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Abstract 
Endocrine disrupting chemicals (EDCs) are exogenous chemicals found in food, 

consumer products, and the environment. EDCs are ubiquitous in modern life and 

human exposure is associated with many negative health effects such as 

reproductive disorders, metabolic disorders, and hormone related cancers. EDCs are 

a serious public health risk and numerous guidelines and risk messages have been 

disseminated to inform and protect the public. However, little is known about 

current levels of public awareness and risk perception of EDCs and how the public 

respond to EDC risk messages. Understanding how the public characterises and 

evaluates a risk has important implications in determining societal decision making 

and behaviour change. Therefore, effective risk communication of EDCs must take 

into account the public’s perspective. 

This thesis explores the UK public’s awareness and risk perception of EDCs to help 

policy makers design effective risk communication strategies and ultimately protect 

public health. By using a mixed methods approach, this thesis investigates the 

underlying themes and determining factors of EDC awareness and risk perception, 

and the effects of different information sources have on perceptions of EDC risk 

messages. Results from this thesis demonstrated a lack of public awareness of EDCs. 

Demographic and psychological factors had significant effects on awareness and risk 

perception scores. In particular, trust was an important predictor of EDC risk 

perception. Furthermore, the comparison of two information sources demonstrated 

a significant effect on risk perception and perceptions of EDC risk messages. To date, 
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little guidance has been provided to policy makers regarding the determining factors 

that shape public perceptions of EDCs. In-depth exploration into these perceptions 

will give policy makers important information on how risk communication may be 

improved. Effective risk communication strategies will not only help raise awareness 

and reduce exposure to EDCs, but will also increase the demand for public protection 

and EDC policy reform.  
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1 Chapter 1 – Introduction 
1.1 Overview of objectives and research questions 

Endocrine disrupting chemicals (EDCs) are a complex group of environmental 

chemicals that have the potential to significantly impact public health (Diamanti-

Kandarakis et al. 2009). Following recent advances in the research and understanding 

of EDCs, many advocacy and educational organisations now aim to increase public 

awareness of EDCs and other environmental contaminants. EDCs occur in a variety 

of different contexts, raising the issue that it may not be feasible to effectively 

communicate about them as a category to the public. This potential obstacle must 

be taken into consideration when examining the underlying risk perceptions of EDCs. 

This thesis encapsulated EDCs as a broad category of chemicals to examine this very 

issue in order to provide guidance on effective risk communication strategies. 

Understanding public awareness and risk perceptions of EDCs as a category are 

integral first steps in highlighting the needs of the public and bringing about change.  

Research on the health impacts of EDCs is continually emerging and more of these 

findings are becoming consistently thread throughout mainstream media. 

Considering the complex nature of EDCs, it is important to create awareness among 

the public so they may begin taking preventive measures to protect their health. 

While the research on EDC’s impact on human health is emergent, the majority of 

evidence demonstrating the negative effects of EDCs has been conducted using 

animal studies (Patisaul et al. 2018). As mentioned previously, EDCs encompass a 

wide variety of compounds, and therefore some EDCs have more evidence of their 
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contribution to negative health outcomes than others. Furthermore, the risks of 

some EDCs have the potential to be more hazardous than others. This contributes to 

the observation that perhaps EDCs should not be communicated to the public as an 

inclusive category, but rather separately dependent on contexts. However, current 

research now classifies EDCs as a category, and understanding public perspectives of 

this concept must be addressed. 

The public have an important role to play in increasing the demand for policy change, 

which is a necessary step in addressing the impact of EDCs, as many of these 

chemicals are unregulated. Increasing public awareness of EDCs should also increase 

the demands on policy makers and authorities who have the ability to implement risk 

mitigating strategies. Government policies are an important component of reducing 

the publics’ risk of EDC exposure, but they are not enough without public 

engagement. As demonstrated by similar research on awareness and policy change, 

the public must be made aware of the risk and possible options of responding, to 

then become empowered to take their own actions (Khatibi et al. 2021). This back 

and forth cycle of raising public awareness and implementing policy change should 

encourage public engagement with important issues, such as EDC risks. Public 

engagement with EDCs, which can be mitigated with policy reform, is hereby argued 

as a key to successfully implementing policy changes. Therefore, this thesis aims to 

investigate the current state of public awareness and risk perception of EDCs for the 

development of effective risk communication strategies. 
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1.1.1 Aims and research questions 

For these aims to be achieved, a number of specific research objectives were set as 

outlined below: 

• To review current literature on public perceptions of EDCs;  

• To gain insight into the public’s perceptions of EDCs by exploring their 

attitudes and beliefs in detail; 

• To collect data on the current levels of awareness and risk perception of EDCs 

among the UK population;  

• To reliably measure awareness and risk perception of EDCs alongside relevant 

demographic and psychological constructs; 

• To identify the demographic characteristics and psychological factors that are 

most likely to determine awareness and risk perception of EDCs; 

• To examine the effects of different information sources on public perceptions 

regarding the quality of EDC risk messages;  

• To provide policy recommendations to inform decision makers concerned 

with addressing EDC policy and improve efforts to effectively communicate 

the risks to the public.  

This thesis addressed five main research questions: 

RQ1: What are the UK public’s levels awareness of EDCs, their sources and associated 

health effects? 
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RQ2: How do the UK public perceive the risks relating to EDCs?  

RQ3: What demographic and psychological factors influence risk perception of EDCs? 

RQ4: How do information sources affect public risk perception of EDCs? 

RQ5: How do information sources affect the perceived quality of information on EDCs?   

1.2 Thesis contributions 

Through achieving the research objectives stated above, this thesis makes a number 

of policy and methodological contributions, which are outlined below:  

Contribution 1: This research provides further evidence to the field of risk analysis 

regarding the design and use of focus groups and survey methods to measure public 

risk perceptions.  

Contribution 2: The research contributes to the existing literature in this area of 

research by using statistical regression methods combined with a large-scale 

population data from residents of the UK, including a sample of 1028 individuals. 

Previous studies examining EDC risk perceptions are based on relatively small 

samples (n <500) of specific populations (e.g., pregnant and post-partum women).  

Contribution 3: Recent findings have identified low levels of awareness of EDCs 

across Europe. Findings from this research reinforce previous conclusions and aims 

to provide additional insights into an individual’s understandings and perceptions on 

a population level in the UK.  
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Contribution 4: This research is the first to use cross-sectional survey methods to 

examine the general public’s awareness and risk perceptions of EDCs in the UK. This 

research also adds to the literature by addressing demographic and psychological 

predictors of EDC risk perception and exploring the public’s perceptions of certain 

information sources communicating the risks.    

Contribution 5: This research examined how understanding the demographic 

characteristics and psychological factors may inform the design of educational 

interventions and effective risk communication strategies regarding EDCs.  

Contribution 6: This research provides guidance to policy makers on the effects of 

using different information sources to communicate the risks of EDCs.  

1.3 Thesis structure 

This thesis is organised into eight chapters. In Chapter 1 the objectives and 

justification of the present research are presented. The remainder of this thesis will 

be structured as follows: Chapter 2 provides background information on the history 

and impact of EDCs. This section will provide a statement of the issues and problems 

with regards to endocrine disrupting chemicals, specifically the consequences 

regarding health and the environment. Additionally, the importance of 

understanding risk perceptions alongside policy recommendations and research gaps 

is discussed.  

Chapter 3 contains a review of the literature relating to public perceptions of EDCs. 

This chapter focuses on collating and synthesising all available published data 
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relating to the public’s knowledge, attitudes, and perceptions of EDCs. This chapter 

details the gaps in knowledge regarding how the public perceive EDCs how this 

research aims to address these gaps.  

In Chapter 4, the research methods used in this thesis will be discussed. The rationale 

behind the exploratory sequential mixed methods design used in this research will 

be presented. The purpose of this chapter will be to review the development and 

design of the focus groups, survey, and experiment specifically created and tailored 

for this research. The main components of the focus groups and survey will be 

detailed in this chapter, including the design of measures, participant recruitment, 

data collection, and data analysis. This chapter will also provide descriptions of both 

the focus group and survey samples.   

Chapter 5 presents study 1, which qualitatively explores the public’s awareness, 

attitudes, beliefs, and perceptions of EDC risks. The purpose of this chapter was to 

provide insights into the underlying themes pertaining to public risk perception of 

EDCs. To the best of our knowledge, this was the first study to investigate the public’s 

general perceptions of EDCs outside of a restricted context. Results from this study 

are evaluated and different methods of assessing public risk perceptions of EDCs are 

discussed along with implications to improve risk communication strategies.  

Chapter 6 presents study 2. Study 2 is a cross sectional survey, informed by Study 1, 

that empirically investigates the UK general public’s awareness and risk perception 

of EDCs. This study specifically focuses on determining the main predictors of public 
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awareness and risk perception of EDCs. The relative influence of psychological 

factors, such as generalised trust, ability to deal with scientific information, and trust 

in information sources regarding EDCs were modelled alongside demographic 

factors. This chapter discusses the relevance of the results and implications for 

improving risk communication of EDCs.  

Chapter 7 presents study 3, which examines how different information sources affect 

the public’s perceptions of EDC risk messages. The purpose of this chapter is to 

determine if different risk communication sources would have an impact on how the 

public perceives the same EDC risk message. This study aims to explore the effects of 

a well-known government organisation (the World Health Organization) compared 

to a more personal information source (a doctor on social media). To the best of our 

knowledge this is the first study to examine the effects of different information 

sources with regards to EDCs. This study will also add to the existing literature on risk 

communication.  

Finally, Chapter 8 provides a summary of the research findings. The limitations of this 

thesis are outlined and suggestions for future research are presented. The main 

findings of the research will be discussed here and their use and relevance for policy 

and future research. It will also add to the existing literature on hazardous risk 

communication and contribute significantly to improving the recommendations for 

communicating the risks of EDCs. These recommendations may be beneficial in the 

development of effective risk communication strategies specifically aimed at 

addressing EDCs in Europe. 
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1.4 Ethical approval and funding 

Ethical approval for this study was obtained from the Ethical Research Committee of 

the School of Biological Sciences, Queen's University Belfast. The study was also 

conducted in accordance with general ethical guidelines for behavioural and social 

research in the United Kingdom. For focus group data collection, all participants 

signed a form that confirmed voluntary participation, confidentiality and data 

protection. Survey data collection was subcontracted to a professional market 

research company called DynataTM and was conducted in accordance with their own 

ethical policy. All individuals in the study were asked online to provide their consent 

prior to their participation in the study. Participants were also informed that all data 

would be stored securely and processed anonymously. Participants were reminded 

before the beginning of the study that they were not obliged to participate and that 

they could leave the study at any time. All potential participants were contacted via 

email, provided informed consent, and were screened to ensure that they met the 

eligibility criteria. Other than anonymity, there was no ethical concerns regarding the 

included studies. All procedures were approved by the School of Biological Sciences 

Ethical Research Committee and conducted in accordance to the guidelines given in 

the Declaration of Helsinki.  

This project received funding from the European Union’s Horizon 2020 research and 

innovation program under the Maria Skłodowska-Curie grant agreement No. 722634. 



23 

 

1.6 Chapter 1 summary 

This chapter presents an introduction to the research, including a brief description of 

the background of the study, statement of the problem and research questions. This 

chapter also outlines the background and motivation of this thesis and the 

importance of understanding public perceptions of EDCs for the development of 

effective risk communication strategies.  
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2 Chapter 2 – Background 

2.1 Endocrine disrupting chemicals: a history 

A functional endocrine system is essential for the normal growth, development, and 

maintenance of multicellular organisms (Constanti and Bartke 1998). The endocrine 

system is the body’s messenger system, consisting of a series of glands and organs 

responsible for the coordinated actions of a complex network of hormones (Hiller-

Sturmhöfel and Bartke 1998). A hormone is “a chemical that is made by specialist 

cells, usually within an endocrine gland, and it is released into the bloodstream to 

send a message to another part of the body” (Society for Endocrinology, n.d.). In a 

normally functioning endocrine system, hormones are released into the bloodstream 

at specific concentrations and appropriate times to travel throughout the body 

(Kleine and Rossmanith 2016). This secretion of hormones controls many 

physiological processes including growth, puberty, fertility, appetite, mood, and 

much more (Vandenberg et al. 2012). Hormones serve many important purposes, 

however, there is now evidence that some chemicals have the ability to interfere 

with the actions of hormones. These chemicals have been termed endocrine 

disrupting chemicals (EDCs).  

There have been controversies regarding the categorisation and classification of 

EDCs. The Environmental Protection Agency has defined an EDC as “an exogenous 

agent that interferes with synthesis, secretion, transport, metabolism, binding 

action, or elimination of natural blood-borne hormones that are present in the body 
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and are responsible for homeostasis, reproduction, and developmental process” 

(Diamanti-Kandarakis et al. 2009). A large number of EDCs are man-made 

compounds that are released into the environment without prior scientific 

knowledge of their individual or combined effects on ecosystems, wildlife, or human 

health (Svingen and Vinggaard 2015). However, more recently scientists have been 

concerned about EDCs that are naturally present in the environment, for example 

mycotoxins and phytoestrogens (Sirotkin and Harrath 2014; Zain 2011). EDCs 

interfere with endocrine functioning by altering hormone synthesis in the endocrine 

gland and altering the transport, metabolism, and secretion of the hormone 

(Monneret 2017; Gore et al. 2015). EDCs also often block or mimic hormones by 

binding to receptors in target cells, leading to an increase or decrease in activity or 

stimulating activity (Vandenberg et al. 2012). Chemicals identified as EDCs include: 

synthetic chemicals used as industrial solvents/lubricants and their by-products 

(polychlorinated biphenyls (PCBs), polybrominated biphenyls (PBBs), dioxins), 

plastics (bisphenol A (BPA) and alternatives), plasticizers (phthalates), pesticides, and 

pharmaceutical agents (diethylstilbestrol (DES)). 

2.1.2 Farm animals and wildlife 

Despite only receiving high levels of attention in the last few decades, the 

phenomenon of endocrine disruption has been evident for a long time. The earliest 

indications of endocrine disrupting activity were reported by pig farmers in the USA 

in the 1920’s, who were concerned by the lack of fertility in their swine herds after 

being fed mouldy grain (McNutt, Purwin, and Murray 1928). This was subsequently 
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found to be the result of the swine’s consumption of a group of naturally occurring 

EDCs, known as mycotoxins, that were contained in the mould (Bennett and Klich 

2003). This was soon followed by reports from Australian shepherds in the 1940’s 

who found their sheep were experiencing infertility after consuming certain fields of 

clover, later found to be the result of consuming another group of naturally occurring 

EDCs, known as phytoestrogens, that were present in the plant material (Darbre 

2019). Both the mycotoxins and the phytoestrogens were interfering with the 

animals’ fertility as these forms of EDCs are able to mimic the hormone “oestrogen”, 

one of the primary sex hormones, further leading to disrupted endocrine activity 

(Sirotkin and Harrath 2014; Zain 2011).  

One of the most significant milestones in the history of EDCs was the publication of 

the book ‘Silent Spring’ by Rachel Carlson in 1962 (Carson 1962). This book raised 

awareness of endocrine disruption in wildlife populations following the widespread 

use of pesticides and herbicides in agriculture. Carson paid specific attention to 

dichlorodiphenyltrichloroethane (DDT), a pesticide that had caused serious harm to 

wildlife, birds, bees, agricultural animals, domestic pets, and even humans (Turusov, 

Rakitsky, and Tomatis 2002; Mansouri et al. 2017). In the years that followed, 

endocrine disrupting activity was widely reported in air, land, and aquatic animals 

that were exposed to chemicals such as DDT, its metabolites and other 

organochlorine compounds (Hotchkiss et al. 2008; Bergman et al. 2013; Diamanti-

Kandarakis et al. 2009). One such incident was the accidental spill of the pesticide 

dicofol into Lake Apopka in Florida, USA in 1980. The spill resulted in a significant loss 
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of the alligator population and, in the time that followed, high numbers of genital 

abnormalities were reported in male and female alligators (Guillette et al. 2000). 

Some of these abnormalities included alterations in sex differentiation, abnormally 

increased testicular aromatase activity modifications of gonadal steroidogenesis, and 

alterations in hepatic biotransformation of steroids (Guillette et al. 2000).  

EDCs have been shown to cause abnormalities and impaired reproductive 

performance in wildlife species, as well as changes in behaviour, immunity, and 

skeletal deformities (Tyler, Jobling, and Sumpter 1998; Matthiessen 2003). The 

feminisation of male fish has been one particular issue that has garnered much 

attention in the recent years. after it was noticed that female egg cells were growing 

in the testes of male fish, a condition termed “intersex” (Gross-Sorokin, Roast, and 

Brighty 2006). Early warnings of the feminisation of male fish were demonstrated in 

the UK, where male fish in close proximity to sewage outflow in rivers were beginning 

to present ovarian tissue in the testes (Jobling et al. 1998). The main chemical 

responsible for this feminisation was reported to be ethinyl estradiol, a synthetic 

hormone found in birth control pills excreted into sewage systems by women. 

Studies using caged fish have since reported that natural and synthetic oestrogens at 

biologically relevant concentrations in the water were responsible for these 

abnormalities (Jobling et al. 1998).  

2.1.3 Synthetic hormones  
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The discovery of endocrine activity in animals and wildlife subsequently lead to the 

development of synthetic hormones for humans. In the 1930s, chemists began to 

synthesise an assortment of chemicals with oestrogenic properties (Dodds et al. 

1938). This started with the intention of studying the mechanisms of oestrogen 

activity, however, it was then realised that such compounds offered the potential of 

pharmaceutical applications for humans. During the early 1960’s, the use of oral 

contraceptives containing synthetic oestrogens and progestins became increasingly 

popular among females, and as this same generation grew older, hormone 

replacement therapy was developed for the management of menopausal symptoms 

(Stanczyk, Archer, and Bhavnani 2013; Mattox and Shulman 2001). The long-term 

effects of using synthetic hormones to control reproduction and manage the 

transition to menopause have yet to be fully understood.  This not only refers to the 

effects on the individual, but also the consequences of releasing such a large number 

of synthetic hormones and their metabolites into the environment (Darbre 2019). 

One specific synthetic hormone that has caused quite a bit of controversy is 

diethylstilbestrol (DES). DES is a synthetic nonsteroidal oestrogen that was first 

produced in 1938 (Dodds et al. 1938) and then prescribed to several million women 

between 1940 and 1971 to prevent miscarriage in the first trimester of pregnancy 

(Smith 1948). In 1971, it was reported that DES caused a rare vaginal cancer in 

daughters born to women who had taken it during pregnancy halting any further 

prescriptions (Herbst, Ulfelder, and Poskanzer 1971). Longitudinal studies have since 

reported that in utero exposure to DES is associated with an increased risk of multiple 
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adverse reproductive health outcomes not only for female children but also for males 

(Harris and Waring 2012). The effects of DES have revealed that not only does 

exposure to a chemically potent synthetic oestrogen have adverse health effects in 

the human population, but also that exposure in utero can have life-long effects. The 

utilisation of synthetic hormones has since shifted beyond the scope of reproductive 

health and are now used for a variety of different purposes including anti-

inflammatory and cancer therapy drugs. 

2.1.3 Human endocrine health  

Following the discovery that endocrine activity may be disrupted in animals and 

wildlife, the extent to which these effects might also occur in the human population 

has been extensively studied. The case of DES made it very clear that humans were 

also susceptible to endocrine disruption through chemical exposure (Harris and 

Waring 2012).  The focus shifted towards human health in the 1990’s following 

reports of decreasing sperm quality in Danish men, unseen in the population of men 

living in the less industrialised neighbouring country of Finland (Jensen et al. 2000). 

A decline in sperm quality also appeared to be linked to incidences of hypospadias, 

cryptorchidism and testicular cancer, hypothesised be the result of chemical 

exposure (Skakkebæk, Rajpert-De Meyts, and Main 2001). This began new discussion 

concerning the role of environmental chemicals in more widely increasing male and 

female reproductive problems, increasing rates of cancers in reproductive tissues as 

well as thyroid and adrenal disorders (Darbre 2019).  
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The association between chemical exposure and human health was further 

establishes when physicist and epidemiologist, David Barker, proposed a link 

between foetal development and adult diseases in the 1990s (Barker 1995). As the 

legacy of DES began to unfold, it was becoming more apparent that in utero exposure 

to EDCs could have long term effects in adulthood, despite any further exposure 

(Harris and Waring 2012). Epidemiological studies in humans now associate EDCs 

with reproductive effects, neurobehavioral and neurodevelopmental changes, 

metabolic syndrome, bone disorders, immune disorders, and cancers in humans 

(International Programme on Chemical Safety 2002). 

2.2 Sources of human exposure 

There are several historical examples of environmental contamination and toxic 

spills, such as the case of Lake Apopka (Guillette et al. 2000). However, these kinds 

of large, single exposures are not representative of the persistent, low level exposure 

to a mixture of chemicals that is more common (Vandenberg et al. 2012; Svingen and 

Vinggaard 2015). The sources of human exposure to EDCs are diverse and widely 

variable around the world. Additionally, the nuance and complexity of both the 

individual and combined effects of becoming exposed to EDCs has been well studied 

in recent years (Andreas 2007; Christiansen et al. 2020). Traditional toxicological 

testing has been very beneficial in identifying and characterising hazardous 

chemicals, such as lead and radioactive materials. This conclusive evidence for cause-

and-effect links between exposure and disease is often the result of years of 
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laboratory research, clinical evidence in individuals and epidemiological data from 

human populations. In most cases, chemical assessments can provide direct links 

between an exposure and an adverse health outcome in cases of known exposures 

to high levels of a certain chemical, such as the case in Lake Apopka. However, most 

people are exposed to a variety of EDCs, usually at low doses, in mixtures, and at 

different life stages (Futran Fuhrman, Tal, and Arnon 2015). This makes the ability to 

directly relate a negative health outcome in adulthood to exposure to EDCs 

throughout their life much more difficult.  

The sources of EDC exposure are diverse and distributed widely throughout the 

environment. This situation is complicated due to the fact that some countries have 

banned specific EDCs, whereas others have not. Furthermore, exposure to EDCs is 

challenging to predict due to significant usage differences among countries and 

regions. Table 1 outlines some of the known EDCs, their sources, and associated 

health effects: 

Table 1: Examples of EDC exposure routes and sources in humans  

Route of EDC Exposure EDC Source EDC Examples 

Oral consumption of 
contaminated food or water 

Industrial waste or pesticides 
contaminating soil or 
groundwater 

PCBs, dioxins, per 
fluorinated compounds, 
DDT 

Leaching of chemicals from 
food or beverage containers; 
pesticide residues in food or 
beverage 

BPA, phthalates, 
chlorpyrifos, DDT 

Contact with skin and/ or 
inhalation 

Household furniture treated 
with flame retardants 

BFRs 
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Pesticides used in agriculture, 
homes, or for public disease 
vector control 

DDT, chlorpyrifos, 
vinclozolin, pyrethroids 

Intravenous Intravenous tubing Phthalates 

Application to skin Some cosmetics, personal care 
products, anti-bacterial, 
sunscreens, medications 

Phthalates, triclosan, 
Parabens, insect repellents 

Biological transfer from placenta Maternal body burden due to 
prior/current exposures 

Numerous EDCs can cross 
the placenta 

Biological transfer from mother’s 
milk 

Maternal body burden due to 
prior/current exposures 

Numerous EDCs are 
detected in milk 

* Table adapted from (Gore et al. 2014) p. 12. 

As demonstrated by Table 1, humans come into contact with EDCs through a variety 

of routes, such as the consumption of food and water, inhalation, dermal contact 

through the skin, and biologically from mother to foetus (across the placenta) or 

mother to infant (via lactation) if the mother has been exposed. The following 

sections outline some of the main routes that humans become exposed to EDCs, 

which are environmentally, through food and food contact materials, and consumer 

products (Plotan et al. 2013; James-Todd et al. 2021; Connolly et al. 2009). 

2.2.1 Environmental exposure 

Another source of exposure to EDCs is through drinking water (Doan et al. 2020). 

Since the Industrial Revolution in 1784, water sources such as rivers, have been a 

convenient way of disposing industrial waste (Lofrano and Brown 2010). 

Groundwater has therefore been susceptible to contamination via leaching of 

industrial chemicals from dumping sites, leading to the identification of waterborne 

diseases (Barber et al. 2015). Concern regarding the occurrence of EDCs in drinking 
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water arose in the mid 1970’s, heightened by the notorious DuPont and PG&E 

contamination scandals that were publicised by the mainstream media (de França 

Doria 2009). Drinking water is a significant source of EDC exposure due to the 

leaching of chemicals and industrial waste into the water supply without adequately 

being treated or filtered before use. EDCs enter the water supply through 

wastewater and sewage treatment plants, human, livestock and animal excretion, 

medicine production, pest control, and environmental processes such as infiltration 

and runoff (Aris, Shamsuddin, and Praveena 2014; Simazaki et al. 2015). Most of the 

studies reported thus far in the literature are case studies on the presence and risks 

of EDCs in aquatic ecosystems and water/wastewater treatment plants (Barber et al. 

2015; Liu et al. 2017; Padhye et al. 2014).  

Indoor environments have also been identified as an important source of chemical 

exposure (Colt et al. 2008). Typically, most people spend a large amount of their time 

indoors. However, the indoor use of chemicals, along with limited ventilation and 

slow chemical degradation processes, can contribute to increased concentrations of 

chemicals in homes (Tran, Park, and Lee 2020). An American study from 2003 

collected indoor air and dust samples from 120 homes and found the number of EDCs 

detected per home ranged from 13 to 28 present in air samples and 6 to 42 present 

in dust (Rudel et al. 2003). Recent research has demonstrated the presence of fibrous 

microplastics in the air (Dris et al. 2016). Microplastics are tiny plastic particles with 

a dimension of less than 5 mm.  These fibres have been detected in pulmonary tissue 
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for decades indicating that the human airway is a source of exposure to these EDCs 

(Pauly et al. 1998).  

2.2.2 Food and food contact materials 

The migration of EDCs into foodstuffs from plastic food containers has been widely 

reported (Ong, Samsudin, and Soto-Valdez 2020). Considering that the majority of 

food packaging in today’s society is made from plastic, the chemicals most widely 

studied in relation to exposure include BPA and phthalates. Humans are exposed by 

consuming food and beverages by which EDCs have leached from the container 

(Bosnir et al. 2003; Guo et al. 2010). The leaching process is enhanced by 

environmental factors, such as heat, sunlight, and acidity (Yang et al. 2011). Everyday 

activities such as reheating food in or on plastic in the microwave and storing water 

bottles in a hot vehicle have been shown to increase the transfer of EDCs from 

plastics onto the contents of the container (Sapozhnikova, Nuñez, and Johnston 

2021). Due to rising health concerns, the use of BPA in baby bottles is now banned in 

many countries (Gore et al. 2014). Young children are more likely to eat and drink 

from plastics due to their flexible and durable properties, spend time on the floor 

playing, and often put items in their mouths, therefore exposure levels are typically 

reported to be higher for children than adults (Geens et al. 2009; Langer et al. 2014; 

Dodson et al. 2012). Conversely, when people use less plastics, personal care 

products, and make additional changes to their lifestyle to reduce their use of plastic, 

they have a lower concentration of EDCs in their bodies (Martina, Weiss, and Swan 

2012; Carwile et al. 2009).    
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Not only can humans become exposed to EDCs through the leaching of chemicals 

from food contact materials, but the food itself may contain EDCs as well. It is widely 

accepted that food and diet are among the most prominent exposure routes for 

EDCs. There are various different types of EDCs in food, including natural compounds 

(e.g., phytoestrogens and mycotoxins) and synthetic compounds (e.g., pesticides, 

pharmaceuticals and industrial or process chemicals). The presence of EDCs in food 

may be a deliberate action on behalf of the food industry, or an inadvertent by-

product of food production. One specific example is the production of the synthetic 

bovine growth hormone (BGH) that is legally administered to dairy cows in the USA 

to increase milk production, despite mounting concerns of side effects resulting from 

drinking these cows’ milk (Epstein 1990). EDCs bioaccumulate throughout the food 

chain, meaning that larger predator animals, as well as humans, typically accumulate 

EDCs in their body through their diet (Gore et al. 2014). Biomonitoring studies have 

evidence that human consumption of animals that are exposed to EDCs persist in 

human populations and subsequently put human health at risk (Talsness et al. 2009; 

Melzer et al. 2012). This is because many EDCs are highly lipophilic, difficult to break 

down, and tend to accumulate in the adipose tissue of an organism (Dichiarante, 

Cavallo, and Metrangolo 2021).  

2.2.3 Consumer products 

Many common-use, household, and personal products that come into direct contact 

with the body or are present in homes and work environments contain EDCs. Specific 

EDCs such as BPA, phthalates, parabens, and triclosan have garnered recent 
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attention due to their potential effects on child development and health (Wong and 

Durrani 2017). EDCs are commonly present in plastic products, children’s products, 

electronics, personal care products, textiles, clothing, building products, and medical 

equipment  (Gore et al. 2014).   

2.2.4 Biological transfer of ECDs 

Humans can also become exposed to EDCs biologically. EDCs may be transferred 

from mother to child through the placenta as well as through breast milk if the 

mother is exposed (Heinzow 2009).  

2.3 Health effects associated with ECDs 

There is evidence to suggest that the environment plays a role in 80% of the most 

fatal diseases, including cancer and respiratory disorders, and approximately 24% of 

human diseases and disorders are globally attributed to environmental factors 

(Fingerhut et al. 2006; Organization 2006). The increased rate of endocrine diseases 

parallels increased production of manufactured chemicals where sales have sharply 

increased from USD $171 billion in 1970 to over USD $4 trillion in 2013 (Gallagher 

2012).These findings, coupled with the fact that EDCs such as PCBs, BPA, and 

phthalates, are detectable in human fat, serum, and umbilical cord blood (Buck et al. 

2014; Gerona et al. 2013; Skakkebaek et al. 2011) strongly suggest the link between 

exposure to EDCs and negative human health effects.  
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2.3.1 Neurological and behavioural disorders 

Public health agencies such as the United Nations (UN), World Health Organization 

(WHO) and the National Toxicology Program (NTP) have mutually stated their 

concern regarding the effects of EDCs on the brain and behaviour (Shelby 2008; 

World Health Organization 2012). Neuropsychiatric disorders in children are rising in 

prevalence, with approximately 1 in 6 children in the US now diagnosed with at least 

one disorder (Boyle et al. 2011). These disorders include Autism Spectrum Disorder 

(ASD), attention deficit hyperactivity disorder (ADHD), learning disabilities, executive 

function deficits, depression, and other mood disorders.  

The EDCs with the longest-known associations with neurological disorders are a class 

of chemicals called PCB’s. In humans, associations between PCB exposure and 

impaired neurodevelopment, attention and memory problems, and motor skills have 

been examined (Winneke 2011). There is also evidence that PCB metabolites alter 

thyroid activity, known to elevate the risk of impaired neural development (Curtis et 

al. 2019). 

Other EDCs associated with neurological and behavioural disorders are PBDEs and 

pesticides. PBDE’s, found in a variety of consumer products, have been linked with 

cognitive deficits and reduced IQ levels, and other cognitive deficits, as they show to 

affect neurotransmitter activity, synaptic organization, and neuron viability 

(Herbstman et al. 2010). Neurodegenerative disorders such as Parkinson’s Disease 

(Paule et al. 2012), as well as depressive behaviours have been linked to pesticide 

exposure (Freire and Koifman 2013).  
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2.3.2 Obesity and metabolic disorders 

Worldwide obesity rates are rising rapidly, and it is known that lifestyle factors, such 

as diet and being physically active are primary contributors to obesity. However, an 

accumulation of evidence now suggests that chemical exposure is also playing an 

important role.  Much of this evidence has focused on chemicals known as 

“obesogens” that have shown to enhance weight gain by altering or reprogramming 

key parts of the endocrine system that manage metabolism, energy balance, and 

appetite (Casals-Casas and Desvergne 2011; Grün and Blumberg 2007; Kirchner et al. 

2010; Baillie-Hamilton 2002). Studies using laboratory animals demonstrate that 

developmental exposure to these obesogens effectively predisposes an individual to 

gain weight and develop subsequent adverse health outcomes, including 

cardiovascular disease, altered glucose sensitivity, altered lipid metabolism, and 

type-2 diabetes (Ismail-Beigi, Catalano, and Hanson 2006; Grün and Blumberg 2009; 

Janesick and Blumberg 2011). There are many EDCs that act as obesogenic, 

particularly those that disrupt hormone function, due to the thyroid gland’s 

important role in normal maintenance of metabolism (Zoeller 2007; Boas, Main, and 

Feldt-Rasmussen 2009). One specific example is the Firemaster 550, a brominated 

flame retardant (BFR) shown to alter thyroid hormone levels in pregnant rats and 

their offspring, who grew to develop obesity, early puberty, cardiac disease, and 

insulin resistance (Patisaul et al. 2013). Although the field of environmental 
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obesogens is in its infancy, phthalates, per fluorinated compounds, dioxins, BPA, and 

some pesticides are emerging as potential obesogens (Gore et al. 2014). 

2.3.3 Reproductive disorders 

The strongest associations between EDC exposures and adverse health outcomes 

have been found for reproductive disorders. Over the past 50 years, there has been 

a rapid increase in the prevalence of compromised fertility, early puberty, decreased 

sperm counts, unbalanced sex ratios, and genital malformations (Crain et al. 2008). 

These disorders are all at the very least partially attributed to exposure to EDCs. 

Many of these attributions are due to the estrogenic properties of many EDCs 

(Kiyama and Wada-Kiyama 2015). These estrogenic EDCs have evidence of their 

association with ovarian dysfunction, uterine fibroids, and reduced fertility in 

humans and in animal models (Crain et al. 2008; Jefferson, Patisaul, and Williams 

2012; Newbold 2008). In humans, BPA in particular has been associated with reduced 

egg quality and a lack of egg viability in patients pursuing fertility treatment (Souter 

et al. 2013; Machtinger et al. 2013). Females under 40 who had previously worked in 

the plastics industry were found to be more likely to seek fertility treatments than 

women of the same age who were not exposed in that way (Hougaard et al. 2009). 

Among other contributing factors, links between EDCs and the increase in early 

puberty for girls have also been reported (Biro et al. 2013; Mouritsen et al. 2010). In 

males, sperm counts have declined as much as 50% over the last 50 years, and these 

findings were found to be dependent on geographical differences (Swan et al. 2003; 

Nordkap et al. 2012). Furthermore, EDCs, mostly phthalates, have been associated 
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with numerous negative effects on the male urogenital tract, including hypospadias, 

cryptorchidism, prostate disease, and even testicular cancer (Skakkebaek, Rajpert-

De Meyts, and Main 2001).  

2.3.4 Cancers 

Similar to most complex diseases and disorders, cancer is often the result of a 

combination of genetic predisposition and environmental factors that impact an 

individual. Whilst there is evidence linking a small number of cancers with a single 

gene, this is not the case for the majority, further highlighting the key role played by 

the environment.  The American Cancer Society has concluded that most cancers are 

preventable through certain lifestyle changes, such as improved diet, more physical 

activity, and reduced smoking (Rock et al. 2020). This followed the discovery that 2 

out of 3 cancer cases are linked to environmental factors (Parkin 2006). In the 

literature, many jobs have been associated with a higher risk of developing cancer, 

specifically jobs with high burdens of chemical exposure, including fire-fighting, 

working with pesticides, working in the steel, coal, or rubber industries, paper and 

textile manufacturing, and mining (Parsa 2012). Many EDCs are included in lists of 

known carcinogens, such as heavy metals, dioxins, and some pesticides. Pesticides 

and pharmaceuticals, including the synthetic oestrogens, are present on the 

Stockholm Convention’s list of Persistent Organic Pollutants (POPs). However, not all, 

are recognised as EDCs.  

Many cancers have demonstrated the involvement of hormones, such as prostate, 

breast, uterine, and other reproductive tissues. Therefore, estrogenic and other 
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hormone-active chemicals including BPA, phthalates and some pesticides have 

shown evidence of their contribution to carcinogenic risk (Fucic et al. 2012). 

Extensive research using cellular and animal models show that early life exposure to 

chemicals such as BPA, phthalates, per fluorinated compounds, PCBs, and some 

pesticides can significantly raise the risk of developing cancer later in life (Soto and 

Sonnenschein 2010). These findings are also becoming established in humans thanks 

to emerging epidemiological studies (Cohn et al. 2012). However, as previously 

mentioned, establishing such links in humans is challenging due to the lack of 

information regarding exposures that may have occurred years or even decades 

earlier. There is no argument that based on the critical and wide reaching effects that 

the environment has on the prevalence and development of cancer, minimising of 

chemical exposures should have a large and positive impact on cancer risk and 

likelihood of remission.  

2.3.5 Other disorders 

Many epidemiological studies in humans, as well as laboratory animal studies, 

demonstrate that EDC exposure contributes to other health conditions including 

cardiovascular disease and diabetes (Gore et al. 2014). A budding area of research is 

examining the effects of EDCs on the immune system and inflammatory effects 

(DeWitt and Patisaul 2018). Inflammation is widely associated with many chronic 

health effects including cognitive deficits, ASD, obesity, cardiovascular disease, 

respiratory disorders, and certain cancers. It is well established that the endocrine 

system works together with the immune system when responding to environmental 
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challenges (Stelzer and Arck 2016), and the convergence of their signalling pathways 

may be the underlying mechanism of the inflammatory effects.  

2.4 Issues  

To fully understand the mechanisms and complexity of EDCs, a number of issues have 

been studied regarding the consequences to EDC exposure.  

2.4.1 Age of exposure 

EDCs may affect a wide range of human health outcomes that make themselves 

known at different stages of throughout the lifetime, from the neonatal period into 

adulthood. When considering EDC exposure, it is important to remember that there 

are very different consequences when an adult becomes exposed versus a 

developing foetus or infant. In utero exposure to EDCs through trans-placental route 

has increasingly become a concern, as researchers believe EDC exposure during 

foetal development can lead to significant and lasting changes due to decreased birth 

weight and increase in gestational length (Veiga-Lopez et al. 2015; Ding et al. 2017). 

2.4.2 Latency from exposure 

As mentioned previously, most people are exposed to a variety of EDCs at different 

stages throughout their lives. This means that the consequences of acute or chronic 

EDC exposure may not immediately become apparent, but rather manifest later on 

during the aging process or adulthood. This lag between the time of exposure and 

the onset of a disorder present many challenges for researchers, making it difficult 
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to best pinpoint the exact effects EDCs are having throughout a lifetime (Stel and 

Legler 2015).  

2.4.3 The “cocktail” effect 

Following the realisation that humans are exposed to a large number of chemicals 

through various routes in their day-to-day lives, scientific paradigms have shifted 

(Tsatsakis et al. 2019). Over the past few years, research has indicated that chronic 

exposure to low doses of a mixture of chemicals (referred to as the “cocktail effect”) 

should be the primary focus of new biochemical and toxicological studies (Margina 

et al. 2019). The “cocktail effect” creates the added challenge of establishing whether 

health effects result from exposure to a few various chemicals or a collective 

combination of chemicals (Svingen and Vinggaard 2015).   

2.4.4 Dose response dynamics 

Several properties of EDCs have been the source of controversy among researchers. 

One of these controversies concerns the fact that even extremely low levels of 

exposure – or any exposure – to EDCs may cause negative health effects, especially 

during critical development windows (Solleiro-Villavicencio et al. 2020). This has 

raised the question of “how little is too much?” as low doses of EDCs may produce 

more potent exposure effects than higher doses (Sheehan et al. 1999). Additionally, 

EDCs may exert non-traditional dose-response curves, such as inverted-U or U-

shaped curves similar to that of hormone and neurotransmitter actions (vom Saal et 

al. 2007). This violates the assumption is that there are no effects at exposures below 
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the lowest observed adverse effect level (LOAEL). In regulatory toxicology, the 

fundamental principle is that all chemicals are toxic, and the severity of the effect is 

proportional to the level of exposure. Chemicals that interfere with hormones 

conflict with these principles in two ways: dose–response relationships may be non-

monotonic effects are often observed below the LOAEL, including all environmental 

epidemiological studies examining EDCs. 

2.4.5 Transgenerational effects 

Recent evidence indicates that EDCs not only affect the exposed individual, but also 

their children and future generations. When an individual is exposed to EDCs, not 

only are their sex cells exposed, but the sex cells of their undeveloped sperm or 

oocytes are also exposed (Skinner, Manikkam, and Guerrero-Bosagna 2011). 

2.5 Government response and regulation 

Following the realisation that many synthetic chemicals were being introduced into 

the environment that were disrupting the endocrine system of animals, including 

fish, wildlife, and humans, many governments and scientists began to respond.  One 

of the most prolific early scientific meetings on endocrine disruption was the World 

Wildlife Fund Wingspread Conference held in Wisconsin, USA in 1991 (Hotchkiss et 

al. 2008). This was where the term ‘endocrine disrupter’ was first coined. Similarly, 

in Europe, the Weybridge meeting was later held in 1996, followed by meetings in 

other countries such as Australia, Korea and Japan. The concern for EDCs continued 

to grow, and in 2009, 18 years after the Wingspread meeting, a scientific statement 



45 

 

was published by the Endocrine Society of the USA outlining the mechanisms and 

health effects of EDCs (Diamanti-Kandarakis et al. 2009). This scientific statement 

also demonstrated how experimental and epidemiological studies align with human 

clinical observations ‘to implicate EDCs as a significant concern to public health. In 

2013, the WHO and the United Nations Environment Programme released a report 

on EDCs, calling for more research to more comprehensively understand the links 

between EDCs and the risks to human and animal health (Bergman et al. 2013). 

2.5.1 Challenging traditional toxicological assessment 

Consensual scientific statements from these conferences and meetings have initiated 

discussions regarding how regulatory measures may be implemented to reduce 

exposure to EDCs. However, these regulatory actions taken by governments is 

contingent on EDC risk assessments, and these have brought on considerable 

challenges to current toxicological risk assessment strategies (Futran Fuhrman, Tal, 

and Arnon 2015). This is due to many properties of EDCs, such as the receptor-

mediated mechanisms and highly specified actions that allow for EDCs to act at much 

lower concentrations and targeted cellular actions (Darbre 2015). Health effects may 

also differ during distinct life stages, usually with a window of susceptibility during 

in-utero development or early postnatal life (Diamanti-Kandarakis et al. 2009). These 

along with other issues mentioned previously, such as latency of exposure, mixture 

effects, dose-response dynamics, and transgenerational effects all challenge classical 

toxicological assessments of prediction. 
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2.5.2 Regulation 

Many specific EDCs have been banned from use of regulated in some countries. 

Although many EDCs are persistent therefore being detected in humans and the 

environment long after being banned or restricted, this is still a step in the right 

direction. Many governments have formed screening programs, such as the EPA 

(Environmental Protection Agency) in the USA and REACH (Registration, Evaluation 

and Authorisation of CHemicals) in the European Union.  Other non-governmental 

organisations have also been formed in response to the mounting evidence of 

endocrine disruption, such as Heeds, The Endocrine Society, EDC-Free Europe, and 

various others. The mass media and social media continue to play a major role in 

raising awareness of the implications of EDCs, often emphasising the need for stricter 

legislation on chemicals in consumer products and more regulation in general. 

Finally, there also remains both an individual and collective responsibility to change 

lifestyles and habits for the greater good of the health of the future generation as 

well as the planet.  Many challenges lie ahead, especially in social and political 

aspects, however, only the future may decide these final outcomes. 

2.6 Chapter 2 summary 

Chapter 2 presents background information on the history of EDCs, sources of human 

exposure, associated health effects, issues in risk assessment, and the government’s 

response and regulation. EDCs are ubiquitously present in the environment, with 

varying exposure levels and regulation dependent on geographical differences. EDC 
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exposure contributes to the onset of many adverse health outcomes, such as 

neurodevelopmental, behavioural, metabolic, and reproductive disorders, as well as 

certain cancers. There are many issues regarding EDC risk assessment including age 

and latency of exposure, transgenerational and mixture effects, and dose response 

dynamics. The governments’ response to the risks of EDCs has varied among 

countries, resulting in legislative and regulatory differences. More research is needed 

in the areas of risk assessment and the translation of research evidence into policy 

to protect the public from EDCs. 
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3 Chapter 3 – Systematic review of public perceptions 

of endocrine disrupting chemicals 

3.1 Introduction 

A growing body of literature demonstrates the concerning effects that endocrine 

disrupting chemicals (EDCs) have on human health (Diamanti-Kandarakis et al. 2009; 

Gore et al. 2015). EDCs are a group of chemicals that have the potential to 

significantly interfere with animal and human endocrine functioning by imitating or 

blocking naturally occurring endogenous hormones (Gore et al. 2014). 

Epidemiological studies in human’s have found associations between EDC exposure 

and adverse health effects, such as reproductive disorders, neurodevelopmental 

changes, metabolic disorders, immune disorders, and hormone related cancers 

(International Programme on Chemical Safety 2002). An increasing amount of 

research is dedicated to understanding the sources of EDCs and their effects on 

human health (Kabir, Rahman, and Rahman 2015; Schug et al. 2016). EDCs are 

present in many environments, foods, consumer products, industrial chemicals, and 

chemicals used for plant protection. Most people are exposed to EDCs at low doses, 

in mixtures, and at different stages throughout their lifetime (Vandenberg et al. 

2012b), thus presenting a complex task for risk assessment and communication. The 

prevalence of EDCs in modern life poses a significant risk to public health, yet little is 

known about how the public understands and perceives the risks of EDCs (Zoeller et 

al. 2012). 
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The public have limited knowledge regarding the risks and hazards associated with 

the use of chemicals (Heyen 2013; Molander and Cohen 2012). Therefore, campaigns 

aimed at increasing public awareness of chemicals and their negative impact on 

human health have been organised by public institutions and non-governmental 

organisations since the 1950s (Bollheimer 2015; Eyles et al. 2009a). Public awareness 

of the consequences of chemical exposure on human health has been extensively 

studied, and findings indicate that the public have many misconceptions. For 

example, a 2015 study found that the public did not believe that chemicals inside the 

home were a substantial risk for their health and believed them to be less harmful 

than chemicals found in the wider environment (Bollheimer 2015). This is false, as 

many everyday products, such as cookware and plastic, contain EDCs (Domingo and 

Nadal 2019). Additionally, recent European Union (EU) reports have evidence that 

the public also have limited awareness of the effects of chemical mixtures and how 

chemical risks are assessed (Mcentaggart et al. 2019). Considering the evidence that 

many mixtures of different low doses of EDCs are contributing to negative health 

effects (Geyer et al. 2000; Herbstman et al. 2010; Vandenberg et al. 2012), 

understanding the public’s perceptions of these chemicals is imperative for 

increasing the demand for stricter policy regulation and public protection.  

While most chemicals tend to be negatively stigmatized by the public, with the 

perception that they possess high risk (Gregory, Slovic, and Flynn 1996), there is 

some evidence suggesting that the public perceive the risks of EDCs to be higher than 

other chemicals released into the environment (Raats and Shepherd 1996). 
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Understanding the public’s perceptions of EDCs is the first step in developing 

effective risk communication strategies and improving policy and public protection 

(Brownson et al. 2009). This chapter aimed to systematically review the existing 

literature and published data relating to the public’s knowledge, awareness, and 

perceptions of EDCs.  

3.2 Materials and methods 

3.2.1 Search strategy 

For this review, sources consisted of peer-reviewed publications, available via 

electronic databases. The search was conducted in March 2021. To obtain relevant 

articles, literature searches on Embase, Medline, PubMed, Scopus, PsychINFO and 

Web of Science were conducted, thus sourcing an extensive and reliable range of 

sources. Consultation of multiple databases ensured a comprehensive and robust 

literature search (Hartling et al. 2016). Sources were also identified manually, by 

searching through the bibliographies of the retrieved articles. Reference 

management tool Endnote™ facilitated in the efficient organisation, deduplication, 

and application of selected inclusion and exclusion criteria for the retrieved sources. 

The search terms used in the databases included “Public”, “Perception”, “Aware”, 

“Endocrine Disrupt*”, and “Hormone Disrupt*” Full details of the search terms used, 

and results yielded from each database search is available in Appendix 1. No 

publication date limits were placed on the database searches. Primary research 

articles were examined for information relevant to the topic and sources were 
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limited to human studies reported in English. Only records that explored the 

knowledge, awareness, attitudes or perceptions of the public were included in the 

review. Studies utilising surveys, questionnaires, interviews, and focus groups were 

included. 

3.2.2 Screening process  

The Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) 

protocol facilitated in the transparent reporting process of screening (Liberati 2009). 

Articles were deemed eligible for the review if they were in English, were peer-

reviewed journal articles, and if they explored the public’s knowledge, awareness, 

attitudes or perceptions of EDCs. Information was also extracted on factors 

influencing perception of EDCs, such as socio-demographic information, where 

possible. Articles were excluded if the research focused on the risk assessment of 

EDCs, did not focus on the public’s perspective, and if no independent research 

method was outlined. Once relevant results were retrieved from the database 

searches, the online reference management tool Endnote™ was employed to remove 

any duplicate papers. Following the removal of duplicates, articles obtained from all 

sources were screened for eligibility based on title and abstract (n=1238). Articles 

were deemed eligible if they met the outlined inclusion criteria. Following a full text 

review of articles (n=37), those deemed eligible (n=12) were retained for systematic 

review. Additional sources were also identified manually, by searching through the 

bibliographies of the retrieved articles (n=5). A total of 17 studies were included in 

this review. Articles were only included if the data collection methods were 
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appropriately outlined, including details of the study population, sampling methods, 

as well as data analysis. Figure 1 illustrates the process of searching, screening, and 

identifying studies for inclusion in this systematic review. 

Figure 1: PRISMA flow diagram of literature review process for studies on public perceptions of 
EDCs 

 

3.2.3 Data extraction and analysis 

Data was extracted from the retrieved studies to summarize the necessary 

information including; study design, study characteristics, geographic location, 

methodological approach, main findings, and limitations. The utilisation of a 

standard checklist may be a reliable way to ensure that each study is assessed 
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according to its specific study design (Dyrvig et al. 2014). To assess the 

methodological quality (internal and external validity) of studies included in this 

review, the main author developed a checklist of quality criteria based on the Critical 

Appraisal Skills Programme (CASP) checklist (Singh 2013) and existing instruments for 

similar studies (Hill and Spittlehouse 2003; Rehnström et al. 2015). The following 

eight criteria were assessed: 1) aim, 2) background, 3) context, 4) sampling, 5) data 

collection, 6) data analysis, 7) data interpretation and 8) reliability/validity. Table 2 

provides a detailed description of the quality criteria. 

Table 2: Quality assessment criteria 

 
Criteria 

Aims General aims, specific objectives or research question 
clearly described. 

Background A comprehensive literature review included. 
Explanation and justification for the study. 

Context Context of the research adequately described. 

Sampling/Recruitment Clear description of the sample, including the size and 
characteristics of the sample Selection procedure 
appropriate and clearly described Study units are 
representative of the target population Exclusions and 
refusals accounted for and described. 

Data Collection Suitable research design to address the aims of the 
research. Appropriate data collection instruments are 
used, piloted, pretested and described Clear 
description of the research methodology used 
Researcher - participation relationship adequately 
considered Ethical issues considered. 

Data Analysis Clear description of the data analysis method, process 
and findings. 
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Data Interpretation Clear discussion of the research findings. The study 
presents sufficient original data to support the findings, 
and to demonstrate that these and the conclusions are 
grounded in the data. Clear integration of the data, 
interpretation and conclusions. Study context and 
sample considered in the findings. 

Validity/Reliability Reliability and validity of the analysis has been 
addressed Rigorous data analysis. 

*Adapted from the Critical Appraisal Skills Programme (CASP) within the Public Health Resource Unit 
(PHRU) and existing instruments for similar studies (Hill and Spittlehouse 2003; Rehnström et al. 
2015). 

3.3 Results and discussion 

Seventeen studies which collected data from 6729 participants were deemed eligible 

for this review. Table 3 summarises the characteristics, findings and limitations of 

included studies. The study population of 11 of the collected articles were exclusively 

female. These studies exclusively sampled pregnant women (3), pregnant or 

postpartum women (4), women seeking fertility care (1), adolescent females (1), 

women of reproductive age (1), and female college students (1). Over half of the 

studies utilised quantitative data collection methods (66.7%), including 

questionnaires (55.6%), longitudinal surveys (5.6%) and experimental studies (5.6%). 

Qualitative methods, including interviews (16.7%) and focus groups (16.7%), were 

also used as for data collection. Studies were conducted in France (6), the United 

States (5), Korea (3), Northern Ireland (1), Canada (1), and Vietnam (1) and published 

in English between 2012 and 2021 in peer-reviewed journals. Thematic analysis 

identified four key themes within the data including: knowledge and awareness of 

EDCs, uncertainty in risk perception, risk comparison, and self-protective responses 

and behaviours.  
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Table 3: Characteristics of studies included in this review. 

Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

(M. Chabert 
et al. 2016) 
France 

Population 
based cohort 
Questionnaire 

Postnatal 
women (n = 
390) 

French women did 
not receive sufficient 
information 
regarding potential 
exposures to 
reprotoxic agents 
during pregnancy. 
Women with a 
higher level of 
education and a 
qualified occupation 
were better 
informed about 
these daily products. 
These women were 
more likely to learn 
the information on 
their own (internet, 
media). 

Potential bias of 
social desirability as 
questionnaires were 
distributed to 
postnatal women in 
a health setting 

(Chan, 
Chalupka, 
and Barrett 
2015) MA, 
United States 

Questionnaire Female 
college 
students (n = 
72) 

Students 
demonstrated some 
awareness and 
mixed knowledge 
about exposure risk 
to environmental 
toxins, but many 
seemed more 
concerned about 
global environmental 
issues such as water 
and air pollution and 
smoking than toxins 
in personal care 
products. Majority of 
participants were 
interested in 
receiving more 
education about 
these toxins.  

The use of a 
convenience sample 
of female college 
students recruited 
from a single college 
campus and the use 
of a homogeneous 
sample, the results 
are less 
generalizable. The 
study sample also 
included only female 
students from three 
particular 
undergraduate 
majors. 
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Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

(Che et al. 
2014) NY, 
United States 

Interviews (1) pregnant 
women (n = 
18) (2) 
pregnant 
women (n = 
10)  

Women did not 
prioritize reducing 
exposure to EDCs 
because they felt the 
consequences of 
these exposures was 
minimal, the 
combination of low 
priority and cost and 
time barriers makes 
it unlikely that 
women will attempt 
to reduce exposure 
to EDCs. Women 
may choose to 
prioritize EDC 
exposure, depending 
on perception of 
severity, which 
is heavily tied to the 
health of the baby. 
Women also use 
their own knowledge 
to make decisions 
about susceptibility 

The use of a small 
sample size and 
regional sample 
population limits the 
generalizability of 
the results 

(Dodson et 
al. 2020) 
United States 

Quantitative 
Questionnaire 

People (n = 
575)  

87% of participants 
reported taking steps 
to limit exposure to 
specific EDCs 

Most participants 
were female and had 
a graduate level of 
education. Unequal 
demographic 
subgroups. These 
participants agreed 
to take part in a 
biomarking study, so 
they may be more 
educated about EDCs 
than the average 
person. 

(Ho and 
Watanabe 
2018) 
Vietnam 

Quantitative 
Questionnaire 

People (n = 
331) 

Findings revealed 
that different types 
of knowledge played 
certain roles in 
explaining risk 
perception, risk 
acceptability, and 
self-protective 
response, which are 
distinguished by 
experience amongst 
the public. Evidence 

Focused on 
reproductive health 
problems that result 
from EDC exposure 
via water pollution. 
Study carried out in 
Vietnam in the 
context of the 
marine 
environmental crisis. 
When measuring 
uncertainty, they did 
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Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

of the mediating role 
that perceived 
uncertainty may play 
in the decrease of 
risk perception and 
the increase of risk 
unacceptance has 
been provided. 

not measure "fear" 
which may be a 
confounding 
variable. Also 
assumed that 
participants were 
"outraged" by crisis 

(Kelly, 
Connolly, 
and Dean 
2020a) 
Northern 
Ireland 

Focus Groups People (n = 
34) 

Results indicated 
that awareness of 
EDCs was low. 
Themes of EDC risk 
perception included 
perceived control, 
perceived severity, 
and similarity 
heuristics. 

Results from this 
study are prone to 
selection bias, since 
the participants were 
volunteers and the 
recruitment method 
more so represented 
the views of a 
predominately urban 
population, with an 
under-
representation of 
individuals from rural 
areas. Majority of 
participants were 
females.  

(Kim, Lee, 
and Yoo 
2018a) Korea 

Interviews Heads of 
households (n 
= 1000)  

People were willing 
to pay a significant 
amount for the EDC-
free labelling policy. 

Participants were 
told the purpose of 
the study before 
taking part. 

(Lane et al. 
2016) Canada 

Interviews Pregnant 
women (n = 
23) 

Themes co-
constructed were: I–
Lack of Awareness of 
brominated flame 
retardants (BFRs); II–
Factors Influencing 
BFR Exposure; III–
Responsibility; IV–
Informed Choice. 
Almost all 
participants felt it 
was difficult to make 
informed choices to 
avoid BFRs, and 
wanted 
communication from 
clinicians and 
regulation from 
governments 
regarding decreasing 
BFR exposure. 

Interview guide is 
not given, which 
raises questions to 
the reliability of 
measurements used. 
Small sample size 
limits 
generalizability. 



58 

 

Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

(Laura 
Maxim, 
Mansier, 
and Grabar 
2012) France 

Focus Groups Laypeople (n 
= 91) 

The results show that 
laypeople raise more 
and different 
uncertainties than 
those communicated 
by researchers. 
Moreover, laypeople 
did not react to 
uncertainty 'globally;' 
they had different 
reactions to the 
different sources of 
uncertainty. 
Uncertainty did not 
elicit panic in this 
case study. 

Potential bias of 
social desirability as 
focus groups took 
place in an academic 
setting. 

(Laura 
Maxim and 
Mansier 
2013) France 

Focus Groups Laypeople (n 
= 91) 

People expect 
scientists to provide 
practical solutions 
and feel 
disillusionment when 
scientists lack 
straight answers. 
However, they 
accepted uncertainty 
as an intrinsic 
characteristic of 
science and a 
consequence of the 
limits to human 
beings’ capacity to 
understand the 
world. 

Potential bias of 
social desirability as 
focus groups took 
place in an academic 
setting. 

(Mello and 
Hovick 
2016) United 
States 

Longitudinal 
Survey 

Women who 
were 
pregnant 
and/or had 
children 
younger than 
7 years (n = 
819) 

Structural equation 
modelling pertaining 
to three different 
environmental 
toxins—bisphenol A, 
arsenic, and 
pesticides—
demonstrated that 
perceived normative 
pressure was the 
primary determinant 
of behaviour across 
all three models. 
Additionally, we 
identified two key 
distal variables—
perceived risk and 
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Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

information 
seeking—that not 
only increased the 
model’s predictive 
power but also 
consistently and 
positively predicted 
perceived social 
norms regarding 
exposure reduction 
behaviours 

(Scherer et 
al. 2014) 
United States 

Survey People (n = 
1738) 

Participants had 
inconsistent 
preferences toward 
these alternatives 
and that choice is 
largely determined 
by irrelevant 
contextual factors 
such as the order in 
which the 
alternatives are 
evaluated. Using 
data from Study 2 we 
further demonstrate 
that when people are 
informed of the 
presence of 
substitute chemicals, 
labelling the 
alternative product 
as ‘free’ of BPA 
causes them to be 
significantly more 
likely to choose the 
alternative despite 
its ambiguity. 

Participants were 
told the purpose of 
the study before 
taking part. 

(Shin et al. 
2018) Korea 

Survey Reproductive 
aged women 
(n = 1000) 

Found that 
reproductive-aged 
women have high 
awareness of 
children’s 
environmental 
health. 

All the participants 
were married 
woman, and 80% 
had experienced 
pregnancy before 
completing the 
survey. 

(Pilato et al. 
2016) 

Questionnaire Women 
seeking 
fertility care 
(n = 110) 

Although awareness 
of lead, mercury, and 
pesticides was 
ubiquitous among 
participants, 
awareness of 

Full article does not 
report where the 
study took place or 
specifically what 
materials were used. 
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Authors, Year, 
and Location 

Study Type Sample (n) Main Findings Limitations and 
Critical Appraisal 

endocrine disrupting 
chemicals such as 
Bisphenol A (BPA) 
and phthalates was 
less common. 
Women who 
reported knowing 
how to reduce 
exposures were 
significantly older 
than women who did 
not. 

(S Rouillon 
et al. 2017) 
France 

Questionnaire Pregnant or in 
postpartum 
period 
women (n = 
300) 

Women have little 
knowledge of EDC 
and exposure. 53% 
of sample had never 
heard about EDC.  
Among 137 women 
who had heard about 
EDC, the EDC cited 
were primarily 
pesticides 
(26.3%), BPA (25.6%) 
and parabens 
(24.1%) State anxiety 
increased post test. 

Potential information 
bias and social 
desirability bias 
because health care 
professionals 
distributed 
questionnaires. 

(S Rouillon 
et al. 2018) 
France 

Questionnaire Pregnant or in 
postpartum 
period 
women (n = 
300) 

Women's EDC risk 
perception was 
intermediate and 
perceived severity 
was higher than 
perceived 
susceptibility. The 
determinants 
reported in the 
qualitative study 
were: age, strong 
maternal 
figure, socio-
professional 
category, level of 
knowledge, and 
involuntariness of 
exposure. Age and 
level of knowledge 
were confirmed in 
the statistical model 
as determinants. . 

Potential information 
bias and social 
desirability bias 
because health care 
professionals 
distributed 
questionnaires 

 



61 

 

3.3.1 Knowledge and awareness of EDCs 

Previous reports suggest that a significant proportion of the general public are 

unaware of the risks of harmful chemicals in the environment (Mcentaggart et al. 

2019), and this was also found to be true in many of the included studies. In this 

review, ten studies measured the participant’s knowledge and awareness of EDCs 

and the reported findings varied considerably depending on the location of the study. 

Studies in Northern Ireland, France, Canada, and Vietnam reported low levels of EDC 

awareness (Chabert et al. 2016; Ho and Watanabe 2018; Kelly, Connolly, and Dean 

2020; Lane et al. 2016; Rouillon et al. 2017; 2018) while moderate to high levels of 

awareness were reported in Korea and the United States (Chan, Chalupka, and 

Barrett 2015; Che et al. 2014; Shin et al. 2018; Pilato et al. 2016). Although these 

were not population-based studies, these findings demonstrate that awareness of 

EDCs may differ depending on location. This may be due to a variety of factors such 

as education, government policy, and access to health information. As many of the 

identified studies reported low levels of knowledge and awareness of EDCs, 

initiatives aiming to increase the awareness of EDCs should be disseminated globally. 

These initiatives should take into consideration the current levels of public 

awareness to be more effective and bespoke to that particular population.  

Two studies examined the public’s knowledge and awareness of specific categories 

of EDCs (Rouillon et al. 2017; 2018). Both of these studies were conducted with 

pregnant and postpartum women. In these studies, it was reported that among the 

women who were previously familiar with EDCs, the EDC groups cited were primarily 
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pesticides (26.3%), BPA (25.6%) and parabens (24.1%) (Rouillon et al. 2017). Another 

study of women who were seeking fertility care demonstrated moderate awareness 

of lead, mercury, and pesticides and familiarity with BPA and phthalates was less 

common (Pilato et al. 2016). These findings indicate that the public may be more 

familiar with certain EDCs than others, but more research is needed for males and 

non-pregnant women. The differences in awareness based on specific EDC groups 

may be due to the fact that many EDCs are classified as carcinogenic (Soto and 

Sonnenschein 2010) and these are more largely known because they are the subject 

of great concern to public health (Coughlin and Ekwueme 2009). The distinction 

between general knowledge and specific knowledge has been proposed as vital for 

improving risk management systems (Aven and Kristensen 2019). Therefore, it may 

be beneficial to more clearly understand the relationship between general and 

specific EDC knowledge to improve risk communication.  

Emphasis on the importance of educating pregnant women how to reduce their 

exposure to toxic or potentially harmful environmental chemicals has become 

increasingly common (Wigle et al. 2008; Grason and Misra 2009). A large proportion 

of the studies identified in this review focused on pregnant or postpartum women’s 

knowledge and awareness of EDCs (Chabert et al. 2016; Che et al. 2014; Lane et al. 

2016; Rouillon et al. 2017; 2018). Three studies that sampled pregnant or postpartum 

French women found that the women were poorly educated about EDCs and the 

information they did previously receive was deemed as insufficient by researchers 

(Chabert et al. 2016; Rouillon et al. 2017; 2018). One study found that pregnant 
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women with a higher level of education and a qualified occupation were better 

informed about EDCs being present in everyday products (Chabert et al. 2016). 

Another study found that over half of pregnant or postpartum women that were 

sampled had never heard of EDCs prior to the study (Rouillon et al. 2017). Although 

pregnant women with higher education levels were reportedly better informed 

about EDCs, the majority of the findings indicate that pregnant and postpartum 

women’s awareness and knowledge about EDCs was low. Overall, the findings from 

this review are consistent with previous studies that pregnant women’s awareness 

and knowledge about EDCs must be improved.  

The relationship between knowledge, awareness, and risk perception has previously 

been examined within the context of environmental health risks (Martínez-Peña et 

al. 2013; Lee et al. 2015). In this review, two studies examined the relationship 

between public knowledge of EDCs and risk perception (Ho and Watanabe 2018; 

Rouillon et al. 2017). Both studies used quantitative statistical analysis and found that 

knowledge was a significant predictor of EDC risk perception. Higher levels of 

knowledge significantly increased risk perception in both studies. Consistent with 

other studies regarding environmental health risks, findings from this review 

demonstrate the relationship between knowledge and risk perception of EDCs. 

Further examination into this relationship and how knowledge affects risk 

perceptions of EDCs may be beneficial for improving risk communication strategies.  

3.3.2 Uncertainty in risk perception 
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Previous literature has explored uncertainty within the context of risk perception and 

risk communication. Particularly, the impact of communicating about scientific 

uncertainty and whether this impacts the placement of trust and perceived 

credibility of information sources has been addressed (Frewer 2004). Policy makers 

and scientific experts previously believed that providing the public with information 

regarding uncertainty would decrease trust in science and scientific institutions 

(Frewer et al. 2003). Two studies identified in this review explored this paradigm by 

examining the public’s reaction to the communication of scientific uncertainty 

regarding the controversial link between exposure to EDCs and male infertility 

(Maxim, Mansier, and Grabar 2013; Maxim and Mansier 2012). Findings from these 

studies contradicted previous assumptions that informing the public of uncertainty 

would lead to increased feelings of panic. They found that being transparent with the 

public about the scientific uncertainty of EDCs elicited a feeling of relief and 

reassurance. Findings from this review also indicated that although communication 

of the scientific uncertainties of EDCs increased confusion, the public felt reassured 

and relieved by the possibility that the health effects of EDCs may be due to other 

causes, such as genetics, rather than entirely due to EDC exposure.  

In this review, the ways through which communicating uncertainties influenced the 

trust and credibility of the source communicating about EDCs were also explored 

(Maxim and Mansier 2012; Maxim, Mansier, and Grabar 2013). Communicating 

uncertainties about EDCs only decreased trust in industry scientists, not academic 

scientists. Findings from these studies suggest that perceptions of uncertainty may 
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depend on the institutional affiliation and potential conflicts of interests of the 

source communicating the uncertainty. In these studies, the public also accepted 

uncertainty as an intrinsic characteristic of science. Further understanding how the 

communication of scientific uncertainty regarding the impact of EDCs can influence 

the trust and credibility of information sources may be useful when implementing 

effective risk communication strategies.  

 

3.3.3 Risk comparison  

At any one time, humans are exposed to a multitude of environmental health risks, 

and previous research suggests that an individual may prioritise certain risks over 

others for a variety of different reasons (Sullivan-Wiley and Short Gianotti 2017). 

Three studies in this review reported that participants made judgements about EDCs 

in comparison to other risks, such as air pollution, smoking, and climate change (Chan 

et al. 2015; Che et al. 2014; Kelly et al. 2020). It was suggested that since participants 

were not very familiar with EDCs, they often made quick judgements based on past 

experiences with similar problems to form risk perceptions of EDCs (Kelly et al. 2020). 

Female college students in the United States, who demonstrated some knowledge 

about exposure risk to EDCs, reported feeling more concerned about global 

environmental issues, such as water and air pollution, rather than chemicals in 

personal care products (Chan et al. 2015). Another study found that pregnant women 

believed the consequences of EDCs were minimal compared to other risks and thus 

did not prioritise reducing exposure to EDCs (Che et al. 2014). This study suggested 
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that pregnant women prioritise EDC risks based on their own perceptions of severity 

and susceptibility, rather than their knowledge about the effects of the risk. 

Comparing EDCs to other risks may be helpful in improving how the public 

understands and relates to EDCs. Further understanding how the public perceives 

the severity and their personal susceptibility to EDCs may help the public recognise 

EDCs as a serious public health risk, making it likely that the public will attempt to 

reduce their exposure.  

3.3.4 Information provision 

Information seeking behaviours have been studied to identify the ways that 

individuals can reduce their exposure to health risks (Niederdeppe et al. 2007). 

Health information seeking behaviour can sometimes be used to help explain 

decision making and subsequent behaviours (Huurne and Gutteling 2008). Many of 

the studies identified in this review found that the public expressed an interest in 

receiving more information about EDCs (Chabert et al. 2016; Chan et al. 2015; Kelly 

et al. 2020). In some cases, people took information seeking into their own hands by 

using the internet or media to learn about EDCs, whereas others reported that it was 

the duty of health care professionals and the government to inform them (Chabert 

et al. 2016; Lane et al. 2016). Research by Chabert et al (2016) evaluated the 

information that pregnant women received regarding exposure to recognised 

“repro-toxic agents”, including BPA in plastics, during their pregnancy. They 

discovered that women with higher levels of education were better informed about 

these chemicals and had learned this information on their own via the internet and 
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media. Conversely, another study included in this review found that knowledge 

about EDCs did not contribute to predicting participation in health behaviours (Pilato 

et al. 2016). Considering the two contradictory findings presented by this review, 

there is a need to further understand the public’s awareness of EDCs in relation to 

their intention to seek out information.  

Research on risk communication highlights the important role played by the source 

providing the information (Frewer 2004). Within this review, there were differences 

in opinion regarding who should be informing the public about the risks of EDCs. 

Focus groups aimed at understanding pregnant women’s perceptions of EDCs found 

that the women felt it was the duty of the health care professionals, media, and the 

government to inform the public about the potential harm of EDCs (Lane et al. 2016). 

Other women in this study felt it was their own responsibility to become aware of 

potential risks of EDCs to protect their pregnancy, and discussed the need for 

resources, such as a website or pamphlets, to which individuals could be directed in 

order to acquire information. In line with previous research on food hazards 

(Breakwell 2000), the public hold strong opinions about the source communicating 

the risks of EDCs. These findings suggest that the choice of source for risk 

communication about EDCs should be carefully matched to the nature of the risk and 

the needs of the public.  

Research on health behaviour has emphasized the importance of motivation in 

understanding why some people change their behaviour and others do not 

(Hardcastle et al. 2015). In this review, different personal interests motivated the 
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public to reduce their exposure to EDCs. One study found that when pregnant 

women discovered that other mothers cared about the risks of EDCs, their own 

personal motivation to reduce exposure was increased (Mello and Hovick 2016). 

Another study found that the majority of female college students were interested in 

receiving more education about EDCs (Chan et al. 2015). However, these students 

were selected from specific majors (e.g., nursing) that probably meant they had a 

higher personal interest in health. Understanding the reasons behind why certain 

individuals seek out information on EDCs and why others don’t could help improve 

the knowledge on the relationship between EDC information seeking and risk 

reduction behaviours.  

3.3.5 Risk mitigation 

Mitigating the risks of EDCs is a critical component of risk management. In this 

review, the implementation of an EDC-free labelling policy and preventative lifestyle 

measures were identified as risk mitigation strategies. In Vietnam, it was found that 

the public tended to be in favour of risk mitigation strategies at the governmental 

administration level and more likely to take non-diet-related preventive measures 

(Ho and Watanabe 2018). Product labelling was seen as an essential way to 

encourage the avoidance of products containing EDCs (Lane et al. 2016). Public 

Willingness to Pay (WTP) has been regarded in public health as a way to gauge a 

person’s WTP and willingness to accept the risks. One way of potentially regulating 

EDC at the national level is to certify an EDC-free labelling policy. Findings from this 

review indicate that a strong WTP for an EDC-free labelling policy with products (Kim, 
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Lee, and Yoo 2018a). Previous studies have surveyed the impact of chemical hazard 

labelling of products (Banda and Sichilongo 2006), and perhaps this tool could be 

implemented as the government and authorities work to mitigate the risks of EDCs.  

 

3.3.6 Additional findings 

It was evident from initial screening of titles and abstracts, that there was vast 

discrepancy in descriptive terminology used when referring to EDCs. Phrasing and 

spelling of EDCs varied from study to study. The terms “endocrine disruptor”, 

“endocrine disrupter”, “reprotoxic agent”, “environmental toxin”, “toxic chemicals” 

and “environmental chemicals”, “EDC”, and “endocrine disrupting surfactant” were 

all used in the reported studies. Previous research suggests that inconsistencies in 

phrasing and spelling of scientific terminology, especially around controversial 

topics, may affect how risk information is perceived and interpreted (Christensen, 

Andersen, and Duijm 2003). Considering the ongoing scientific controversy among 

experts regarding the mechanisms and risk assessment of EDCs (Clahsen et al. 2019), 

clarification of terminology when communicating risk may be essential. Consistent 

terminology also enhances the use of online databases and search engines for 

information seeking, as employing inconsistent terminology inhibits the 

accumulation of knowledge and understanding of new information (Hill, Kern, and 

White 2012). Eliminating the ambiguity of EDC terminology and creating a uniform 

phrasing and spelling may help improve the public’s ability to find accurate 

information and guidelines on reducing their exposure. 
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3.3.7 Strengths and limitations 

This research has several strengths and limitations. To the best of our knowledge, 

this review was the first to systematically combine the existing literature on the 

public’s knowledge, attitudes, and perceptions of EDCs. We have extended previous 

research findings by summarising and comparing the literature from a broad range 

of study designs (interviews, surveys, focus groups), synthesised their primary 

findings, and reviewed evidence supporting the findings. We have identified 

potential links between previous study findings, providing scope for further research 

and the design of effective risk communication strategies. Nonetheless, many of the 

findings from the studies identified in this review are prone to selection bias, since 

the participants were predominantly volunteers. The findings of many of the studies 

were self-reported, so caution should be used with regard to social desirability bias 

of the findings. Additionally, the majority of samples were exclusively females, 

limiting the generalisability of the findings. Research on EDCs is rapidly increasing, 

and the studies in this review have been carried out over an extended period of time, 

so data reported from these studies may not necessarily reflect current attitudes, 

knowledge, and perceptions of participants.  

3.3.8 Recommendations for future research  

This review has identified gaps and scarcities in previous research investigating public 

perceptions of EDCs. While many details of EDC awareness and risk perception have 

been highlighted within this review, some factors identified less frequently may 

provide a deeper insight into the motives behind risk perception and barriers to 
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participation in risk reduction behaviour. The underlying impact of demographic and 

psychological factors on public awareness and risk perception of EDCs remains 

relatively unknown and so further research in this area may provide a better 

indication as to how best to educate and promote risk reduction action for specific 

groups. There is a need for further research investigating the relationship that trust 

in information sources has on the risk perception of EDCs and how risk 

communication can be most effective. Public perceptions about the government and 

authorities, in addition to the trust and responsibility they place in these 

stakeholders, remains relatively unexplored and may provide key insights into just 

how much this relationship may influence risk perception. A deeper understanding 

of this relationship may help government and regulatory authorities to tackle the 

global issue of EDCs by more strictly regulating the presence of EDCs in daily life and 

more effectively improving the awareness and risk communication of EDCs.   

3.4 Chapter 3 Summary 

In this chapter, an overview was provided of the current literature on public 

perceptions of EDCs. Public knowledge, attitudes, and perceptions of EDCs was study 

dependent and could be an outcome of the study design. Many of studies found 

knowledge and awareness of EDCs to be low. Considering the lack of familiarity with 

EDCs, the public often relied on previous experiences with similar environmental or 

health problems to form risk perceptions of EDCs. Knowledge and awareness of EDCs 

were reported as significant predictors of risk perception, and this this relationship 

showed to be weakened in the presence of an uncertain feeling about the impact of 
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EDC risks. Communicating the uncertainties of EDC risks may help improve the trust 

in academic scientists and reassure the public that the effects of EDCs may be due to 

the combined effects of multiple causes. The majority of studies conducted on 

perceptions of EDCs have been done on females, in particular those who are 

pregnant or postpartum. More information is needed on the male and non-pregnant 

female perspectives of EDCs. Research into the effects of different information 

sources have EDC risk perception and communication would be helpful in effective 

risk communication. Cross-sectional studies are needed to better understand the 

general public’s awareness and risk perception of EDCs. While there are advantages 

to the public taking some responsibility of exposure, this is limited in its effectiveness. 

The responsibility of protecting the public from EDCs belongs to the government and 

policy makers and increasing public awareness of EDC risks may lead to higher 

expectations and demands of policy action. 
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4 Chapter 4 - Methodology 

4.1 Introduction  

Chapters one and two established that more information is needed regarding how 

the public perceives EDCs. This chapter will provide information on mixed methods 

designs and how they were used to answer the research questions posited by this 

thesis. This study aimed to describe the public’s current awareness and perceptions 

of EDCs, explore the relative influence of demographic and psychological factors, and 

examine the effects of different information sources on perceptions of EDC risk 

message quality. A brief overview of the qualitative and quantitative and 

methodological techniques used in this study will be discussed. This chapter also 

details the justification for the exploratory sequential design using a mixed 

methodological approach.  

4.2 Rationale 

A mixed methods approach was taken to maximise the potential for this study to 

understand the public’s perceptions of EDCs, as well as the underlying mechanisms 

that shape these perspectives. Mixed methods research offers the advantage of 

generating, analysing, and combining both quantitative and qualitative data in order 

to comprehensively answer research questions or hypotheses (Johnson, 

Onwuegbuzie, and Turner 2007). With mixed methods, data can be collected in a 

single study or concurrently in a series of studies, whereby different sets of data are 

obtained simultaneously and are independent of each other. Another option is to 
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collect data sequentially in different phases, through which the data are connected 

(Creswell and Plano Clark 2007). 

Mixed methods is a research approach whereby both qualitative and quantitative 

data are collected and analysed within the same study (Bowers et al. 2013; Creswell 

and Plano Clark  2011). This approach avails the potential strengths of both 

qualitative and quantitative methods, allowing for the combination of an in-depth 

exploration into the diverse perspectives of the participants, as well as the use of 

numerical measurements (Greene, Caracelli, and Graham 1989). The use of mixed 

methods has become increasingly popular in contemporary research areas, as this 

integration of both forms of data enables researchers to obtain a more 

comprehensive view of their research landscape (Ivankova, Creswell, and Stick 2006).  

4.3 Classification of mixed methods designs 

There are three basic designs that are recognised in mixed methods research, 

including the convergent parallel design, explanatory sequential design, and 

exploratory sequential design, as outlined in Figure 2 (Creswell and Plano Clark  

2007). First, the convergent parallel approach involves the separate collection and 

analysis of qualitative and quantitative data. This can be done, for example, through 

qualitative interviews and questionnaires on the same topic, followed by the 

comparison of results. Second, an explanatory sequential design consists of a first 

phase whereby the quantitative data is collected and analysed. Here, the findings 

from the first quantitative phase are then used to design a second qualitative phase 

that helps explain the initial data in more detail. For example, survey data on a 
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particular topic would be collected and analysed followed by qualitative focus groups 

to help explain the findings from the quantitative survey. Finally, an exploratory 

sequential design involves an initial qualitative phase whereby data is collected and 

analysed. These results inform the design of a second quantitative phase. An example 

of this design may involve focus groups that inform the development of a survey 

instrument that is subsequently used with a sample of the population. These mixed 

methods research designs are beneficial as they allow for the comparison of research 

outcomes as well as the merging of different approaches that can enhance the rigour 

of a study (Brown et al. 2015).   

Figure 2: Sequential mixed methods designs  

 

*adapted from (Creswell and Plano Clark 2007) 

This study used the exploratory sequential design, whereby the qualitative data 

collection occurred first, and informed the subsequent collection of quantitative data 
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(Curry and Nunez-Smith 2015). Traditionally, the exploratory sequential design is 

used to inform the development and administration of a new survey instrument in 

order for the quantitative data to verify, confirm, or generalise the initial exploratory, 

qualitative data (Plano Clark and Ivankova 2015). In this study, the results of the 

qualitative study were used to develop the survey questionnaire for the subsequent, 

quantitative study (Figure 3). With an exploratory sequential design, qualitative data 

are typically analysed with the intention of creating conceptual constructs or 

domains that can be transferred to the quantitative study (Curry and Nunez-Smith 

2015). This type of integration at the methods level is referred to as ‘building’ 

(Onwuegbuzie, Bustamante, and Nelson 2010), which occurs when the results from 

one data collection procedure inform another subsequent data collection procedure 

(Fetters, Curry, and Creswell 2013). Exploratory sequential design is helpful when 

researchers wish to explore a phenomenon in depth but also wish to expand these 

findings to a larger population (Plano Clark and Ivankova 2015). 
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Figure 3: An exploratory sequential design using mixed methods 

*Adapted from Creswell, 2014, p221 

For this thesis, qualitative data was first collected and analysed using focus group 

discussions (Phase I). Findings from these focus groups informed the design and 

development of a large online survey and experiment (Phase II) to further explore 

this topic and test variables empirically. The sequential design of these two 

methodological approaches was chosen to allow for a more detailed understanding 

of how the public views the risks of EDCs, while also producing empirical data that is 

generalisable to the wider population. 
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4.4 Aims and research questions  

Overall, the aim of this thesis was to investigate the current state of public awareness 

and risk perception of EDCs for the development of effective risk communication 

strategies. Each study included in this thesis addressed one or more of the research 

questions. As discussed in Chapter 1, the specific research questions addressed by 

this thesis are as follows:  

RQ1: What are the UK public’s levels awareness of EDCs, their sources and associated 

health effects? 

RQ2: How do the UK public perceive the risks relating to EDCs?  

RQ3: What demographic and psychological factors influence risk perception of EDCs? 

RQ4: How do information sources affect risk perception of EDCs? 

RQ5: How do information sources affect the perceived quality of information on 

EDCs?    

Phase I and II both addressed research questions RQ1 and RQ2. Following the analysis 

of the qualitative data from Phase I, the remaining three research questions were 

developed for Phase II in order to build upon these findings.  

4.5 Phase I: Qualitative methods 

The first phase of this study took a qualitative approach, using focus groups to inform 

the development of a subsequent survey and experiment. Qualitative studies (i.e., 

interviews and focus groups) are preferable for research that aims to provide a 



79 

 

deeper understanding of the attitudes, beliefs, and views held by an individual or 

group (Willis et al. 2009). Focus groups also offer the potential to better examine 

how personal views are articulated and how they intersect with publicly held values, 

beliefs, and attitudes, as they generally consist of 5–10 participants and use the 

interactions between group members to encourage the exploration of personally 

held beliefs (Creswell 2009; Wellings, Branigan, and Mitchell 2000). Focus groups are 

also beneficial for describing, interpreting, contextualising, and gaining in-depth 

information about complex topics (Mansell et al. 2004). Therefore, a qualitative 

descriptive study was conducted using focus groups to explore the general public’s 

awareness and risk perceptions of EDCs, their sources, and associated health effects.  

Focus groups were chosen as the mode of data collection over alternatives, such as 

individual interviews, as they encourage group discussions that provide clearer 

insights into participants’ beliefs and experiences (Marshall and Rossman 2011). 

Focus groups are also more time efficient, producing data from larger numbers of 

participants faster than individual interviews. These focus groups were carried out 

face-to-face to enable detailed insights into the participant’s perspectives. This way, 

participants’ body language could be observed as they responded to questions and 

the facilitator could respond to cues more readily. Focus groups are often 

recommended to researchers when there is little to no existing research on a topic 

(Morgan 1997; Greenbaum 1998). Additionally, focus groups are considered to be 

helpful when establishing the parameters of a new project before the use of other 

methods, as they provide an opportunity to gather preliminary information about 
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the topic (Longhurst 1996). Considering the lack of existing research on how the 

public perceive EDCs, without contextual limitations, focus groups were chosen as 

the initial methodological approach to gather insights into the public’s attitudes and 

beliefs regarding EDCs and their associated risks.  

Following the review of the literature in Chapter 1, it was found that the general 

public are largely unaware of EDCs and little is known regarding their perceptions of 

the risks associated with exposure. Although this area is very much under-

researched, many of the studies that have been conducted have implemented a 

qualitative design using focus groups and interviews (Kim, Lee, and Yoo 2018; Lane 

et al. 2016; Maxim et al 2012; Maxim and Mansier 2013). Therefore, a qualitative 

study design was deemed appropriate to add to the existing literature. The structure 

and design of this focus group study was based on the findings of these previous 

studies. The focus group schedule (Appendix 2a) was designed based upon the 

literature in addition to findings from previous studies on public perceptions of 

hazardous chemicals, chemicals mixtures, and specific EDCs. It was hypothesised that 

the participants would have limited knowledge and awareness of EDCs. Therefore, 

the facilitator provided participants with information packets (Appendix 2b) that 

they referred to at various times throughout the focus groups. When instructed by 

the facilitator, participants referred to their information packet to read and discuss 

their thoughts regarding the contents of the information packet.  

A semi-structured focus group schedule was used in this study, as this is less formal, 

more conversational, and allows for open responses in the participants’ own words 
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rather than ‘yes or no’ answers (Krueger and Casey 2014). This type of schedule 

enables the proposal of specific questions to fulfil the research aims, while also giving 

an opportunity for discussions to be extended into unexpected areas that help 

increase the depth and breadth of the data (Green and Thorogood 2009). 

Unstructured interviews, without predetermined questions, may have provided 

interesting insights (Minichiello 1991). However, participants could have potentially 

directed the conversation leading them to the discussion of unrelated topics. This 

would most likely lead to a portion of the data being irrelevant to the research aims, 

making the focus groups and any subsequent analysis more time consuming. 

Furthermore, without the use of predetermined questions to promote specific 

discussions, it is possible that the relevant topics may have been left unexplored.  

4.5.1 Focus group schedule  

The focus group schedule consisted of six topic areas designed to elicit participants’ 

general and specific awareness of EDCs, their thoughts regarding EDC-free labelling 

of products, and their risk perception of EDCs (Appendix 2a). As mentioned, 

participants were given an information packet (Appendix 2b) that they referred to 

when instructed by the facilitator at various points throughout the focus group. This 

was necessary as previous studies indicated that the general public are not typically 

knowledgeable of EDCs. Participants’ responses were always based on their own 

thoughts and feelings. The participant packet contained information about specific 

EDCs and their sources, including a diagram of the human endocrine system, and was 

used after participants’ initial responses to help stimulate conversation in cases 
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where they were unfamiliar with the topics. Table 4 outlines the focus group 

schedule. 

Table 4: Outline of focus group topic guide 

Topic Example Questions 

Introduction Reminder that participants have consented 
to take part in this study, that they will be 
recorded, and that there are no 'right' or 
'wrong' answers. 

Awareness of Harmful Chemicals Can you name any harmful or potentially 
harmful chemicals found in the air, water or 
soil?  

General Awareness of EDCs What do you know about “endocrine 
disrupting chemicals”?  

Specific Awareness of EDCs Can you name any specific chemicals that 
are thought to cause endocrine disruption? 
Do you have any idea where EDCs s are 
found? Do you know if they are associated 
with any specific health effects/disorders? 

Risk perception of EDCs How do you feel now that you know where 
EDCs are found? How do you feel now that 
you know about the health risks associated 
with EDCs? 

EDC-Free Labelling of Products What are your thoughts when you see that 
an item is labelled as “BPA Free”?   

Protection from EDCs How do you think the government is working 
to protect you from EDCs? 

Risk communication of EDCs Do you think you, as a consumer, should still 
remain informed even if scientists are not 
100% sure of the effects of EDCs on human 
health? 

Debrief  Thank participants for their time and debrief 
them on the purpose of the focus group 
study. 
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The focus group schedule was first piloted with a mixed gender sample of the target 

group (n = 5), and further developed to assess the clarity of questions and flow from 

one topic to another. A postdoctoral researcher was present during the pilot group 

and confirmed that the conduction of the group was satisfactory. The facilitator 

encouraged equal participant contribution and probed when the participants did not 

elaborate enough on a topic. When the conversation deviated from the guide, the 

facilitator identified whether or not this was relevant and when necessary redirected 

the discussion back to the guide.  

4.5.2 Participant recruitment 

All participants were recruited using the following criteria to ensure that a diverse 

range of perspectives were included within the sample. Eligible participants: were 

aged 18–65 years; resided in Northern Ireland; were not currently pregnant; and had 

no prior formal education with regard to chemicals from food and/or the 

environment. Groups were segregated based on gender due to differences during 

the discussions of topics, such as fertility and reproduction. Male and female 

participants were recruited via convenience sampling in Northern Ireland to 

purposefully take part in a focus group about their attitudes towards chemicals. 

Recruitment emails were sent to all students and staff (technical, administrative, 

professional, etc.) at Queens University Belfast. Facilitator contacts and face-to-face 

invitations at public outreach events were also used to recruit participants. 
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In total, 34 participants (n = 13 males; n = 21 females) were recruited for six focus 

groups (See Table 5). The data from the first four groups were analysed and it was 

concluded that data saturation had occurred. Data saturation is a term used in 

qualitative research to describe when observation and analysis are no longer 

revealing any new information or themes (Saunders et al. 2018). Since no new 

themes were arising after the first four focus groups, participants in the final two 

focus groups were recruited from a cancer support group. These participants were a 

mixture of cancer patients and their family members. Similar themes were being 

identified for this group of participants, and therefore the researchers determined 

data saturation had also occurred. There were no thematic differences between the 

groups recruited by the university and the groups recruited via the cancer support 

group. To maximise participation in the study, participants were given either pizza or 

sandwiches as a token of appreciation for their time and contribution. 

Table 5: Focus group demographics  

Group Location Gender Age 

Mean /SD 

Age Range  

(years) 

Number of 

Participants 

FG1F Belfast Female 19 ± 0 19-19 3 

FG2F Belfast Female 25.5 ± 4 21-42 8 

FG3M Belfast Male 57.7 ± 4 52-65 6 

FG4M Belfast Male 38.6 ± 8 25-58 7 

FG5F Derry Female 53 ± 19 23-65 5 

FG6F Derry Female 49 ± 11 40-60 5 
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4.5.3 Data collection  

Data collection took place at locations that were familiar and convenient for the 

participants. Discussions took place with an average duration of 46 minutes. All focus 

groups (n=6) were audio recorded with two digital recorders and took place between 

October 2019 and February 2020. Participants were anonymised and given a unique 

study ID, consisting of the number of the focus group and their participant number. 

The focus groups were audio recorded after verbal and written consent was obtained 

from all participants. Before commencing with the topic guide, the facilitator gave a 

brief introduction reminding the participants that their audio was being recorded, 

that they needed to speak clearly and that their input would remain confidential. 

Demographic information was also collected via handouts that also allowed 

participants to remain anonymous. Following the completion of the focus groups, 

participants were debriefed on the purpose of the focus group and given references 

if they wished to seek out additional information on EDCs. The facilitator also 

corrected any major misconceptions or inaccurate assumptions that participants had 

made during the focus groups.  

4.5.4 Analysis 

There are a variety of potential approaches to qualitative research analysis. Discourse 

and conversation analysis were deemed unsuitable, as these are commonly used to 

analyse the linguistic characteristics of qualitative data. This study was not concerned 

with how language was used by participants to communicate, but instead the beliefs 

and ideas conveyed throughout their responses (Bryman 2016). The data from these 
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focus groups were analysed using thematic analysis. Thematic analysis involves 

searching across a qualitative data set to identify, analyse, and report repeated 

patterns of meaning or “themes” (Braun and Clarke 2006). The stages of thematic 

analysis include familiarisation with the data, he generation of initial codes, searching 

for themes, review themes, and the definition of themes. It is a method used for the 

description of data, but the processes of selecting codes and constructing themes 

also involves a great deal of interpretation. In thematic analysis, codes are often 

words or short phrases that index or categorise the data. Themes are established 

through the organisation or linking of codes, which are recurrent concepts used to 

summarise the range of beliefs and perspectives articulated by participants(Braun 

and Clarke 2006) .  

In this qualitative focus group study, the procedure of thematic analysis was followed 

to identify themes within the data. Accordingly, transcripts were read meticulously 

multiple times so that familiarity with the data could be achieved. The content of the 

full data set was coded by two researchers without using a pre-existing coding frame. 

A peer-review process was then used throughout the data analysis. To help ensure 

recognition of the full range of perspectives, a cyclical process of data collection, 

analysis and provisional coding was carried out to help ensure recognition of the full 

range of perspectives. This cyclical process reoccurred throughout the study until a 

point of data saturation was met, whereby no new themes emerged from the data 

(Saunders et al. 2018). This continuous movement between data and emerging 

theories allowed for analysis to be both deductive and inductive, as emerging data 
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and analysis was able to guide further investigation into the topic (Charmaz 2012). 

Two researchers independently coded the same randomly selected transcripts (n = 

2) and discussed the codes to verify the reliability and validity of their application to 

the data. They compared their coding which demonstrated 90% similarity (interrater 

reliability); differences were discussed and resolved. The remaining transcripts were 

independently coded and grouped into themes appearing across all six groups. The 

research team agreed that data saturation had occurred as no new codes emerged 

from the final two focus group transcripts. All recordings were transcribed verbatim 

by a professional transcription company and were proof-read by the facilitator for 

accuracy. Transcripts were imported and processed in NVivo 12 Pro software (QSR 

International Pty Ltd., Doncaster, Victoria, Australia). Participant demographic 

characteristics were analysed using IBM SPSS Statistics for Windows, Version 22.0. 

4.6 Integration of qualitative and quantitative data 

To understand the public’s perspectives regarding EDCs, it is possible that 

quantitative methods could have exclusively been utilised. Quantitative research sets 

out to explain phenomena through the collection of empirical data that are analysed 

using statistical methods to count, measure, or mathematically test hypotheses using 

numbers (Sim and Wright 2000). Quantitative studies, for example surveys, could 

have been initially used to ask a large sample of the population about their 

awareness and perceptions regarding EDCs, similar to questionnaires used for EU 

surveys (McEntaggart et al. 2019). However, a purely quantitative approach would 

have been unable to fulfil the aims of this thesis, which was to gain insight into the 
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public’s perceptions of EDCs by exploring their attitudes and beliefs in detail. Open 

questions could also have been utilised, but considering it was hypothesised the 

participants would not be largely familiarity with EDCs, they may not have completed 

the questionnaire due to this lack of understanding. In addition, due to a lack of 

literature on this topic, it would not have been clear which questions would be 

important to ask, which highlights the value of an open and exploratory approach. 

As this research was conducted using an exploratory sequential design, the 

qualitative findings helped to inform the format of the survey and the experimental 

manipulation. Within chapters 6 and 7, the scales used for the survey and experiment 

have been described in detail. However, in order to clarify how the qualitative 

findings informed the structure and content of the subsequent quantitative study, 

some examples of this will be presented in this section.  

First, since the participants who took part in the focus groups were based in Northern 

Ireland, the survey aimed to reach a larger, more diverse, population and therefore 

was extended to residents from the UK. Second, throughout the analysis of the 

qualitative data it became clear that awareness of EDCs was a broad topic that 

needed to be condensed into smaller constructs in order to be more easily 

interpreted. Therefore, it was decided that awareness should be measured using 

multiple scales within the survey. These included general awareness of EDCs, 

awareness of health effects, awareness of sources, and awareness of specific EDCs. 

Third, from the results of the qualitative study it was recognised that there was a 

shared concern regarding the health of children and future generations. Therefore, 
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the scale used to measure risk perception of EDCs was designed to measure the 

participants’ concern for themselves, their children, and the health of future 

generations regarding EDCs. Lastly, the quantitative study also included an 

experiment whereby participants read information on EDCs and were either told the 

information came from a government source or a doctor on social media based on 

random assignment. This experiment was designed based on findings from the 

qualitative study that demonstrated a joint sense of distrust towards government 

sources sharing information.  

The integration of qualitative and quantitative data allowed for the triangulation of 

findings, which refers to the practice of using multiple sources of data or 

methodological approaches to analyse data and enhance the study’s credibility 

(Fielding 2012). In research, triangulation helps to develop a comprehensive 

understanding of a phenomenon and also test the validity of results (Bryman 2016). 

By using a form of method triangulation, using data from focus groups and surveys, 

the quantitative data were used to help illustrate and explain findings generated 

from the focus groups. Simultaneously, exploring the publics’ perspectives and 

underlying beliefs regarding EDCs during the focus groups also built upon the 

quantitative data generated, improving the relevance and validity of the results. 

4.7 Phase II: Quantitative methods 

The second phase of this approach took a quantitative approach, with the 

development of an online survey following the interpretation of focus group data. 

The focus group data lay the groundwork for the validation of survey items, as well 
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as informing potentially related variables. In order to maximise the effectiveness of 

this survey, it was broken into two parts (Figure 4): First, a descriptive study 

examining the public’s awareness and risk perception of EDCs and investigating the 

potential predictive ability of demographic and psychological variables. Second, an 

experimental study examining the effects of information sources on public 

perceptions of EDC risk message quality.  

Figure 4: Structure of survey and experiment 

 

Consistent with the exploratory sequential design, the survey was developed based 

on the previous literature of public perceptions of EDCs as well as findings from the 

focus group data. Results from the focus groups highlighted the importance of 

awareness, risk perception, demographic characteristics, psychological factors, trust 

and characteristics of risk communication sources. Therefore, the survey was created 

to empirically test the relationships between these constructs to help describe the 
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current levels of awareness and risk perception as well as to form recommendations 

to improve risk communication strategies. Similar to the focus groups, it was 

expected that participants would have minimal prior education about EDCs, so the 

survey included a section where participants read information on EDCs and the 

associated health risks (Figure 5).  The provision of this information is what formed 

the experiment part of the survey, as participants read the exact same information 

but were either told that the source was the World Health Organization (WHO) or a 

doctor on social media. This was to examine the potential effects of different 

information sources on perceptions of EDCs risks as well as the perceived quality of 

the information. 

4.7.1 Survey rationale  

To address the research questions that were constructed following the analysis of 

the focus group findings, the utilisation of a survey with multiple sections was 

required. The survey included two parts that were conceptualised as separate 

studies. Following the consideration of time and budget constraints, the same 

participants and data set were used for both Study 2 (Chapter 6) and Study 3 (Chapter 

7). Splitting the data into two studies allowed for the first study to examine the 

relationships between demographic and psychological variables and awareness and 

risk perception of EDCs. Whereas the second study was an experiment that focused 

on perceptions regarding the quality of information sources and risk message quality. 

Surveys are a useful and legitimate methodological approach that have direct 

advantages in the description and exploration of specific variables and constructs of 
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interest (Ponto 2015). As with all research methods, surveys do have the potential 

for various sources of error, but many strategies exist to limit the potential for this 

error. Survey research may be defined as "the collection of information from a 

sample of individuals through their responses to questions" (Check and Schutt 2012). 

They involve the use of various methods for the recruitment of participants and 

collection of data, as well the utilisation of numerous forms of measuring 

instruments. There are different strategies that may be used when conducting 

surveys, such as quantitative (e.g., numeric items), qualitative (e.g., open-ended 

questions), or a mixture of the two. As surveys are frequently conducted for the 

purposes of describing or exploring human behaviour, they are commonly used in 

social and psychological research (Singleton  and Straits 2012). 

4.7.2 Mode of data collection and survey methods 

With consideration to the time constraints and budget of this study, as well as the 

requirements for a large sample, the survey was conducted online with the help of a 

contracted market research company. An online survey suited the needs of the 

research project as it was time efficient, lower in cost, and the data could instantly 

become available and analysed. Additionally, with online surveys, the margin of error 

is greatly reduced as the participants enter their responses directly into the data 

system. The market research company, Dynata (http://www. dynata.com/), had 

extensive recruitment and data collection experience and was utilised to conduct all 

recruitment and field data collection.   
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Various instruments have been used to conduct public surveys, including telephone 

surveys, mail surveys, and face to face interviews. As with qualitative research, 

different quantitative methods are accompanied by various advantages and 

disadvantages in terms of biases, cost, and participation rates (Wright 2005).  

Different methods such as telephone and mail surveys have been documented and 

suggested in the literature. However, due to the likelihood of a low response rate 

telephone and mail survey methods were not used.  

Recent work in social and psychological literature has demonstrated the validity of 

using online surveys to conduct studies on risk perception. This online format offers 

a number of design advantages for administering surveys. First, unlike mail surveys, 

participants are required to respond to questions in the order set out by researchers 

to avoid question-order effects. Second, there is evidence to suggest that online 

surveys are less susceptible to interviewer bias than in person interviews (Wantland 

et al. 2004). Online surveys also provide respondents with sense of privacy, as they 

may participate within the comfort of their own home. Another advantage is that 

online surveys tend to be an easier and more convenient mode of data collection, as 

it may be difficult to get respondents to participate in surveys due to time 

constraints. However, not every person has access to the internet or feels fully 

comfortable sharing information online. Therefore, online surveys are still 

susceptible to some limitations, such as sample selectivity and the 

representativeness of the sample.  
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There are a number of ways that survey data can be identified as low-quality and 

must be removed before any meaningful statistical analysis may be conducted to 

improve the validity of the results. With online surveys, respondents may sometimes 

speed through the survey in order to complete it more rapidly or respond using the 

same answer to every (or most) multiple-choice items in the survey.  Considering 

these limitations, the identification of low-quality responses and respondents is quite 

difficult and there remains to be a considerable amount of controversy surrounding 

whether or not to remove them. In this study, several checks were undertaken by 

the market research company who collected the data in order to identify these 

lower-quality responses. 

4.7.3 The use of the Likert scale 

The Likert scale is one of the most popular response scales used in survey design. 

Introduced in the 1930’s by American social psychologist, Rensis Likert, the scale 

consisted of 5-points and was used to measure a variety of attitude-related concepts 

(Likert 1932). The Likert scale originally used 5-points whereby the third point in the 

middle represented a neutral attitude towards the question. Originally, the wording 

used for Likert scales were: Strongly Approve, Approve, Undecided, Disapprove, and 

Strongly Disapprove. This wording has since changed from Approve to Agree, which 

has resulted in the Likert scale we know today: Strongly Agree on one side, and 

Strongly Disagree on the opposite side, with a neutral midpoint in the middle. The 

use of a 7-point Likert scale is also common, with some evidence suggesting that 

respondents prefer multiple categories rather than dichotomous scales (Taherdoost 
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2019). In structured surveys, scales are used “to allow respondents to express both 

the direction and strength of their opinion about a topic” (Garland 1991). The use of 

a midpoint on the Likert scale allows respondents to express a neutral opinion 

between agreement and disagreement. Some Likert-type scales exist without a 

midpoint, and these are characterised as forced-choice scales since respondents are 

forced to choose either a disagreement or agreement option. For a midpoint of 

neutrality, neither agree nor disagree is often used. There are some concerns 

regarding the use of a neutral midpoint response, with some evidence to suggest that 

respondents may use the midpoint when responding to survey items that are 

unfamiliar to them, or items that are ambiguous or socially undesirable (Nadler, 

Weston, and Voyles 2015). This study used a 7-point Likert scale with a neutral 

midpoint for all responses throughout the survey. Despite some of the limitations of 

neutral midpoints previously addressed, it was deemed suitable for two reasons. 

First, without the use of a neutral midpoint, respondents may not be provided with 

an opportunity to express their neutral opinion. Second, forcing respondents to take 

a side may result in the production of biased data. 

4.7.4 Participant recruitment 

This survey sought to include a nationally representative sample (gender, age, 

education) of adults (aged 18-65 years) living in the UK.  1028 adults were recruited 

from an established online panel with diverse demographic characteristics. The 

survey was piloted (n = 106) and underwent minor changes before large scale data 

collection ensued. Participants received £1.90 as remuneration for their 
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participation. Online informed consent was obtained from each participant. All 

participants were informed that by partaking in the survey they were consenting for 

their data to be used. No personal details (e.g., names) were recorded, and 

participants were made aware that that they could withdraw at any time.  

4.8 Structure and design of survey 

Following a review of the literature, reliable scales were developed to measure EDC 

awareness and risk perception. These were included alongside other relevant 

sociodemographic and psychological items to form the study questionnaire. Since 

this was the first survey to assess public awareness and risk perception of EDCs, new 

scales were designed to measure these constructs. Findings from the qualitative 

phase, as well as studies on public perceptions outside of EDCs, were used in the 

development of new scales. Scales were adapted and developed to measure general 

and specific awareness of EDCs as well as risk perceptions. To establish the validity 

of these scales, similar research areas were called upon to refine the measures and 

ensure all important aspects of the construct were covered. Further validity was 

established through criterion-related validity following data collection, particularly 

regarding the relationship between awareness and risk perception of EDCs. In the 

literature, awareness and risk perception are usually correlated. The scales used to 

measure general awareness and risk perception of EDCs were correlated in this 

study, with awareness predicting risk perception scores.  
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4.8.1 Section 1: Demographic characteristics 

The first section of the survey requested information about the participants’ 

demographic characteristics. This information was collected using nine items to 

assess the participants’ age, gender, marital status, highest level of education 

completed, occupational status, occupation type, and household income. 

Participants were also asked whether they currently had or had ever been diagnosed 

with cancer, and if they reported to be female they were asked if they were currently 

or had ever been pregnant. The questions regarding a history of pregnancy or cancer 

were developed in response to the surrounding literature on perspectives of EDCs, 

but were not included in any reported results or analysis of the studies. For each of 

the items, the participants were given a choice of responses and were told to answer 

all the questions as openly and honestly as possible.  

Section 2: Psychological variables 

Generalised trust. The scale for generalised trust was adapted from previous 

studies on risk perception (Siegrist, Earle, and Gutscher 2003) and consisted of 16 

items (α = 0.82). Participants indicated how much they agreed with statements 

regarding their general trust in society, the media, and scientists.  

Trust in information sources regarding EDCs. Participants responded to eight 

items in order to measure the trustworthiness of different information sources 

specifically regarding information about EDCs. These items assessed how 

trustworthy the participants believed eight information sources (e.g., The Food 
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Advisory Committee, Legal Experts, and Industry Scientists) to be when it came to 

EDCs.  

Dealing with scientific information. Participants’ perception of their ability 

to deal with scientific information was accessed with 10 items (α = 0.87). Participants 

indicated how much they agreed with statements such as ‘I feel insecure about my 

ability to learn new scientific things’ and ‘I am capable of dealing with scientific 

problems’.  

Section 3: Awareness of EDCs 

The scale for general awareness consisted of four items (α = 0.90) to measure how 

much participants agreed with general statements about their awareness of EDCs, 

their associated health effects, and where they are found.  

To assess participants’ awareness regarding the health effects associated with 

exposure to EDCs, six items were used (α = 0.86). Participants indicated how much 

they agreed that EDCs possibly caused allergies, cancer, diabetes, developmental 

problems, obesity, and reproductive problems. 

Participants’ awareness that EDCs were found in certain sources was scored using 

five items (α = 0.88). Participants indicated how much they agreed with statements 

claiming EDCs are found in food, personal care products, consumer products, 

industrial and agricultural chemicals.  
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Participants responded to 10 items (α = 0.97) to assess their awareness that different 

chemicals or chemical groups (e.g., bisphenol A, dioxins, heavy metals) were 

considered EDCs.  

Section 4: Risk perception of EDCs 

Participants’ risk perception of EDCs was evaluated using three items (α = 0.88) 

Participants indicated the extent to which they thought EDCs were harmful, risky, or 

likely to have negative effects to themselves personally, to their children, or future 

generations. 

Section 5: EDC risk message from different sources 

Perceived information quality. Perceived information quality (PIQ) was 

measured using six items (α = 0.84). Participants indicated how trustworthy, 

accurate, factual, distorted, truthful, and biased they perceived the information to 

be.  

Perceived source quality. Perceived source quality (PSQ) was measured using 

12 items (α = 0.83). Participants indicated the extent to which they believed the 

source was likely to withhold information, have freedom to provide information to 

the public, have a vested interest in promoting a particular view, be an expert in the 

area of EDC risk and so on. 
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4.7.6 Data analysis 

Data entry  

The market research company collected and entered all survey data into IBM SPSS 

statistics version 27.0 (IBM Corp). All variables were then converted for analysis and 

labelled using numerical indicators. Manual checks for accuracy of the data entry 

were made on the first 10% of downloaded survey responses. The data was cleaned 

through a process of detecting, diagnosing, and editing faulty data (Chu et al. 2016). 

Data were then transferred to the researcher for further analyses.  

Variable descriptive analysis  

The initial quantitative data analysis was descriptive. Descriptive statistics including 

means, medians, ranges, percentages, and variances were calculated, as appropriate 

for all variables. This form of analysis allowed for an initial understanding of the data 

collected during the quantitative phase.  

Exploratory factor analysis 

An Exploratory Factor Analysis (EFA) was performed on all of the scales used in the 

survey to test for reliability and define sub scales if necessary. The direct oblimin 

rotation method was chosen as factors were expected to be correlated with each 

other. Any irregularities in the data were identified during the performance of an 

initial extraction. If factors with less than three items are identified, then items would 

be dropped. Additionally, the integrity of the construct being measured was 

examined to ensure any dropped items did not restrict the range of the concept to 
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be captured within the scale. Considering that the factors were likely correlated, the 

direct oblimin rotation method was chosen during the analysis, as factors were 

expected to be correlated with each other (Field 2013).  

Validity and reliability of scales  

Reliability analysis using Cronbach’s alpha was conducted to check for internal 

consistency of each construct’s scales (Cronbach 1951). It has been recommended 

that the minimum cut off for a reliable measure is a Cronbach’s alpha of 0.7 or above 

(Nunnally and Bernstein 1994). Scales were included in analysis if they demonstrated 

good to excellent internal consistency (α > 0.7), indicating that they were reliably and 

consistently reflecting the constructs they were measuring. 

Correlation and regression analysis  

To identify significant relationships between variables within the data, bivariate 

correlations were calculated (Kleinbaum et al. 1998). Correlation analysis is a 

statistical method used to evaluate the strength of a relationship between two 

numerical variables in order to establish any potential connections between 

variables (Godfrey 1980). Pearson’s r statistic was used to measure the degree of the 

relationship between linearly related variables. Hierarchical multiple regressions 

were conducted to assess predictor variables for awareness and risk perception 

scores. Overall model fit was reported as the coefficient of determination, describing 

the amount of variation in the criterion described by the predictors. The significance 
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of the overall model was reported using an F-statistic. Regression estimates were 

reported out to describe significant relationships  (Kleinbaum et al. 1998).  

Analysis of variance 

Analysis of Variance (ANOVAs) were conducted to assess any significant differences 

between the different levels of awareness and risk perception scores, as well as for 

examining the differences across sociodemographic and psychological variables. All 

analysis was considered significant at a level of p < 0.05.  

4.10 Chapter 4 Summary 

This chapter detailed the exploratory sequential mixed methods design used in this 

study. This study consisted of two phases, with the initial collection of qualitative 

data to inform the subsequent collection of quantitative data. A comprehensive 

description is provided on the focus groups, survey, and experimental designs. Focus 

groups were carried out in a sample of the adult population of Belfast, Northern 

Ireland. Findings from this qualitative study informed the design and development of 

an online survey and experiment that were then administered to a representative 

sample of the adult population in United Kingdom.  
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5 Chapter 5 - Public Awareness and Risk Perceptions of 
Endocrine Disrupting Chemicals: A Qualitative Study 
(Study 1) 
Study 1 Abstract  

Endocrine disrupting chemicals (EDCs) are exogenous chemicals found in food, 

consumer products, and the environment. EDCs are ubiquitous in modern life and 

exposure is associated with many negative health effects, such as reproductive 

disorders, metabolic disorders, and cancer. Scientists have deemed EDCs as a serious 

public health risk, yet the public’s perceptions of these chemicals is poorly 

understood. This study aimed to qualitatively explore how aware the public is of EDCs 

and their attitudes, beliefs, and perceptions of EDC risk. Thirty-four participants 

(aged 19–65 years) took part in the six focus groups. Discussions were transcribed 

verbatim and Nvivo 11 was used for thematic analysis. Our results indicated that 

awareness of EDCs was low. Themes of EDC risk perception included perceived 

control, perceived severity, and similarity heuristics. Risk alleviation strategies were 

also discussed. Future research should use quantitative methodology and a larger 

sample size to validate the findings from this study. Findings from this study may aid 

the development of effective risk communication strategies and public health 

interventions. 
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5.1 Introduction  

The average person is ubiquitously exposed to low doses of endocrine disrupting 

chemicals (EDCs) throughout their lifetime (Tsatsakis et al. 2019). EDCs are a group 

of exogenous chemicals that have the potential to significantly interfere with the 

endocrine functioning of animals and humans by imitating or blocking the target 

receptors of naturally occurring hormones in the body (International Programme on 

Chemical Safety 2002). According to The Endocrine Disruption Exchange (TEDX), 

there are more than 1400 potential EDCs in the environment and food chain (TEDX, 

2021). Examples of known EDCs include: chlorpyrifos and other pesticides; bisphenol 

A (BPA) and phthalates used in plastic consumer products and food containers; 

phytoestrogens and mycotoxins naturally found in food; lead and other heavy 

metals; and chemicals used in flame retardants for furniture and floor protection. 

Currently, EDC concentrations are regulated and monitored in accordance with 

government guidelines (Schug et al. 2016). However, due to their prevalence, an 

increasing amount of research has been dedicated to understanding the scientific 

mechanisms of EDCs and their effects on human health (Kabir et al. 2015).  

In 2009, the Endocrine Society issued a scientific statement indicating that there was 

sufficient evidence to conclude that EDCs are a serious public health risk (Diamanti-

Kandarakis et al. 2009). Epidemiological studies in humans have found links between 

EDCs and reproductive health, neurobehavioural and neurodevelopmental changes, 

metabolic disorders, immune disorders, and hormone related cancers (World Health 

Organization, 2002). As well as having associations with negative health effects, there 
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are additional factors that contribute to the public health challenge brought on by 

EDCs. Despite being banned or restricted, many EDCs are resistant to environmental 

degradation, leading them to be potentially hazardous over an extended period of 

time (Sharma et al. 2014). Although EDCs are present at low-level concentrations, 

many can gradually accumulate in ecosystems and the tissues of organisms and can 

become more harmful when combined by creating a “cocktail effect” (Geyer et al. 

2000). It is important to consider how low doses of a mixture of EDCs bioaccumulate 

and contribute to negative health conditions (Geyer et al. 2000; Vandenberg et al. 

2012). Most people are exposed to EDCs at low doses, in mixtures, and at different 

stages throughout their lifetime (Gore et al. 2015), with exposure beginning as early 

as prenatal development (Herbstman et al. 2010). Finally, transgenerational effects 

have also been observed, for example the effects of EDCs on male fertility have 

shown to be biologically transferred from mother to child  (Skinner, Manikkam, and 

Guerrero-Bosagna 2011).  

The complex and widespread nature of EDCs presents an obstacle for communicating 

the risks to the general public. Before developing effective risk communication 

strategies, it is imperative to first understand the public’s awareness of EDCs, and the 

factors that influence their risk perception (Breakwell 2000). Studying risk perception 

is an integral step in creating public health interventions, as non-contextualised 

information dissemination of public health risks is potentially dangerous and 

counterproductive  (Ferrer and Klein 2015). 
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Previous studies have concentrated on examining perceptions of EDCs with regard 

to specific demographic groups or health effects. These studies have examined 

awareness and risk perceptions within particular contexts, such as EDCs in water 

(Higgins et al. 2002), EDCs and male infertility (Maxim, Mansier, and Grabar 2013), 

and pregnant women’s perceptions of EDCs (Rouillon et al. 2017; 2018). Results from 

these studies found that knowledge and awareness of EDCs was minimal. For 

example, Rouillon and colleagues (2017; 2018) examined pregnant women’s 

knowledge, attitudes, and behaviours towards EDC exposure, and subsequently the 

predictors of their risk perception. Results indicated that the women’s EDC risk 

perception was intermediate, and their perceived severity of exposure was higher 

than their perceived susceptibility (Rouillon et al. 2018). These women did not 

believe that they were particularly susceptible to exposure, but believed that 

exposure to EDCs was extremely dangerous. Significant predictors of their risk 

perception were age and level of knowledge (Rouillon et al. 2017). 

Ho and Watanabe (2018) examined the roles that perceived uncertainty and 

knowledge type (general vs. specific) played in EDC risk perception. The findings from 

this study revealed that knowledge type played significant roles in explaining risk 

perception, risk acceptability, and self-protective response. They found evidence that 

perceptions of uncertainty surrounding EDCs mediated the relationship between 

information type and risk perception (Ho and Watanabe 2018). Perceptions 

specifically about the controversial link between exposure to EDCs and a decline in 

human male fertility was examined in a study by Maxim and colleagues (Maxim et al. 
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2013). In this study, focus groups were conducted to gain insights into peoples’ 

attitudes following uncertainty communication of the effects of EDCs on male 

fertility. The results from these studies contradicted previous assumptions that being 

transparent with the general public about scientific uncertainty of EDCs elicits 

negative psychological effects.  

Although studies on pregnant women’s perceptions and studies using the exemplar 

of declining male fertility offer valuable contributions to the literature regarding how 

different groups of people perceive EDCs, there has yet to be a study addressing how 

the general public perceives EDCs. There are no current studies that view EDCs as an 

all-encompassing group of chemicals, without targeting specific population groups 

or focusing on specific adverse health outcomes. Previous studies offer isolated 

viewpoints, and there is a need to better understand how the general public 

perceives EDCs as a full and contextualised picture, including associated health 

effects, chemical groups, and sources. Understanding the public’s perception of EDC 

risk is essential in further developing effective risk communication approaches.  

With regard to complex public health issues, such as EDC exposure, there is an 

imperative need to understand the factors that shape risk perceptions. The factors 

and conditions that influence the EDC risk perception of the general public have yet 

to be explored. To address this gap, the current study set out to use a qualitative 

methodology to gain a better understanding of the general public’s awareness of 

EDCs and the specific factors that influence their risk perception. Therefore, the first 

objective of this study was to explore the knowledge and awareness that the general 
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public have about EDCs, their sources, and associated health effects. The second 

objective was to elicit the factors that influenced public perceptions of EDC risks.  

5.2 Materials and Methods  

5.2.1 Study Design and Ethics  

A variety of methods are available to conduct research in public health, and 

qualitative studies (i.e., interviews and focus groups) are better able to provide a 

deeper understanding of how people’s views might differ, the attitudes and beliefs 

held, and the factors influencing specific perspectives (Willis et al. 2009). Focus 

groups generally consist of 5–10 participants and use the interactions between group 

members to encourage the exploration of personally held beliefs (Creswell 2009). 

Focus groups also offer the potential to better examine how personal views are 

articulated and how they intersect with publicly held values, beliefs and attitudes 

(Wellings et al. 2000). Therefore, a qualitative descriptive study was conducted using 

focus groups to explore the general public’s awareness and risk perceptions of EDCs, 

their sources, and associated health effects. Focus groups were chosen as the mode 

of data collection over alternatives, such as individual interviews, as they encourage 

group discussions that provide clearer insights into participants’ beliefs and 

experiences (Marshall and Rossman 2011). Focus groups are also useful for 

describing, interpreting, contextualising, and gaining in-depth information about 

complex topics (Mansell et al. 2004). During focus groups, participants may also be 

influenced by other group members’ comments, encouraging them to respond with 
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their own ideas in their own words. Additionally, conducting focus groups is more 

time efficient, producing data from larger numbers of participants faster than 

individual interviews.  

Ethical approval for the study was obtained by the School of Medicine, Dentistry and 

Biomedical Sciences Faculty Research Ethics Committee, Queen’s University Belfast. 

After being briefed on the study, participants gave consent to participate by signing 

a form that confirmed voluntary participation, confidentiality and data protection. 

All participants were provided with written informed consent and all procedures 

were approved by the School of Biological Sciences and conducted in accordance to 

the guidelines given in the Declaration of Helsinki.  

5.2.2 Participant Recruitment  

Male and female participants were recruited via convenience sampling in Northern 

Ireland to purposefully take part in a focus group about their attitudes towards 

chemicals. Recruitment emails were sent to all students and staff (technical, 

administrative, professional, etc.) at Queens University Belfast. Facilitator contacts 

and face-to-face invitations at public outreach events were also used to recruit 

participants. All participants were recruited using the following criteria to ensure that 

a diverse range of perspectives were included within the sample. Eligible 

participants: were aged 18–65 years; resided in Northern Ireland; were not currently 

pregnant; and had no prior formal education with regard to chemicals from food 

and/or the environment. Groups were segregated based on gender due to 
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differences during the discussions of topics, such as fertility and reproduction. In 

total, 34 participants (n = 13 males; n = 21 females) were recruited for six focus 

groups (See Table 5). The data from the first four groups were analysed and it was 

concluded that data saturation had occurred. Data saturation is a term used in 

qualitative research to describe when observation and analysis are no longer 

revealing any new information or themes (Krueger and Casey 2014). Since no new 

themes were arising after the first four focus groups, participants in the final two 

focus groups were recruited from a cancer support group. These participants were a 

mixture of cancer patients and family members. Similar themes were being identified 

for this group of participants, and therefore the researchers determined data 

saturation had also occurred. There were no thematic differences between the 

groups recruited by the university and the groups recruited via the cancer support 

group. To maximise participation in the study, participants were given either pizza or 

sandwiches as a token of appreciation for their time and contribution. 

5.2.3 Data Collection  

Data collection took place at locations that were familiar and convenient for the 

participants. Data were collected through focus groups consisting of open-ended 

questions provided by the facilitator that encouraged discussion within the group, 

rather than individual responses. The focus group questions were based upon the 

literature and findings from previous studies on public perceptions of chemicals, 

chemicals mixtures, and specific EDCs. The three main topic areas were designed to 
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elicit participants’ general and specific knowledge and awareness of EDCs, and their 

risk perceptions of EDCs.  

The focus group topic guide (Table 4) was piloted with a mixed gender sample of the 

target group (n = 5), and further developed by the research team to assess the clarity 

of questions and flow from one topic to another. A postdoctoral researcher was 

present during the pilot group and confirmed that the conduction of the group was 

satisfactory. The facilitator encouraged equal participant contribution and probed 

when the participants did not elaborate enough on a topic. When the conversation 

deviated from the guide, the facilitator identified whether or not this was relevant 

and when necessary redirected the discussion back to the guide. 

Participants were given an information packet (Appendix 2b) that they referred to 

when instructed by the facilitator at various points throughout the focus group. This 

was necessary as previous studies indicated that the general public are not highly 

aware of EDCs. Participants’ responses were based on their own knowledge. The 

participant packet contained information about specific EDCs and their sources, 

including a diagram of the human endocrine system, and was used after participants’ 

responses to help stimulate conversation in cases where they were unfamiliar with 

the topics. 

Six focus group discussions took place with an average duration of 46 min. All focus 

groups (n = 6) were audio recorded with two digital recorders and took place 

between October 2019 and February 2020. Participants were anonymised and given 
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a unique study ID, consisting of the number of the focus group and their participant 

number. The focus groups were audio recorded after verbal and written consent was 

obtained from the participants. Before commencing with the topic guide, the 

facilitator gave a brief introduction reminding the participants that their audio was 

being recorded, that they needed to speak clearly and that their input would remain 

confidential. Demographic information was also collected via handouts that also 

allowed participants to remain anonymous. Following the completion of the focus 

groups, participants were debriefed on the purpose of the focus group and given 

references if they wished to seek out additional information on EDCs. The facilitator 

also corrected any major misconceptions or inaccurate assumptions that participants 

had made during the focus groups.  

5.2.4 Data Analysis  

All recordings were transcribed verbatim by a professional transcription company 

and were proofread by the facilitator for accuracy. Transcripts were imported and 

processed in NVivo 12 Pro software (QSR International Pty Ltd., Doncaster, Victoria, 

Australia). The procedure of thematic analysis (Braun and Clarke 2006) was followed 

to identify themes within the data. Accordingly, transcripts were read meticulously 

multiple times so that familiarity with the data could be achieved. The content of the 

full data set was coded without using a pre-existing coding frame. A peer-review 

process was then used throughout the data analysis. Two researchers independently 

coded the same randomly selected transcripts (n = 2) and discussed the codes to 

verify the reliability and validity of their application to the data. They compared their 
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coding which demonstrated 90% similarity (interrater reliability); differences were 

discussed and resolved. The remaining transcripts were independently coded and 

grouped into themes appearing across all six groups. The research team agreed that 

data saturation had occurred as no new codes emerged from the final two focus 

group transcripts. Participant demographic characteristics were analysed using IBM 

SPSS Statistics for Windows, Version 22.0 (IBM Corp).  

5.3 Results  

5.3.1 Participation and Sample Characteristics  

Six focus group discussions were conducted in Northern Ireland. Following the 

completion of the fourth focus group, data saturation was achieved with no new 

information emerging. Thus, data collection stopped after two final focus groups. 34 

participants took part in this study. Even though the call for participation was open 

to both male and female participants, mostly women came forward. Twenty-one 

women (aged 19–65 years) and 13 men (aged 25–65 years) took part in the 

discussions with an average of six participants per group (range: three to eight). Most 

participants (44%) had completed an undergraduate degree and were not parents 

(68%).  

5.3.2 Awareness of EDCs  

The majority of participants were unaware of EDCs and had never heard of them 

before. Although it was explicit during recruitment that participants were not to have 

any formal education on chemicals in food and the environment, one participant 
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revealed midway through a focus group discussion that they had previously studied 

food science. They claimed to recognise the phrase “endocrine disrupting chemical” 

but did not have any further knowledge about the chemicals. Participants recruited 

from the cancer support group had seen the leader of the group post about EDCs on 

social media, but that was the extent of their familiarity. There was one female 

participant who was familiar with EDCs because she was personally affected by a 

hormone-related disorder: 

“They disrupt your hormones. They’re like oestrogen type things. I’m actually 

affected by it. I have Polycystic Ovarian Syndrome.” (FG2F)  

Although the participants were not previously aware of EDCs, due to their knowledge 

of the endocrine system they were able to deduce from the name that EDCs were 

chemicals that interfered with the processes of this system, thus affecting the body’s 

hormones. Although awareness of EDCs as a general category was low, participants 

were more familiar with the specific EDCs. The majority of participants were familiar 

with pesticides and BPA due to their environmental impacts or carcinogenic 

properties.  

Participants were aware of pesticides due to the organic movement and their 

negative reputation within the food industry. Additionally, three participants in FG6F 

were familiar with pesticides because they grew up in rural areas and recalled 

hearing about them from family members who were either farmers or worked with 
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pesticides. These memories usually included the participant visualising their family 

member in personal protective equipment.  

There was increased familiarity with BPA due its presence in plastics. Participants had 

seen or used BPA-free products in the past and believed BPA to be “bad” in some 

way. Participants in FG2F were aware of BPA in baby bottles:  

“I think there was a drive to make all babies’ bottles to BPA free, and there’s 

a lot of plastics that say on them BPA free, for that reason. I suppose they all 

contained it in the past.” (FG2F)  

There was some familiarity with phthalates, dioxins, and mycotoxins. However, the 

information participants had about these chemicals was incomplete and there were 

frequent misunderstandings and confusion about these chemicals and where they 

are found: 

“Dioxin, wasn’t it a pesticide? Years ago, it was known for causing a lot of 

damage to soil substrates.” (FG3M)  

Overall, participants were least familiar with brominated flame retardants and 

phytoestrogen. When recalling the different sources of EDCs, participants most 

commonly referred to plastics, food, and air particles. Participants were able to 

deduce that a person could be exposed to EDCs in the form of dermal absorption, 

inhalation, and food consumption:  

“It’s from what you eat, what products you put on your skin and stuff. And 

you can breathe it in, it can go in through your nose and stuff like that.” (FG1F)  
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However, participants were not previously aware that EDCs could be biologically 

transferred from mother to child through breast milk and the placenta.  

Birth defects and cancer were health effects that participants most commonly 

believed to be associated with EDC exposure. More specifically, they were aware of 

the relationship between the chemicals leeching from plastics increasing the 

likelihood of cancer.  

“The plastics . . . it can seep into your food and cause cancer.” (FG7F)  

Farmers, pregnant women, and teenagers going through puberty were most 

commonly believed to be the most at risk to EDC exposure. Farmers were judged to 

be at risk due to their proximity to harmful chemicals and their reported lack of PPE 

over the years. Participants believed that people may be more at risk to EDC 

exposure during significant periods of hormonal changes, despite there being no 

scientific evidence to support this. Participants identified pregnant women and 

teenagers going through puberty as being the most vulnerable to EDC exposure, due 

to their incorrect belief that more hormonal changes occur during these life stages.  

5.3.3 Risk Perception of EDCs  

Five major themes of EDC risk perception were identified: (1) similarity heuristics; (2) 

perceived severity; (3) perceived control; (4) concern for pre-existing health 

conditions; and (5) concern for future generations  

 

Similarity Heuristics  
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Throughout the discussions, the concept of EDCs was noted as being somewhat 

ambiguous and participants often used metaphors and analogies to help describe 

their feelings. Since EDCs were an unfamiliar topic for the majority of participants, 

they often used similarity heuristics to access their perceptions of EDC risk. Similarity 

heuristics are mental shortcuts that allow quick judgements to be made based on 

experiences with similar problems (Krueger and Casey 2014). Participants often 

judged the probability of EDC risk based on its similarity to other risks with 

comparable long-term health outcomes, such as cholesterol and smoking cigarettes. 

For example, a comparison was made between the cumulative effects of EDC 

exposure and the development of high cholesterol to help participants make 

judgements about how much of EDC exposure could be genetically predisposed:  

“You can eat very healthy but still have very high cholesterol. It’s hard to know 

then what is genetic predisposition rather than what we put into our bodies.” 

(FG3M)  

Using these metaphors, participants often eluded to their perceptions of uncertainty 

surrounding the development of cancer and other health effects. They told personal 

anecdotes about friends or family members who had “eaten healthy, never smoked, 

never drank” and ended up getting cancer anyway despite their healthy choices. As 

mentioned previously, many participants were familiar with the movement to 

remove BPA from plastic products and shared that they had used BPA-free products 

in the past. Participants were shocked to find out that the BPA alternatives may be 

just as potentially harmful as BPA. In this case, the similarity heuristic was used when 
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discussing BPA-free labelling policies, where participants compared the extraction of 

BPA from plastics to the removal of salt in foods.  

“They’re telling you it’s BPA-free, but they’re not telling you its replacements. 

It’s like people taking salt out of things, but they put in mono sodium.” (FG6F)  

Perceived Severity of EDCs  

All participants identified EDCs to be a far-reaching health problem that had 

potentially negative future consequences. The perceived severity of EDCs varied 

among participants. All participants acknowledged that EDCs were a serious health 

threat, but there were arguments that more visibly immediate threats were of higher 

importance. Participants believed that the general public would not classify EDCs as 

a high risk compared to more “important” issues, such as Brexit, getting Northern 

Ireland back into government, the climate crisis, and the obesity epidemic. Due to 

the long-term, accumulative effects that EDCs have on the body, participants 

recognised that EDCs were not “in the front of your mind all the time”, the way more 

acutely threatening risks would be:  

“You don’t think about it constantly. The decisions and choices that you make 

and the food that you eat, and whatever you do, it’s obviously affected by this 

[EDCs] all the time and you don’t really notice it.” (FG2F)  

Conversely, other participants believed EDCs to be a highly severe risk, especially 

with regards to the reproductive health of future generations of women, and the 

effects that this will have on the population:  
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“A high risk, absolutely high risk, because in the end, for women especially, if 

you’re endocrinal system doesn’t work you don’t get your period often, which 

means you don’t ovulate, which means eventually our population will be 

declining because we won’t be able to make children, and that’s because our 

systems don’t work, and it’s a big problem.” (FG2F)  

Perceived Control of EDC Exposure  

Overall, participants did not feel they had much personal control over being exposed 

to EDCs, mentioning that these chemicals are so ubiquitous in modern life. Instead, 

it was agreed that the control is in the hands of the authorities and government, and 

a general sense of naivety was felt in having these beliefs:  

“It’s a lottery; these things are beyond our control. Yes, maybe it’s a bit naive, 

but we assume that the authorities are taking care of us.” (FG4M)  

Participants expected the government and authorities to protect them from such 

harmful chemicals and felt very little personal responsibility for their own exposure. 

There was speculation that the government and authorities had not sufficiently done 

their part to communicate the risks to the public. There was also a uniform feeling of 

disbelief that these chemicals were so present in modern life, and participants 

agreed that their perceived lack of control stemmed from an inability to avoid being 

exposed to these chemicals. A general attitude that this was the “price” people pay 

for choosing to live a certain lifestyle was apparent:  
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“It’s kind of just wrapped in with modern life, isn’t it? You know they’re there 

but. It’s very difficult to avoid them. I think a lot of people have just priced it 

in as the basis for the way they live.” (FG3M)  

Participants felt EDC exposure was inevitable and thus individual protective 

behaviours may be futile:  

“Well, some of these chemicals you cannot get rid of, even if you try to be 

careful.” (FG4M) 

They were discouraged that there was very little they could personally do to alleviate 

their risk since these chemicals were already in the environment and difficult to avoid 

despite efforts to reduce their exposure:  

“You can’t really do anything right without being exposed to some sort of bad 

thing.” (FG2F)  

The unavoidable nature of EDCs left participants feeling despondent, especially after 

learning that BPA-free products were not necessarily a safer option. These BPA 

alternative products are typically labelled as “BPA-free.” However, due to their 

structural similarities with BPA, these alternative chemicals also show endocrine 

disrupting effects and adverse health effects, similar to BPA(Eladak et al. 2015; 

Rochester and Bolden 2015). Participants bought BPA-free products thinking they 

had regained some control, but when they learned that BPA alternatives may be just 

as unsafe as BPA they were upset:  
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“I thought everyone was doing great, getting these non-disposable things, but 

there’s even more problems now.” (FG2F)  

Every product has some amount of potential toxicity, and overall participants felt 

that if a person was to eliminate products on the basis that they were somewhat 

harmful, they wouldn’t be left with much else to consume:  

“You can’t have a warning on all the products that potentially could cause 

harm . . . you’d walk into Tesco’s and everything would just be toxic, you know, 

if you go anywhere at all it’s going to be flashing at you, don’t drink this, don’t 

eat this.” (FG3M)  

In order to regain any personal control over EDC exposure, there was a perception 

amongst participants that they would have to make drastic lifestyle changes. A 

recurring example that was given on how to regain control regarded the personal 

decision to have children. Participants felt that if a person was so worried about 

future generations being exposed, they could make the decision not to have children. 

Older participants who already had children or who were past the child bearing age 

proposed that a person could control their exposure by relocating to a less populated 

area or sustain themselves by living off of natural plants.  

“I suppose it’s very difficult for us not to have them... Because of all the 

chemicals that are produced into the world . . . Unless you live in a wee hut 

somewhere and just eat from the natural plants.” (FG5F)  

Concern for Pre-Existing Health Conditions  
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All participants agreed that EDCs had the potential to be very dangerous for human 

health and had personal concerns about the issue. Participants who had pre-existing 

health conditions were especially concerned about the risks of EDCs.  

“I’m very concerned about it being in the air, because I’ve problems with my 

sinuses that are quite bad and the idea that plastics could go into my sinuses 

and cause me bother is a bit horrifying, really.” (FG2F)  

Female participants who were at the age of menopause were extremely worried 

about the presence of EDCs in soy products, since soy is often recommended to 

women going through menopause as a way to help alleviate negative symptoms. 

Although in small quantities soy can be helpful for women during menopause, these 

female participants were troubled and concerned that they had not been given 

information on EDCs from their doctors:  

“I’m shocked at the cabbage and the sesame seeds and the soya beans, 

because, I mean, even the soya, you’re told when you were going through the 

menopause that soya was much better for you than ordinary milk.” (FG5F) 

Concern for Future Generations  

Participants in the female focus groups were concerned for the health of their 

children and future generations while remaining indifferent towards their own 

exposure to EDCs. They wanted to make sure that their children would not be 

affected:  

“Whatever about me, I want my children to have the best chance.” (FG2F)  
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Having children was the strongest motivator for them to take part in any risk 

reduction behaviours.  

“Although I know about the chemicals, I wouldn’t really think that I was at 

risk, but if I was pregnant, I would probably be more cautious or concerned 

about it, because like you said, breast milk and the placenta all transfer.” 

(FG2F)  

Participants drew conclusions that hormonal contraception was a form of endocrine 

disruption and thus may affect fertility later in life. Although research has shown that 

female fertility is not negatively affected after the discontinuation of hormonal birth 

control (Girum and Wasie 2018), participants were concerned that birth control pills 

had endocrine disrupting effects and thus impacted the reproductive health of their 

daughters:  

“My daughter . . . had to go and have tests and all that sort of thing done too 

as well, and it was all to do with her thyroid . . . it was just scary to think that 

her choice was not to have children younger, so she obviously was on the pill.” 

(FG6F)  

5.3.4 Risk Alleviation Strategies  

Participants wanted more communication from health authorities and the 

government. Several risk alleviating strategies were proposed by participants, that 

included educating themselves about the issues, changing aspects of their 

consumerism, or ignoring the risks altogether. A willingness to engage in risk 



124 

 

reduction behaviours was observed, although there was a belief that the ubiquity of 

EDCs within modern life made it pointless to attempt to avoid them.  

The Role of Education  

Participants highlighted the role of education in risk prevention and they valued 

being informed as it created a feeling of empowerment. They felt that by educating 

themselves about the issues, they could reduce their risk of being exposed to EDCs 

by being aware of which products are safe for consumption:  

“It’s a matter of learning what not to be put into your body as best you can.” (FG5F)  

Another educational tactic suggested was to learn how to correctly read product and 

food labels. In order to reduce their exposure to EDCs, participants wanted to learn 

what chemicals to avoid and teach themselves how to properly read the labels of 

their products with vigilance:  

“Before you eat anything, you could check and see if any of those chemicals 

are inside it. You could check shampoo and things before you use it.” (FG1F)  

High levels of perceived self-efficacy to engage in risk reduction behaviours were 

reported. However, participants still thought that they might become too difficult to 

implement, and that it would require their constant attention:  

“If you think about them [the risk reduction guidelines], they look easy, but it 

would require constant vigilance, you would actually have to read every label 

to avoid things.” (FG3M) 
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Implementing Lifestyle Changes  

EDC risk could be alleviated by changing specific aspects of the participants’ 

consumerism, such as the products they use or the places they buy food. Participants 

suggested that they could reduce their exposure to chemicals in plastics by using 

reusable shopping bags, metal straws, and cardboard. A proposal was made about 

switching to organic, local produce, and shopping at farmers’ markets as opposed to 

large supermarkets:  

“Go to farmers’ markets and look for fresh fruit and vegetables rather than 

going to bigger places, because they’re all packaged in plastic.” (FG5M)  

Reverting back to traditional practices, such as home growing food and using 

reusable cloth diapers for babies was another tactic that was proposed by the 

participants:  

“You’re better off growing fresh veggies, giving them a good wash, and doing 

your own baking rather than buying shop-bought stuff.” (FG6F)  

Although participants believed that they could reduce or alleviate the risks of EDCs 

by educating themselves or making lifestyle changes, there was a belief that the 

general public preferred to remain ignorant to the risks of EDCs. There were 

arguments that the younger generations would rather remain uninformed, but also 

arguments that older generations are too set in their ways and would not likely take 

on all of this new information. Participants discussed the ease of accessing new 
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information about the risks of EDCs via the internet and media, but doubted whether 

people would actually implement the behaviour changes within their daily lives.  

5.4 Discussion  

Using a qualitative design, this study examined the previously unexplored area of 

public perceptions of EDCs, their knowledge and awareness of EDCs and underlying 

themes of risk perceptions of EDCs.  

In line with previous research (Maxim et al. 2013; Rouillon et al. 2017; 2018; Ho and 

Watanabe 2018) most participants in this study were not aware of EDCs. Those who 

were familiar with EDCs had either learned about them during an undergraduate 

science degree, were personally suffering from an endocrine related disorder, or had 

seen social media posts on EDCs from their cancer support group leader. The level of 

knowledge and prior personal experience (Agyei-Mensah and Oteng-Ababio 2012). 

with a risk are two factors known to help explain how risks are perceived by the 

general public. The lack of awareness found in this study indicates that there is a 

need for more information on EDCs to be included in educational and health systems. 

Additionally, the use of social media as a tool for spreading awareness could be useful 

in increasing knowledge, specifically when posted by someone who is familiar and 

trusted by the public.  

Participants were much more aware of specific EDCs, namely pesticides and BPA. 

However, although participants were able to recall the names of specific EDCs, their 

knowledge about the chemicals was limited. Participants were not familiar with the 
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specific EDCs due to their associations with disrupted endocrine functioning or their 

categorisation as an EDC. Instead, it was evident that participants were familiar with 

these chemicals because of their widely known carcinogenic associations, 

environmental impacts, or other associated health risks outside of endocrine health. 

It may be difficult for the public to piece together their knowledge about specific 

chemicals to form comprehensive judgements about EDCs, as previous studies 

indicate that most individuals have difficulty parsing multiple sources of information 

together when making judgements and decisions (Lindell and Hwang 2008). The 

findings from this study support the position that communication of EDC risks should 

be broad and comprehensive in order to raise awareness of the endocrine disrupting 

effects of well-known chemicals.  

The discussions also elicited some of the most common themes that were associated 

with participants’ risk perceptions of EDCs, including: similarity heuristics, perceived 

severity, perceived control, concern for pre-existing health conditions, and concern 

for future generations. Previous research suggests that the public tend to base their 

judgments on health and environmental risk from their cognitive heuristics (Read and 

Grushka-Cockayne 2011; Slovic 1992). Since many participants were learning about 

EDCs for the first time, they often relied on similarity heuristics, or “mental 

shortcuts”, to make judgments about EDCs based on similarities with other health 

risks (Tversky and Koehler 1994). The similarity heuristic is an efficient process that 

was used by participants to compare EDCs to health hazards, such as smoking 

cigarettes, or having high cholesterol, that they were more familiar with. This helped 
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participants to use their knowledge about comparable hazards to assist the 

formation of opinions on the newly introduced subject of EDCs. In cases such as EDCs, 

where there is a great deal of uncertainty and lack of public knowledge, similarity 

heuristics may allow for the less-is-more effect (Slovic 1992) and serve as a fast 

mental reference for everyday decision making. However, participants in this study 

occasionally formed inaccurate opinions (e.g., with regard to the safety of organic 

products) so this process of risk comparison has the possibility of resulting in the 

spread of misinformation.  

Perceived severity of EDCs varied greatly among participants. For some participants, 

EDC risks were not as severe or important as other risks, including Brexit, climate 

change, and the obesity epidemic. One reason as to why this may be the case, is that 

the media does not report about EDCs as frequently as the aforementioned risks that 

the participants deemed as being more important. In 2006, a large survey by the 

European Commission found that in comparison to obesity, alcohol consumption, 

smoking tobacco, and infectious diseases, the public were least likely to recall 

receiving information in the media about chemicals that are harmful to human health 

(Mousavi and Gigerenzer 2014). It is possible that the participants in the present 

study did not perceive the health risk of EDCs to be as high as other risks due to their 

absence within mainstream media. In addition to not being reported frequently by 

the media, the effects of EDCs are often chronic and cumulative throughout a 

lifetime. Although health issues are key concerns for society, the effects of EDCs are 

not visible or immediate. Thus, the participants did not view EDCs as immediately 
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threatening. The gradual nature of EDCs may contribute to the participants’ 

perception that EDC risk was not quite as severe as other risks.  

In contrast, for some participants, EDCs posed a severe risk to their own health and 

that of their children and future generations. This is in line with previous research 

where women were more concerned about the effects of chemicals on health, 

compared to men (Flynn, Slovic, and Mertz 1994). In the present study, participants 

who believed EDCs pose a severe risk to health shared their concerns in relation to 

reproductive capabilities, pregnancy, and menopause.  

Perceptions of control are essential for the adoption of preventative health 

behaviours and making important health decisions (Caporossi and Papaleo 2015). 

Participants felt that their exposure to EDCs was out of their control due to the 

ubiquity and unavoidable nature of EDCs. They believed the control to be in the 

hands of the authorities and government, a commonly held belief by the public with 

regard to their perceptions of chemical risks (Mousavi and Gigerenzer 2014). Links 

between perceived personal control and chemical risk perceptions have been 

identified (Chipperfield and Greenslade 1999), and judgements about perceived 

control are important as they often impact the public’s participation in risk reduction 

behaviours (Kher et al. 2013). Future risk communications of EDCs should aim to 

better articulate the steps that the public may take to prevent their exposure to EDCs 

and re-establish a sense of perceived personal control.  
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Concerns about pre-existing health conditions and about the health of children were 

common among the participants. Findings from the present study indicate that 

having a pre-existing health condition contributed to increased risk perceptions of 

EDCs. This may be the case due to the high comorbidity between pre-existing health 

conditions and anxiety (El-Gabalawy et al. 2011), as well as the fact that impaired 

health may make an individual more susceptible to EDC risks. Worries about 

children’s health or the health of future generations were indicated by the 

participants in this study, specifically in the female groups. Due to the small sample 

size and uneven number of male and female participants, we are unable to conclude 

that this was a female centric concern. In our particular study, the concern for future 

generations was not present in male focus groups, but this finding cannot be 

reported as a valid gender difference due to the format of this study. However, future 

research should aim to compare male and female perceptions of EDCs using larger 

and more balanced sample groups. 

Throughout the focus group discussions, participants made numerous inaccurate 

judgements based on the information given to them on EDCs. Participants believed 

that buying organic products was safer than non-organic products and that EDCs 

would be on the ingredients list of products, which is not the case since many EDCs 

are contaminants not purposeful ingredients. While these misconceptions were 

easily rectified after the discussions, it touches on the likelihood that the information 

on EDCs may be misinterpreted. Specifically, the belief that organic products are 

safer is a common misperception among the public (Hoefkens et al. 2009). There is 
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inconclusive scientific evidence to suggest that organic products are any safer 

compared to conventional farming practices when it comes to EDC contamination 

(Pussemier et al. 2006). Consumption of organic products may reduce the exposure 

to pesticide residues, but EDCs are present in soil and irrigation water, and 

bioaccumulate in the food chain. Regardless of how organic products are grown, they 

are still susceptible to the uptake and bioaccumulation of EDCs, and participants 

were not aware of this.  

Participants were corrected on these inaccuracies after the termination of the focus 

groups, but risk communication strategists should be cognisant of these 

misconceptions in the future. Participants claimed to get information about EDCs on 

social media from someone who they consider to be familiar and trustworthy. 

However, it is important to note that this type of person may not have the expertise 

to disseminate accurate information. In the future, the public must be educated 

about reliable and trusted information sources, such as government organisations, 

who strictly rely on scientific evidence and have no personal bias or motive to spread 

false information.  

5.4.1 Strengths and limitations  

This study offers a valuable insight into the general public’s awareness and risk 

perceptions of EDCs. Data saturation was achieved, gaining views of a varied sample 

from a range of locations and socioeconomic profiles. Nonetheless, the findings from 

this study are prone to selection bias, since the participants were volunteers and the 
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recruitment method more so represented the views of a predominately urban 

population, with an under-representation of individuals from rural areas. Even 

though the call for participation was open for both males and females, the majority 

of respondents were females, common in qualitative research (Plowman and Smith 

2011). Alternative strategies and locations need to be considered by researchers who 

wish to recruit more male participants, which might offer further insight into the 

potential impact gender may have on EDC risk perception.  

A cancer support group was used to assist in the recruitment of the two final focus 

groups. These participants may have been more severely impacted by EDCs, but in 

the current study there were no differences in awareness or risk perception 

identified in comparison with the other groups. Being a member of this support 

group did not add any new themes during data analysis. However, due to the design 

of this study, comparing the cancer support group with the other four groups is not 

possible due to the imbalanced sample sizes. Exploring the impact that a personal 

experience with cancer has on perceptions of EDCs would be a valuable aspect to 

consider studying in future research on risk perception.  

Further investigation of public risk perceptions of EDCs is needed to inform efficient 

risk communication strategies. Unlike other health risk prevention campaigns, the 

ubiquity of EDCs presents a difficult task to risk communicators, and care must be 

taken in the presentation of information about EDCs so that they do not discourage 

the public from engaging in preventative behaviours. The results of this study may 

help EDC risk communicators in developing useful tactics to reduce exposure and 
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provide assurance that efficient systems such as the EU Commission are in place to 

mitigate EDC risks. The provision of such information will be of interest to the public, 

given their concerns regarding EDC sources and the associated health effects. 

Although the current study provides valuable insights into public perceptions of 

EDCs, their sources, and associated health effects, the exploratory nature of the 

present study does not warrant generalisations about the general population. 

Therefore, further quantitative studies are necessary to identify the predictors of 

public risk perceptions associated with exposure to EDCs. 

5.5 Conclusion  

This was the first study to qualitatively explore public perceptions of EDCs in a 

general context. Public awareness of EDCs, their sources, and associated health 

effect was low. This may be due to the lack of attention EDCs get from the 

mainstream media, the absence of information being distributed by health 

professionals, and the lack of educational resources in schools. Risk perception of 

EDCs varied greatly among participants. Some of the most common factors that 

influenced participants’ risk perception of EDCs, included: similarity heuristics, 

perceived severity, perceived control, inevitability, pre-existing health conditions, 

and children’s health. Knowing these influential factors may help decision makers to 

gain insight into the public’s perspectives on EDC risk and improve the effectiveness 

of risk communication strategies.  

It is proposed that public awareness campaigns by the media, health care 

practitioners, and schools are some approaches that should be considered to 
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increase public awareness and knowledge of EDCs. Policies for raising awareness 

amongst the public are needed. These policies should emphasise social 

interventions, such as health education and risk communication programs. 

Specifically, the critical links between EDC exposure and reproductive health should 

be included in these programs. Future research should aim to gain a more 

comprehensive view by using quantitative methodology with a larger sample size to 

validate the findings from this study. The findings from this study should be used to 

aid the development of effective risk communication strategies and public health 

interventions to improve the protection of the public from EDC risks. 
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6 Chapter 6 - Public awareness and risk perception of 
endocrine disrupting chemicals: A cross-sectional 
survey (Study 2) 
Study 2 Abstract 

This cross-sectional survey investigated the UK public’s awareness and risk perception of endocrine 

disrupting chemicals (EDCs) and determined the relative influence of demographic characteristics and 

relevant psychological factors. In this study, relevant psychological factors included generalised trust, 

trust in information sources regarding EDCs, and an ability to deal with new scientific information. A 

sample of 1028 UK adults aged 18-65 completed this online survey. Descriptive analysis, analysis of 

variance (ANOVA) with post hoc analysis and hierarchical multiple regressions were conducted using 

IBM SPSS v27, with statistical significance set at p < .05. The results indicated that the general public 

of the UK are largely unaware of EDCs and their perceptions regarding the risks of EDCs were neutral. 

The strongest predictor of EDC awareness was age, with adults over the age of 45 reporting 

significantly lower awareness compared to other age groups. Generalised trust was the strongest 

predictor of EDC risk perceptions, with low levels of trust predicting higher risk perceptions. Findings 

from this study may aid the development of effective risk communication strategies and public health 

interventions.  
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6.1 Introduction 

The prevalence of endocrine disrupting chemicals (EDCs) in the food chain and the 

environment poses a significant global public health challenge (Acerini and Hughes 

2006; Gore et al. 2015). EDCs are exogenous chemicals that mimic or block the 

naturally occurring endogenous hormones of humans (IPCS 2002). The interference 

of hormone functioning triggered by EDC exposure is linked with many adverse 

health effects, such as reproductive disorders, metabolic disorders, 

neurodevelopmental disorders, and hormone related cancers (Bergman et al. 2013; 

Kahn et al. 2020). Examples of EDCs include pesticides, bisphenol A (BPA) and 

phthalates used in plastic products, phytoestrogens and mycotoxins naturally found 

in crops, heavy metals, dioxins, and chemicals used in flame retardants for furniture 

and floor protection. The exposure mechanisms of EDCs are exceedingly complex, 

and in addition to mounting epidemiological evidence demonstrating the negative 

health effects of EDCs (Hoffmann et al. 2017), there are additional factors that 

contribute to this public health challenge. Many EDCs are persistent in the 

environment, bioaccumulate in the food chain, and are not governmentally 

regulated (Sharma et al. 2014; Geyer et al. 2000c). Further research also 

demonstrates that mixtures of different EDCs contribute to adverse effects, 

otherwise not seen if chemicals were present alone, known as the “cocktail effect” 

(Svingen and Vinggaard 2015). 

The complexity of EDCs and their mechanisms are now one of the leading topics of 

scientific concern (Bergman et al. 2013) and presents an ongoing challenge for risk 
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communicators when informing the public. In order to prevent exposure, many 

governments and organisations have banned the use of EDCs in consumer products 

and are beginning to implement protective legislation. In particular, the European 

Commission have introduced specific legislative obligations aimed at phasing out 

EDCs in industrial chemicals, water, plant protection, and consumer products 

(European Commission 2014). While the government’s responsibility to protect the 

public is crucial, public actions to reduce exposure are also important and have also 

been advocated. Government and non-profit organisations have chosen to 

communicate the risks of EDCs and encourage the public to take steps to protect 

themselves (Europe n.d.; Trust n.d.; Society n.d.). However, in order for risk 

communication of EDCs to be effective, public perspectives must be considered 

(Frewer 2004). 

Studies on public risk perceptions of harmful chemicals have been widely reported. 

The public often express high levels of concern regarding the use of chemicals and 

demonstrate a strong desire to reduce the risks associated with chemical exposure 

(Dickson-Spillmann et al. 2011; Kraus et al. 1992; Slovic et al. 1995). Even when 

present in minor doses, as is often the case with EDCs, the public associate exposure 

with a likelihood of harm, causing them to believe chemicals are either safe or 

dangerous (Mertz, Slovic, and Purchase,1998; Slovic et al., 1995). Previous research 

has also found that when the public express concerns about the chemicals present 

in consumer products, they may then take steps to reduce or avoid exposure (Bearth, 

Cousin, and Siegrist, 2014; Dickson-Spillmann et al. 2011). When concerns arise from 
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the public, risk management authorities must respond and manage that risk, which 

in the past has sometimes led to detrimental societal and economic impacts, such as 

increased public distrust of authorities (Monro 2001; Ropeik 2012). In fact, public 

distrust of the authorities managing the chemical risks might also hold implications 

for public risk perceptions of EDCs due to government and authorities’ role in 

preventing exposure.  

Previous research on public perceptions of EDCs has primarily focused on specific 

contexts and less is known about the public’s general perceptions of EDCs as a broad 

category. Examples of previous research contexts include public perceptions of EDCs 

in water (Higgins et al. 2002), EDCs in the context of male infertility (Maxim, Mansier, 

and Grabar 2013), and pregnant or postpartum women’s perceptions of EDCs 

(Rouillon et al. 2017; 2018). Most of this research has been conducted using 

qualitative methodology, such as focus groups and interviews. A focus group study 

in Northern Ireland was the first to explore public awareness and risk perceptions of 

EDCs without contextual limitations (Kelly et al. 2020). In this study, public awareness 

of EDCs was minimal and underlying themes of risk perception included control over 

exposure, perceived severity, concern for personal health, children’s health, and the 

health of future generations. Few studies have investigated the public’s awareness 

of EDCs on a population level, however, results from a recent public survey in 

Belgium found that less than half of the respondents had ever heard of EDCs 

(Horemans et al. 2020). Although these studies offer valuable insights, there is very 
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little cross-sectional research on the current levels of awareness and risk perception 

of EDCs and the influence of demographic and psychological factors. 

6.1.1 Demographic variables associated with risk perception 

In previous studies, demographic variables were found to be significant predictors of 

risk perception. Demographic characteristics most commonly reported as predictors 

of risk perception include gender, age, and education level. Several studies have 

found gender differences regarding the perceived risks associated with new 

technology, with females showing more concern than males (Brody, 1984; Stallen 

and Tomas, 1988; Greenberg and Schneider, 1995; Siegrist, 1998). Similarly, a review 

of the literature on gender differences in environmental risk perceptions reported 

that females also expressed higher levels of concern about potential environmental 

and technological risks than males in most studies (Davidson and Freudenburg, 

1996). There have been studies examining the association between age and risk 

perception, again regarding new technological advances. Two such studies reported 

that the participants’ age was negatively related to the level of risk perceived by an 

arsenic-emitting factory and with a nuclear waste facility (Baird 1986; Freudenburg, 

1993). These studies suggest that younger people perceived the risks as higher than 

older people. Education levels have also been reported as predictors of risk 

perception in other areas such as nuclear technology and coronary heart disease (Yim 

and Vaganov 2003; Christian, Mochari, and Mosca 2005). These studies suggest that 

having higher levels of educational attainment will result in reduced risk perception, 

due to an ability to comprehend the risks and benefits of the situation.  
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6.1.2 Psychological factors associated with risk perception 

Many psychological factors have also been identified as shown to be important 

predictors in the formation of public risk perceptions. The influence of trust in 

information sources on risk perception has shown to be particularly important in the 

absence of knowledge (Luhmann 1988; Siegrist et al. 2003). When people do not 

possess sufficient technical knowledge to judge a particular risk, their trust in risk 

regulation bodies has been shown to guide their decisions and judgements instead 

(Earle and Cvetkovich,1995; Siegrist and Cvetkovich, 2000; Siegrist, Connor and 

Keller, 2012). If individuals trust these regulators, they tend to be less concerned 

because they assume the risk regulators are completing their work effectively and 

providing accurate risk assessments (Ropeik, 2011; Siegrist and Cvetkovich, 2000). 

Furthermore, a greater understanding of the risk assessment process has previously 

been associated with lower risk perceptions of chemicals, especially in the case of 

manmade chemicals (Dickson-Spillmann et al. 2011; Kraus et al. 1992; Shim et al. 

2011). However, it is suggested that the public require basic knowledge of chemical 

and toxicology principles to enable them to make factual decisions regarding 

products containing certain chemicals (Bearth, Cousin,  and Siegrist, 2016). 

Previous research specifically examining the predictors of EDC risk perception has 

been limited exclusively to studies on pregnant women (Rouillon et al. 2017; 2018). 

These studies identified that pregnant women’s knowledge and awareness of EDCs 

were significant predictors of risk perception, showing that a higher awareness of 

EDCs increased levels of risk perception. As for the demographic factors associated 
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with EDC risk perception, very little is known. Outside of EDCs, demographic 

variables, including income, marital status, and educational levels have been found 

to predict perceptions of similar risks, such as health and food safety risks (Dosman, 

Adamowicz, and Hrudey 2001).  

In order to encourage reduced exposure to EDCs, it is important to understand the 

current levels of public awareness and risk perception. Research shows that when 

the public is more knowledgeable about EDCs, they become more concerned and 

willing to change their behaviour (Horemans et al. 2020). Population-based data on 

the demographic and psychological predictors of EDC risk perception should 

ultimately inform risk communication stakeholders about the best means of 

improving the efficiency and effectiveness of their communication practices.  

6.1.3 Study rationale and aims 

Previous studies have assessed public attitudes towards EDCs by targeting specific 

population groups (e.g., pregnant women; Rouillon et al. 2017; 2018), or narrowing 

the scope of the study to focus on one related adverse health outcome (e.g., male 

infertility; Maxim et al. 2013). The present study aimed to extend upon prior research 

by using a cross-sectional survey of the UK public to investigate current levels of 

public awareness and risk perception of EDCs, and the relative influence of 

demographic and psychological factors. Thus, the first objective of the study was to 

develop scales that reliably measure people’s awareness and risk perception of EDCs. 

The second objective was to examine how demographic (age, education, and gender) 
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and psychological (generalised trust, trust in information sources, ability to deal with 

scientific information) factors are associated with awareness and risk perception of 

EDCs. The third objective was to determine how relevant associated demographic 

and psychological factors predict levels of awareness and risk perception.   

6.2 Materials and methods 

6.2.1 Data collection and sample description   

A survey involving 1028 participants from the United Kingdom (UK) aged 18-65 years 

(43.98 ± 12.7) was conducted online between 19 – 27 May 2020. Due to time and 

budgetary constraints, this survey was designed to encompass two studies. 

Therefore, the same data set and participants are reported for Chapters 6 and 7. A 

market research company (DynataTM) provided an online panel of participants, 

conducted all recruitment, and data collection. The survey contained closed-ended 

questions and took approximately 10 minutes to complete. Participants received 

£1.90 as remuneration for their participation. Online informed consent was obtained 

from each participant and all participants were informed that by partaking in the 

survey they were consenting for their data to be used. A quota design was applied 

by the market research company to evenly distribute the sample by gender. 

Demographic details and characteristics of the participants are detailed in Table 6. 

Approximately half of the participants were males (n = 532), and the other half were 

females (n = 493 females). The majority of participants were married (49.8%), had 

completed at least one university degree (46.2%), and were employed full-time 
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(61.2%). The study was approved (MHLS 20_56) by the Medicine, Health, and Life 

Sciences (MHLS) Faculty Research Ethics Committee at Queen’s University Belfast.  

Table 6: Demographic characteristics of the participants (n = 1028). 
  

Sample 
(%) 

Gender Male 52  
Female 48 

Age (years) 18-24  7.7  
25-34  18.8  
35-44  22.7  
45-54  25.6  
55-64  25.3 

Education Level None 0.2  
Primary education completed 0.9  
Secondary education completed (GCSE/O-
Level/CSE or equivalent) 

18.6 
 

Secondary education completed (A-Level or 
equivalent) 

15.3 
 

Vocational or technical qualifications 
completed 

18.9 
 

University education completed (first 
degree e.g. BA, BSc) 

31.9 
 

Postgraduate education completed (e.g. 
Masters) 

10.3 
 

Doctorate, post-doctorate or equivalent 
(Higher degree) 

4 

Marital Status Married 49.8  
Single (never married) 28.9  
Widowed 1  
Divorced 5.8  
Separated 1.7  
Living with partner 12.8 

Employment Status Unemployed 8.2  
Employed full time (>30 hours per week) 61.2  
Employed part time (<29 hours per week) 15.7  
Full time homemaker 5.8  
Student 2  
Retired 7.1 
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6.2.3 Questionnaire design and outline  

The questionnaire items were selected after a review of previous research 

investigating awareness and risk perception of EDCs (Ho and Watanabe 2018; S 

Rouillon et al. 2017; 2018; Kelly, Connolly, and Dean 2020a) and similar topics (Dean 

and Shepherd 2007). These were included alongside other relevant 

sociodemographic and psychological items to form the study questionnaire. The 

survey was initially piloted among 106 individuals in order to evaluate 

comprehensibility and the time required for completion. At the outset, demographic 

information was collected including gender, age, highest education completed, 

marital status, employment status, occupation, and household income (see Table 6). 

To address psychological predictors of awareness and risk perception, three scales 

were adapted from previous scales to measure generalised trust, trust in information 

sources regarding information on EDCs, and participants’ ability to deal with scientific 

information (Love, Mackert, and Silk 2013; Yamagishi and Yamagishi 1994; Dean and 

Shepherd 2007). To measure all aspects of awareness, four scales were used. First, 

the participants’ general awareness was measured. A second scale was used to 

better understand the participants’ awareness of different health effects associated 

with EDC exposure. This was followed by a third scale that measured their awareness 

of the sources where EDCs are found, and a fourth scale measuring their awareness 

that specific chemical groups act as EDCs. Finally, a scale was adapted from previous 

research to measure risk perception of EDCs (Dean and Shepherd 2007). Participants 
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were not shown any information on EDCs until this section of the survey was 

completed.  

6.2.4 Measures 

All items (listed in Table 7 were scored on a 7-point Likert scale (1 = ‘strongly 

disagree’, 7 = ‘strongly agree’) unless otherwise indicated. All variables in Table 7 

were scale variables. 

Table 7: Mean (SD) of questionnaire items  

Variables (number of items) Code Mean (SD) 
Items 

  

Generalised Trust (16 items)     
On a scale of 1 (strongly disagree) to 7 (strongly agree) rate how much you 
agree with the following statements. Please be honest, as there are no right or 
wrong answers. 

  

If given a chance, most people would try to take advantage of you gt 1 4.2 (1.7) 
Most people are too busy looking out for themselves to be helpful gt 2 4.6 (1.4) 
You can’t trust strangers anymore gt 3 4.7 (1.5) 
I never rely on other people gt 4 4.6 (1.6) 
Hypocrisy is on the rise in our society gt 5 5.0 (1.3) 
Not having a teacher present during exams would probably result in increased 
cheating 

gt 6 5.5 (1.4) 

Many major national sports contests are manipulated in one way or another gt 7 4.4 (1.4) 
Most people cannot be counted on to do what they say they will do gt 8 4.5 (1.4) 
You can count on the media gt 9 3.3 (1.7) 
I trust the media gt 10 3.2 (1.7)  
The public can always rely on the media gt 11 3.1 (1.7)  
The media keep their promises gt 12 3.1 (1.7)  
You can count on scientists gt 13 4.9 (1.3) 
I trust scientists gt 14 5.0 (1.3) 
The public can always rely on scientists gt 15 4.8 (1.3) 
Scientists keep their promises gt 16 4.7 (1.3) 
Trust in Information Sources (8 items)     
When it comes to information about endocrine disrupting chemicals, how 
trustworthy do you believe the following groups’ advice to be?  

  

Scale: extremely untrustworthy (1) - extremely trustworthy (7) 
  

The food advisory committee tis 1 4.4 (1.2) 
Environmental groups tis 2 4.4 (1.3) 
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General public tis 3 3.8 (1.4) 
Government scientific officers tis 4 4.5 (1.3) 
University research scientists tis 5 4.9 (1.3) 
Industry scientists tis 6 4.5 (1.3) 
Legal experts tis 7 4.2 (1.4) 
Consumer associations tis 8 4.4 (1.3) 
Dealing with Scientific Information (10 items)     
The following section is on how you feel about such science and technology 
related things. There are no right or wrong answers. 

  

I feel insecure about my ability to learn new scientific things. dsi 1 4.3 (1.7) 
When it comes to science related things, I give up before completing them. dsi 2 4.5 (1.6) 
I am capable of dealing with scientific problems. dsi 3 4.6 (1.4) 
If I need to know some scientific information, I can look it up. dsi 4 5.3 (1.3) 
If something looks technical, I will not even bother to try it. dsi 5 4.6 (1.7) 
When unexpected technical problems occur, I don’t handle them well. dsi 6 4.4 (1.6) 
I can learn science related matters if I set my mind to it. dsi 7 5.1 (1.3) 
When trying to learn something scientific, I soon give up if I am not initially 
successful. 

dsi 8 4.4 (1.6) 

New technology is something I can handle. dsi 9 5.1 (1.3) 
I avoid facing scientific information. dsi 10 4.7 (1.6) 
General Awareness (4 items)     
This section is interested in your awareness of endocrine disrupting chemicals. 

  

I am familiar with Endocrine Disrupting Chemicals. ga 1 2.7 (1.8) 
I know what Endocrine Disrupting Chemicals are. ga 2 2.8 (1.9) 
I know where Endocrine Disrupting Chemicals are found. ga 3 2.7 (1.8) 
Endocrine Disrupting Chemicals may cause negative health effects for humans. ga 4 

4.1 (1.5) 

Awareness of Health Effects (6 items)     
This section is interested in your awareness of endocrine disrupting chemicals. 

  

Allergies are possibly caused by Endocrine Disrupting Chemicals. he 1 4.2 (1.0) 
Some cancers are possibly caused by Endocrine Disrupting Chemicals. he 2 4.4 (1.1) 
Diabetes is possibly caused by Endocrine Disrupting Chemicals. he 3 4.3 (1.1) 
Developmental problems are possibly caused by Endocrine Disrupting 
Chemicals. 

he 4 4.3 (1.0) 

Obesity is possibly caused by Endocrine Disrupting Chemicals. he 5 4.2 (1.1) 
Reproductive problems are possibly caused by Endocrine Disrupting Chemicals. he 6 4.4 (1.1) 
Awareness of EDC Sources (5 items)     
This section is interested in your awareness of endocrine disrupting chemicals. 

  

Endocrine Disrupting Chemicals are found in food. sour 1 4.3 (1.1) 
Endocrine Disrupting Chemicals are found in personal care products (shampoo, 
soap, etc.) 

sour 2 
4.4 (1.1) 
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Endocrine Disrupting Chemicals are found in consumer products (textiles, 
furniture, electronics, etc.) 

sour 3 
4.3 (1.1) 

Endocrine Disruptors are found in industrial chemicals. sour 4 4.6 (1.1) 
Endocrine Disruptors are found in agricultural chemicals. sour 5 4.6 (1.1) 
Awareness of Specific EDC groups (10 items)     
Rate how certain you are that the following chemicals are endocrine disrupting 
chemicals. 

  

Scale: not at all certain (1) - completely certain (7) 
  

Bisphenol A (BPA) spec 1 3.2 (1.9) 
Brominated Flame Retardants spec 2 3.2 (1.9) 
Dioxins spec 3 3.3 (1.9) 
Diethylstilbestrol (DES) spec 4 3.1 (1.9) 
Heavy Metals (e.g., Lead, Mercury, Arsenic) spec 5 3.5 (2.0) 
Mycotoxins spec 6 3.3 (1.9) 
Pesticides (e.g., DDT) spec 7 3.7 (2.0) 
Plasticizers (e.g., Phthalates) spec 8 3.4 (2.0) 
Phytoestrogens spec 9 3.4 (2.0) 
PFASa (PFOSb, PFOAc) spec 10 3.2 (1.9) 
Risk Perception of EDCs (3 items)     
Before you answer each question, please keep in mind that each question 
relates to ‘endocrine disrupting chemicals (EDCs)’. 

  

Scale: none (1) - extremely high (7) 
  

What degree of risk do you think there is to you personally from exposure to 
EDCs? 

rp 1 
4.2 (1.2) 

What degree of risk do you think there is to future generations from exposure to 
EDCs? 

rp 2 
4.5 (1.2) 

What degree of risk do you think there is to your children from exposure to 
EDCs? 

rp 3 
4.4 (1.3) 

aper- and polyfluoroalkyl substances, bperfluorooctanesulfonic acid, cperfluorooctanoic acid 
 

Generalised trust 

The scale for generalised trust was adapted from previous studies on risk perception 

(Seigrist, Gutscher, and Earle, 2006) and consisted of 16 items (α = 0.82). Items in this 

scale were adapted so that participants could indicate how much they agreed with 

statements regarding their general trust in society, the media, and scientists.  

Trust in information sources regarding EDCs  
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The scale used to measure trust in information sources was adapted by previous 

work by Dean (2000). Participants responded to eight items in order to measure the 

trustworthiness of different information sources specifically regarding information 

about EDCs. These items assessed how trustworthy the participants believed eight 

information sources (e.g., The Food Advisory Committee, Legal Experts, and Industry 

Scientists) to be when it came to EDCs. These particular information sources were 

chosen as they represent a wide range of sources available to the public.  

Dealing with scientific information  

Participants’ perception of their ability to deal with scientific information was 

assessed with 10 items (α = 0.87). Participants indicated how much they agreed with 

statements such as ‘I feel insecure about my ability to learn new scientific things’ and 

‘I am capable of dealing with scientific problems’.  

General awareness 

The scale for general awareness consisted of four items (α = 0.90) to measure how 

much participants agreed with general statements about their awareness of EDCs, 

their associated health effects, and where they are found.  

Awareness of health effects  

To assess participants’ awareness of adverse health effects associated with exposure 

to EDCs, six items were used (α = 0.86). Participants indicated how much they agreed 

that EDCs possibly caused allergies, cancer, diabetes, developmental problems, 

obesity, and reproductive problems. 
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Awareness of EDC sources 

Participants’ awareness that EDCs were found in certain sources was scored using 

five items (α = 0.88). Participants indicated how much they agreed with statements 

claiming EDCs are found in food, personal care products, consumer products, 

industrial and agricultural chemicals.  

Awareness of specific EDCs  

Participants responded to 10 items (α = 0.97) to assess levels of awareness about 

whether different chemicals or chemical groups (e.g., bisphenol A, dioxins, heavy 

metals) were considered EDCs.  

Risk perception of EDCs 

Participants’ risk perception of EDCs was evaluated using three items (α = 0.88) 

Participants indicated the extent to which they thought EDCs were harmful, risky, or 

likely to have negative effects to themselves personally, to their children, or future 

generations. 

6.2.5 Data Analyses 

All data were analysed using IBM SPSS Statistics for Mac version 25.0 (IBM 214 

Corporation, Armonk, NY, USA), with a p-value < 0.05 considered to be significant. To 

conduct regression analysis, some of the demographic variables were recoded from 

nominal or ordinal to continuous forms. Gender was dummy coded (1=male, 

2=female) to a continuous variable in order to be inputted into the regression model. 

As for education level, it is often reported that ordinal variables with more than 5 
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categories may be treated as continuous variables (Rhemtulla et al. 2012). In this 

way, education level was recoded (1= none, 2= secondary education GCSE, 3 = 

secondary education A-Level, 4 = vocational or technical qualifications, 5 = university 

education, 6 = postgraduate education, 7 = doctorate). Marital and employment 

status were both categorical variables but were not entered into the regression 

models. 

Descriptive and factor analyses  

Descriptive statistics were used to explore the data. A descriptive (mean and SD) and 

group analysis (independent samples t-tests for continuous variables and chi-square 

tests for categorical variables) was first performed on the questionnaire items. To 

determine the internal consistency of the measurements used in this study, 

Cronbach’s coefficient alpha was calculated for each scale and an exploratory factor 

analysis (EFA) was conducted to define any subscales (Cronbach 1951). The Direct 

Oblimin rotation method was chosen as factors were expected to be correlated with 

each other. Trust in information sources, ability to deal with scientific information, 

general awareness, awareness of health effects, awareness of EDC sources, 

awareness of specific EDCs, and risk perception were all unifactorial. Generalised 

trust contained three factors that were identified as trust in the media (α = 0.94), 

trust in society (α = 0.84), and trust in scientists (α = 0.93). Internal reliabilities of all 

constructs (Appendix 3) demonstrated good to excellent internal consistency (α > 

0.7), indicating that the scales reliably and consistently reflected the constructs they 

were intended to measure (Eiser and Morse 2001). Analyses of Variance (ANOVAs) 
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were conducted to assess any significant differences between the different levels of 

awareness and risk perception scores, as well as for examining the differences across 

sociodemographic and psychological variables.  

Regression analyses  

Hierarchical multiple regressions were conducted to assess predictor variables for 

public awareness and risk perception. Initially, a hierarchical multiple regression 

examined the association between demographic variables and public awareness and 

public risk perception. Then, an extended version was tested to include psychological 

variables. 

 

6.3 Results 

6.3.1 Descriptive summary 

An exploratory factor analysis (EFA) determined that the scale used to measure 

generalised trust comprised of three subscales: trust in the media (α = 0.94), trust in 

society (α = 0.84), and trust in scientists (α = 0.93). There were statistically significant 

differences between these three groups, with the highest level of trust being placed 

in scientists (4.8 ± 1.2, p < .001), and the lowest level of trust placed in the media (3.2 

± 1.6, p < .001). With regard to demographic differences, there were significant 

differences in generalised trust scores between age groups (F(4, 1023) = 10.087, p 

<.001) and gender (F(2, 1025) = 3.425, p <.05). The level of generalised trust was 

significantly lower for older participants aged 45-64 (4.13 ± .60, p < .001) compared 
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to the younger participants aged 18-44 (4.51 ± .86, p <.001). As for gender 

differences, female scores (4.28 ±.76, p < .05) reflected significantly lower levels of 

generalised trust compared to males (4.40 ±.77, p < .05). When it came to trust in 

EDC information sources, participants’ scores centred around the midpoint, except 

for scores regarding trust in the general public which were slightly lower (3.76 ± 1.4). 

During analysis, age was dummy coded as a dichotomous variable (group 1: ages 18-

44, group 2: ages 45-64) to reflect the statistical differences between younger and 

older age groups. There were significant differences between age groups as 

determined by one-way ANOVA (F(4, 1023) = 7.039, p < .001). Trust in information 

sources was significantly lower for older participants aged 45-64 (4.15 ± .94, p <.001) 

compared to the younger participants aged 18-44 (4.59 ± .97, p <.001). Participants’ 

scores for dealing with scientific information were slightly above the mid-point. 

There were significant differences between age groups as determined by one-way 

ANOVA (F(4, 1023) = 13.370, p < .001) indicating that ability to deal with scientific 

information was significantly lower for older participants aged 45-64 (3.98 ± .56, p < 

.001) compared to the younger participants aged 18-44 (4.33 ± .94, p < .001).  

General awareness of EDCs 

Overall, participants reported low levels of awareness of EDCs as the sample means 

for each construct were below the mid-point score of 4. There were significant 

differences in general awareness scores based on age, education, marital status, and 

employment status. Participants who were older than 45 years were significantly less 

aware of EDCs compared to those aged 18-44. Slightly higher general awareness 
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scores were reported for those who had completed secondary (GCSEs), university, 

postgraduate, and doctorate education. The mean scores were significantly different 

between these educational sub-groups. Those who had completed doctorate 

education reported the highest scores of general awareness and the lowest scores 

were reported by those who had only completed secondary education. With regard 

to marital status and general awareness, significant differences were found between 

single, married, and divorced sub-groups. Participants who reported the highest 

levels of general awareness were married. Significant differences between 

employment status and general awareness scores were also found. Participants who 

were employed full time reported significantly higher scores of general awareness 

compared to participants who were retired, unemployed, and employed part time.  

Awareness of health effects associated with EDCs 

Scores for awareness of health effects associated with EDCs centred around the mid-

point, and all mean scores were significantly different for each health effect. 

Participants were most aware of the possibility that EDC exposure causes cancer and 

least aware that EDC exposure possibly causes obesity.  

Awareness of EDC sources 

Scores for awareness of EDC sources also centred around the mid-point, and all mean 

scores were significantly different for each item. Participants’ scores indicated 

significantly higher levels of awareness that EDCs are found in industrial and 

agricultural chemicals, and significantly lower awareness that EDCs are found in food.  
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Awareness of specific EDCs 

Participants’ awareness of specific EDC groups scored below the midpoint, and all 

mean scores were significantly different for each item. Participants were more aware 

that pesticides and heavy metals were potential EDCs.  

Risk perception of EDCs 

Participants viewed the risks of EDCs as neutral, as scores for risk perception centred 

around the mid-point. There were significant differences in risk perception scores 

based on age and education. Participants who were older than 35 years old reported 

higher risk perception scores than those who were younger. However, no significant 

differences were found between the scores of each sub-group. Significant 

differences in risk perception scores were only found between those who completed 

university education and those who completed secondary education. Participants 

who had completed university education had significantly higher risk perception 

scores than those who had only completed secondary education. 

How are demographic and psychological variables correlated with general 

awareness and risk perception of EDCs? 

Correlations between demographics and psychological variables and general 

awareness scores are shown in Table 8. All demographic and psychological variables, 

excluding gender, correlated significantly with general awareness. Although all 

correlations were considered weak (effect size < 0.3) age and generalised trust were 
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most strongly correlated with general awareness. Age was negatively correlated with 

general awareness, indicating that participants who were older reported lower 

general awareness scores. Generalised trust was positively correlated with general 

awareness, indicating that those who were more trusting reported higher levels of 

awareness of EDCs.    

Table 8: Correlations between demographic and psychological variables and general awareness 
 

1 2 3 4 5 6 7 8 

1. General 
Awareness 

- 
       

2. Age -.29** - 
      

3. Gender -0.06 -.15** - 
     

4. Education 
Completed 

.21** -.11** -0.03 - 
    

5. Marital Status -.11** -.08** .10** -.07* - 
   

6. Work Status -.10** .19** .07* -.08** -0.02 - 
  

7. Generalised Trust .29** -.19** -.07* 0.05 -0.02 -.07* - 
 

8. Trust in 
Information Sources 

.25** -.13** -0.04 .17** -0.03 -0.05 .36** - 

9. Dealing with 
Scientific 
Information 

.28** -.20** -0.02 0.01 -0.02 -.10** .52** .26** 

p < 0.05*; < 0.01**; bold numbers highlight significance 

Correlations between demographic and psychological variables and risk perception 

scores are shown in Table 9. All demographic and psychological variables, excluding 

gender and marital status, correlated significantly with risk perception scores. 

Psychological variables (generalised trust, trust in information sources, and ability to 

deal with scientific information) were most strongly correlated with risk perception. 

These were all positive correlations, indicating that participants who had higher 

levels of generalised trust, higher trust in information sources regarding about EDCs, 
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and those with a greater ability to deal with scientific information perceived the risks 

of EDCs as more severe.  

Table 9: Correlations between demographic and psychological variables and risk perception. 
 

1 2 3 4 5 6 7 8 9 

1. Risk Perception - 
        

2. Age -.10** - 
       

3. Gender 0.02 -.15** - 
      

4. Education 
Completed 

.11** -.11** -0.03 - 
     

5. Marital Status 0.02 -.08** .10** -.07* - 
    

6. Work Status -.06* .19** .07* -.08** -0.02 - 
   

7. Generalised 
Trust 

.30** -.19** -.07* 0.05 -0.02 -.07* - 
  

8. Trust in 
Information 
Sources 

.23** -.13** -0.04 .17** -0.03 -0.05 .36** - 
 

9. Dealing with 
Scientific 
Information 

.22** -.20** -0.02 0.01 -0.02 -.10** .52** .26** - 

p < 0.05*; p < 0.01**; p < .001***; bold numbers highlight significance 
 

Predictors of general awareness and risk perception of EDCs 

Demographic and psychological variables that were significantly correlated with 

general awareness scores were entered into a hierarchical multiple regression (HMR) 

analysis (see Table 10). The first model included demographic factors (age and 

education completed) which accounted for 13% of the variance in general awareness 

scores (based on R2
adj), with a significant independent contribution (p < .001). In the 

second model, psychological variables (generalised trust, trust in information 

sources, and ability to deal with scientific information) were added, bringing the 

variance explained to 21% (p < .001). Age, education, generalised trust, trust in 
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information sources, and ability to deal with scientific information were all significant 

predictors of general awareness of EDCs. The variable that determined the most 

variance explained in the model was age (β = -0.21), indicating that being younger 

was associated with higher awareness of EDCs. Having completed higher education 

(β = 0.14), being generally trusting (β = 0.13), more trusting of EDCs information 

sources (β = 0.11), and better at dealing with new scientific information (β = 0.14), 

were also associated with greater awareness levels.  

Table 10: Hierarchical multiple regression predicting general awareness scores 

General Awareness Total 
(N = 1028) 

Model 1 Model 2 

Variables B(a) SE(a) β(a) B(a) SE(a) β(a) 

Demographic Variables 
      

Age -0.03 0.00 -0.28*** -0.03 0.00 -0.21*** 
Education Completed 0.48 0.09 0.16*** 0.44 0.09 0.14*** 
Psychological Variables 

      

Generalised Trust 
   

0.26 0.07 0.13*** 
Trust in Information 
Sources 

   

0.19 0.05 0.11*** 
Dealing with Scientific 
Information 

   

0.29 0.07 0.14*** 
F  39.817 38.972 

Adjusted R2 0.13 0.21 
 (a)B; Unstandardised beta-coefficient, β; Standardised beta-coefficient, F; F-statistic, SE; 
Standard error; p < 0.05*; p < 0.01**; p < .001***; bold numbers highlight significance 
 

Demographic and psychological variables that were significantly correlated with risk 

perception scores were entered into a HMR analysis (see Table 11). The first model 

included age and education level, which accounted for 2% of the variance in risk 

perception scores (based on R2
adj), with a significant independent contribution (p < 

.001). In the second model, psychological variables were added, increasing the 
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variance explained to 12% (p < .001). The variable that determined the most variance 

explained in the model was generalised trust (β = 0.21), indicating that the more 

trusting the participants considered themselves to be, the higher they perceived the 

risks of EDCs. Education level and trust in information sources were also significant 

predictors of risk perception scores. This indicated that having completed higher 

education (β = 0.07) and being more trusting of information sources regarding EDCs 

(β = 0.12) were associated with greater risk perception scores.  

Table 11: Hierarchical multiple regression predicting risk perception scores 

Risk Perception Total (n = 1028) Model 1 
  

Model 2 
  

Variables B(a) SE(a) β(a) B(a) SE(a) β(a) 
Demographic Variables       
Age -0.01 0.03 -0.11** -0.003 0.003 -0.04 
Education Completed 0.19 0.07 0.09** 0.16 0.06 0.07* 
Psychological Variables 

      

Generalised Trust 
   

0.30 0.05 0.21*** 
Trust in Information Sources 

   
0.14 0.04 0.12*** 

Dealing with Scientific Information 
   

0.10 0.05 0.07 
F  11.601 37. 
Adjusted R2 0.02 0.12 

 (a)B; Unstandardised beta-coefficient, β; Standardised beta-coefficient, F; F-statistic; SE; 
Standard error; p < 0.05*; p < 0.01**; p < .001***; bold numbers highlight significance 
 

Finally, additional analysis revealed a significant positive association between 

awareness and risk perception, (r(1028) = .34, p < .001). A linear regression 

established that general awareness of EDCs could statistically significantly predict risk 

perception, (F(1, 1026) = 132.501, p < .001). In this model, general awareness 

accounted for 11.4% of the explained variability in risk perception scores.  
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6.4 Discussion 

Studies on public awareness and risk perception offer valuable evidence-based 

information for policy makers, especially with regards to improving risk 

communication strategies. The objectives of this survey were to describe the UK 

public’s awareness and risk perception of EDCs and to identify the predictive value 

of demographic and psychological variables using regression analysis.  

Results from this study demonstrate a lack of public awareness of EDCs in the UK. 

Differences in awareness levels were found between subgroups, specifically based 

on age, education, marital status, and work status. This finding suggests that 

demographic characteristics play an important role in understanding differences in 

awareness of EDCs. The strongest predictor of EDC awareness was age, with 

participants older than 45 years reporting the lowest levels of awareness. In this 

study, older participants also demonstrated the lowest ability to deal with scientific 

information. Similar research has found that older adults use the Internet to seek out 

health information much less frequently compared to younger adults (Ayers and 

Kronenfeld 2007; Fox 2004). This underutilisation of the Internet along with an 

inability to deal with new scientific information may contribute to the lack of EDC 

awareness reported by older adults. This lack of awareness of EDCs may also be 

explained by the fact that older adults are often less trusting of the Internet as a 

source of health information and rely more so on healthcare professionals (Donohue 

et al. 2009; Hesse et al. 2005; Zulman et al. 2011). Generalised trust and trust in 

information sources regarding EDCs was significantly lower for older adults. In this 
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survey, generalised trust reflected a personality trait, whereas trust in information 

sources reflected the participant’s feelings towards a particular source in that 

moment regarding information on EDCs. These findings may reflect different life 

experiences, as older adults tend to have more frequent contact with medical 

professionals, whereas younger adults grew up using the Internet for health 

information. These findings suggest that more research is needed to investigate how 

age differences, trust, and the utilisation of the Internet for seeking health 

information can impact awareness of EDCs.   

The relationship between the general public’s awareness and risk perception of 

chemicals in the EU has previously been demonstrated (ICF 2018). In the present 

study, general awareness of EDCs was a strong predictor of risk perception scores, 

showing that participants who were more aware of EDCs were more likely to perceive 

the associated risks as more severe. Although this study aimed to investigate the 

variables associated with EDC awareness and risk perception separately, this finding 

is important for policy makers and should strengthen the resolve to increase 

awareness of EDCs in the UK. Participants in this study had a neutral view of the risks 

of EDCs. Increasing public risk perceptions of EDCs has important implications for 

public action and policy. Various studies on similar risks, such as climate change, 

found that risk perception is a good predictor of behavioural intentions, greater 

support of political initiatives, and making more environmentally friendly consumer 

choices (O’Connor, 199; Heathy and Gifford, 2006). In the case of EDCs, the public 

commonly believe that they have very little personal control and that exposure is 
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unavoidable (Kelly, Connolly, and Dean, 2020). Therefore, it is difficult to know 

whether interventions that successfully engage and change risk perceptions will 

produce subsequent public actions to reduce exposure. Those who perceive issues 

as a high risk were more likely to support policies that would decrease this risk, and 

conversely oppose policies that would increase that risk (Stoutenborough, Vedlitz, 

and Liu 2015). Going forward, the focus should be on raising public awareness and 

risk perceptions of EDCs to increase the demand for policy action and expedite 

protective legislation.  

The literature on perceptions of EDCs has focused primarily on pregnant women 

(Rouillon et al. 2017; 2018; Chabert et al. 2016), as the developing fetus is particularly 

vulnerable to EDC exposure (Bonde et al. 2016). However, evidence from longitudinal 

studies shows that EDCs also have a ‘cocktail effect’, whereby an accumulation of a 

mixture of low level EDC exposures throughout the lifetime is what contributes 

significantly to negative health outcomes (Svingen and Vinggaard 2015). Diseases 

characteristic to older adults (e.g., Parkinson’s, Alzheimer’s, abnormal liver function) 

may be promoted by chronic exposure to EDCs (Lee et al. 2014; Mostafalou and 

Abdollahi 2013), and results from the current survey show that older adults are the 

least aware of EDCs and do not perceive them to be high risk. Previous research aligns 

with these findings (Baird 1986; Freudenburg, 1993), as younger people show a 

tendency to hold higher risk perceptions. There is an imperative need to inform older 

adults of the risks of EDCs, as they are especially vulnerable to health effects 

associated with prolonged EDC exposure (Tanner et al. 2020; Risher et al. 2010). 
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Future research should aim to improve the understanding of older adults’ awareness 

and risk perceptions of EDCs and examine how they receive health information as 

well as the barriers and facilitators to reducing their exposure.  

The findings from this survey offer valuable implications regarding the improvement 

of effective EDC risk communication. There is a need to improve the overall 

awareness of EDCs, especially for older adults, those with less educational 

attainment, and those not employed full-time. The words and terms used to describe 

EDCs are important and need to be more accessible to all educational backgrounds, 

with arguments in favour of less ambiguous and more consistent terminology to help 

improve risk communication (Foster and Agzarian 2008). There is a need to tailor EDC 

risk messages to be easily understood by members of the public with lower 

educational backgrounds, and targeted to groups outside of the university network, 

such as community centres and office environments.  

Trust was the strongest predictor of EDC risk perception. In this study, there was a 

significant positive relationship between generalised trust and risk perception of 

EDCs. This indicated that the more generally trusting a participant was, the higher 

they perceived the risks of EDCs. Literature on trust and risk perception reports that 

the public tend to have limited knowledge of hazards and therefore rely on trust to 

assess the benefits and the risks associated with a hazard (Siegrist &Cvetkovich, 

2000). It is posited that when people trust the industry or the governmental agencies 

responsible for regulating a risk or hazard, the hazard may be perceived more 

positively. General trust has previously been negatively correlated with risk 
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perceptions across range of different hazards (Siegrist et al., 2005). In the case of this 

study, the opposite was found, whereby generalised trust and trust in information 

sources were positively associated with higher levels or risk perception. Arguments 

have been made that this positive link between trust and risk perception is due to an 

associative relationship rather than causal (Eiser et al. 2002). In other words, trust 

and risk perception could well be indicators or expressions of a more general attitude 

towards EDCs, rather than one predicting the other. Future research should aim to 

explore and dissect this relationship further.  Participants placed the highest amount 

of trust in university scientists when it came to information about EDCs. Future risk 

communication interventions should aim to use trust as a tool for increasing risk 

perception of EDCs, and in turn improving risk reduction behaviours. This could be 

achieved in future studies by performing trust interventions aimed at increasing the 

public’s trust in scientific advisories. These findings should aid in the development of 

effective risk communication strategies. 

This study contributes to knowledge about the public’s awareness and risk 

perception of EDCs, however it is important to state that preventing exposure to 

EDCs is the governments’ responsibility and not the public’s personal burden. It is 

unrealistic to expect that the public will take action to reduce their exposure to EDCs 

knowing that EDC exposure cannot be completely avoided. A study in 2020 found 

that consumers who took steps to limit their exposure to EDCs through reading labels 

to avoid products had lower concentrations of EDCs in their urine samples (Dodson 

et al. 2020). However, simply reading labels to avoid EDCs was not entirely effective 
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as many EDCs are not listed on product labels. Additionally, not all EDCs route of 

exposure is via products. Exposure can occur through our environment, drinking 

water and food chain. The only way to control this exposure risk is not to release 

these compounds in the first place, hence why regulation and legislation should be 

the main line of protection for the consumer. Furthermore, policy efforts are needed 

to increase the transparency of product ingredients and to enforce regulations that 

restrict EDCs from use. By educating the public about the issues regarding exposure 

to EDCs, it is anticipated that the demand for policy change and restrictive legislation 

will increase.   

6.4.1 Strengths and Limitations  

There are a number of strengths in the current study, including the large sample size 

and reliable measures for awareness and risk perception of EDCs. This study also 

made valuable contributions to the fields of risk perception research and public 

perceptions of EDCs. These strengths in the research design may help to enable 

researchers to focus their interventions, such as incorporating trust in information 

sources into future EDC risk communication interventions. However, there are a 

number of limitations that need to be acknowledged when interpreting these results. 

While a varied sample was sought, the final sample included participants who were 

highly educated, with majority of participants having completed some form of 

secondary education. Additionally, participants did not report which country 

(Northern Ireland, England, Scotland, Wales) they were from which may have added 

valuable information to the study. Since this was the first study of its kind in the UK, 



165 

 

there was no benchmark assessment to compare responses on awareness and risk 

perception. The use of a control would have been helpful in further establishing the 

validity of the constructs. Despite these limitations, the current results provide some 

insights into the current state of awareness and risk perception of EDCs in adults and 

is likely a best case scenario. Future studies should target those of lower educational 

attainment by targeting recruitment to areas where there are large numbers, 

including workplaces and clubs, and using relevant incentives and strategies to 

generate a nationally representative sample to improve generalisability. As with all 

cross-sectional research, causality cannot be determined in this study and future 

intervention research could evaluate the impact psychological factors have on 

awareness and risk perception of EDCs.  

6.5 Conclusion 

The general public are largely unaware of EDCs, their associated health effects, 

sources, and specific EDC groups. Age was the strongest predictor of general 

awareness, along with education completed, marital status, generalised trust, and 

trust in information sources. Being younger in age, having completed higher 

education, being generally trusting, and more trusting of information sources 

regarding EDCs predicted greater awareness levels. Participants had a neutral view 

regarding the risks of EDCs. Trust was the strongest predictor of EDC risk perception, 

indicating that the more trusting the participants considered themselves to be, the 

higher they perceived the risks of EDCs. Risk communication can be improved by 

increasing awareness of EDCs through targeting specific demographic subgroups and 
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increasing levels of trust and subsequently risk perception. Raising public awareness 

and risk perceptions of EDCs are an important step, but it is the responsibility of the 

government and policy makers to protect the public by restricting and regulating the 

use of EDCs in consumer products and environments.  
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7 Chapter 7 - Communicating risks of endocrine 

disrupting chemicals to the public: The effect of 

information source on risk message quality (Study 3) 

Study 3 Abstract 

Endocrine disrupting chemicals (EDCs) and their effects on human health have become one of the 

most concerning topics of this decade. Chronic exposure to EDCs has been associated with many 

negative health outcomes such as reproductive disorders, metabolic disorders, and cancer, yet recent 

research suggests that the general public are still largely unaware of EDCs or the associated risks. 

Government organisations are currently the primary communicators of EDC risks. However, with the 

rising use of social media, the public now has the opportunity to access and seek out health 

information in new ways. The current study investigated: how risk messages affect awareness and risk 

perception of EDCs (1), the comparable effects of two sources (WHO vs. social media) on the perceived 

quality of EDC risk messages (2), and the effect information sources have on perceptions of risk 

messages regarding EDCs (3). Results of this study found that regardless of who the source was, 

awareness of EDCs improved after participants read the EDC risk message. The perceived risk of EDCs 

was higher for the social media condition even though the risk message was the same. The risk 

message and the source were perceived more positively when participants believed it came from a 

doctor on social media compared to the WHO. Findings from this study suggest that citizen scientists 

and doctors should use their platforms to educate the public about EDCs. Social media can potentially 

be a valuable tool in the future of EDC risk communication. 
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7.1 Introduction  

The ubiquitous presence of endocrine disrupting chemicals (EDCs) and their effects 

on human health have become one of the most concerning topics of this decade 

(Diamanti-Kandarakis et al. 2009). EDCs are naturally occurring or manmade 

chemicals that disrupt the endocrine functioning of humans by mimicking or blocking 

endogenous hormones (Monneret 2017). Emerging risk assessments now link 

chronic EDC exposure with many negative health outcomes such as reproductive 

disorders, metabolic disorders, and cancer (Gore et al. 2015), yet recent research 

suggests that the general public are still largely unaware of EDCs or the associated 

risks (Kelly et al. 2020; Horemans et al. 2020). Efforts to improve risk communication 

of EDCs have been made, and the rise of the Internet has provided the public with 

access to health information beyond the narrow and highly technical scope of peer-

reviewed literature (McGrath 1997). Government organisations are the primary 

communicators of EDC risks, however, the public now has the opportunity to access 

and seek out health information from many different sources.  

Outside of literature on EDCs, a vast amount of psychological research has examined 

how different information sources influence public risk perceptions (Peretti-Watel et 

al. 2014; Nagler et al. 2010; Dong, Hu, and Zhu 2018). A source’s trust and credibility 

are arguably the most important components for environmental risk communication 

(Peters, Covello, and McCallum 1997). According to experts on risk communication, 

public perceptions of a source's credibility are determined by two types of 

expectations about possible biases in its information (Eagly, Wood, and Chaiken 
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1978; Gutteling and Wiegman 1996; Hunt and Frewer 2001). The first is known as 

‘reporting bias’, referring to the degree to which the information source can be 

expected to be truthful about a specific issue. The second is known as ‘knowledge 

bias’ and refers to the degree of knowledge or expertise a source is assumed to have 

about a specific issue. Reporting bias may include characteristics such as a source’s 

perceived likelihood to withhold information or have a vested interest in promoting 

a particular view. Whereas knowledge bias may include characteristics such as a 

source’s perceived level of expertise or factuality. Arguments have been made that 

these two expectations are the main predictors in the level of trust associated with 

an information source (Gutteling and Wiegman 1996; Renn and Levine 1991; 

Kasperson, Golding, and Tuler 1992; Peters et al. 1997). 

From chapter 6, findings indicated that trust in information sources as an important 

predictors of EDC risk perception. Previous studies on effective risk communication 

have also demonstrated the importance of trust in information sources (Slovic, 1993; 

Frewer et al., 1996). Sources such as environmental groups and consumer 

organisations tend to be more favoured, whereas government organisations are 

often distrusted (Frewer and Shepherd 1994; Löfstedt and Renn 1997). In fact, the 

overall level of trust and confidence placed in the UK government has fallen to the 

lowest point in decades according to the most recent British Social Attitudes Survey 

(Curtice, Hudson, and Montagu 2020). Furthermore, public trust in regulation and 

legislative control may be reduced if it is perceived that the government is working 

closely with manufacturing or production industries (Fischhoff 1995). A cross-
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sectional European study found that the public believes the government protects the 

industry because of their role in the economy, and when it comes to preventing 

exposure to chemicals, stronger emphasis was thus placed on the consumer as 

opposed to industry (Uhl et al. 2021). Considering that the solution for reducing 

public exposure to EDCs centres largely on the regulation and removal of these 

chemicals from consumer products, the trust and credibility placed in the 

government organisations may therefore be impacted. Subsequently, the entrance 

of social media as an informational platform has garnered attention with regards the 

communication of health information (Moorhead et al. 2013; Neuhauser and Kreps 

2003; Hesse et al. 2005).  

According to Frewer and colleagues (2004), effective risk communication should 

incorporate a two-way dialogue between the public, scientists, doctors, and 

policymakers. Social media lends itself to this paradigm, as it gives the public the 

opportunity to interact with these important stakeholders in an accessible, low-

threat way. This two-way interaction between  these stakeholders and the public has 

been strongly encouraged, as it aids in the formation of online communities that 

facilitates discussions between experts and non-experts (Yuan et al. 2017). Research 

on risk communication of EDCs remains in its infancy, however, studies on risks such 

as climate change have found visible links between social media, increasing 

awareness, and changing public perceptions (Mavrodieva et al. 2019; Anderson 

2017). Although the use of social media to inform the public may be challenging due 

to the prevalence of misinformation (Suarez-Lledo and Alvarez-Galvez 2021), 
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researchers have begun to explore the perceived credibility of social media platforms 

for health risk communication (Westerman, Spence, and Van Der Heide 2012; 

Cosenza, Solomon, and Kwon 2014). In particular, the benefits of citizen scientists 

and doctors using social media platforms to communicate health risks have been 

advocated (Liu et al. 2020; Imran et al. 2019; Wu, He, and Zhang 2020). 

With regards to the current societal popularity of social media, special attention is 

given to the opportunities that have arose to improve risk communication. The 

evolution of social media has expanded the possibilities of risk communication, but 

must be compared alongside traditional risk communication routes in order to 

provide evidence-based guidance (Barnett et al. 2011; Rutsaert et al. 2013). The 

current study investigated: how risk messages affect awareness and risk perception 

of EDCs (1), the effect of two different information sources on the perceived quality 

of EDC risk messages (2), and the effect information sources have on perceptions of 

risk messages regarding EDCs (3).  

7.2 Methods 

7.2.1 Data collection and sample description   

A survey involving 1028 participants from the United Kingdom (UK) aged 18-65 years 

(43.98 ± 12.7) was conducted online between 19 – 27 May 2020. A market research 

company (DynataTM) provided an online panel of participants, conducted all 

recruitment, and data collection. As mentioned in the previous chapter, the same 

data set and participants are reported for both Chapters 6 and 7. The study was 
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approved (MHLS 20_56) by the Medicine, Health, and Life Sciences (MHLS) Faculty 

Research Ethics Committee at Queen’s University Belfast.  

7.2.2 Questionnaire design and outline  

The questionnaire items were selected after a review of previous research 

investigating the effects of information sources on awareness, risk perception, and 

perceptions of risk information (Dean and Shepherd 2007; Hunt and Frewer 1999; 

2001; Dean 2000). These were included alongside other relevant sociodemographic 

to form the study questionnaire. The survey was initially piloted among 106 

individuals in order to evaluate comprehensibility and the time required for 

completion. At the outset, we measured demographics including gender, age, 

highest education completed, marital status, employment status, occupation, and 

household income. The survey then consisted of an experiment to examine the effect 

of two different information sources on the perceived quality of an EDC risk message. 

Based on the literature, a more traditional organisation and a modern source were 

chosen as the experimental conditions. The participants were randomly assigned to 

one of two groups: the first group was told that the risk message was given by the 

WHO (n = 519), and the second group was told that the same information was being 

given by a doctor on social media (n = 509). Participants in both conditions were 

shown the same EDC risk message (Figure 5; WHO, 2019). In order to elicit 

participants judgments regarding the two sources, short and descriptive vignettes 

were used to create a hypothetical situation commonly used in survey research 

(Atzmüller and Steiner 2010). Participants in the WHO condition were told that the 
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published the risk message, and participants in the social media condition were told 

that the message was posted on social media by a doctor. Perceptions of the 

information source and perceptions of the risk message were subsequently 

measured. To examine whether learning about EDCs had any effect regardless of 

which information source was being referenced, awareness and risk perception of 

EDCs were measured before and after participants read the risk message. This was 

to assess whether learning about EDCs impacted participants’ knowledge of EDCs as 

well as any changes in risk perception. Differences in awareness and risk perception 

were also compared between the two conditions.  

Figure 5: EDC risk message  

“Endocrine disrupting chemicals (EDCs) and potential EDCs are mostly man-made, found in various 

materials such as pesticides, metals, additives or contaminants in food, and personal care products. 

EDCs have been suspected to be associated with altered reproductive function in males and females; 

increased incidence of breast cancer, abnormal growth patterns and neurodevelopmental delays in 

children, as well as changes in immune function. 

Human exposure to EDCs occurs via ingestion of food, dust and water, via inhalation of gases and 

particles in the air, and through the skin. EDCs can also be transferred from the pregnant woman to 

the developing fetus or child through the placenta and breast milk. Pregnant mothers and children 

are the most vulnerable populations to be affected by developmental exposures, and the effect of 

exposures to EDCs may not become evident until later in life. Research also shows that it may 

increase the susceptibility to non-communicable diseases.” 

7.2.3 Measures 

All items were scored on a 7-point Likert scale (1 = ‘strongly disagree’, 7 = ‘strongly 

agree’) unless otherwise indicated.   
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Awareness 

The scale for general awareness (see Chapter 6) consisted of 4 items (α = 0.90) to 

measure how much participants agreed with general statements about their 

awareness of EDCs, their associated health effects, and where they are found.  

Risk perception of EDCs 

Participants’ risk perception of EDCs (see Chapter 6) was evaluated using 3 items (α 

= 0.88). Participants indicated the extent to which they thought EDCs were harmful, 

risky, or likely to have negative effects to themselves personally, to their children, or 

future generations. 

Perceived information quality  

The scale for perceived information quality (PIQ) was adapted from previous work by 

Dean (2000) and consisted of 6 items (α = 0.84). Participants indicated how 

trustworthy, accurate, factual, distorted, truthful, and biased they perceived the 

information to be.  

Perceived source quality 

 The scale for perceived source quality (PSQ) was adapted from previous work by 

Dean (2000) and consisted of 12 items (α = 0.83). Participants indicated the extent to 

which they believed the source was likely to withhold information, have freedom to 

provide information to the public, have a vested interest in promoting a particular 

view, be an expert in the area of EDC risk and so on. 
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7.2.4 Data Analysis 

All data were analysed using IBM SPSS Statistics for Mac version 27.0 (IBM Corp), 

with a p-value < 0.05 considered to be significant. Descriptive statistics were used to 

explore the data. A descriptive (mean and SD) and group analysis (independent-

samples t-tests for continuous variables and chi-square tests for categorical 

variables) was first performed on the questionnaire items. To determine the internal 

consistency of the measurements used in this study, Chronbach’s coefficient alpha 

was calculated for each scale and an exploratory factor analysis (EFA) was conducted 

to define any subscales (Cronbach 1951). The Direct Oblimin rotation method was 

chosen as factors were expected to be correlated with each other. Awareness, risk 

perception, PIQ, and PSQ were all unifactorial. Internal reliabilities of all constructs 

demonstrated good to excellent internal consistency (α > 0.7), indicating that the 

scales reliably and consistently reflected the constructs they were measuring (Eiser 

and Morse 2001). Analyses of Variance (ANOVAs) were conducted to assess any 

significant differences between the different levels of awareness and risk perception 

scores, as well as for examining the differences across sociodemographic and 

psychological variables.  

7.3 Results 

7.3.1 How does reading EDC risk messages affect awareness and risk perception? 

Awareness 



176 

 

Participants’ awareness of EDCs was measured before and after they read the EDC 

risk message. Normality checks were carried out on the residuals which were 

approximately normally distributed. A repeated measures ANOVA showed that mean 

awareness scores differed significantly pre and post information (F(1, 1027)= 

244.067, p < 0.001). A paired samples t-test showed that familiarity increased from 

4.38  ±  1.06 to 4.53  ±  1.06, p < 0.001.  This showed that the simple process of 

reading information about EDCs can significantly improve awareness.   

A Mixed ANOVA was conducted to test for differences in awareness score changes 

based on whether the participant received the information on EDCs was given by the 

WHO or a doctor on social media. The results of the Mixed ANOVA showed that there 

was no significant main effect of information source (F(1, 1026) = 2.265, p = .133) on 

awareness scores. This suggests that regardless of who the source is, awareness of 

EDCs can be improved by disseminating information on EDCs.  

Risk perception 

Participants’ risk perception of EDCs was measured before and after they read the 

EDC risk message. A repeated measures ANOVA showed that mean risk perception 

differed significantly pre  and post information (F(1, 1027) = 29.525, p < 0.001). A 

paired samples t-test showed that risk perception scores significantly increased from 

3.10 ± 1.55 to 3.77 ± 1.56, p < 0.001. This suggests that risk perceptions can be 

increased through informational interventions and educating the public about EDCs.   

A Mixed ANOVA was conducted to test for differences in risk perception score 

changes based on whether the participant was told the information on EDCs was 
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given by the WHO or a doctor on social media. The results of the Mixed ANOVA 

showed that there was a significant main effect of information source (F(1, 1026) = 

7.454, p < .05) on risk perception scores, with those in the social media condition (M 

= 4.65) reporting higher risk perception than those in the WHO condition (M = 4.41). 

This suggests that information source might mediate the relationship between 

information provision and risk perception. Future research should aim to further 

explore this relationship and the impact information sources have on risk perception 

of EDCs.  

7.3.2 How does information source affect how EDC risk messages are perceived? 

Perceived information quality? 

A one-way ANOVA was conducted to test for differences in PIQ between the two 

conditions (WHO vs. doctor on social media). The ANOVA confirmed that there was 

a significant difference in PIQ between the two conditions (F(1, 1027) = 14.044, p < 

.001), with those who believed the information was coming from social media doctor 

(M = 4.70, SD = .89) perceived the information more positively than those who 

believed it came from the WHO (M = 4.50, SD = .81).  

Multiple one way ANOVAs were then conducted to test for specific differences in PIQ 

based on individual items (see Table 12). There were significant differences in the 

perceived trustworthiness (F(1, 1026) = 31.662, p < .01), accuracy (F(1, 1026) = 

24.516, p < .01), factuality (F(1, 1026) = 4.944, p < .05), and truthfulness (F(1, 1026) 

= 16.291, p < .01) of the information between the government and social media 

groups. When participants read the information attributed a doctor on social media, 
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they perceived the information as more trustworthy, accurate, factual, and truthful 

in comparison to those who read the same information attributed to came from the 

government. This suggests that information on EDC is perceived more positively 

when it comes from a person on social media rather than a government organisation.  

One argument that is often made when it comes to credibility, is that the information 

must not be biased. Our results showed that there was no significant difference in 

perceived bias or perceived distortion of the information between groups, suggesting 

that this information was perceived to be neutral without promoting any specific 

beliefs.  

Table 12: Differences in scores of perceived information quality (N = 1028).  
 

WHO 
(n = 519) 

Social Media 
(n = 509) 

  

Item Mean (SD) Mean (SD) F (df) P-value 

To what extent do you think this 
information was trustworthy? 

4.62 (1.11) 5.01 (1.11) 31.662  
(1, 1026) 

< .01 

To what extent do you think this 
information was accurate? 

4.66 (1.02) 4.98 (1.06) 24.516  
(1, 1026) 

< .01 

To what extent do you think this 
information was factual? 

4.75 (1.05) 4.9 (1.20) 4.944  
(1, 1026) 

< .05 

To what extent do you think this 
information was distorted? 

4.18 (1.16) 4.2 (1.29) 0.031  
(1, 1026) 

NS 

To what extent do you think this 
information was truthful? 

4.55 (1.08) 4.83 (1.10) 16.291  
(1, 1026) 

< .01 

To what extent do you think this 
information was biased? 

4.23 (1.15) 4.27 (1.35) 0.261 
(1, 1026) 

NS 

df; degrees of freedom, F; F-statistic, M; Mean, SD; Standard deviation; NS, not significant; (scale 1 – 
7; 1 = strongly disagree; 7 = strongly agree  
 

Perceived source quality 

A one-way ANOVA was conducted to test for differences in PSQ between the two 

groups (WHO vs. doctor on social media). The ANOVA confirmed that there was a 
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significant difference in PSQ between the two groups (F(1, 1027) = 16.288, p < .001). 

The doctor (M = 4.59 ± 0.76) was perceived more positively than the WHO (M = 4.40 

± 0.78) as an information source. 

Multiple one way ANOVAs were then conducted to test for specific differences in 

PSQ based on individual items (see Table 13). Results showed that participants 

believed that the social media doctor had more freedom to provide information, was 

more knowledgeable about EDCs, and was more responsible of providing accurate 

information. Additionally, the social media doctor was perceived as being more of an 

expert on EDCs, having a better track record, and having more concern for public 

welfare than the WHO. There were no significant differences in perceptions that 

either source had a vested interest in promoting a particular view or was 

sensationalising the information. There were also no significant differences in beliefs 

that the source was accountable to other if mistakes were made in the information 

provided. Participants were significantly more in favour of using the social media 

doctor to obtain further information about EDCs.  

Overall, these results suggest that participants viewed the social media doctor more 

positively than the WHO when receiving information on EDCs. There were no 

significant differences between the sources when it came to perceptions about the 

source having a vested interest in promoting a particular view.  
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Table 13: Differences in scores of perceived source quality (N = 1028) 

 WHO  
(n = 519) 

Social Media 
(n = 509) 

  

Item Mean (SD) Mean (SD) F (df) P-value 

To what extent do you think this 
information source is likely to withhold 
information about the risk of EDCs from 
the public? 

4.09 (1.20) 4.42 (1.42) 15.857  
(1, 1026) 

< .01 

To what extent do you think this 
information source has the freedom to 
provide information to the public? 

4.43 (1.10) 4.76 (1.29) 19.582 
(1, 1026) 

< .01 

To what extent do you think this 
information source had a vested interest 
in promoting a particular view of the risk? 

4.16 (1.18) 4.13 (1.32) 0.15 
(1, 1026) 

NS 

To what extent do you think this 
information source has been proven 
wrong in the past? 

4.08 (0.99) 3.93 (1.14) 4.67 
(1, 1026) 

< .05 

To what extent do you think this 
information source is knowledgeable 
about EDC risks? 

4.54 (1.08) 4.78 (1.14) 12.486 
(1, 1026) 

< .01 

To what extent do you think this 
information source feels a responsibility 
to provide accurate information about the 
risks? 

4.65 (1.14) 4.92 (1.24) 13.182 
(1, 1026) 

< .01 

To what extent do you think this 
information source is an expert in the area 
of EDC risk? 

4.48 (1.07) 4.73 (1.15) 12.902 
(1, 1026) 

< .01 

To what extent do you think this 
information source provides 
sensationalised information about EDC 
risks? 

4.11 (1.27) 4.04 (1.39) 0.57 
(1, 1026) 

NS 

To what extent do you think this 
information source has a good track 
record of providing information about EDC 
risks? 

4.34 (1.05) 4.57 (1.05) 11.548 
(1, 1026) 

< .01 

To what extent do you think this 
information source is accountable to 
others if mistakes are made in the 
information provided? 

4.36 (1.20) 4.39 (1.33) 0.151 
(1, 1026) 

NS 

To what extent do you think this 
information source is concerned about 
public welfare? 

4.68 (1.22) 5.04 (1.25) 21.493 
(1, 1026) 

< .01 
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To what extent are you personally in 
favour of using this information source to 
obtain information about the risk? 

4.55 (1.24) 4.71 (1.32) 4.437 
(1, 1026) 

< .05 

df; degrees of freedom, F; F-statistic, M; Mean, SD; Standard deviation; NS, not significant; (scale 1 – 
7; 1 = strongly disagree; 7 = strongly agree  
 

7.4 Discussion 

The aim of this chapter was to determine if different information sources have an 

effect on how the public perceive information regarding EDCs and associated health 

risks. This was carried out by conducting an experiment whereby participants were 

shown the same information regarding EDCs and randomly assigned into two 

conditions. In each condition, the participants were told the risk message came from 

either the WHO or a doctor on social media. Awareness and risk perception of EDCs 

were assessed before and after the participants read the risk message. Also, after 

participants read the risk message their perceptions of the information and the 

source were measured. Results showed that participants perceived the information 

and the source more positively when they believed it came from a doctor on social 

media. It was also found that by reading information on EDCs, participants’ 

awareness increased. As for risk perception, scores also increased after reading the 

information on EDCs, however, these scores were significantly higher when 

participants were told the information was from a doctor on social media. To the best 

of our knowledge, this is the first study to examine how different sources affect 

public perceptions of EDCs and how the risks are communicated.  



182 

 

The lack of public awareness of EDCs, their health effects, and sources of exposure 

was previously demonstrated in Chapter 6, as well as other publications (Kelly et al. 

2020; Horemans et al. 2020). In this study, participants’ awareness was assessed 

before and after they were provided the information on EDCs. Findings indicated that 

awareness scores increased significantly after participants read the risk message. 

When comparing the rise in awareness scores between both conditions, both groups 

saw an increase in scores regardless of which source the participants believed to be 

communicating the message. Public institutions and non-government organisations 

(NGOs) have carried out awareness campaigns on the negative impact of chemicals 

on human health since the 1950’s (Bollheimer 2015; Eyles et al. 2009b). However, 

the public’s knowledge regarding chemicals remains to be minimal (Uhl et al. 2021). 

The low public awareness of EDCs may be due to a variety of reasons, one in 

particular being the lack of standardised information issued to the public. Providing 

the public with information on EDCs is one of the most basic strategies of raising 

awareness, however, different audiences have specific informational needs that 

must be considered. For example, consumers require information regarding the 

health risks associated with using products containing EDCs. Meanwhile, 

manufacturers require knowledge about the presence of chemicals when they desire 

to design new products while still complying with environmental legislation. Results 

from this study indicate that awareness campaigns using risk messages may be 

effective. However, any future development of standardised information protocols 
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or campaigns should aim to take requirements of different intended audiences into 

consideration.  

Risk perception was measured before and after participants were shown the risk 

message to assess whether reading information on EDCs affected how the public 

perceived the severity of EDC risks, and whether this was affected by the information 

source. Overall, participants’ risk perception scores increased significantly for both 

conditions. However, participants who were told that the risk message was coming 

from a doctor on social media reported significantly higher risk perception scores 

than those in the WHO condition. These findings indicate that risk messages could 

be an effective way of increasing the public’s risk perception of EDCs. This has 

important implications for the future, as evaluations of public risk perceptions help 

to determine which hazards the public care about and whether or not they will take 

action to avoid them. Recent evidence suggests that interventions that successfully 

engage and increase risk perceptions produce subsequent increases in protective 

health behaviours (Ferrer and Klein 2015). Findings from this study also show that 

risk perceptions were significantly higher for participants who believed the risk 

message came from a doctor on social media. Although this study only compared 

two information sources, there is still reason to suggest that doctors on social media 

can use their platforms to increase the public’s risk perception of EDCs and 

subsequently encourage them to partake in protective behaviours. Future studies 

should further explore the effects of different information sources on public risk 
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perceptions of EDCs, and perhaps extend the scope to assess how this might impact 

intentions to change their behaviour. 

When participants were told that the EDC risk message came from a doctor on social 

media, the quality of both the information and the source were perceived more 

positively than had they been told it came from the WHO. This included beliefs that 

the information and source were more accurate, truthful, and unbiased. First, results 

from this study highlight the important role that information sources appear to play 

in the formation of EDC risk perceptions. This has been previously demonstrated in 

similar areas, including research on public perceptions of chemicals in consumer 

products (Luca et al. 2018). Trust and credibility are widely recognised as key 

components of risk communication, and according to Peters and colleagues (2006) 

trust and credibility are dependent on three factors: perceptions of knowledge and 

expertise; perceptions of openness and honesty; and perceptions of concern and 

care. These factors were inherently present in the scales used to measure the 

participants’ perceptions of the two selected information sources. However, this 

study only compared two possible information sources. The public are able to access 

information in a plethora of ways thanks to modern technology, and more research 

is needed to determine which information sources can be most beneficial when it 

comes to risk communication of EDCs.   

The two conditions in this study were chosen to compare modern and traditional risk 

communication routes, following the evolution of social media. These two conditions 

also allowed for the comparison of different forms of information sources, with the 
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WHO representing an organisation and the doctor on social media representing a 

more personal and relatable information source. In certain situations, human factors 

such as empathy and credibility have shown to become more imperative when it 

comes to effective risk communication (Crick 2021). The public perceived the doctor 

as more trustworthy than the WHO when it came to information on EDCs, and more 

research is needed to uncover why this may be. One possible reason may be due to 

the fact that the WHO is less personal or “real”, and participants were better able to 

relate to the doctor on social media.  

In modern society, many people rely on social media and other online resources for 

health information (European Commission 2014). One added benefit to risks being 

communicated through doctors on social media is the valuable opportunity to gauge 

public responses to and understanding of risks online. Social media platforms 

facilitate a dialogue and enable communicators and the public to interact. This is 

mutually beneficial, as the public can feel assured that their voices are heard, whilst 

the communicator can receive helpful feedback about their risk messaging. This 

feedback can guide their risk communication strategy to become more targeted 

towards their audiences’ level of awareness and information needs. Social media can 

be used as a tool to communicate the risks of EDCs, but proper implementation 

means that the information source disseminating the information must be credible 

and reliable. Information on social media does not get fact-checked or peer-

reviewed, therein lying the biggest disadvantage of using social media as a tool to 

disseminate EDC information. However, if qualified and credible sources (professors, 
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organisations, practitioners, scientists) use their social media accounts to 

disseminate evidence-based information and advice without a vested interest, a 

wider demographic could be reached. This process would also allow for multi 

directional pathways that could improve risk communication.   

Due to the ubiquity of EDCs already present in the environment, the emphasis should 

not primarily be on the individual to reduce their exposure, but rather the 

responsibility of government and legislators to protect the public. Despite mounting 

evidence of their toxicity and association with the development of negative health 

effects, EDCs are still present in many consumer products. EDCs are hazardous 

chemicals that enter the environment from the factories where they’re created and 

subsequently added to numerous consumer products including cookware, 

mattresses, food containers, and children’s toys to name a few. They are present in 

polluted air as well as our food and drinking water.  Emerging evidence shows that 

widespread exposure to EDCs can lead to cancer and other diseases, impair 

reproductive capabilities, and harm developing brains at low levels of exposure once 

believed to be harmless. Yet, the scientific evidence is not always enough to improve 

health-protective policy.  It is true that more research is needed to better understand 

the risks posed by these EDCs to identify susceptible demographic groups and 

improve the development of safe alternatives. However, it is the government’s 

responsibility to pass health-protective policies based on the best available scientific 

evidence, which identifies EDCs as a public health threat, even in low doses. Public 

participation in EDC risk reduction behaviours will only go so far. The government 
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should ensure the protection of the public by strictly regulating or removing these 

chemicals from our social environment.    

7.4.1 Strengths and Limitations  

There are a number of strengths in the current study, including the large 

representative sample size and reliable measures for awareness and risk perception 

of EDCs. These strengths in the research design may help to enable researchers to 

focus their interventions, such as incorporating trust in information sources into 

future EDC risk communication interventions. However, there are a number of 

limitations that need to be acknowledged when interpreting these results. While a 

varied sample was sought, the final sample included participants who were highly 

educated, with majority of participants having completed some form of secondary 

education. However, the current results provide useful knowledge on the level of 

awareness and risk perception of adults living in the UK.  Future studies should target 

those of lower educational attainment by targeting recruitment to areas where there 

are large numbers, including workplaces and clubs, and using relevant incentives and 

strategies to generate a nationally representative sample to improve generalisability.  

As with all cross-sectional research, causality cannot be determined in this study and 

future intervention research could evaluate the impact psychological factors have on 

awareness and risk perception of EDCs. As this research was conducted in the 

developed western world, future research should replicate these studies in the 

developing world before conclusions can be reached. 
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 Another limitation was that we did not specify whether the WHO information was 

given on social media or not. We therefore cannot conclude whether or not 

participants believed the WHO was coming from social media, in which case, the 

results may have been different. This design limitation may have affected the findings 

of this study, as the channel (social media vs no channel) may have contributed 

significantly to the identified effects . In order to truly examine the effects of WHO 

vs a doctor, the same channel of media should be referenced in the study to eliminate 

the possibility of this confound. Finally, we only examined differences between two 

sources, which could both be considered trustworthy and reliable. Future research 

should examine the differences in PSQ between other online accounts from 

“bloggers” or social media influencers who do not have any qualifications and might 

be giving inaccurate or biased information to their followers to promote a product or 

belief.    

7.5 Chapter 7 Summary 

This chapter aimed to investigate how risk messages affect awareness and risk 

perception of EDCs, the effect of two different information sources on the perceived 

quality of EDC risk messages, and the effect information sources have on perceptions 

of risk messages regarding EDCs. Using survey methods, an experiment examined the 

effect of two different information sources on the perceived quality of the same EDC 

risk message. The participants were randomly assigned to one of two groups, where 

they were either told that the risk message came from the WHO or a doctor on social 

media. Perceptions of the information source and perceptions of the risk message 
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were subsequently measured. To examine whether learning about EDCs had any 

effect regardless of which information source was being referenced, awareness and 

risk perception of EDCs were also measured before and after participants read the 

risk message. Overall, participants’ risk perception scores increased significantly for 

both conditions. However, participants who were told that the risk message was 

coming from a doctor on social media reported significantly higher risk perception 

scores than those in the WHO condition. These findings indicate that risk messages 

could be an effective way of increasing the public’s awareness and risk perception of 

EDCs. This research also indicates that the use of social media may be helpful in 

improving risk communication strategies. Further research is needed using other 

sources to determine the most effective way to communicate the risks of EDCs to the 

public.  
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8 Chapter 8 - Discussion and Conclusion 
8.1 Introduction  

The overall objective of this chapter is to provide a summary of this thesis along with 

a discussion of the main findings, limitations, and implications of the research. It is 

hoped that the findings of this study will be beneficial to policy makers in relation to 

the design and structure of effective risk communication strategies. This thesis 

discusses the general public’s awareness of EDCs, their perceptions about EDC risks, 

risk messages, and information sources. Additionally, the thesis contributes to a 

growing body of academic literature evaluating the effects information sources on 

risk perceptions.  

The first section of this chapter summarises the key issues and main findings from 

the three studies and how they address the research questions and objectives of this 

thesis. Section 8.3 outlines the overall strengths and limitations of this research. 

Section 8.4 outlines recommendations for future policy discussions and implications. 

The final section of this chapter sets out the concluding remarks addressing the main 

contributions of this research to the wider risk communication literature. 

8.2 Thesis contribution 

To the author’s knowledge, this study is the first study to investigate the general 

public’s awareness and risk perception of EDCs in the UK. This study demonstrated 

the feasibility and theoretical validity of using qualitative and quantitative 

methodology to understand public awareness and risk perceptions of EDCs. More 

specifically, the focus of this thesis has been on understanding the underlying themes 
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behind risk perception of EDCs (chapter 5), describing the demographic and 

psychological predictors of awareness and risk perception of EDCs (chapter 6), and 

evaluating the effects of information sources on EDC risk message quality (chapter 

7). An overview of the main findings from each of the studies and how they address 

the research questions and objectives of this thesis are presented below.  

8.2.1 What are the UK public’s levels awareness of EDCs, their sources and 
associated health effects? 

The public’s awareness of EDCs was measured throughout all three studies included 

in this thesis. First, awareness was qualitatively measured during Study 1 using focus 

group discussions. Results indicated that participants were not aware of EDCs unless 

they or someone they knew had experienced a hormone-related disorder, such as 

polycystic ovarian syndrome (PCOS). Participants were familiar with some EDCs/EDC 

groups, such as bisphenol A (BPA), pesticides, and dioxins due to their negative 

reputation within the food industry and their presence in mainstream media. 

Participants were aware that EDCs may be found in foods or consumer products, but 

were not aware of other exposure routes, such as biological transference from 

mother to child through breastfeeding. As for the associated health effects, many 

participants deduced that EDCs may be carcinogenic. From these focus group 

discussions, it was revealed that many different factors contribute to the awareness 

of EDCs, including their sources and associated health effects.  

In alignment with the experimental sequential design of this research, these findings 

informed the development of the cross-sectional survey in Study 2. During Study 2, 
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scales were successfully developed to reliably measure public awareness of EDCs, 

their sources, associated health effects, and specific EDC groups. Results from this 

cross-sectional survey confirmed findings from Study 1, as participants again 

reported low levels of EDC awareness. With regards to health effects, participants 

were most aware of that EDC exposure can possibly cause cancer and least aware 

that EDC exposure possibly causes obesity. This again reflected findings from Study 

1, where participants were somewhat aware that EDCs may be carcinogenic. 

Regarding participants’ awareness of EDC sources, scores indicated significantly 

higher levels of awareness that EDCs were found in industrial and agricultural 

chemicals, and significantly lower awareness that EDCs were found in food. As for 

awareness of specific EDCs, participants were more aware that pesticides and heavy 

metals were potential EDCs.  

Lastly, in Study 3 awareness was measured to assess whether the task of reading a 

risk message on EDCs increased awareness and if there were any significant 

differences based on the source communicating the message. Participants’ 

awareness of EDCs was measured before and after they read the EDC risk message. 

Results indicated that although awareness of EDCs was still low, scores increased 

significantly after reading the EDC risk message, regardless of who was 

communicating the message. Recent findings have identified low levels of awareness 

of EDCs across Europe. Findings from this study reinforce previous conclusions and 

aims to provide additional insights into an individual’s understandings and 

perceptions on a population level in the UK.  
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8.2.2 How do the UK public perceive the risks relating to EDCs? 

Public risk perception of EDCs was measured in all three studies included in this 

thesis. First, risk perception was qualitatively measured during Study 1 using focus 

group discussions. Thematic analysis in Study 1 identified five major themes of EDC 

risk perception: (1) similarity heuristics; (2) perceived severity; (3) perceived control; 

(4) concern for pre-existing health conditions; and (5) concern for future generations. 

These underlying themes shaped the development of the scale used to reliably 

measure risk perception in the cross-sectional survey used in Study 2. This scale 

addressed the extent to which participants thought EDCs were harmful, risky, or 

likely to have negative effects to themselves personally, to their children, or future 

generations. The results from Study 2 indicated that participants viewed the risks of 

EDCs as neutral, not something they were extremely concerned about nor something 

they thought were completely safe. In Study 3, risk perception was measured to 

assess whether the task of reading a risk message on EDCs increased risk perception 

scores and if there were any significant differences based on the source 

communicating the message. The results indicated that reading the EDC risk message 

significantly increased the level of risk perception. Furthermore, previous studies 

examining EDC risk perceptions have been based on relatively small samples (n <500) 

of specific populations (e.g., pregnant and post-partum women). This research 

provided further evidence to the field of risk analysis regarding the design and use of 

focus groups and cross-sectional surveys to examine public risk perceptions. 
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8.2.3 What demographic and psychological factors influence risk perception of 
EDCs? 

The demographic and psychological predictors of awareness and risk perception of 

EDCs were evaluated in Study 2 using survey methods. In this survey, awareness was 

measured using four constructs: general awareness, awareness of associated health 

effects, awareness of EDC sources, and awareness of specific EDCs. Psychological 

variables that were measured in this survey included generalised trust, trust in 

information sources regarding EDCs, and an ability to deal with scientific information. 

Risk perception of EDCs was also assessed. Findings from this study indicated that 

the most important predictor of awareness was age and the most important 

predictor of risk perception was generalised trust. Age most significantly predicted 

general awareness scores, indicating that older participants were less likely to be 

aware of EDCs. Generalised trust as a personality trait most significantly predicted 

risk perception, indicating that the more trusting the participants considered 

themselves to be, the higher they perceived the risks of EDCs. General awareness 

also significantly predicted risk perception scores, with those higher in awareness 

being more likely to perceive the risks of EDCs as high. This study also provided 

helpful information regarding the use of demographic characteristics and 

psychological factors to inform the design of educational interventions and effective 

risk communication strategies regarding EDCs.  

8.2.4 How do information sources affect public risk perception of EDCs? 
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This research question was answered in Study 3 by investigating whether the public’s 

perception of an EDC risk message differed based on the information source 

communicating message. Participants read a risk message regarding EDCs and were 

either told that it was coming from a government organisation (World Health 

Organization; WHO) or a doctor on social media. In this way, the comparison 

between modern and traditional risk communication routes could be compared. 

Perceptions regarding the risk message and the source were assessed. Risk 

perception of EDCs was measured before and after participants were shown the risk 

message to examine any changes. The results indicated that reading the EDC risk 

message significantly increased the level of risk perception. There was also a 

significant main effect of information source on risk perception scores, with those in 

the social media condition reporting higher risk perception than those in the WHO 

condition. The findings from this study suggest that information sources have a 

significant effect on how risk messages about EDCs are perceived by the public. 

Furthermore, these findings suggest that the public might prefer to receive 

information about EDCs on social media from personal accounts. Disseminating 

these forms of risk messages are an effective way to raise awareness and risk 

perception of EDCs.  

8.2.5 How do information sources affect the perceived quality of information on 
EDCs?   

This research question was also addressed in Study 3 by comparing how participants 

in both conditions perceived the quality of the EDC risk message. The main findings 
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from this study were that the risk message and the information source were both 

reportedly perceived more positively when participants were told it came from a 

doctor on social media compared to the WHO. The risk message was perceived as 

more trustworthy, accurate, factual, and truthful by participants who were told that 

it came from a doctor on social media. There were no significant differences in 

perceived bias or perceived distortion of the information between groups, suggesting 

that this information was neutral and did not promote any specific beliefs. 

Participants believed that the doctor on social media had more freedom to provide 

information, was more knowledgeable about EDCs, and was more responsible of 

providing accurate information. The doctor was also perceived as being more of an 

expert on EDCs, having a better track record, and having more concern for public 

welfare than the WHO. This study provides guidance to policy makers on the effects 

of using different information sources to communicate the risks of EDCs.  

8.3 Strengths and limitations of this thesis 

8.3.1  Strengths of research 

Firstly, to the best of our knowledge, the studies included in this thesis are the first 

to comprehensively study the general public’s awareness and risk perception of EDCs 

without contextual limitations. This research attempted to improve the existing 

literature in this field by using a representative sample and mixed methods design. 

The majority of previous research has examined pregnant women’s perceptions of 

EDCs and perceptions of specific EDC groups, which potentially limited 
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generalisability to other cultures and the broader picture. This research expands on 

previous research by examining EDCs as a wide category of chemicals and describing 

the general public’s perceptions of EDCs, rather than a singular demographic 

subgroup.  

This research adds to the literature by showing that awareness of EDCs is very low, 

and certain demographic groups are less aware than others. This research provides 

guidance to policy makers regarding the need to significantly improve awareness of 

older (aged 45-65 years) members of the public as well as those who do not pursue 

university education. It adds to a growing body of literature that assesses the 

socioeconomic inequalities in relation to health literacy (Michou et al. 2019). Health 

literacy and knowledge are indicative of health behaviours, outcomes, and demand 

for policy action (Park et al. 2017). This research provides evidence of the need to 

improve awareness of EDCs across the population, but also targeting groups of lower 

socioeconomic status through specialised interventions. 

This thesis also added significantly to literature on the methodology of risk 

perceptions, as multiple research methods were used in this research. Using a mixed 

method approach has been advantageous in social science research (Creswell, JW, 

Plano Clark 2007). This research implemented descriptive, correlational, and 

experimental research designs to most effectively tackle the research questions. 

Survey and focus group methods first established baseline levels of awareness and 

risk perception of EDCs. Since this was the first study to investigate the public’s 

awareness and risk perceptions of EDCs, descriptive research provided an in-depth 
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view of how the public perceive EDCs. Focus group discussions identified the 

underlying beliefs and opinions surrounding EDCs to create future research 

questions, and discover possible cause and effect relationships. The focus group 

discussions also identified important correlational variables to measure during the 

survey. This led to the development of our experimental manipulation to examine 

the effects of information sources on perceived risk message quality. Correlational 

and experimental methodology help to establish a cause and effect relationships, 

which is integral when the public’s safety is at risk. The structure of this study was 

important in helping to address the research question and set the stage for future 

research on public perceptions of EDCs. Considering a lack of data on public risk 

perceptions of EDCs, this study may be used as a template for future research to 

further explore the correlational variables identified through this mixed methods 

approach. The detailed description of the questionnaire development, data 

collection, analyses and findings can further contribute to the methodological 

robustness of studies on public risk perceptions. The results of this study would be 

easy to replicate in other countries and can give policy makers and risk 

communicators population based information for policy formation. 

The public did not show a preference for receiving information on EDCs from the 

WHO and did not believe they  were sufficiently providing information on EDCs. The 

public felt very little personal control or responsibility for preventing their own 

exposure to EDCs, and believed it was the role of the government and authorities to 

keep them safe. Trust in information sources was also a significant predictor of EDC 
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risk perception. These findings suggest that more effort is needed by the government 

to foster trust from the public, by improving the communication of EDC risks, and 

also working to implement protective legislation.   

8.3.2 Limitations of research 

Results from this thesis offer valuable contributions to the literature on awareness, 

risk perception, and risk communication of EDCs. However, we must acknowledge 

the limitations of this study and consider them as starting points for future research. 

First, all survey participants were recruited online. Although this method enabled the 

fast collection of a large number of responses, this may have affected the 

representativeness of the sample since people without internet access could not be 

included (Bonevski et al. 2014). Despite steps to recruit a representative sample, 

younger age groups (18-24 years), groups who were not employed full time, and 

groups who had no education beyond secondary school were slightly 

underrepresented in the sample. Only 33% of participants had less than a secondary 

school degree and the majority of participants were employed full time. Therefore, 

interpretation of the results should take into account these limitations. It is therefore 

recommended that future studies use alternative methods of data collection, such 

as face to face interviews and telephone interviews, to reach the demographics 

underrepresented by this study.  

It is also important to state that the present sample consisted of respondents from a 

single geographic area. Therefore, these results should be viewed with some added 
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caution. In the context of the UK, there is free universal access to health care, unlike 

other countries, such as the United States. These geographical differences may affect 

the respondents’ health literacy and beliefs about health across cultures that could 

lead to difficulties in understanding and interpreting the questions used in this study 

(Bonevski et al. 2014). Furthermore, participants in the survey were not required to 

provide their country of residence in the UK (Northern Ireland, Scotland, England, 

Wales), which may have provided additional information to the study. During the 

focus group study, a convenience sample was used and participants were 

compensated financially or with food for their participation. This may have affected 

who responded to the call for participants and who did not.  

Lastly, we cannot present the results of this thesis without giving the context in which 

they were collected. The survey was conducted during the Coronavirus 19 global 

pandemic of 2020. The survey was carried two months into the pandemic, after a 

nationwide lockdown, during May of 2020. Considering that the survey was already 

constructed and approved by the ethical committee, there was no time make 

adjustments to the survey due to the uncertainty of the situation. Therefore, many 

of the participants in the survey may not have considered EDCs as a serious health 

risk because the pandemic was at the forefront of their mind. We did not control for 

the effects the pandemic may have had on participants’ wellbeing or state of mind. 

In the case of our study, a few questions assessing how the participants perceived 

the pandemic would have given more information on how it might have affected 

their responses throughout the rest of the survey.  
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8.4 Recommendations for future research and policy implications 

8.4.1 Future research 

The issue of communicating about EDCs as a general category raises obstacles 

considering variety of contexts through which exposure can occur. To provide 

effective guidance to the public regarding the risks of EDCs, authorities should take 

into consideration the benefits and obstacles of communicating about such a wide 

ranging and complex group of compounds in this way. The ubiquity and persistence 

of EDCs may be overwhelming to members of the public. The efficacy of 

communicating about EDCs as a group versus educating about EDCs in different 

contexts (e.g., EDCs in food or EDCs in consumer products) should be investigated. 

This will provide important information to risk communicators and ensure the public 

is not only receiving the information, but also able to conceptualise the different 

contexts by which they can be exposed.  

Awareness of EDCs was significantly lower for certain demographic sub-groups. The 

lowest levels of awareness were identified for older participants (aged 45+ years), 

participants without university experience, and participants who were not employed 

full time. Future research is needed to explore why certain subgroups are less aware 

than others, particularly focusing on how they seek and receive health information. 

However, considering this overall lack of awareness, future research should also aim 

to examine different strategies to find the most effective way to increase awareness. 

Some suggested examples of these strategies could include focus groups, community 
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events, and facilitating social media campaigns with credible sources and evidence 

based information. It would also be useful to examine specific outcome variables 

such as the participants’ intention to learn more about EDCs and any intention to 

make behaviour changes in reducing exposure. 

This thesis established that the public’s perception of EDC risk messages may be 

influenced by the information source communicating the message. However, the 

experiment had two components in data source manipulation including source and 

media channel. No channel was named when presenting the participants with 

information from the WHO. This may have affected the interpretations of the results. 

The use of social media compared to a non-disclosed channel may have influenced 

the findings of this study. Future research should aim to rectify this potential 

confound and examine source and channel as separate factors in replicated studies.   

Results from this study showed that the public perceived the social media source 

more positively, suggesting that the public may perceive this source or channel more 

positively when receiving information on EDCs. Building on this knowledge, future 

studies could set up social media profiles for different information sources based on 

a variety of characteristics (e.g., gender, age, celebrity, profession, accreditations) to 

examine any impacts on how the risk message is perceived. This study only examined 

two information sources (a government organisation and a doctor on social media). 

Future research should examine the effects of multiple sources, such as family and 

friends, online support groups, community groups, newspapers, news channels, 

parents, and work colleagues. Future research should expand on this finding by 
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comparing two conflicting messages (e.g., a fear provoking message and a neutral 

message) to examine how the contents of a risk message can affect perceptions of 

EDCs. Qualitative methods could also be used to investigate how the public 

comprehend these messages in more detail. Additionally, this experiment could be 

replicated in other countries for the purpose of comparison.  

Generalised trust was the most important predictor of risk perception of EDCs, 

indicating that the more trusting the participants considered themselves to be, the 

higher they perceived the risks of EDCs. The relationship between trust and risk 

perception has been well documented throughout the literature (Frewer, Seigrist, 

Slovic). However, previous research has found the inverse relationship, where high 

levels of trust predicted lower risk perception (Siegrist &Cvetkovich, 2000). In the 

case of EDC risk perception, perhaps trust and risk perception are simultaneous 

indicators of a more general attitude or expression of affect towards EDCs. Rather 

than one being the determinant of the other, perhaps their relationship is associative 

rather than causal. Considering that generalised trust only accounted for 21% of the 

variance in risk perception scores, other variables might be at play. In this research, 

trust was assessed two ways. First, through the construct of generalised trust that 

measured a participant’s trust as a static characteristic or personality trait. Then, by 

measuring the participants’ trust in information sources regarding EDCs we were 

better able to assess the participants’ more transient feelings about different 

information sources. Trust and credibility are arguably the most important factors 

regarding successful risk communication (Frewer 2004). Especially in cases where 
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people may lack knowledge on a certain subject, trust plays an important role 

(Luhmann 1988; Siegrist, Earle, and Gutscher, 2003). Future research should aim to 

further examine the relationship between both forms of trust and risk perception of 

EDCs, as this may be very helpful when implementing risk communication strategies.   

8.4.2 Policy implications 

There are a number of policy implications stemming from this research.  

This research is the first to examine public perceptions of EDCs in the UK. Until similar 

studies have been carried out in other regions of Europe and other countries, these 

results should be received with some caution. However, these results do 

demonstrate a significant lack of awareness of EDCs, their associated health effects, 

sources, and specific EDC groups. These findings have important implications for 

future policies, which should continue to raise public awareness of EDCs. Our 

research showed that simply providing the public with risk messages regarding EDCs 

was enough to significantly increase awareness and risk perception scores. Our 

findings also advise that future campaigns should take into consideration the socio-

economic differences in awareness. This will ensure that policies are targeted to 

address the needs of those who are most vulnerable and most in need.  

Completely avoiding EDC exposure is impossible in modern life due to the ubiquity 

of EDCs in the environment, food, and consumer products (Diamanti-Kandarakis et 

al. 2009). Therefore, policy makers should be careful not to instil fear through their 

risk messages and campaigns, as this may create more problems than it solves. From 
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previous research on EDCs, ways to reduce fear may include being transparent with 

the public about the uncertainty surrounding cause and effect relationships 

regarding EDCs and associated health effects (Maxim and Mansier 2013). The public 

should be made aware that multiple low dose exposures to a mixture of EDCs is what 

is most likely contributing to negative health effects. They should be reminded that 

each time they avoid or reduce their exposure to EDCs by changing certain lifestyle 

behaviours (e.g., not reheating food in plastic) they are doing something positive for 

their health. Furthermore, to significantly improve awareness, standardised 

information on EDCs and their risks should be included in school curriculums to 

educate younger age groups. Awareness levels of older age groups should also be 

targeted and provided information on EDCs by community groups, hospitals, and 

general practitioners. Improving the awareness of EDCs has important implications 

for increasing the public’s demand for policy change and changing behaviours to 

reduce exposure in the interim.   

The importance of a dialogue between risk communicators and the public has been 

highlighted, and previous research suggests that by increasing the transparency of 

risk assessments and communicating uncertainty, credibility and trust may be 

instilled (Maxim, Mansier, and Grabar 2012). There are several aspects of EDCs that 

have caused scientific controversy, including their non-traditional dose-response 

dynamic (Vandenberg et al. 2012). Endocrine disruption remains one of the most 

controversial contemporary environmental issues, with scientists continuing to 

disagree about the mechanistic qualities of EDCs (McIlroy-Young, Leopold, and Öberg 
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2021). Significant levels of uncertainty are often attributed to scientific controversies 

regarding public health risks, and previous research on risk communication highlights 

the importance of information providers being transparent about reporting 

uncertainty in science (Rabinovich and Morton 2012). Although there have been 

arguments that communicating uncertainty will reduce public trust in scientific 

experts and risk management institutions, research on EDCs have contradicted these 

assumptions (Maxim, Mansier, and Grabar 2013). Social media gives the public the 

chance to interact with risk communicators, and may be another reason why the 

doctor on social media was perceived more positively than the WHO in this study. It 

is therefore recommended that early communication about the uncertainty of EDC 

risks may positively contribute to the development of precautionary policies for 

protecting public health without reducing scientific credibility. Going forward, there 

should be no downplaying of existing disagreements between scientific experts, but 

rather a goal of presenting existing disagreements between EDC experts to the public 

in a way that does not minimize message quality or the communicator’s credibility. 

More research is needed to better understand the risks of EDCs to identify 

susceptible demographic groups, improve the development of safe alternatives, and 

communicate the risks to the public. However, it is the government’s responsibility 

to pass health-protective policies based on the best available scientific evidence to 

protect the public. Due to the ubiquity of EDCs already present in the environment, 

the emphasis should not primarily be on the individual to reduce their exposure, but 

rather the responsibility of government and legislators to protect the public. Despite 
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mounting evidence of their toxicity and association with the development of 

negative health effects, many  EDCs are still present in numerous consumer products 

(Wong and Durrani 2017). EDCs may include hazardous chemicals that enter the 

environment from the factories where they’re created and subsequently added to 

numerous consumer products including cookware, mattresses, food containers, and 

children’s toys to name a few. They are present in polluted air as well as our food 

and drinking water (Gore et al. 2014). Emerging evidence shows that widespread 

exposure to EDCs contributes to the development of cancer and other diseases, 

impair reproductive capabilities, and harm developing brains at low levels of 

exposure once believed to be harmless (Kahn et al. 2020). Yet, the scientific evidence 

is not always enough to improve health-protective policy.  Public participation in EDC 

risk reduction behaviours will only go so far. Policy makers must ensure the 

protection of the public by strictly regulating or removing these chemicals from our 

social environment.   

8.5 Thesis conclusion 

Human exposure to EDCs is a significant public health concern. EDCs are a group of 

chemicals that have the potential to significantly interfere with animal and human 

endocrine functioning by imitating or blocking naturally occurring endogenous 

hormones (International Programme on Chemical Safety 2002). Epidemiological 

studies in human’s have found associations between EDC exposure and adverse 

health effects, such as reproductive disorders, neurodevelopmental changes, 

metabolic disorders, immune disorders, and hormone related cancers (Kahn et al. 
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2020). An increasing amount of research is dedicated to understanding the sources 

of EDCs and their effects on human health (Kabir et al. 2015; Schug et al. 2016).  

Due to the prevalence and widespread nature of EDCs, more research has been 

dedicated to learning about the public’s awareness and risk perception of these 

chemicals. Previous research has focused on understanding public perceptions of 

one specific group of EDCs or exclusively studying one demographic group’s 

perceptions of EDCs. Whilst these studies shed some light on the importance of 

understanding public perceptions of EDCs, they were not thoroughly encapsulating 

the full picture. Many groups of EDCs are well known for external reasons, such as 

their carcinogenic properties or negative impacts on the environment.  

This research provided a comprehensive view of the public’s current levels of 

awareness and risk perception of EDCs. The public have low awareness of EDCs. 

Themes influencing participants’ risk perception of EDCs, included: similarity 

heuristics, perceived severity, perceived control, inevitability, concern for pre-

existing health conditions and children’s health. There were significant differences in 

EDC awareness based on age, education, marital status, and work status. Lowest 

levels of awareness were reported by older age groups (aged 45+) as well as those 

without university education. The perceived risk of EDCs was highest for younger age 

groups and those with higher levels of education. Psychological factors pertaining to 

trust were the most important predictors of awareness and risk perception of EDCs. 

Awareness was also a significant predictor of risk perception. EDC risk messages and 
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information sources were perceived more positively when they came from a doctor 

on social media compared to the WHO. 

The information provided in this thesis, can provide additional assistance to policy 

makers when making informed decisions about implementing effective strategies to 

communicate the risks of EDCs. The findings from this thesis highlight that trust may 

have an important role to play in the public’s perceptions of EDC risks. Policy makers 

must instil trust by creating a dialogue and becoming more transparent with the 

public about the risks of EDCs. Social media may be an important tool for 

disseminating information about EDCs and engaging with the public. It is expected 

that the research will have wide interests beyond the UK to other countries 

concerned about protecting the public from the risks of EDCs.  
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Appendix 1 – Systematic review search strategy 
DATABASE QUERIES Nº of 

RESULTS 
EMBASE (www.embase.com) Ø (Consumer OR public OR survey OR 

questionnaire) AND (percept* OR belie* OR 
opinion* OR attitude* OR knowledge OR 
understand* OR aware*) AND (endocrine 
disrupt* OR hormone disrupt* OR EDC* OR 
exogenous hormone) 

482 
citations 
 

MEDLINE 
(https://www.nlm.nih.gov/ 
Medline) 

Ø (Consumer OR public OR survey OR 
questionnaire) AND (percept* OR belie* OR 
opinion* OR attitude* OR knowledge OR 
understand* OR aware*) AND (endocrine 
disrupt* OR hormone disrupt* OR EDC* OR 
exogenous hormone) 

334 
citations 
 

PsychINFO 
(www.apa.org/psycinfo) 

Ø (Consumer OR public OR survey OR 
questionnaire) AND (percept* OR belie* OR 
opinion* OR attitude* OR knowledge OR 
understand* OR aware*) AND (endocrine 
disrupt* OR hormone disrupt* OR EDC* OR 
exogenous hormone) 

35 
citations 
 

Web of Science 
(www.webofknowledge.com) 

Ø (Consumer OR public OR survey OR 
questionnaire) AND (percept* OR belie* OR 
opinion* OR attitude* OR knowledge OR 
understand* OR aware*) AND (endocrine 
disrupt* OR hormone disrupt* OR EDC* OR 
exogenous hormone) 

610 
citations 
 

Scopus 
(www.scopus.com 
 
  

Ø (Consumer OR public OR survey OR 
questionnaire) AND (percept* OR belie* OR 
opinion* OR attitude* OR knowledge OR 
understand* OR aware*) AND (endocrine 
disrupt* OR hormone disrupt* OR EDC* OR 
exogenous hormone) 

874 
citations 
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Appendix 2a- Focus group schedule 
 

Introduction (5mins) 

Hi everyone. I’d like to welcome you all here today and thank you so much for 

participating in this focus group.  

Today, I want to chat about natural and man-made chemicals found in the 

environment. 

 I would like to encourage that we all have group discussions rather than individual 

responses.  

I am going to lead the discussion by highlighting the main themes and will intervene 

if our discussion goes off topic. I want to let you know that you should feel free to 

answer as you like. There are no right or wrong answers, I just want to see how much 

you all know about certain topics so if you don’t know that’s perfectly fine.  

You will find an information packet face down in front of you. Please do not turn this 

packet over or flip through the pages unless directed. 

This session will be tape recorded after our introductions and transcribed by only 

myself.  

Your names and personal information will remain anonymous and secure.    

So we are going to begin today’s session by introducing ourselves and a quick ice 

breaker. So just say your name and what you had for dinner last night. Since I will be 

leading the discussion I will go first. My name is Melissa and last night I was really 

tired after a long work day so I just made beans on toast.  

Ok, the tape recording will begin now. Please keep your packets face down.  

Chemical hazard awareness (10-15 mins) 

First, I’d like to chat about harmful or potentially harmful chemicals. 

Can you name any? 
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Can you name any harmful or potentially harmful chemicals found in the air, water 

or soil?  

Can you name any harmful or potentially harmful chemicals found in the food we eat 

or the water we drink?  

Can you name any harmful or potentially harmful chemicals found in household 

cleaning products? Personal care products like shampoo, make-up etc. Other sources 

in our home? 

Are harmful chemicals natural or man-made? 

2. Awareness on EDC issue 

Now, I want to chat about a specific group of chemicals, which are endocrine 

disruptors. Has anyone ever heard of “endocrine disrupting chemicals” before?  

What do they do?  

Explain: 
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*Open to Page 2. Here is a diagram of the endocrine system. The endocrine system 

is made up of 8 major glands in your body, such as your thyroid and your 

reproductive organs. These glands send out signals, known as hormones (“chemical 

messengers”) into the bloodstream. Hormones communicate between different 

organs in the body. For example, the hormone melatonin is sent from the pineal 

gland all over the body to signal when you are ready to sleep. Endocrine disrupting 

chemicals/endocrine disruptors are naturally occurring or manmade substances 

that interfere with the way that these hormones work in the body by mimicking or 

blocking their target receptors. 

Can you name any specific chemicals that are thought to cause endocrine disruption?  

3. Awareness of specific EDC’s (15-20mins)   

*Turn to Page 3. I am now going to show you the names of some specific endocrine 

disrupting chemicals.  

ENDOCRINE DISRUPTING 

CHEMICAL/GROUP 

BPA 

PTHALATES 

PESTICIDES1 

DIOXINS 

MYCOTOXINS 

BROMINATED FLAME RETARDANTS 

PHYTOESTROGEN 

         

Are any of these chemicals new to you or have you heard of any of this before? 

Do you have any idea where these chemicals are found? 
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How do they get into the body? 

How do you think we can reduce our exposure? 

*Page 4. I am now going to show you some examples of where you can find these 

endocrine disrupting chemicals.  

ENDOCRINE DISRUPTING 
CHEMICAL/GROUP 

SOURCE 

BPA plastic food/beverage containers,  

canned foods 

plastic bags 

PTHALATES plastic containers 

Dust/indoor air 

personal care products 

PESTICIDES fruit and veg 

soil 

meats 

DIOXINS soil 

dairy foods  

meat and fish 

waste sites  

MYCOTOXINS  animal feed 

 soil  

grains  

seeds and nuts 

BROMINATED FLAME 
RETARDANTS 

textiles 

furniture  

electronic castings 

circuitry 

PHYTOESTROGEN  Soy beans 

Cabbage 

Food supplements 
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*As you can see, these chemicals are found in many of the everyday products we 

use, including most plastic bottles and containers, the lining of metal food cans, 

flame retardants, food, toys, cosmetics, and pesticides.  

The main ways you can be exposed to these endocrine disrupting chemicals is by 

breathing them in, coming into skin contact with them, and by eating/drinking 

them.  

For example, eating fruit or veg that has been sprayed with pesticides or when 

using personal care products, such as lotions, that contain phthalates. 

Is any of this familiar to you or new to you? 

What are your thoughts after hearing this? (source and risk). 

How do you feel now that you know where these endocrine disruptors are found? 

Are you aware of any potential risks associated with these endocrine disruptors? 

How do you think they can affect health? Long Term? 

Health Disorders 

Do you know if they are associated with any specific health effects/disorders? 

Is there any group of people you think to be more likely to be exposed to endocrine 

disruptors?  

Consumers: Consumer products, food, beverages, and medicines can contain 

endocrine disruptors. 

Women of child-bearing age: Endocrine disruptors can cause infertility, 

endometriosis, and changes in a developing fetus. 

Infants and children: Endocrine disruptors can cause the greatest risk during critical 

periods of development. 

What are your thoughts after hearing this as women?  
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If you are a mother or would like to be a mother how do you think this would affect 

you? 

4. Behaviour with regards to endocrine disruptors (10mins) 

 

 

 

 

 

 

 

 

Many companies have removed BPA from their products. *I am now going to show 

you examples of some product that have been labelled as free from the endocrine 

disruptor BPA that is found in numerous plastics. 

Have you ever seen this labelling before? On what products? 

What are your thoughts when you see that an item is labelled as “BPA Free”?   

Do you like to have this option? 

What would encourage you to choose an item labelled as “BPA free” compared to a 

standard item? 

What would stop you from buying an item labelled as “BPA free”? 

When a product is labelled like this, how much do you trust that the label is truthfully 

free from such chemicals? 

 

4. Communication of Risk and Suggestions (15 min) 
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In addition to buying products with the chemical removed, how else do you think we 

can reduce our exposure in day to day life? Any ideas?  

 

*Page 6. Hand out suggestions to reduce exposure* 

• Read the labels. On plastic bottles, a #1, #2, or #4 in the recycling sign 

means that the product is free of BPA, a still commonly-used EDC. Labels for 

cleaning supplies, facial washes, and detergents also indicate the presence or 

absence of some EDCs known to be a potential risk, such as phthalates. 

• Keep it fresh. Minimize consumption of processed foods as much as 

possible, and use filtered as opposed to bottled water. 

• Watch out for leaching. Avoid storing canned or plastic-packaged foods in 

hot areas, like the boot of a car on a summer day. Also, avoid microwaving or 

heating food in plastic containers. EDCs could leach out from the container and into 

your food and body. 

• Reduce pesticide use. For produce, wash fresh fruit and vegetables with tap 

water to remove chemicals. 

Has anyone see these type of suggestions before? Where from? 

What do you think about these suggestions? 

How do you think the others would respond to these suggestions? 

Are any of the suggestions surprising or not what you expected? 

Which of these suggestions could you see yourself doing? If any, why? 

What would stop you from following these suggestions? 

Do you think the government is working to protect you from endocrine disruptors? 

How? 

Is there anything that makes you feel safe from potentially harmful chemicals? 
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What source(s) do you think should be communicating these suggestions? 

Where would you go for further info? 

According to the WHO, humans and wildlife are exposed to multiple EDCs at the 

same time, and there is justifiable concern that different EDCs can act together 

and can potentially result in an increased risk of adverse effects on human and 

wildlife health. Some examples of these adverse health effects include male and 

female reproductive disorders, thyroid-related disorders, hormone-related 

cancers, metabolic disorders (obesity, diabetes), and developmental disorders. 

(WHO, 2012.)  

There are many gaps in our knowledge of endocrine disruption. Many of the 

mechanisms are poorly understood, and the number of chemicals that have been 

investigated is limited. WHO 2013 

Today’s topic of endocrine disruptors is a relatively new area of scientific research, 

with inconclusive and sometimes contradictory evidence.  

What are your thoughts about these someone conflicting statements about EDCs? 

Do you think you, as a consumer, should still remain informed even if scientists are 

not 100% sure of the effects of EDCs on human health? 

Debrief and Thanks 

Thank you all for your participation. I would like to remind you that the information 

discussed throughout this focus group will remain confidential. Names and personal 

information will remain anonymous and secure. 

Investigating studies often examine the effects of much higher levels of exposure 

than what we would realistically be exposed to. This suggests that our exposure may 

only be minimal, and thus the health threat may not be as bad as it seems to be. The 

focus should instead be on long-term exposure to a cumulative mixture or “cocktail 

effect” of endocrine disrupting chemicals. The project I work with called Protection 

Against Endocrine Disruptors (PROTECTED) works to ensure the detection and safety, 
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and improved risk assessment of endocrine disruptors, especially their mixture 

effects. We work to make sure that our food and products remain safe from 

endocrine disruptors and their mixtures.     

I hope this has reassured you and none of you are left feeling worried. Please feel 

free to take this information leaflet with you. If anyone of you would like to find out 

more, please get in contact with me and I can provide/direct you to more sources of 

information.  

Thank you again for participating.  

Questionnaire for demographic information passed around. This questionnaire will 

remain anonymous and will provide some basic demographic information. 
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Appendix 2b – Focus Group Participant Information 
Packet 
 
 
 
 
 
 

Study on Chemicals in Food and the Environment 
Participant Packet 

 
 
 
 
 
 
 
 
 
 
 
 
 

February, 2020 
Institute for Global Food Security 

School of Biological Sciences 
Queens University Belfast 

 
 
 
 

Facilitators: Melissa Kelly PhD student 
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The endocrine system is made up of 8 major glands in your body, such as your 

thyroid and your reproductive organs. These glands send out signals, known as 

hormones (“chemical messengers”) into the bloodstream. Hormones communicate 

between different organs in the body.  
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Endocrine disrupting chemicals are naturally occurring or manmade substances 

that interfere with the way that these hormones work in the body by mimicking or 

blocking their target receptors. 

 

 
 
 

 
 
 
 
 
 

ENDOCRINE DISRUPTING CHEMICAL/GROUP 

Bisphenol A (BPA) 

PHTHALATES 

PESTICIDES 

DIOXINS 

MYCOTOXINS 

BROMINATED FLAME RETARDANTS 

PHYTOESTROGEN 



253 

 

 
 

 
 
 
 
 
 
 
 

ENDOCRINE DISRUPTING 
CHEMICAL/GROUP 

SOURCE 

BPA plastic food/beverage containers,  
canned foods 
plastic bags 

PHTHALATES plastic containers 
Dust/indoor air 
personal care products 

PESTICIDES fruit and veg 
soil 
meats 

DIOXINS soil 
dairy foods  
meat and fish 
waste sites  

MYCOTOXINS  animal feed 
 soil  
grains  
seeds and nuts 

BROMINATED FLAME 
RETARDANTS 

textiles 
furniture  
electronic castings 
circuitry 

PHYTOESTROGEN soy beans  
cabbage 
sesame seeds 
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Suggestions to Reduce Exposure 
Endocrine Society Org 

 
Read the labels. On plastic bottles, a #1, #2, or #4 in the recycling 

sign means that the product is free of BPA, a still commonly-used 

EDC. Labels for cleaning supplies, facial washes, and detergents also 

BPA &  
PHTHALATE 
FREE 
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indicate the presence or absence of some EDCs known to be a 

potential risk, such as phthalates. 

Keep it fresh. Minimize consumption of processed/canned foods as 

much as possible, and use filtered as opposed to bottled water. 

Watch out for leaching. Avoid storing canned or plastic-packaged 

foods in hot areas, like the boot of a car on a summer day. Also, 

avoid microwaving or heating food in plastic containers, as EDCs 

could leach out from the container and into your food and body. 

Reduce pesticide use. For produce, wash fresh fruit and vegetables 

with tap water to remove chemicals. 

 
Information on Endocrine Disrupting Chemicals 

 
“EDCs have the capacity to interfere with tissue and organ development and 
function, and therefore they may alter susceptibility to different types of diseases 
throughout life. This is a global threat that needs to be resolved. 
Humans and wildlife are exposed to multiple EDCs at the same time, and there is 
justifiable concern that different EDCs can act together and result in an increased 
risk of adverse effects on human and wildlife health. 
New sources of exposure to EDCs, in addition to food, have been identified and 
include indoor environments and electronics recycling and dumpsites (the latter 
being issues of particular concern for developing countries and countries with 
economics in transition). Children can have higher exposures due to their hand to-
mouth activities and higher metabolic rate. 
Male and female reproductive health, thyroid-related disorders, hormone-related 
cancers, metabolic disorders (obesity, diabetes), and developmental disorders.” 
World Health Organization, 2012. 
 
Websites for more information: 
World Health Organization: https://www.who.int/ceh/publications/endocrine/en/ 
Breast Cancer UK: https://www.breastcanceruk.org.uk/science-and-
research/background-briefings/endocrine-disrupting-chemicals/ 
Environmental Protection Agency: https://www.epa.gov/endocrine-disruption 
Natural Resources Defense Council: https://www.nrdc.org/stories/9-ways-avoid-
hormone-disrupting-chemicals   
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PROTECTED website: http://protected.eu.com/index.html 
Twitter: @PROTECTED_ITN 
Facebook: https://www.facebook.com/PROTECTED.ITN  
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Appendix 3 – Standardised  factor loadings and 
Cronbach’s alpha  

Code Alpha 
Factor 
Loading 

Generalised Trust 0.82   
gt 1   0.674 

gt 2   0.736 

gt 3   0.779 

gt 4   0.64 

gt 5   0.658 

gt 6   0.526 

gt 7   0.662 

gt 8   0.782 

gt 9   0.867 

gt 10   0.908 

gt 11   0.912 

gt 12   0.903 

gt 13   0.902 

gt 14   0.934 

gt 15   0.908 

gt 16   0.861 

Trust in Information Sources 0.86   
tis 1   0.649 

tis 2   0.524 

tis 3   0.954 

tis 4   0.855 

tis 5   0.943 

tis 6   0.705 

tis 7   0.704 

tis 8   0.629 

Dealing with Scientific 
Information  0.87   
dis 1   0.778 

dis 2   0.862 

dis 3   0.753 

dis 4   0.79 

dis 5   0.856 
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dis 6   0.825 

dis 7   0.828 

dis 8   0.864 

dis 9   0.666 

dis 10   0.782 

General Awareness 0.9   
ga 1   0.931 

ga 2   0.948 

ga 3   0.938 

ga 4   0.662 

Awarness of Health Effects 0.86   

he 1   0.663 

he 2   0.759 

he 3   0.768 

he 4   0.855 

he 5   0.748 

he 6   0.804 

Awareness of EDC Sources 0.88   

sour 1   0.795 

sour 2   0.848 

sour 3   0.806 

sour 4   0.845 

sour 5   0.829 

Awareness of Specific EDCs 0.97   

spec 1   0.869 

spec 2   0.897 

spec 3   0.898 

spec 4   0.896 

spec 5   0.833 

spec 6   0.912 

spec 7   0.868 

spec 8   0.912 

spec 9   0.893 

spec 10   0.901 

Risk Perception of EDCs 0.88   
rp 1   0.809 

rp 2   0.906 

rp 3   0.859 
 


