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Summary

The present thesis aimed to empirically investigate the public’s irrational fear of chemicals,
which is generally termed “chemophobia.” In an effort to understand the public’s perceptions of
chemicals, the associations evoked by the term ‘“chemicals” were identified. The results
indicated that chemicals tend to be associated with both negative images (e.g., death, poison)
and negative affect (Chapter II). Additionally, several misconceptions in relation to the basic
toxicological principles (e.g., the dose-response insensitivity) seemed to exist among consumers.
These misconceptions appeared to be the most important and consistent determinants of
chemophobia (Chapters II and III). Other determinants of chemophobia were identified (e.g.,
health concerns), although some (e.g., trust in regulators) were not found to be related to
chemophobia in all the European countries investigated (Chapter III). Moreover, regarding the
consequences of chemophobia, evidence was found that chemophobia impacts not only the
public’s acceptance of chemical products but also their acceptance of technologies. In the case
of agriculture (Chapter IV), chemophobics were identified as being more likely to reject the use
of pesticides and biotechnologies (i.e., gene technology) as crop protection measures. This
rejection could be due to the perceived low degree of naturalness of the two types of measures.
Ultimately, the findings of this thesis suggested that chemophobia is not a psychological disease.
Rather, it is an irrational fear of entities perceived to be synthetic, characterized by a set of
misconceptions regarding the risks of natural and synthetic chemicals. Communicating
information regarding basic toxicological principles to the public can serve to mitigate
chemophobia and thus, facilitate informed decision-making regarding chemicals (Chapter V).
However, regional differences and psychological factors (e.g., ideational beliefs) must be

accounted for if the success of the information provision strategy is to be ensured.



Résumé

L’¢étude approfondie de la peur irrationnelle du public des produits et des substances chimiques
ou en d’autres termes la chimiophobie est I’objectif de cette thése. Afin de mieux comprendre
les perceptions du public des produits chimiques, les entités associés au terme “substances
chimiques” ont été identifiées. Les résultats ont indiqué que les substances chimiques sont
souvent associées a la fois a des images (par exemple, la mort, la poison) et sentiments négatifs.
De plus, plusieurs fausses idées concernant les principes toxicologiques de base existent chez
les consommateurs et qui sont responsables de cette chimiophobie (Chapitres II et IIT). D'autres
déterminants de la chimiophobie ont été identifiés, par exemple les soucis concernant la santé,
la confiance dans les régulateurs des produits chimiques, bien que cette dernieére ne soit pas un
important déterminant de la chimiophobie dans tous les pays européens étudiés (Chapitre I11).
Il a été démontré que la chimiophobie a un impact sur 1’acceptation par le public des produits
chimiques et des technologies. Par exemple les chimiophobes ont été identifiés comme étant
plus susceptibles de rejeter 1'utilisation de pesticides et de biotechnologies comme mesures de
protection des cultures (Chapitre IV). Ce rejet pourrait étre dii a leur perception de ces deux
types de mesures comme non naturelle.

Les résultats de cette thése suggerent que la chimiophobie n'est pas une maladie psychologique.
11 s'agit plutdt d'une peur irrationnelle des entités percues comme synthétiques et des fausses
idées concernant la toxicité des substances chimiques naturelles et synthétiques.

La communication au public des principes toxicologiques de base pourra servir a atténuer la
chimiophobie (Chapitre V) et ainsi faciliter la prise de décisions éclairées concernant les produits
chimiques. Cependant, les différences entre les régions et les facteurs psychologiques (par
exemple, les éléments idéationnels (croyances, valeurs)) doivent étre pris en compte si 'on veut

garantir le succes de la stratégie de communication.

VI



Table of Contents

Summary v

Résumé VI

List of figures XI

List of tables X1

Abbreviations XIIT

Chapter I General Introduction

1.1. Introduction 2

1.2. Who are the chemophobics? 4

1.3. How did chemophobia emerge and evolve? 5

1.3.1. STtUALIONAL FACLOTS ....eueiuiriiriiitietestert ettt ettt sttt ettt ettt ebe b b 6

1.3.1.1. The horrifying history of chemicals...........ccccceeeieriiiierieiesieeseeee e 6

1.3.1.2. The rise of chemOphobia..........ceecierieiiiiieieciee ettt enaens 10

1.3.2. PSYChOIOZICAl TACLOTS. ... ecueitieiiiriieie ettt st ettt e e s se e e s seensesseensenneenes 12

1.3.2.1. Risk-Denefit PErcePtions .........ccvecverierierierieiieiesteteeeeieeve it te e eeesseenseseeessesnnessesnnens 12

1.3.2.2. Cognitive processes: the role of Knowledge .........ccoovvveiieiinieciirieecee e 13

1.3.2.3. Intuitive processes: the role of REUIISHICS. ........ccvrveriieieiieieieieeeeeeee e 15

The affect REUTTSTIC. c..ccveitietiieietcietcct et 15

The trust REUIISTIC ......euviuiiiriiririrtcer ettt 17

The natural-is-Detter NEUTISTIC ......cuvevirieiieieie e 18

1.4. What are the consequences of chemophobia? 19

1.4.1. Consequences on behaviors and risk estimations.............ecceeeeveriiecieneecieneee e 19

1.4.2. Consequences on SCience and INNOVALIONS .........c.eeverveeruerreerrereereeeeesseeeesseesessesssesseesesseesesseenes 21

1.4.2.1. Chemophobia in agrICUITUIE.........c.coieeierieieeieie ettt saeennens 22

1.5.  Chapters overview 23

References 26
Chapter II Chemophobia today: Consumers’ knowledge and perceptions of chemicals

Abstract 36

2.1. Introduction 37

2.2. Theoretical background 38

2.2.1.  Risk perceptions and affeCt............ccoecierieriirieiiriee e 38

2.2.2.  KNOWIEAZE ANA TS ...o.viiiiiieiieieieiete ettt ettt et et et e s st essesseensesneensesnnensennnens 39

2.2.3.  CREMOPNODIA ...cueiiieieiiieieeiieie ettt ettt et e st e e st e e s s e e beestenseesseseessenseenseeneensesnsensesnnessennsens 40

22,4, SHTUAY QIIMIS....eeiieieieieiecieie ettt et et et et eete et e saeessesseessesseesseessenseessanseenseeseensesneensesnsensennnensennnens 41

2.3. Methods 41

2.3.1.  The Mental Models APPIOACK .........occveriieiirieieeieie ettt se e sseennens 41

2.3.2.  Quantitative StUAY: SAMPIE .....c.eeierieiieieieeeee ettt aenseennen 43

2.3.3.  Quantitative Study: MaterialS .........cceecierieriirieiereerte ettt ettt se e sesae s enaens 44



2.3.3.1. Free associations and affeCt...........cccevereieniirieriieiereeeeee e
2.3.3.2. Knowledge of basic toxicological principles and regulation of chemicals..................

2.3.3.3. Chemophobia, general health concerns, risk-benefit perceptions, trust in regulator
2.3.4.  Quantitative study: Data analysis..........cceeceerircierieeiereeeceee et e
2.4. Results
2.4.1. Associations and affECt ........cc.eoeeiriiiiiiriiii e
2.4.1.1. Free associations’ content and affective ratings ...........cceeveveervereriveneriienesieseeeeens
2.4.1.2. Correspondence aNalYSIS ..........ccuerereerierierieeiesieeiesteeeesieeseesseesesseesseseessessnessesnsensens
2.4.2.  Knowledge of basic toxicological principles and regulation of chemicals...........ccccoeeverurenenee.
2.4.3. Regression analysis on chemophobia ............cccevieiiirieiieiieie et e

2.5. Discussion and implications
2.6. Conclusion

References

.51
.51
.54
.56
.57

61

64

65

Chapter I1I Lay-peoples’ knowledge about toxicology and its principles in eight
European countries

Abstract

3.1. Introduction

3.2. Methods

3.3. Results

3.4. Discussion

3.5. Conclusion

References

70

71

73

3.2.1. PAItICIPANLS ...c.eeieieieeiieiieeeete et et et te st et e st e e ssa e beesa e seesaenseessenseensesseensesseensesneensesssensennsensens
3.2.2. QUESHIONMNAITE. ....cuveeeureetieeereeeteeereesteeereesteeesseesseessseeseeseseesaessseeseassseessesssseeseessseesaesssseseassneanns
TN TR D T 1 7 13111 3 TP

.13
.15
.19

79

3.3.1. Knowledge of toxicological PrinCiples.........coeviererieriiriieniieieiieieee et sse e
3.3.2. Relationships with trust in public authorities, health concern and chemophobia.......................

.19
.86

89

93

94

Chapter IV How chemophobia affects public acceptance of pesticide use and
biotechnology in agriculture

Abstract

4.1. Introduction

4.2. Theoretical background

4.3.

97

99

4.2.1. Consumer perception Of PESICIAC USE .....ceervirieriieieriieiereeie ettt ee e e see e sees
4.2.2. Consumer perception of agri-biotech appliCations ...........cceecereieriereesieniesieeiere e
4.2.3. SHUAY AIMIS ...veeniieieie ettt ettt et e et et e e steaeeseesseentesseessesseensesseenseeseenseessenseensenseensenseennennes

Experiment 1

4310 METROMS ...ttt ettt ettt sttt
4.3.1.1. Experiment aim and deSIZN .........cceverieriieieriieierieie et eeenee st ae e eeesseense e

100

100
101
103

103



4.3.1.2. PartiCIPANTS ...eccvieeieeieieeieiesieetesteste st eteeeteste e ee st esaesseessesseensesssesesssensesnsessesnsenseansenns
430130 MAALETIALS ...ttt ettt sttt
4.3.1.4. Data QNalYSIS.....cecverrieeiereieieriiertestestestesteetesteete st eae st ete st esesraesseentenseenaeaseenseeseensens
4.3.2. RESUILS ..ttt ettt ettt b et b et s h bttt a s
4.3.2.1. Acceptance of Crop protection MEASUIES ..........c.eeververrrerrereerserseerserseessesssesseessesseensenns
4.3.2.2. Naturalness perceptions at baseline and POSt-teXtS.........cceeeverireiererieeneeiiesieeneeiene
4.3.2.3. Chemophobia, importance of naturalness in food, tampering with nature..................
4.3.2.4. Regression analysis on acceptance of crop protection measures ............cceeeeevervenenne
4.3.2.5. Opverall credibility and clarity of the teXtS........cccecvevieriieririeri e
4.3.3. DISCUSSION .ottt ettt ettt et e et be e b e s bt sttt et et et es s et e st entebeebeebeebesbe st e benbeseetenseneeneen
4.4. Experiment 2
A4 1. METROMS ...ttt ettt ettt ettt s st et eeneen
4.4.1.1. Experiment aim and deSIZN .........ceeverieriirieriieierieieeteteetente st see st eaesre e sseeneeene
4.4.1.2. PartiCIPANTS ....ccveeeieeieierieeieseeteseestesete e eetesteeseesseensesseensesseensesseesesssensesssessesnsesseansenns
44130 MALETIALS ...ttt ettt sttt
O N S D I V1 =1 3 USROSt
B4.2. RESUILS ...ttt ettt et ettt ettt b ettt
4.4.3. DISCUSSION ..ottt ettt ettt et et b et e s bt sttt et et et et esteseeutebeebeebeebesbesbe b e besaetensenaeneen
4.5. General discussion
4.6. Conclusion
Appendices
References

Chapter V Addressing chemophobia: informational vs. affect-based strategies

Abstract

5.1. Introduction

5.2. Theoretical background

5.2.1. Chemophobia: Origin and CONSEQUENCES ..........ccereerrerierieeienrieeertreseseensesseesseseensessaessessensens
5.2.2. Chemophobia: The role of knowledge vs. affect heuristic..........ccoocvevverierircieneiieeeeeeeee
5.2.3. StUAY QIMS c..eeniiiieieeieieeee ettt ettt st e e st et e et et e e st e teess et e enseeseente st enteentenseenneseennenrens

5.3. Methods

5.3.1. EXPErimMENt AESIZI.....eeiiieiiiieieriieieeieetesteste st ete st e e seteteesae st essesseensesseensesseensesneensessnessesssensens
5.3.2. PAItICIPANLS .....eeieieeiieiieiieiiett ettt e et te st et e e e e st e seesaesteesbeseessenseensesseensesseensesnsensesssensennsensens
5.3.30 MALEIIALS ...ttt ettt ettt ettt eh bbbt be e e nenene

5.3.3.1.
53.3.2.

Evaluations for the overall quality of the videos........cccccueevvirininininininiiccce
Dependent Variables ...........ccooeeiererieniieiereeiee ettt neas

5.3.4. Data ANalYSIS....ccverueeieriieiertieiesteeteetete st este st e te st et e et et et e te et et e e se st ente st etesneensesnaeseennensens

5.4. Results

5.4.1. Evaluations for the overall quality of the VId€0S.........ccceviriinieciiieecee e
5.4.2. Effect of different videos on the dependent variables..........cccccveceerievirieniniiene e

54.2.1.
54.2.2.
54.23.
54.24.
54.25.

5.5. Discussion

(031753 0010] 012100 ) TSR
Knowledge of basic toxicological principles..........cccveevervevierienieriienesieneseeseeieeens
Affect towards ChemiCals .........coeoeiirinininiitctc e
Benefit perceptions of the use of chemicals in consumer products.............ccccoveeeneeee.
Preference for natural substitutes in consumer products............cceeeveveeevererverreeeennens

IX

118
118
119
122
122
123
125

125

128

130

133

141

142

143

143
145
146

147

147
148
150
150
150
153

154

154
154
154
156
158
158
159

160



5.6. Conclusion

Appendix

References

Chapter VI General Discussion

6.1. Introduction

6.2. Redefining chemophobia

6.2.1. Chemophobia: It is not a clinical Phobia.........c.cccerieriiriieriieieieeee e
6.2.2. Chemophobia: It is the irrational fear of entities perceived as synthetic .............cceevreverernenen.

6.3. Chemophobia: Implications for agricultural practices

6.4. Chemophobia: Implications for risk communication

6.4.1. Knowledge influence chemophobia, DUt ...........cccoecieriirienieieieieeteeeee e
6.4.2. CommuNiCating tOXICOLOZY ...euvervreieriieieiieite sttt ettt ettt et et et et saesseesesneensessaesesnnensens
6.4.2.1. Toxicology in risk COMMUNICAtION.........cccueruerererieeiereieieseeieeeete et eee e eee e eneesees
6.4.2.2. Toxicology in the regulation of chemicals’ USES..........cccervrvierieriinieriieiee e
6.4.2.3. Toxicology in the MEia.........cceeieviirieriieiee et
6.4.2.4. ToxXicology in SCROOIS........cciiiiriieiieiee ettt eeas

6.5. General limitations and suggestions for future research

6.6. Conclusion

References

Acknowledgements

164

165

168

173

175

175
179

180

182

183
185
185
187
188
190

191
192

195

200



List of figures

Figure 1. The situational and psychological factors related to chemophobia ........c..ccccocevininininiiiniiiccnnce 6
Figure 2. Knowledge of basic toxicological principles and regulation of chemicals ........c..cccooenevineneniininninennn. 47
Figure 3. The free associations to the term “chemical substances”, by gender and affect ...........c.cccoeeervrciirieniennnnn. 55
Figure 4. Correct statements of the knowledge scale per investigated COUNIY ........cccevvevierieriieiieriieieeeee e 81
Figure 5. Incorrect statement of the knowledge scale per investigated COUNtIY .........cccevvveeriincieniieieneeere e, 82
Figure 6. Boxplot of chemophobia per investigated COUNIY ........ccevieiierieeierieie ettt 88
Figure 7. Knowledge of basic toxicological prinCiples DY SroUPS .......cccecieieriirierieienieeiesieeeeseeeeesreeee e eesseeneees 152
Figure 8. ChemophoDbia DY SIOUPS .....ccvieiiriieieriieierit ettt ettt ettt et sse et e sseesessaessessaessesnsesseessensaensenseensesseensenns 156
Figure 9. Knowledge of basic toxicological prinCiples DY SroUPS .......cccecieieriirierieienieiesieeeesieeeesieeee e eesseeneees 157
Figure 10. Affect towards chemicals DY SIOUPS ......ccuivoveriirieiieieeieteetee ettt ettt beentesseensesseenee e 158
Figure 11. Benefit perceptions of chemical USES DY SrOUPS .......c.eoeruiriirieriiniinieieictcieeeeeeeene e 159
Figure 12. Preferences for natural substitutes in products bY Sroups .........ccceeeeeeerieoieneniienieieseeieseeie st seeeees 160

X1



List of tables

Table 1. Top 10 worst chemical incidents WOrlAWIde ...........ccccevieiiirieiiieieieiee e 9
Table 2. Trust in consumer products’ regulation and chemicals’ risk-benefit perceptions ..........ccccoceeveevevceerennene 45
Table 3. General health concern and chemophobia 1eVElS ..........cccoocieviiiiiiiieeceeeee e 46
Table 4. Respondents’ associations with the term “chemical SUbStANCes”.........ccceceviririnerenineneniereeeeeeeee 53
Table 5. Pearson’s correlations between the investigated variables ...........coccvrieiierieiiinierieee e 58
Table 6. Regression analysis 0n ChemMOPNODIA .........ccceeviieieriiiieiiiiee ettt sse e seennens 60
Table 7. Socio-demographics per iNVestigated COUNIIY ........c.eecierririieriirieieeieseetesteeee st eeeeeeeeeseeseesseessesnnessesnnens 74
Table 8. Chemophobia, trust, health concern and worry per investigated COUNtIY .........cccccoeeeevirciervecieneecieneenens 77
Table 9. Knowledge of toxicological principles per investigated COUNLIY ........ccccevieriirieniieierie e 85
Table 10. Regression analysis on chemophobia per investigated COUNLIY ........ccecveriierierieniieierieeiereeeesee e 87
Table 11. Exp. 1: Socio-demographics total and DY Sroups ........cccceeverierieiienieiieieeieeeee e 105
Table 12. Exp. 1: chemophobia, importance of naturalness in food, and tampering with nature scales ............... 108
Table 13. Exp. 1: The effects of the four groups on four dependent variables ..........cccceeceriecieeieriecieneeieeeee. 111

Table 14. Exp. 1: Pearson’s correlations between the investigated variables ..........c..cocooeveveneneininininicnennens 114
Table 15. Exp. 1: Regression analysis on the acceptance of crop protection measures by groups ...........cco........ 116
Table 16. Exp. 2: Socio-demographics total and by groups...........ooeeeiiriiiiiiiiii i, 121

Table 17. Exp. 2: Naturalness perception, acceptance of biotech applications by groups .........cccceeeeevevrevereenen. 124
Table 18. Socio-demographics total and DY SIrOUPS .......ccueecieriieiirieie ettt esne s 149
Table 19. Chemophobia and preferences for natural substitutes in products ........c..cocceverererenerniincenienencnenns 151

Table 20. The effects of the three groups on five dependent variables ............occoeeeeieriecieniecieieeeee e 155

Table 21. Overview of the present thesis chapters’, general aims ad main findings ..........ccceevevvererciereecenenen. 174
Table 22. Comparison of chemophobia to a specific clinical phobia ...........cccceceiirinineniniiinenecens 178

XII



Abbreviations

TCDD 2,3,7,8-Tetracholorodibenzodioxin
DDT Dichlorodiphenyltrichloroethane
MMA Mental Models Approach

PCA Principal Component Analysis
CA Correspondence Analysis

MSA Mokken Scale Analysis
ANOVA One-way Analyses of Variance
CH Switzerland

AT Austria

FR France

DE Germany

IT Italy

PL Poland

SE Sweden

UK United Kingdom

Agri-biotech Agricultural Biotechnology

GM Gene Modification

XIII



Chapter 1 General Introduction



1.1.Introduction

The use and development of chemicals has led to many innovations, which have formed
the building blocks of modern life (Michaelis, 1996; Sense About Science., 2006). For example,
without chemicals, neither cellphones, cars, nor airplanes would exist. Additionally, the use of
chemicals has helped to address many challenges worldwide, from the eradication of diseases
(e.g., smallpox) following the development of vaccines to the potential for mass food production

through the use of agricultural chemicals (Koplow, 2003; Sense About Science., 2006).
Besides the benefits brought about with the use of chemicals, it is important to note that
the use of chemicals can pose certain health and environmental risks, depending on the doses
and exposure levels involved (Schiefer, Irvine, & Buzik, 1997). However, chemicals are
subjected to an extensive risk assessment process prior to being approved for use in consumer
goods or services (Leeuwen & Hermens, 1995; Schiefer et al., 1997). For instance, after
determining if a given chemical may cause harm to human health or the environment by referring
to epidemiological and toxicological studies, experts calculate the dose(s) at which illness or
death usually occurs. This calculation allows the experts to establish the safe dosage at which
the relevant chemical can be used (Leeuwen & Hermens, 1995). Yet, the public might not be
aware of the extensiveness of the risk assessment process performed in relation to chemicals,
which is designed to ensure that the chemicals used in products are under the safe limits (Bearth,
Cousin, & Siegrist, 2014; Dickson-Spillmann, Siegrist, & Keller, 2011; Shim et al., 2011). In
fact, the public’s concerns regarding the risks associated with the use of chemicals in consumer
products and services have been well-documented over the years (Bearth, Miesler, & Siegrist,
2017; Dickson-Spillmann et al., 2011; Jansen, Claassen, van Kamp, & Timmermans, 2020a,
2020b; Kraus, Malmfors, & Slovic, 1992; MacGregor, Slovic, & Malmfors, 1999; Mertz, Slovic,
& Purchase, 1998; Slovic, Malmfors, Mertz, Neil, & Purchase, 1997). The risks posed by

chemicals tend to be exaggerated and feared, while the individual and societal benefits that stem



from the use of chemicals appear to be disregarded or unrecognized (Michaelis, 1996; Ropeik,
2015). As a result, the public’s concerns seem to have developed into an irrational fear of
chemicals, which is loosely termed “chemophobia” (Entine, 2011b; Gribble, 1991, 2013;
Kauffman, 1989; Lee et al., 2019; Michaelis, 1996; Ropeik, 2015). Chemophobia is thought to
have been generally present in societies for around two centuries, with its catalyst being the
misbelief that chemicals are inherently dangerous and should be avoided at all costs (Entine,
2011b; Gribble, 2013; Kraus et al., 1992). In fact, chemophobia could explain the public’s
ongoing skepticism and opposition with regard to the use of chemicals and related innovations
in domains ranging from consumer goods to food technologies (Entine, 2011a, 2011b; Gribble,
2013; Ropeik, 2015). For instance, chemophobia might lead laypeople to boycott and even
protest against consumer products and services (e.g., vaccines) simply for being chemicals
(Entine, 2011b). Chemophobia might thus, be hindering laypeople from making informed
decisions regarding chemicals and consumer products. However, this link between chemophobia
and the public’s decision-making regarding chemicals is purely anecdotal, as it has not yet been
explicitly examined. Most prior studies concerning chemophobia have been theoretical and
offered a descriptive analysis of the possible origins and consequences of chemophobia (Entine,
2011b; Gribble, 2013; Kauffman, 1989, 1991).

Therefore, the aim of the present thesis is to provide an empirical understanding of
chemophobia, its determinants and implications for the public’s decision-making regarding
chemicals. The question of whether and, if so, how chemophobia could be mitigated is another
aim of this thesis. Chapters II-VI altogether address these aims, while Chapter I mainly serves
to describe the phenomenon of chemophobia in terms of its characteristics (section 1.2),

hypothetical drivers (section 1.3) and possible consequences (section 1.4).



1.2.Who are the chemophobics?

Research conducted in relation to public’s risk perceptions has shown that there is
divergence between experts’ and the public’s judgements concerning the use of chemicals
(Kraus et al., 1992; Mertz et al., 1998; Slovic et al., 1995; Slovic et al., 1997). While experts rely
on a quantitative risk assessment process to evaluate the risks associated with chemicals,
laypeople tend to view chemicals more simplistically as either safe or dangerous. Kraus et al.
(1992) described the public’s appraisal of chemicals as “intuitive toxicology,” which refers to
the reliance on senses and intuitions when judging the risks of chemicals. This reliance is
characterized by dose-response insensitivity, which indicates a lack of familiarity with the basic
toxicological principle that “the dose makes the poison” (Kraus et al., 1992; Slovic et al., 1995).
This dose—response insensitivity is exemplified by the belief that harm will definitely result from
any level of exposure to toxic or carcinogenic chemicals (MacGregor et al., 1999). From a
toxicological perspective, the risk posed by a given chemical is the probability of adverse
consequences occurring based on a certain level of exposure to that chemical. A chemicals’ risk
is differentiated from the hazard posed by that chemical, which refers to its potential to cause
adverse consequences (Scheer et al., 2014). However, this difference might not appear to be
salient for chemophobics (Kraus et al., 1992; Monro, 2001; Stone, 2014), as the mere ability to
detect small traces of chemicals in consumer products or the human body can be perceived to
indicate a health hazard (Entine, 2011b). For instance, the small amounts of agricultural
chemicals found in water samples, which are lower than the acceptable/safe levels, are
commonly equated with definite adverse health consequences by chemophobics (Entine, 2011a).
Chemophobics tend to seek the elimination of chemical-related risks at all costs (Francl, 2013;
Gribble, 1991; Kauffman, 1991; Kraus et al., 1992), especially since the health risks of chemicals
are mostly associated with the development of cancer, a dreadful health consequence

(MacGregor et al., 1999; Ropeik, 2011, 2015). Furthermore, the term “chemical” seem to be



mainly associated with artificially-produced or man-made chemicals. While chemicals of natural
origin might not necessarily be perceived or considered as a chemical entity by chemophobics
(Entine, 2011b), despite the fact that by definition, a chemical is a form of matter with constant
chemicals composition and properties (Schiefer et al., 1997). In other terms, everything is, or
contains chemicals (from the air to consumer products). However, chemophobics seek to reduce
their exposure to chemicals by avoiding artificial chemical-containing products (Chalupa &
Nesmerak, 2019; Dickson-Spillmann et al., 2011; Entine, 2011b; Gribble, 2013), even though
experts have continuously demonstrated that these chemicals are under the safe limits in products
through the risk assessment process (Schiefer et al., 1997). It is undeniable that there are certain
chemical products (e.g., descalers, bleach, etc.) that should only be used with caution because
excessive use or any mishandling could have serious negative consequences. However,
chemophobics might even avoid beneficial, safe and non-substitutable products (e.g., vaccines)
simply because these products contain (artificial) chemicals and thus, are perceived to be

dangerous (Entine, 2011a, 2011b).

1.3.How did chemophobia emerge and evolve?

It has been established that the public’s perceptions of chemicals are generally negative
(Gribble, 2013; Jansen et al., 2020a; Kraus et al., 1992; Mertz et al., 1998; Ropeik, 2015). There
are a number of situational and psychological factors that are considered to represent the origins
of, or to have contributed to the evolution of, chemophobia. Figure 1 (author’s own
representation) is an overview of the situational and psychological factors related to

chemophobia, which are discussed in more detail in this section.
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Figure 1. Overview of the situational and psychological factors possibly related to
chemophobia
1.3.1. Situational factors
There are situational factors that arguably led to warranted fears of chemicals, and other
factors that triggered irrational fears of chemicals (i.e., chemophobia). Section 1.3.1.1 represents
some of the factors that possibly caused justifiable concerns regarding the use of chemicals.

Other situational factors that can be attributed to chemophobia are discussed in section 1.3.1.2.

1.3.1.1.The horrifying history of chemicals

During the early 20" century, the public displayed excitement with regard to the use of
chemicals due to the booming of chemical industries (e.g., dyes, pharmaceuticals, etc.), which
brought about improvements to individuals’ quality of life and also brought prosperity to wider
societies (Entine, 2011b). However, certain events that occurred throughout the 20" century had
tarnished the image of chemistry and possibly gave rise to real and justifiable fears concerning
the use of chemicals. For instance, the use of chemicals as weapons during both World War I,
which was infamously known as the “chemists’ war,” and World War II, resulted in the public
perceiving chemistry to be a fearsome science (Hartings & Fahy, 2011; Schummer, Bensaude-

Vincent, & Van Tiggelen, 2007). The public’s concern with the toxic potential of chemicals



increased, especially since the most prominent associations with chemicals during that period
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were “chemical warfare,” “mad scientists,” and “poisons” (Schummer et al., 2007).

Moreover, the number of severe industrial chemical incidents that occurred throughout
the 20" and 21° centuries likely increased the public’s concern about the harmfulness of
chemicals (Gribble, 2013). Table 1 details 10 of the worst chemical incidents to have occurred
over the last 100 years worldwide (Brice, 2008; Organization for Economic Cooperation and
Development., 2013). As can be seen from the table, the various chemical-related incidents have
led to high numbers of human deaths, significant losses of wildlife, and severe environmental
problems. The magnitude of the consequences of such incidents has arguably had a long-term
impact on the public’s risk perception and acceptance in relation to the use of chemicals (Kher
et al., 2013; Slovic, 1987). For example, the 1986 Chernobyl nuclear power plant disaster and
the 2011 Fukushima nuclear power plant explosion are thought to partly explain the public’s
ongoing skepticism and opposition regarding nuclear power (Bauer, Gylstorff, Madsen, &
Mejlgaard, 2019). The fact that chemical incidents in general could not been prevented and
continue to occur causing major damages and losses is likely to influence the public’s risk
perception of chemicals. From the public’s perspective, chemicals and the chemical industries
seem to entail serious risks that cannot be safely managed, which might explain the public’s
negative perceptions of chemicals (Hartings & Fahy, 2011).

However, due to such disastrous events, important treaties as well as international and
national measures have been implemented to prevent and/or mitigate the impacts of possible
chemical incidents and deliberate releases of toxic chemicals (United Nations., 1992, 1996,
2017). More stringent regulations have been imposed on the chemical industries, including
consumer goods companies, which must obtain authorization to use certain chemicals (European
Chemicals Agency., 2007; Lokke, 2006). Yet, despite such efforts to ensure the safe use of

chemicals, the public’s concerns regarding the use of chemicals have endured (Bearth et al.,



2014; Jansen et al., 2020a; Kher et al., 2013) and may even have spiraled into chemophobia

(Chalupa & Nesmerak, 2018; Entine, 2011b; Gribble, 2013; Ropeik, 2015).



Table 1. 10 of the worst chemical incidents worldwide

Location Date Chemical Incident Consequences
Pointe d’Esny | August 6, | A spill of 1 180 tons of oil in the Indian | Endangerment of corals, fish and other marine life
Beach, Mauritius | 2020 ocean under threat. Consequences are yet to unfold.
Beirut, Lebanon | August 4, | An explosion of 2 750 tons of ammonium | More than 200 deaths, 5 000 injured and 80% of the
2020 nitrate ill-stored at the port of Beirut homes, infrastructure and buildings destroyed as far
as 10 km, leaving more than 300 000 homeless
Toulouse, France | September | An explosion of 300 tons of ammonium | 30 deaths, and more than 10 000 injuries, and 80%
21,2001 nitrate at the Atofina’s Grande Paroisse | of the buildings destroyed within 3 km from the
fertilizer plant explosion site
Alaska, USA March 24, | The Exxon Valdez, an oil tanker, spilled | The deaths of 100 000 — 250 000 seabirds
1989 260 000 — 750 000 barrels of crude oil into
the sea
Prypiat, Ukraine | April 26, | An explosion occurred during an | Around 50 human deaths due to radiation as well as
1986 unauthorized test at the Chernobyl nuclear | 3 940 human deaths due to radiation-induced
power plant cancer and leukemia
Basel, November | A major fire at the Sandoz chemical | The deaths of 500 000 fish and severe pollution to
Switzerland 1, 1986 factory the Rhine
San Juanico, | November | A series of explosions at a liquid | Around 500 human deaths
Mexico 19, 1984 petroleum gas tank farm
Bhopal, India December | A toxic methyl isocyanate gas leak at a | Around 3 787 human deaths as well as 558 125
2-3, 1984 Union Carbide subsidiary pesticide plant | individuals left with temporarily or permanently
disabling injuries
Seveso, Italy July 10, | A chemical manufacturing plant released | The deaths of 3 300 farms animals, while 80 000
1976 dioxins, 2,3,7,8- | animals had to be slaughtered later to prevent
Tetracholorodibenzodioxin (TCDD) TCDD from entering the food chain
Texas, USA April 16, | The explosion of nearly 2 300 tons of | Around 581 human deaths
1947 ammonium  nitrate  onboard  the

Grandcamp ship caused by a fire




1.3.1.2. The rise of chemophobia

A number of situational factors might have exacerbated the public’s risk perception of
chemicals and provoked an exaggerated and unreasonable reactionary fear regarding the use of
chemicals. First, some researchers have argued that chemophobia might be an outgrowth of the
environmental movement that was ignited by the book called Silent Spring by marine biologist
Rachel Carson in 1962 (Chalupa & Nesmerak, 2018; Entine, 2011b; Gribble, 2013; Hiibner,
2014; Kovacs, 2014; Ropeik, 2015). Carson criticized the environmental and health risks
associated with chemicals, particularly pesticides. Her book led to important new legislation
regarding chemical uses, as well as to environmental advances such as the banning of the
controversial pesticide dichlorodiphenyltrichloroethane (DDT) in most countries due to its
environmental toxicity (Dunn, 2012). However, Carson (1962) vilified all chemicals as “the
sinister and little-recognized partners of radiation entering into living organisms, passing from
one to another in a chain of poisoning and death. ” It is thought that her description of chemicals
gave rise to anti-chemical movements and advocacy groups that were skeptical of the safety of
chemicals, particularly artificial ones, used in consumer products and services (Entine, 2011b;
Ropeik, 2015). This skepticism might have incited several unfounded chemical-related scares
(e.g., concerning the E numbers found in food products, vaccines) and also nourished
chemophobia (Chalupa & Nesmerak, 2018; Entine, 2011a, 2011Db).

Second, the news coverage of chemical scares may well have played an important role in
shaping the public’s risk pe