chemical plant manufacturing similar hazardous materials but where no se-
rious industrial accident has occurred (hereafter referred to as Plant B).

Because one piece of debris, which was believed to be a part of the autoclave, was discovered approximately
740 m away by the blasts, a total of 52 adult inhabitants (29 males and 23 females, see Table 1) who lived
within 700 m from plant A (hereafter referred to as group A) were randomly sampled. All the participants were
interviewed using a face-to-face interview to achieve a high response rate and to provide assistance in answering.
The survey was completed from January 2010 to February 2010, and all subjects were unpaid. Note that no in-
dustrial accident occurred at the area during the survey.

Aside from this survey, face-to-face interviews were conducted with 87 inhabitants (group B: 43 males and 44
females) who lived near plant B from February 2010 to March 2010 employing the same method as group A.
The chemical plant B is also located in the Keihin industrial region. As mentioned above, no serious fire/explo-
sion incident had occurred at plant B for a long period. Plant B was selected as it was in the same industry (ha-
zardous material manufacture) and had nearly equal staffing and site area. However, there may be slight differ-
ences in their safety management system and the amount of chemicals stored and used. Although a simple com-
parison is not accurate, we do not address this problem here because this study focuses simply on the impact of
repeated industrial accidents such as explosion and fire on risk perception.

3.2. Instrument

In the questionnaire, the participants had to answer utilizing five-point scales, yes/no, multiple choice, and open
response. The questionnaire included 11 questions and took approximately eight minutes to complete.
The participants were asked two basic demographic questions: gender and age. In general, various perceived

Table 1. Demographic data of participants (group A: n = 52; group B: n = 87).

Group A Group B
Variables
Number of respondents, n (%)
Gender
Male 29 (55.8%) 43 (49.4%)
Female 23 (44.2%) 44 (50.6%)
Experience
Yes 47 (90.4%) 44 (50.6%)
No 5 (9.6%) 43 (49.4%)
Relationship
Yes 8 (15.4%) —
No 44 (84.6%) —
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risks (e.g., health risk) are influenced by age [14]. Perhaps the variable affects the explanatory variables. Unfor-
tunately, this study cannot use the date of the age variable because there were a number of missing values.
Group A was asked about the experience as follows: “Have you ever heard, felt, or seen fire and/or explosion at
chemical plant A?” On the other hand, the question to group B was “Have you ever heard, felt, or seen fire
and/or explosion at a chemical plant in Japan?” The next question for group A was about the relationship be-
tween the respondents (or their family) and the industrial park including chemical plant A: “Do/Did you have
someone who works/worked at the industry park in your household or family?” The respondents had to choose 1)
Yes (self/family member) or 2) No. Those who directly benefit from the industry park (i.e., themselves or their
family member employed in the industry park) tend to understand risks involved [15] to characterize risks in
terms of probability [16] or to rate risks as low [17]. The relationship, in any case, can significantly affect the
explanatory variables.

The next question asked about the specific knowledge of the cause of fire/explosion accidents. The question
to group A was “Do you know the cause of the fire/explosion accident at the chemical plant A?”, and the ques-
tion to group B was “Do you know the cause of the fire/explosion accident at a chemical plant in Japan?”.

Participants were then asked about dread and frequency on five-point scales: “How much do you dread the
physical hazard from chemical plants?”, and “How likely do you think fire/explosion accidents at chemical
plants in Japan are occurring a year ranging from 1 (not at all) to 5 (very often)?”.

The next questions asked were about rating the size of the physical risk related to the physical hazard com-
pared with that related to other hazards such as nuclear power, typhoon, earthquake, genetically modified foods
(GMO), new influenza, automobiles, airplanes, and health problems resulting from drinking alcohol and smok-
ing. The first five hazards can be considered to be involuntary risk activities, whereas the others are voluntary
risk activities. The reason for selecting these hazards is that all of them are usually present in Japan. In particular,
the 2009 flu pandemic caused approximately 200 deaths in Japan [18]. Such a comparison makes it possible to
measure the relative magnitude of perceived risk associated with physical hazards.

Finally, the participants were asked whether to participate in physical risk communication. When the partici-
pant responded yes, the desire for additional information in physical risk communication was evaluated by mul-
tiple-choice questions.

3.3. Quantification Method Type II

Hayashi’s quantification method type Il (hereafter referred to as quantification method II) [19] [20] is a linear
discriminant analysis for categorical data. This method pairs a categorical variable with a dummy variable (i.e.,
0 or 1), allowing the analysis of a quantitative relationship between an objective variable and an explanatory va-
riable. The quantification method type Il has been used to quantitatively analyze categorical data in a number of
studies. For instance, Ju and Sohn analyzed injury phenomena in traffic accidents [21], and Saito et al. revealed
risk factors regarding forest road collapse [22]. In this study, we applied the quantification method Il to the data
of group A in order to clarify an important factor affecting the level of interest in participating in physical risk
communication, i.e., the presence or absence of interest in participation in the risk communication was selected
as an objective variable and other variables were employed as explanatory variables.

4. Results

Differences were considered to be significant at p < 0.05 in the statistical analyses. An economical relationship
with the industrial park (i.e., the participants themselves or their households who worked at the industrial park)
is shown in Table 1. 15.6% of group A was or had been economically tied to the industrial park. While only
50.6% of group B had heard and/or saw a fire/explosion accident at chemical plants, a majority (90.4%) of
group A reported that they had felt the fire/explosion at plant A (see Table 1). Fisher’s exact test comparing the
difference of the proportions revealed that the difference was statistically significant (p < 0.001). Of the partici-
pants who answered yes to the question, more than one-third (34.0%) in group A and 40.9% of group B ans-
wered that they knew the accident cause. There were no significant differences in the proportions between
groups A and B (p = 0.52).

4.1. Ratings of Dread, Frequency, and Perceived Risk Variables
The means of rated dread for group A and group B were M = 4.69 (SD = 0.46) and M = 3.91 (SD = 1.18), re-
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spectively (see Table 2). M and SD represent mean value and one standard deviation of the data, respectively. It
is important to note that 1) in group B, approximately 5% and 13% of respondents rated their dread as “Not at
all” and “A little” respectively; 2) in contrast, in group A, all the participants indicated that their dread were
“Somewhat” (30.8%) or “Very” (69.2%, mode). Owing to lack of normality in these data (Kolmogorov-Smirnov
test, p < 0.001), the Mann-Whitney U test was applied to nonparametric analysis. The test demonstrated a sig-
nificant difference in the perception of dread between group A and group B (p < 0.001), thereby indicating that
participants in group A had a greater sense of dread than those in group B.

The mean value of rated frequency for group B was M = 2.57 (SD = 0.84). In group B, only a few participants
answered “Not at all” (n = 4, 4.5%). The mode value was found to be “A little” (n = 46, 52.3%). On the other
hand, in group A, the mean value was M = 3.04 (SD = 0.68), and no participant rated their frequency as “Not at
all.” Because the Kolmogorov-Smirnov test showed that the distribution of the data was not normal (p < 0.001),
the Mann-Whitney U test was used. As a result, the means of frequency rated were significantly different (p <
0.001). This indicated that experienced participants were more likely to perceive fire/explosion accidents in
chemical plants as something that will occur more frequently.

Table 3 presents the risk ratings of a variety of hazards by comparing them with the physical risk from chem-
ical plants. When the value is three, the risk rating of the hazard is rated as equivalent to the physical risk. High-
er values indicate greater perceived risk ratings than the physical risks. In group A, “Nuclear power,” “Typhoon,”
“Earthquake,” “Genetically modified foods (GMO),” and “Airplanes” were perceived as a greater risk activi-
ties/event. Conversely, “New influenza,” “Automobiles,” “Alcohol,” and “Smoking” were less fearsome to
group A. In group B, the risk ratings of “Nuclear power,” “Earthquake,” “GMO,” and “Airplanes” were higher
than three. Because the scale type used was a rank scale, the Mann-Whitney U test was applied to compare the
risk ratings, allowing it to roughly divide the nine hazards into three categories: 1) hazards that the physical risk
rating relatively increased; 2) hazards that the physical risk rating relatively decreased; and 3) hazards that the
physical risk rating remained unchanged after the experience of the accidents. Category 1 included “Nuclear
power”. That is, the participants of group A tended to rate the physical risk as something smaller than the risk of
nuclear power (p < 0.05). “Typhoon” and “Earthquake” fell into Category 2. This means that participants of
group A tended to perceive the physical risk as greater than the risk of the two natural disasters (Typhoon, p <
0.05; Earthquake, p < 0.001). Category 3 contained “GMO,” “New influenza,” “Automobiles,” “Airplanes,”
“Alcohol”, and “Smoking”. These activities/events are hazards for which there are no significant differences in
the risk ratings between group A and group B (all p > 0.05). Most of those are health risks. The prominent effect
of individuals’ experiences of the accidental explosions/fires on their risk judgments was not found: it was
possible that the risk rating of physical risk was not strongly associated with that of health risks.

4.2. Level of Interest in Risk Communication and Desire for Information

While approximately half of the respondents of group B (51.1%) were concerned about participation in risk
communication of physical risks, a majority of the respondents of group A (80.8%) did so (see Table 4). There
were significant differences in these data between group A and group B (Fisher’s exact test, p < 0.001).

Figure 2 showed proportions of group A participants who desired information concerning fire/explosion ac-
cidents. A total of 38.5% of participants wished information on the names and amounts of hazardous chemicals
handled at chemical plant A. Those who desired information on an emergency manual were less than 40%.
These represented desire for safety information. In contrast, most respondents desired information on frequency
of fire/explosion accident (88.5%), anticipated extent of damage (75.0%), and riskiness of the plant (67.3%).
This indicated that participants of group A preferred risk information rather than safety information.

Table 2. Means of ratings dread and frequency variables.

Mean (SD)
Dread Frequency
Group A 4.69 (0.46) 3.04 (0.68)
Group B 3.91(1.18) 2.57 (0.84)
p value 0.000™" 0.000™"

p <0.05; “p<0.01; "p <0.001.
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Table 3. Means of risk ratings.

Mean (SD)
Hazards p value
Group A Group B
Nuclear power 4.35(1.27) 4.76 (0.80) 0.018"
Typhoon 3.42 (1.47) 2.91 (1.22) 0.029
Earthquake 4.49 (1.06) 3.04 (1.48) 0.000™"
Genetically modified foods 3.09 (1.36) 3.40 (1.57) 0.209
New influenza 2.91 (1.55) 2.55(1.34) 0.197
Automobile 2.35 (1.31) 2.62 (1.22) 0.132
Airplane 3.70 (1.49) 4.11 (1.36) 0.087
Alcohol 1.79 (1.30) 2.13(1.19) 0.055
Smoking 2.16 (1.63) 2.33 (1.30) 0.242

“p <0.05; “p<0.01; “"p<0.001.

Table 4. Proportions of participants who were concerned about participation in the risk communication.

Proportion (%)

Group A 80.8
Group B 51.1

Safety measures
Amount of chemicals

Name of chemicals

Emergency manual
for employees

Emergency manual
for nearby residents

Frequency
Riskiness

Anticipated extent
of damage

I T T T T T T T T T T T T T T T T T T T
0 25 50 75 100
Proportion of respondents (%)

Figure 2. Proportions of participants of group A who desired information concerning fire/explosion accidents.

4.3. Identification of Factors Affecting the Level of Interest for Risk Communication

To elucidate an important factor affecting the level of interest in participating in physical risk communication,
we applied quantification method Il to the data of group A. Because this method required independence among
the objective variables, the chi-squared () test was conducted for each objective variable. Because the “Know-
ledge” variable was not independent of other variables, five variables, i.e., “Gender,” “Experience,” “Relation-
ship,” “Dread,” and “Frequency” were finally determined to be explanatory variables. The results obtained from
the y* test are summarized in Table 5 (all p > 0.05).

Figure 4 shows the category scores of the three variables. In this figure, the positive category score has a pos-
itive effect on the objective variable. Conversely, the negative category score exerts a negative effect, meaning
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Table 5. Results of * test for the explanatory variables.

1 2 ) 4 b)

1. Gender 0.976° 0.111 0.963 0.457°
2. Experience 0.316 0.423° 0.774%
3. Frequency 0.444 0.416

4. Dread 0.423%

5. Relationship

% Yate’s continuity correction.

that the category score tends to positively correlate with the desire to participate in risk communication. Re-
garding “Frequency” category scores were in order of “Very (CS = +0.88)”, “Somewhat (CS = +0.55)” > “Nei-
ther nor (CS = —0.04)” > “A little (CS = —0.74)” > “Not at all (CS = —4.26)", indicating that there was a positive
correlation between the “Frequency” variable and the objective variable. That is, respondents who perceived
fire/explosion accidents as something that occurred more frequently tended to have an interest in participating in
risk communication processes. In addition, those who answered “Not at all” were found to express a very low
level of concern. Furthermore, “Relationship” those with an economical relationship with the industrial park (CS
= +0.68) wanted to participate in risk communication. Concerning “Dread” category scores of “Very” and
“Somewhat” were +0.18 and —0.43, respectively. Thus, those who had a greater sense of dread tended to desire
participation in risk communication.

5. Discussion

Our findings in this study revealed that there were no significant differences between groups A and B in the
proportion of respondents who knew the accident cause, notwithstanding the fact that most participants of group
A directly experienced the explosion accidents twice in a short period. The experience of a hazard has been con-
sidered and identified as an important factor governing people’s emotion [23]. Kuhar et al. have also shown that
people influenced by disasters tended to seek out information regarding the risk [24]. Conversely, people who
have constantly experienced extreme risks are sometimes less concerned [25]. As a result, the participants of
groups A and B did not significantly differ in the percent of respondents who knew the accident cause.

Our survey showed that group A tended to rate that likelihood of the accident occurring was more frequent
and they were more fearful of it (see Table 2). Ho et al. studied risk perception of victims concerning natural
hazards of flood and landslide [26]. This study indicated that people with more disaster experiences had a great-
er dread of these disasters and rated them as something that occurred more frequently. Although it should be
noted that the perceived risk may depend on the type of hazard, the fact agrees well with our results of percep-
tion of physical risk. According to the availability heuristic [27], people tend to overestimate the likelihood that
an event will occur if they have experienced serious consequence of hazards. Thus, the results of the perception
of physical risk in this study can be explained by the availability heuristic.

As shown in Table 3, nuclear power was assigned to Category 1. This meant that the perceived physical risk
was relatively amplified; in other words, the risk rating of the nuclear power was relatively reduced. The reason
could be that most respondents perceived the likelihood that nuclear accidents would occur to be very low.
However, this result is not in agreement with the findings reported by Grasa et al. [17], who reported that the
risk ratings of chemical plants at which industrial chemical accidents [28] have occurred were lower than those
of nuclear power plants by surveying inhabitants near the plants. This difference was probably due to the differ-
ence in the number of experience: most participants of group A experienced the repeated accidents in a short pe-
riod. Note that our questionnaire survey was conducted before the 2011 Tohoku earthquake [29] that caused the
Fukushima Daiichi nuclear disaster [30]. Thus, it is now possible that the risk rating of “Nuclear power” has in-
creased. Table 3 also revealed that Category 2 contained typhoon and earthquake, which meant that the physical
risk rating relatively decreased. To put it in another way, the perceived risks of typhoon and earthquake were
relatively enhanced. In Japan, these two natural disasters occur very frequently and often cause loss of life and
property damage. Although most respondents of group A have undoubtedly experienced the accidental explo-
sions/fires, they also more often have experiences of typhoon and earthquake. Unfortunately, although our sur-

O,
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vey does not elucidate the loss and damage of group A by explosion/fire accidents, the effect on the frequency
of the event occurring perhaps resulted in the higher risk rating of the two natural disasters compared with that
of an explosion/fire accident in the chemical plant.

As shown in Figure 3, the item range of “Frequency” variable was largest among the five explanatory va-
riables, indicating that it remarkably dominated the objective variable (i.e., level of interest in participating
physical risk communication). In addition, as can be seen from Figure 4, participants who witnessed the explo-
sion/fire accidents tended to have an interest more frequently. It is known that greater frequency of involuntary
experiences has a positive relationship with greater concern [31]. It was possible that the participants of group A
who had experienced an accident twice were strongly concerned about explosion/fire accidents. As a result, the
frequency factor governed the objective variable. Interestingly, the item range of “Gender” had a low item range
of 0.31. In general, the gender variable was found to play an important role in the perception of health and envi-
ronmental risks [10]; however, the gender variable hardly influenced the objective variable in the present study.
This was probably because there were no significant differences in “Dread” and “Frequency” ratings between

Frequency

Relationship

Dread

Gender

Experience

0 1 2 3 4 5 6
Item range

Figure 3. Results of item ranges (IR). As the value of the IR increases, the
explanatory variable greatly affects the objective variable.

Variable Category

Frequency Very

Somewhat
Neither nor

A little

Not at all
Relationship Yes
No
Dread Very
Somewhat

54 3 2 -1 0 ]
Category score

Figure 4. Results of category scores (CS). The positive CS has a positive ef-

fect on the objective variable. Conversely, the negative CS exerts a negative

effect.
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males and females in group A (Dread: Mg = 4.96, Mtemaie = 4.70, U test, p = 0.96; Freq.: Mmae = 3.10, Mtemate =
3.00, U test, p = 0.61).

Here some limitations of the present study should be acknowledged. The first limitation is that the question-
naire survey was restricted to inhabitants living near the two chemical plants: plants A and B. The second con-
cerns the relatively small sample size (n = 52 and 87). That said few studies had been reported on perceptions of
physical risks; thus, this research provides new insights into the influence of experiencing repeated explosion
accidents on the public perception of physical risks. Our findings will be useful for designing effective physical
risk communication processes.

6. Conclusions

On the basis of the questionnaire survey presented in this paper, the following main conclusions can be ob-
tained:

1) People living near a chemical plant where accidental fires and explosions have previously occurred (group
A) have a greater sense of dread than those living near a chemical plant where no fire/explosion accidents have
occurred (group B) (Mgroup a = 4.69, Mgroup s = 3.91, U test, p < 0.001).

2) Participants of group A are more likely to perceive accidental fires and explosions at chemical plants as
something that occur more frequently than those of group B (Mgroup A = 3.04, Mgroups = 2.57, U test, p < 0.001).

3) The experience of fire/explosion accidents does not influence risk ratings of health risks such as genetically
modified foods, new influenza, health problems resulting from drinking alcohol and smoking. That is, the risk
rating of physical risks is probably independent of that of health risks.

4) The experience of accidental fires and explosions remarkably increases the level of interest in participating
in physical risk communication (group A: 80.8%, group B: 51.1%, Fisher’s exact test, p < 0.001).

5) In physical risk communication, a majority of participants of group A requested information concerning the
frequency of fire/explosion accidents (88.5%), extent of damage (75.0%), and accident risks (67.3%).

6) Quantification method Il reveals that “frequency” is a dominant factor affecting the level of interest in par-
ticipating physical risk communication. In addition, participants who perceived fire/explosion accidents as
something that occurs more frequently tend to show higher levels.

On the basis of the results presented in this study, we conclude that explosion accidents have a marked impact
on risk perception characteristics of inhabitants living near a chemical plant at which explosion accidents oc-
curred.
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