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Abstract

There had been little research into the psychological impact of perceived ionising radiation
exposure in British nuclear test veterans. The aim of this thesis was to examine the extent of
exposure worry in British nuclear test veterans and the factors associated with exposure worry,
and to explore the broader psychological impact of the British nuclear testing programme.
Following scale piloting, the thesis comprised a multiple-methods design: a quantitative
analysis of self-report and cognitive test data (n = 91) and a thematic analysis of interview data
(n = 20). The quantitative findings indicated that, generally, British nuclear test veterans are
more worried about possible health effects in their descendants compared to their own health:
an observation which corroborated with the qualitative findings. While the quantitative
findings showed that roughly half of the sample reported feeling stressed due to exposure
worry, the qualitative findings suggested that worry was only relevant to a few participants and
generally focused on their grandchildren’s health. Furthermore, more pertinent psychological
issues were present relating to a sense of guilt regarding genetic responsibility and anger
towards authorities. The presence of clinically relevant anxiety (the prevalence appeared
excessively high in the sample) and the extent one attributes their health condition(s) to ionising
radiation exposure were significantly associated with exposure worry. The role of clinically
relevant anxiety occurs in the absence of any mediating role of attributing a condition to
ionising radiation (n = 55). Interestingly, factors such as the veterans’ location, role, and
national service status during the testing programme, socioeconomic factors, and cognitive
functioning, were not associated with levels of exposure worry. The findings generated a
comprehensive conceptual model illustrating the potential psychological impact of the British
nuclear weapons testing programme. The thesis concludes with recommendations for
transparency, narrative-based medicine, and a future line of inquiry exploring possible

psychological issues in their descendants.
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Preface

“CURSE OF THE A-BOMB: THE DAMNING DOSSIER: A GENETIC TIMEBOMB;
VETERANS' GRANDCHILDREN SUFFER: CANCER, LEUKAEMIA, DEFORMITIES,
MENTAL ILLNESS, DOWN'S SYNDROME, SKIN DISEASES” (Rimmer, 2002).

Some 22,000 British veterans took part in the British nuclear testing programme during the
1950s and 1960s in Australia, Malden Island, Montebello Islands, and Christmas Island
(Kiritimati) (G. M. Kendall et al., 2004). Some veterans witnessed nuclear weapons testing
while others did not witness any tests, but nevertheless maintain that their health and the health
of their family members had been adversely affected by ionising radiation exposure caused by
the tests. The United Kingdom (UK) was not the only country involved in nuclear weapons
tests: France and the United States (US) had their own testing programmes which spawned
respective nuclear test veteran associations. Each nation’s respective nuclear veterans
association (e.g. British Nuclear Test Veterans Association; BNTVA) has the common
campaign for recognition for the veterans’ service and restitution for adverse physical and

mental health consequences of participating in the nuclear testing programme.

It is thought that most veterans participating in the British nuclear testing programme were
exposed to low doses'(G. M. Kendall et al., 2004). Specifically, out of the available dose
records, only 8% of the total cohort had a non-zero dose (G. M. Kendall et al., 2004). Of these
non-zero recorded doses, only 828 individuals received a total dose of 1 millisievert (mSv)
during the testing programme (G. M. Kendall et al., 2004). Moreover, only 81 individuals had
a recorded dose of more than 50 mSv and a small number of these (37 individuals who were
predominantly RAF personnel) were exposed to doses higher than 100 mSv? (G. M. Kendall
et al., 2004), though accurate dose records cannot be verified. Nonetheless, even in low and
moderate dose exposure contexts outside of nuclear weapons testing (Collins & de Carvalho,
1993; Danzer & Danzer, 2016; Kim et al., 2011; UNSCEAR, 2020), the psychological impact
of perceived exposure to ionising radiation remains a pertinent issue regardless of any potential

for actual adverse physical health effect.

1 Description of dose ranges and basic information about ionising radiation and health effects are provided on
page 30.
2 Maximum dose recorded was 300 mSv (G. M. Kendall et al., 2004).
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The emotionally laden headline above about a news article on British nuclear veterans from
the Sunday Mirror (the Sunday sister paper of the Daily Mirror) captures the general
understanding of ionising radiation exposure in the lay reader, where the predominant
perception is its relation to genetic diseases and cancers. It is interesting to note the newspaper’s
inclusion of mental illness as a consequence of the British nuclear weapons testing programme.
As described in more detail shortly, the claims of health effects from the nuclear test veteran
community and from media outlets did not emerge immediately following the testing
programme. Rather, the claims regarding health effects in themselves and in family members,
along with epidemiological studies investigating the empirical evidence for such claims

(specifically cancers), emerged during the 1980s.

While the potential physical health effect on nuclear test veterans has gained considerable
interest, the psychological impact of perceived ionising radiation exposure, which generally
relates to worry about potential adverse health effects in oneself and in one’s family members,
is relatively unexplored despite the overwhelming evidence for psychological effects in other
radiological contexts (the evidence for this will be presented later). Not only this, but the
psychological effects of perceived ionising radiation exposure is relatively unexamined in older
adults (with the exception of Japanese atomic bomb survivor studies) and, more broadly,
psychological issues relating to anxiety and worry are relatively less well understood in older
men (Kiely et al., 2019; Schuurmans & Van Balkom, 2011). Therefore, this doctoral thesis
makes a novel contribution by expanding our understanding of the psychological impact of

ionising radiation in a unique and relatively unexamined population.

Despite this population being relatively unexplored with regards to mental health, there has
been some indication from previous work (and the newspaper headline above) to suggest that
the psychological effects of the nuclear testing programme are a pressing issue. Previous work
with British nuclear test veterans such as the Miles and Green health needs audit which reported
the prevalence of depression and anxiety (under the same measure) (Miles et al., 2011), and
Alexis-Martin et al.’s (2019) ethnographic study which includes self-report data of anxiety (it
is unclear whether this is an anxious state or clinically diagnosed anxiety) suggest that
psychological issues such as anxiety (and worry) are a significant health concern in this
population. Nonetheless, the limitations associated with these studies specifically regarding the
psychological impact of perceived ionising radiation exposure warrant further in-depth

psychological investigation. Thus, this doctoral thesis aims to investigate the psychological
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impact of perceived ionising radiation exposure in British nuclear test veterans, with a
particular focus on exposure worry, and to explore the broader psychological impact of the

British nuclear testing programme.

To achieve this aim, this doctoral thesis comprises a multiple-methods research project:
combining scale development work, qualitative semi-structured interviews, and quantitative
analysis of survey and scale data. This research draws on the extant literature specific to the
psychological impact of exposure in contexts such as atomic bomb survivor studies (Kamite et
al., 2017; Lifton, 1963; Ohta et al., 2000), nuclear power plant accidents (Abbott et al., 2006;
Bromet, 2014; Ginzburg, 1993), and more miscellaneous exposure scenarios of relatively small
magnitude (Collins & de Carvalho, 1993; Semenova et al., 2019). Aside from radiation-related
research, this thesis also draws on research and theory pertaining to emotions and psychological
stress, ageing, and masculinities, to provide a comprehensive analysis of the data. The key
output of this thesis is a conceptual model illustrating the potential psychological impact of
perceived ionising radiation exposure (extending beyond exposure worry) relevant to the
context of the British nuclear weapons testing programme.

This thesis comprises eight chapters:

Chapter 1 gives a detailed description of the history of British nuclear weapons testing in terms
of when the tests were conducted, the later related epidemiological studies, and relevant legal

cases, which all provide context to the present thesis.

Chapter 2, the literature review, briefly introduces the reader to a basic understanding of
ionising radiation and a short overview of how radiation damage occurs, and the known
deterministic and stochastic health effects associated with ionising radiation. The
psychological impact of perceived ionising radiation exposure (‘exposure worry’), which can
occur at negligible doses (i.e. believing one has been exposed to ionising radiation), is then
highlighted with reference to research conducted with populations exposed to various
radiological events. In addition to highlighting the psychological impact of perceived ionising
radiation exposure, the chapter describes relevant theory in the context of psychological stress

and emotions such as anxiety.
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Chapter 3 presents the key research questions to be addressed and a justification for the value
of the project to the wider society. This chapter also briefly explains the structure and narrative

of the subsequent chapters and highlights the paradigmatic position underpinning the research.

Chapter 4 describes the process of developing a quantitative scale aimed to measure exposure
worry. Here, the scale development process consists of a single focus group study, a set of
informal telephone discussions, and examining data obtained from piloting the proposed scale

on a sample of 124 British nuclear test veterans.

Chapter 5 then uses this developed scale to measure exposure worry amongst a sample of 91
British nuclear test veteran and examines differences in responses between veterans
categorized in terms of national service status, their role in the nuclear testing programme, and
the location they were stationed. This chapter also discusses differences in worry responses

regarding specific items on the scale and reflects on validity of scale items.

Chapter 6 presents a qualitative study concerned with in-depth exploration of the nature and
dynamic of exposure worry over the life course in British nuclear test veterans. This qualitative
interview study of 20 British nuclear test veterans was, naturally, a response to Chapter 5 and
provides detailed insight into the phenomena of exposure worry. This exploratory study goes
further and examines the veterans’ beliefs regarding health risk and health conditions in
themselves and family members. The study also explores the broader psychological impact of
participating in the test programme. The findings of the study are illustrated in a conceptual
model developed from the qualitative data and a sub-section of the chapter presents exemplars

to demonstrate the model’s workings.

Chapter 7 revisits the quantitative data collected in Chapter 5 and examines the relationships
between exposure worry and variables such as clinically relevant anxiety, several proxy
measures of socioeconomic status, and cognitive function. The analysis goes further and
examines the role of believing one’s physical health condition is caused by ionising radiation
on exposure worry. Using bivariate correlation analyses and a path analysis, this analysis
extends the conceptual model and provides further insight into the variables associated with

exposure worry.

Chapter 8 presents an overall discussion uniting the insights obtained through the qualitative
and quantitative analyses, and an evaluation and reflection of the methods used in their
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respective chapters. Chapter 8 also reflects on the usefulness of the original cognitive
functioning hypothesis considering the findings of this thesis. This chapter provides
recommendations for how future work can follow-up on this thesis, before presenting a

conclusion to the project.

The Inception of this Project

Before I continue, the reader needs to understand that not only is this thesis primarily concerned
with the psychological impact of perceived exposure, namely ‘exposure worry’, but this thesis
was a funded project - a Centre for Health Effects of Radiological and Chemical Agents
studentship funded by the Nuclear Community Charity Fund (NCCF) and Brunel University
London - originally intended to investigate the impact of exposure worry on cognitive
functioning. Cognitive functioning refers to mental abilities such as learning, reasoning,
problem solving, decision making, and attention (Fisher et al., 2019) which is vital for
maintaining independent living (Jekel et al., 2015; Willis et al., 2006) and positive well-being
in older adults (Llewellyn et al., 2008). Indeed, the effects on cognitive functioning in relation
to low- and moderate-dose ionising radiation exposure have gained considerable interest
(Pasqual et al., 2021), but little research accounts for any impact of the psychological stress of

ionising radiation exposure on cognitive functioning (Collett et al., 2020)3.

As outlined in a detailed review by Collett et al. (2020), the hypothesis that the psychological
impact of perceived ionising radiation exposure affects cognitive functioning is grounded in
the view that chronic psychological stress over time is a risk factor for impaired cognitive
functioning and cognitive decline. Although findings have not always been consistent (de
Bruijn et al., 2014), it is generally accepted that poorer cognitive functioning and accelerated
cognitive decline in older adults is associated with greater levels of anxiety or stress (Aggarwal
etal., 2014; Gulpers et al., 2019; Munoz et al., 2015; Sinoff & Werner, 2003), and self-reported
worry symptoms (de Vito et al., 2019; Pietrzak et al., 2012). Anxiety may also be a risk factor
for dementia incidence (Petkus et al., 2016) and progression in those with mild cognitive
impairment (Li & Li, 2018). Curiously, recent neurobiological work utilising machine learning

has observed that worry is associated with greater ‘brain age’ in later life (Karim et al., 2021).

3 For a review on this hypothesis, see:

Collett, G., Craenen, K., Young, W., Gilhooly, M., & Anderson, R. M. (2020). The psychological consequences of
(perceived) ionizing radiation exposure: a review on its role in radiation-induced cognitive

dysfunction. International Journal of Radiation Biology, 96(9), 1104-1118.
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Given that cognitive functioning is an important aspect of healthy ageing (Fuchs et al., 2013)
and has gained considerable attention in the context of low- and moderate-dose ionising
radiation exposure scenarios (Pasqual et al., 2020, 2021), it is highly relevant to the British
nuclear test veteran population. Thus, whilst this hypothesis was the primary instigator for this

PhD thesis, how the focus evolved and changed is addressed in subsequent chapters.

Addressing this hypothesis was ambitious. Most studies examining the impact of psychological
stress on cognitive functioning have large sample sizes and are longitudinal (see Aggarwal et
al., 2014; Chen et al., 2019; Gulpers et al., 2019; Scott et al., 2015, as examples). Due to the
time restraints of a PhD project and the declining numbers of this population due to their age,
a robust research design was not possible, although this was not determined prior to the PhD

project being initiated.

In addition to the soon-to-be-realised methodological constraints, there were conceptual
realisations pertaining to the British nuclear test veteran population. In short, the presumption
that British nuclear test veterans were worried (and thus psychologically stressed) to the extent
that it may impact on cognitive functioning was misled by the research of populations in other
radiological contexts. Therefore, the pursuit of unpicking the role of exposure worry in older
adults’ cognitive functioning took a different path, whereby an in-depth understanding of the
psychological impact of perceived exposure and the broader psychological impact of the

British nuclear testing programme became the focus.

This doctoral project was one of several projects carried out by the CHRC, directed by Dr
Rhona Anderson at Brunel University London. The CHRC’s general aim is to generate and
integrate multidisciplinary research that is particular to the British nuclear test veteran
community. Along with the genetic and cytogenetic research carried out by the CHRC (which
will inform our understanding on the biological impact of the nuclear testing programme), there
is a strand of social-scientific research examining and aiming to promote well-being within the
nuclear veteran community. Taking a psychological approach to examine the psychological
impact (with a focus on worry) of perceived ionising radiation exposure in British nuclear test

veterans, this project falls under the social-scientific strand of the CHRC.
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Chapter 1 — History of the British Nuclear Testing Programme and Background to the
Thesis

Before presenting the extant literature regarding worry (and anxiety) in the context of
(perceived) ionising radiation exposure, it is important to understand the context and the
historical events leading up to and following the British nuclear testing programme. The project
and its findings do not exist in isolation, but they are anchored by a long history of events and
a unique context. That is, it is important to understand who was involved (inside and outside
the nuclear testing programme), and where and when the events took place. These details help
the reader understand why the research is conducted, how the cohort is unique, and how this

context is distinct from (or similar to) other radiological contexts.

| begin by presenting a brief history of the British nuclear testing programme and demonstrate
the societal significance of the testing programme by highlighting the subsequent published
epidemiological research articles, media reports, and legal cases relevant to the testing

programme.
Historical context of the nuclear tests

Following the atomic bombs dropped in Hiroshima and Nagasaki effectively ending the Second
World War, many countries subsequently felt the need to develop and possess atomic weapons.
A project to develop Britain’s own nuclear programme was initiated in 1945 by an ad hoc
committee of Cabinet ministers, called the GEN.75. The GEN.75 was set up by Prime Minister
Clement Attlee to act as a forum for decision-making on nuclear energy policy. The GEN.75
then evolved into the GEN.163 committee in January 1947 which then decided to proceed with
the development of nuclear weapons. The GEN.163 only met once with a sole purpose to
decide to produce an atomic bomb and, following this decision, the GEN.163 disbanded (Baylis
& Stoddart, 2012).

The programme began with Operation Hurricane in October 1952, conducting a 25 kiloton
(kt) atomic test in the lagoon at the Montebello Islands, Western Australia. This involved
detonating a plutonium implosion device aboard the HMS Plym to simulate the effects of an
atomic bomb in a harbour (G. M. Kendall et al., 2004). This was followed by Operation Totem
which took place in October 1953 at Emu Field. This consisted of two tower-mounted

atmospheric atomic tests of 10 kt and 8 kt yields. The programme was then halted until
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returning to the Montebello Islands to conduct Operation Mosaic in May and June 1956, which
were two tower-mounted tests of 15 kt and 60 kt yields. Two major tests series, Operation
Buffalo and Operation Antler, were also carried out at the Maralinga site in South Australia
and consisted of a total of seven nuclear tests. The first test of these two series began in
September 1956 and the last took place October 1957,

The nuclear testing programme also extended to tests conducted outside of Australia, with
Operation Grapple consisting of four series of hydrogen bomb and atomic bomb tests taking
place off Malden Island and Christmas Island in the Pacific Ocean. A total of nine shots
occurred, six of which were hydrogen bomb tests. All were high altitude airbursts, except two
which were balloon suspended detonations. The Grapple test series began in May 1957 and
ended in September 1958. In addition to this, four series of minor trials involving over 600
tests experimenting with different bomb components were conducted in Maralinga and Emu
Field between September 1953 and May 1963.

During the closure of Maralinga site, a clean-up operation (Operation Brumby) was conducted
in 1967 to dilute and bury contamination and was overseen by the UK Ministry of Defence.
Following campaigns in Australia by indigenous groups, investigative journalists, and the
Australian Nuclear Veterans Association, the Australian Labour government (led by Bob
Hawke) initiated an inquiry into the British testing chaired by Jim McClelland. This was known
as the Royal Commission into British Nuclear Tests in Australia, which was established in
1984 and delivered in 1985, which gave considerable attention to the contamination status of
Maralinga and Emu Field. The report concluded that significant radiation hazards remained at
Maralinga and that a further clean-up funded by the British government must be conducted. It
also concluded that the safety precautions at the test-sites were inadequate and negligent
(Maclellan, 2017).

Thus, the programme spanned almost two decades (including decontamination operations in
Maralinga) and many veterans were late teenagers or in early adulthood at the time of the
programme. It is reported that some 22,000 men participated in the British nuclear testing
programme and clean-up operations (Darby et al., 1988; G. M. Kendall et al., 2004), but it is
estimated that ~7000 were alive as of 2021 (R. M. Anderson, personal communication, June,
2021). Many of the veterans witnessed a profound event which, for some, was a significant
event in their lives. But it was not the event itself (i.e. witnessing detonation) which was central
to the veterans’ health concerns. Rather, the perceived exposure to ionising radiation emitted
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from nuclear weapon detonations was central to their concerns and this led to media reports,
academic research, and legal cases concerned with the potential physical health impact on the

veterans.
Subsequent academic research

Since the testing programme, there have been suggestions from research studies (Busby & de
Messieres, 2014; Knox et al., 1983a, 1983b; Roff, 1999) and the British nuclear test veterans
themselves that their health and quality of life have suffered because of the tests. Attention to
the potential physical health impact of the tests did not emerge until the 1980s, when in
December 1982, a BBC television programme (Nationwide) broadcasted a story on the
servicemen who participated in the test programme in the South Pacific. This gained
considerable interest and led to the formation of the BNTVA in 1983 to campaign for the

recognition and restitution of servicemen who participated in the nuclear testing programme.

On the 9™ April 1983, a letter to The Lancet (Knox et al., 1983a) described evidence to suggest
an abnormally high rate of mortality due to reticuloendothelial system (RES) tumours (e.g.
leukaemia) compared to what is normally expected. A letter on the same page (Boag et al.,
1983) also noted the unusually high occurrence of cataract reported by Knox et al. (1983a)
which would otherwise be unheard of occurring spontaneously in young men, suggesting this
was caused by exposure to doses of ionising radiation exceeding levels considered safe. This
letter also urged that an independent academic body be set up to conduct a study examining the
mortality and cancer incidence in the test veterans. The letter sent by Knox et al. (1983a) has
been criticised in that it was heavily dependent on estimates by the Ministry of Defence (MoD)
on how many test veterans participated at Christmas Island (G. M. Kendall et al., 2004). Knox
and colleagues made estimates on the incidence of cancers based on the accounts that veterans’
sent to Nationwide (G. M. Kendall et al., 2004). Later that year, a second letter to The Lancet
by Knox and colleagues (Knox et al., 1983b) was published reporting that there was no longer
an excess of reported RES tumours compared to what is normally expected, subsequent to the
MoD revising their estimations of the number of Christmas Island test veterans (G. M. Kendall
et al., 2004). It was maintained, however, that there was a significantly higher incidence of
RES tumours in those younger than 30 at the time of the tests compared to what would be

normally expected.
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Later that year, the UK government responded to the veterans’ call for justice by
commissioning the National Radiological Protection Board to undertake an epidemiological
study which was published in 1988 (Darby et al., 1988). Darby and colleagues (1988) examined
the mortality and cancer incidence of leukaemia, multiple myeloma (cancer of plasma cells)
and cancers affecting different areas of the body in 22,347 nuclear test veterans identified from
the MoD archives, and compared the results with 22,326 servicemen who served in tropical
areas during the testing programme but did not participate in the tests. The controls were
matched on age, rank, type of service, and date of entry to the study. Darby et al. (1988)
concluded that participation in the nuclear testing programme had no significant increase in
mortality rate or total risk of developing cancer, but there appeared to be a slightly elevated
risk of mortality from leukaemia and multiple myeloma in nuclear veterans compared to what

is normally expected based on national mortality rates.

Studies of nuclear test veterans have also been conducted in other countries. Shortly after the
study by Darby et al. (1988), the New Zealand MoD commissioned a smaller-scale study
examining the mortality and morbidity of New Zealand veterans who participated in the British
programme (Pearce et al., 1990), in response to a growing public concern that the health of the
Royal New Zealand Navy (RNZN) personnel had been adversely affected by ionising radiation
exposure. Pearce et al. (1990) compared the mortality and cancer incidence in 528 RNZN
personnel who were involved in Operation Grapple, with a control group of 1,504 RNZN
personnel serving in the same period but not involved in Operation Grapple or the nuclear
programme, generally. Similar to the findings of Darby et al. (1988), the New Zealand study
did not report a significant increase in overall mortality from cancer or mortality from other
causes in test participants, nor did it report a significant increase in overall cancer incidence in
test participants compared to controls. However, there was indeed a significantly higher
leukaemia mortality rate in test participants compared to controls. The findings of Darby et al.
(1988) were extended to a 7-year follow-up with a second analysis, published in 1993 (Darby
et al., 1993). Like the first analysis, the second analysis did not reveal significantly different
mortality rates (from broad causes and all cancers) in test veterans compared to controls. It was
also observed that, during the 7-year follow-up period, leukaemia and myeloma mortality was
slightly (non-significantly) lower in test veterans compared to controls (Darby et al., 1993).
The findings of Pearce et al. (1990) were also extended in a follow-up to 1992 which indicated
that the increased risk of leukaemia had receded, despite one extra hematologic cancer death

(no extra cases in controls) and one extra incidence of hematologic cancer in the test
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participants (two extra cases in controls), resulting in no change in relative risk for incidence
(Pearce et al., 1997).

The findings of the UK epidemiological studies were not positively received by the British test
veteran population, who subsequently raised funds for a study to be conducted in the late 1990s,
commissioned by Susan Roff (Roff, 1999, 2002). In 1999, Roff published a paper exploring
the morbidity and mortality of the test veterans based solely on self-reported questionnaire data
from 1041 British test veterans, as well as capturing the conditions of the test veteran children
and grandchildren. The findings of Roff’s (1999) self-report data reported 40 cases of cancer
and 5 cases of cataracts in 2,261 children, which appears exceedingly high. Despite this, the
lack of a control population diminishes the utility of the data, and issues of selection bias arise
given that the data is gained solely from BNTVA members which may not represent the whole

test veteran population.

The self-report data of Roff (1999) also appeared to show a large incidence of myeloma cases
in the test veterans, which prompted the MoD to reopen the epidemiological study, thus
Muirhead et al. (2003) extended the follow-up to a further eight years, with the cohort being
almost identical to the second analysis. It was reported that the overall levels of mortality and
cancer incidence were not statistically significant between the test veteran group and the control
group. There appeared to be an increased risk of leukaemia in test veterans compared to
controls, but this difference appeared to become smaller with increasing follow-up. Muirhead
and colleagues (2003) acknowledged that this finding was difficult to interpret giving that
leukaemia risk in controls was lower than that of the general population. The overall rates of
mortality were significantly lower in both groups compared with national rates, and the cancer
risk after grouping for all cancers was significantly lower for both groups compared to national
rates up until 1990, before becoming similar until 1998. These findings are likely to represent
the ‘healthy worker’* effect given that the control group were other servicemen stationed
elsewhere at the time of the tests. Overall, the UK epidemiological studies did not provide
compelling evidence to suggest that test participation resulted in an increased risk of cancer
incidence, but the potential for a small increase in leukaemia incidence cannot be excluded
(Muirhead et al., 2004).

4 A bias marked by a deficit in mortality and morbidity in certain populations of occupations such as the
military.
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These epidemiological findings have prompted biological assay studies. In New Zealand,
Rowland et al. (2007; Wahab et al., 2008) conducted a controlled genetic study, involving three
assays on 50 New Zealand naval nuclear test veterans and 50 male age-matched controls who
had undergone military or police training in the past. The purpose of this was to examine if the
test veterans had incurred long-term genetic damage resulting from participating in Operation
Grapple. Regarding the first two assays, Rowland et al. (2007) reported that there was no
significant difference between test veterans and controls in terms of radiosensitivity, indicating
that DNA repair mechanisms are no more deficient in either cohort. The third assay, however,
using the multiplex fluorescence in situ hybridization technique (mFISH), showed that test
veterans displayed significantly more chromosomal translocations compared to the control
group, suggesting that test veterans incurred chromosomal breakage due to ionising radiation
exposure received during Operation Grapple.

Subsequently, the findings of Rowland et al. (2007) sparked renewed debate in the UK, and
following pressure from the BNTVA and MP John Baron, the MoD commissioned a health
needs audit to be carried out by an independent research group (Miles et al., 2011) aiming to
identify the health experiences and needs of the test veterans (Maclellan, 2017). The audit
gathered data based on postal-questionnaires from 633 BNTVA members and eight discussion
groups involving 84 BNTVA members. The questionnaire data asked questions relating to the
veterans’ health, based on International Classification of Diseases (ICD-10) categories. Only
9% of respondents reported having no diagnosed serious or long-term illness since the nuclear
tests, and 91% of respondents reported, between them, a total of 2801 separate conditions since
the nuclear tests. The questionnaire included the EuroQol Five Dimensions of Health measure
to assess quality of life. Among 585 respondents, 57% reported some problems on at least one
of the five dimensions, and 19% reported some problems or severe problems on all five
dimensions. In terms of future generations, 29% of the 633 respondents believed that there was
a link between participating in the nuclear tests and their descendants’ ill health, while 42%

said ‘maybe’ or said they didn’t know (Miles et al., 2011).

While not all veterans were in ill health, and although not all who were in ill health or who had
descendants in ill health believed that the nuclear testing was responsible for their ill health,
the health needs audit suggests that the test veteran community has concerns that they have
been adversely affected by participating in the testing programme (Miles et al., 2011). The

participants, however, are all BNTVA members suggesting that the audit may not be
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representative of the whole British nuclear test veteran population. Moreover, while the audit
is a useful descriptor of the BNTVA community’s current health concerns, it is difficult to
establish whether or not the test veteran cohort have a higher incidence of disease/lower quality
of life compared to the general population because there is no comparable data available.
Finally, the self-reporting of diagnosed conditions may not accurately capture the health of the

test veterans because no verification of health records was conducted in the audit.

There is also more recent self-report research conducted to examine health effects in British
nuclear test veterans. Busby and de Messieres (2014), part-funded by the BNTVA, conducted
a postal questionnaire case-control study examining miscarriage in wives and congenital
conditions in the offspring of BNTVA test veterans. Based on 605 veteran children and 749
grandchildren compared with 311 control children and 408 control grandchildren (controls
selected by veterans), the findings report a significantly greater number of miscarriages in
veterans’ wives compared to controls, and a significantly greater number of congenital defects
in veteran children compared to control children. The findings suggest that participation in the
British nuclear testing programme increased the risk of genetic illness in the children and
grandchildren. Selection bias may be an issue with Busby and de Messieres (2014) study, but
the authors reject this on the grounds that veterans would have been unlikely to select
themselves into the study based on the number of miscarriages that their wives experienced.
Furthermore, there may be a potential conflict of interest because the research was part-funded
by the BNTVA. To validate the reported findings of Busby and de Messieres (2014), biological
studies are required which aim to examine whether veterans and their children display
significantly more chromosomal aberrations than controls. A number of projects are currently
being carried out to examine this by the CHRC at Brunel University London.

Overall, the epidemiological research attention (and the later self-report social research studies)
spawned by campaigns by nuclear veteran groups demonstrates that a substantial number of
nuclear veterans were convinced that their physical health had been adversely affected.
However, the epidemiological and biological evidence provides no conclusions suggesting that
their physical health had been affected or that they have been exposed to potentially dangerous
doses of ionising radiation, respectively. Nevertheless, alongside these studies are the
numerous legal cases beginning in the 1990s demonstrating the nuclear community’s
conviction that certain nuclear veterans had been adversely affected by ionising radiation

exposure.
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Subsequent legal cases

To demonstrate the significance of the testing programme to this population, I briefly present
the numerous legal cases from this context. The importance of this is that it highlights the
nuclear veteran communities’ general conviction that some individual’s physical and mental
health has been adversely affected by participating in the programme, despite the availability
of epidemiological evidence relevant to their circumstance (though this generally relates

specifically to cancer incidence and mortality).

One of the first claims against the British government, launched by Ken McGinley and Ken
Egan in 1997, was lodged before the European Court of Human Rights but was unsuccessful
(Maclelland, 2017). Elsewhere, the self-governing British crown dependency, the Isle of Man,
approved the motion to compensate eight veterans who had participated in the British testing
programme an ex-gratia payment of £8,000 each (Isle of Man Government, 2008).This
payment was approved in view of the physical health effects in British nuclear test veterans
remaining disputed, but notably the mental health impact of the testing programme was
considered. The report from the Director of Public Health, found in the aforementioned legal
report appendices, concluded that while there is no concrete evidence for physical illnesses
common in nuclear test veterans, the mental distress could not be ignored and should be

addressed urgently.

Elsewhere, due to several unsuccessful cases from individual groups, a collective High Court
case involving 1011 veterans and civilians from British military services, Fiji, and New
Zealand began on the 21% January 2009 and was heard over three weeks (Maclelland, 2017).
The case considered the Ministry of Defence’s contention that the claimants were unable to
pursue their claims because they are deemed invalid, based on the Limitation Act 1980 (i.e.
such claims were made more than three years after the alleged radiation-injuries were
received). The case cited evidence of Rowland et al. (2008) and invited a number of academics
from the field of radiobiology to give their views. The MoD accepted that a small number of
cases, particularly those working as pilots during the programme, had been exposed to acute
high dose radiation because of their proximity to the mushroom cloud (Maclelland, 2017). In
June 2009, Judge Foskett decided to exercise his discretion and ‘disapply’ the time limit barring
the case. The claimants had to choose 10 cases out of the 1011, which were subsequently ruled
to proceed to full trial and regarded as a victory for the claimant group. The MoD appealed
against the ruling and on 19" November 2010 the Court of Appeal overruled Judge Foskett’s
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decision. The Court of Appeal judged that nine out of the 10 cases were too difficult to prove
causative because they were presented more than 50 years after the testing programme. The
following year, on 28" July 2011 the UK Supreme Court agreed to consider an appeal against
the Court of Appeal’s decision from the nine unsuccessful claimants, which subsequently
overturned the Court of Appeals ruling. On 14" March 2012 in the Supreme Court, the MoD
legal team won the verdict by a 4:3 majority, overturning the initial 2009 Foskett ruling. This
subsequently led to the government stating that the MoD had no plans to give compensation in
response to common law claims (Maclelland, 2017).

On the whole, the epidemiological evidence and court case rulings conclude that there is no
definitive evidence the physical health of British nuclear test veterans being adversely affected
by ionising radiation exposure. In spite of that, the self-report data demonstrates that a
substantial number of the nuclear veteran community perceive their physical health and quality
of life to have been adversely affected (Busby & de Messieres, 2014; Miles et al., 2011; Roff,
1999). Therefore, whether or not physical health is directly affected by ionising radiation
exposure, what appears more striking is the perceived impact and the ongoing struggle against
the MoD to demonstrate that their physical health has been adversely affected. Importantly,
this inevitably leads one to consider the psychological impact of perceived exposure in this
veteran group, particularly given the wealth of psychological literature exploring this in other
contexts (presented in the following chapter). Indeed, this consideration for the psychological
impact is supported by the Manx court ruling for the broad impact on the veterans, including
the mental health effects (Isle of Man Government, 2008).
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Chapter 2 — A Review of the Extant Literature Regarding the Psychological Impact of

lonising Radiation Exposure

Now that the history and context of the British nuclear testing programme has been covered,
as well as the subsequent academic and legal inquiries which followed, it is important for the
reader to understand the existing research demonstrating the psychological impact of perceived
ionising radiation exposure in populations elsewhere. Following a basic introduction of
ionising radiation, this chapter presents an argument for why worry, specifically, is particularly
relevant to the context of perceived ionising radiation exposure, a review of extant literature
demonstrating the psychological impact of ionising radiation exposure, and an overview of key
relevant psychological theories of emotion and psychological stress (not limited to the radiation

context).

In this thesis, the term psychological impact refers to any emotional state or thought process
(i.e. a cognition®) which is considered unpleasant to experience in response to perceived
ionising radiation exposure. Negative emotional states (e.g. anger, fear) or thought processes
(e.g. worry, rumination) may lead to the experience of emotional and/or psychological strain if
they exceed one’s ability to cope, otherwise known as ‘psychological stress’ (Lazarus, 1993).
A central feature of the psychological impact of perceived exposure appears to be the worry
about potential future adverse health effects in the exposed or in their descendants (Bromet,
2011; Fukasawa et al., 2017; Lifton, 1963). This is primarily due to the inherent uncertainty
relating to perceived ionising radiation exposure (Danzer & Danzer, 2016; Vyner, 1988).

In the radiation literature, a variety of terms (similar to ‘worry’ in the lay-person) to describe
the psychological impact have been used, such as ‘radiophobia’ (Pastel, 2002; Ropeik, 2016),
‘radiation-anxiety’ (Fukasawa et al., 2017), and ‘radiation-PTSD’ (Loganovsky & Zdanevich,
2013). This latter term, radiation-PTSD, is most relevant to emergency clean-up workers
finding themselves in highly traumatic circumstances (Loganovsky & Zdanevich, 2013).

Regarding the ‘fear’ (radiophobia) and ‘anxiety’ (radiation-anxiety®) terms, this thesis regards

5 To avoid confusion, it is important to note the distinction between ‘cognition’ and ‘cognitive functioning’. The
former refers to thought processes or mental processes such as ‘worry’, while the latter refers to our mental
abilities required for knowledge, manipulation of information, and reasoning (e.g. memory, processing speed,
executive function).

5 Fukasawa et al. (2017) define radiation-anxiety as a negative cognition regarding the potential adverse health
effects of radiation exposure, as well as the related psychosocial problems such as perceived stigma relating to
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‘worry’ as the correct term because ‘fear’ is generally not temporally-correct’ in the radiation-
related context (LeDoux & Pine, 2016), and ‘anxiety’ is a multifaceted emotional term
including somatic and behavioural symptoms in addition to the central cognitive component
that is ‘worry’ (Mathews, 1990).

Drawing on the inherent uncertainty of radiological exposure scenarios, this chapter briefly
describes the theory and function of worry and highlights why it is an appropriate response to
perceived ionising radiation exposure. | then review the extant literature exploring the
psychological impact of ionising radiation in contexts such as atomic bomb survivor studies,
US nuclear test veteran studies, nuclear power plant accidents, and more miscellaneous
radiation exposure scenarios. Indeed, the review? is not limited to worry because various terms
have been used (‘fear’ vs. ‘worry’), and different outcome variables are often used in
quantitative work (for example, measuring anxiety symptoms, degree of psychological stress,
or biomarkers of psychological stress). Following the review of the literature, | then present
key theories relevant to psychological stress and emotional responses in the context of risk and
adversity which help us understand the psychological (and emotional) outcomes following

perceived ionising radiation exposure.

Before proceeding with this review, | first provide a basic introduction to ionising radiation
and a brief overview of the possible physical health impact of ionising radiation exposure. This
will provide the reader with an objective indicator of the health risk of ionising radiation
exposure in this context and begin to show how the psychological reactions to perceived

ionising radiation exposure is not necessarily in accordance with the dose received.
lonising radiation

lonising radiation refers to photons (X-ray and gamma) and particles (alpha, beta, electrons,
protons, and neutrons) with sufficient energy to remove bound electrons from an atom’s orbit,

resulting in the atom becoming ionized (Hallenbeck, 1994). lonising radiation can cause

radiation exposure. While this term is labelled as an ‘anxiety’, the fact that it is defined as a cognition (or
thought process) means that it is indeed a ‘worry’.

7 Fear is temporally imminent while anxiety (and worry) is temporally distance, in comparison (Ledoux and
Pine, 2016).

8 This review chapter resulted in published article:

Collett, G., Craenen, K., Young, W., Gilhooly, M., & Anderson, R. M. (2020). The psychological consequences of
(perceived) ionizing radiation exposure: a review on its role in radiation-induced cognitive

dysfunction. International Journal of Radiation Biology, 96(9), 1104-1118.
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cellular damage both directly and indirectly. Direct damage refers to when the ionising
radiation track directly interacts with a DNA molecule and causes structural change, resulting
in cell damage or cell death. Indirect damage refers to radiation hitting water molecules in the
cell, producing free radicals (unpaired electrons) which can react with a DNA molecule
resulting in structural damage (Desouky et al., 2015). About 30% of DNA damage is directly
induced following low-linear energy transfer (LET) radiation (e.g. gamma, X-ray), while about
70% of DNA damage is directly induced following high-LET radiation (e.g. alpha particles;
(Nikjoo et al., 1999).

Generally, there are several main factors which need to be considered when determining the
potential damage of ionising radiation to human tissue. The type or quality of radiation and the
amount (dose) of energy of radiation absorbed usually expressed in Gray (Gy) needs to be
acknowledged, as well as the activity (rate of decay measured in becquerels; Bq), the dose-rate,
and the mode of exposure (internal or external). Internal exposure is regarded as the most
dangerous and occurs when the radiation source is inside an organism, usually through
inhalation (e.g. inhalation of naturally occurring radon gas: an alpha particle emitter) or
ingestion of contaminated foodstuffs. External exposure occurs when the source is located
outside the organism and usually refers to gamma or X-ray radiation passing through the body
(Delacroix et al., 2002). It should be noted that radiation can be natural and be produced
through technological means. All living organisms are continually exposed to ionising
radiation, both terrestrial (Earth and the atmosphere) and cosmic radiation, which amounts to
an average exposure from natural sources of 2.4mSv per year, according to the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 2000).

The damage that ionising radiation can cause to human tissue can be divided into two
categories: deterministic and stochastic effects (UNSCEAR, 2020). Deterministic effects
describe damage caused only when a threshold of radiation dose has been reached, and the
severity of the damage increases as the dose increases, thus deterministic effects are primarily
associated with high-dose ionising radiation exposure (> 1000 mSv) normally delivered over a
short period of time. Deterministic health effects are caused by significant cell death thereby
impacting on the function of tissue or organ. Cataracts, erythema, and acute radiation syndrome
are all examples of deterministic effects. Stochastic effects include cancer and heredity effects
whereby increasing dose increases the risk but not severity of the effect (UNSCEAR, 2020).

Generally, doses lower than 100 mSv are regarded as low-dose exposure (Pradhan, 2013). It is
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generally considered that stochastic effects have no threshold but that the effects are linear,
meaning the risk of an effect increases as dose increases (Little et al., 2009), but where it is not
possible to distinguish by observation or testing whether the disease of a specific patient has
been caused by the radiation exposure (UNSCEAR, 2020). In other words, such stochastic
effects generally appear in large epidemiological studies. The main stochastic effect of low-

dose ionising radiation exposure is cancer.

While the levels of risk for health effects vary with dose and radiation-type, most people tend
to overestimate the risks of ionising radiation, especially outside of the medical context (Slovic,
2012). This difference in risk is particularly notable when comparing perceptions of naturally
occurring ionising radiation to perceptions of technological ionising radiation (Slovic, 2012).
It is worth highlighting the presumed perceptions of risk in the veterans at the time of the
weapons tests. It has been argued that, at the time, there was extensive knowledge regarding
health risks obtained from Japanese atomic bomb studies and the work of British physicists
and biologists which was transmitted to British politicians and officials (Maclellan, 2017).
While only a minority (8%) of veterans during the tests received a non-zero dose, of which
only 828 individuals received a total dose of 1 mSv (G. M. Kendall et al., 2004) (occupational
dose limits in 1956 were 3 mSv per week vs. 20 mSv per year today; Maclellan, 2017),
Maclellan (2017) argues that the politicians made efforts to keep potential health risks secret
from the public. Indeed UK prime minister at the time, Harold Macmillan, told the House of
Commons that any present and foreseeable hazards are considered negligible (Maclellan,
2017). Therefore, regardless of whether there were health risks, the British nuclear test veterans
were told (and as indicated through anecdotal discussions with the veterans) very limited details
regarding the potential health risks in themselves or family members. The potential for lack of
trust in authorities, lack of transparency, and perceived injustice is posited to amplify perceived
risk (Kasperson, 2012; Kasperson et al., 1988). As such, aside from the possible biological or
physical health effects of ionising radiation, the psychological impact (relating to unjust risks)
of believing one has been exposed to ionising radiation could be a critical issue in the British
nuclear test veteran population (the moral aspects of risk will be discussed later in this thesis).
The relevant literature and theory regarding the psychological impact (with a focus on worry)

will now be examined.
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Psychological effects of perceived ionising radiation exposure

Without dosimetry, ionising radiation is inherently invisible in the sense that an individual
cannot touch, see, or smell it. Therefore, it can be considered an invisible contaminant (\Vyner,
1988). The Plague or Black Death (Plaguerella pestis) during the 14™ century is perhaps one
of the earliest examples of invisible contaminants (Vyner, 1988). It was both environmentally
invisible in that humans could not detect it and, at the time, it was medicinally invisible in that
medieval scientists did not know that the bacterium causing it existed. Other pandemics such
as the Spanish Flu of 1918 also occurred before the advent of psychological science, thus there
is a lack of literature on the anxieties surrounding invisible contamination in this regard (Nelson
et al., 2020; Taylor, 2019), while more recent pandemics (e.g. Covid-19) have been marked by
widespread psychological impact consisting of anxieties of catching the contaminant itself

(McElroy et al., 2020) and the impact of protective lockdown measures (Fancourt et al., 2021).

With all invisible contaminants, it is the uncertainty which appears to be a key component in
the aetiology of radiation-related psychological stress, usually in the form of worry or anxiety
(Abbott et al., 2006; Danzer & Danzer, 2016; Vyner, 1988). Danzer and Danzer (2016) posit
two sources of uncertainty which may put an individual in distress regarding possible radiation
exposure. Firstly, and as mentioned previously, the radiation dose received is difficult for the
individual to understand because radiation is invisible, tasteless, and odourless. Due to dose
levels being unascertainable to the general public without dosimetry, those exposed to
subclinical doses could interpret government counter-protective measures (e.g. evacuation) as
a signal for serious harm from ionising radiation exposure. A notable example is the increased
screening which led to the detection of thyroid cancer in children following Fukushima being
erroneously attributed to radiation exposure, despite effective thyroid doses in children being
well below 100 mSv (Tokonami et al., 2012; Yamashita et al., 2018). Secondly, Danzer and
Danzer (2016) suggest that the invisible nature of radiation and limited information regarding
the health consequences can make it difficult to ascertain whether and when the health
consequences will be realised. I can go further and argue that, to some extent, there is scientific
uncertainty regarding the health effects of ionising radiation exposure, particularly at low doses
or if chronic over time. For example, radiation-biologist Dr. lan Fairlie (Fairlie, 2021) quickly
asserted his criticisms regarding the latest UNSCEAR (2020) report which concluded that the

increased detection of thyroid cancers in children was not due to inhalation of radioisotopes. |
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argue that the ongoing scientific debates contribute to the uncertain nature of perceived ionising

radiation exposure.

Uncertainties may also extend beyond those mentioned by Danzer and Danzer (2016). In his
book Invisible Trauma, Vyner (1988, p. 31) lists 13 types of uncertainty associated with
radiation and other toxic exposures, pertaining mainly to nuclear accidents but which can be
applied to other exposure contexts (see Table 1).

Thus, there are multiple levels of uncertainty which may be more relevant to one exposure
context than another (e.g. evacuation uncertainty and financial uncertainty are especially
relevant to nuclear power plant accidents, but perhaps not relevant in medical exposure
contexts). Radiation exposure scenarios are, therefore, inherently uncertain. To understand why
these scenarios lend themselves to eliciting worry in individuals, it is important to examine

how worry is conceptualised and the relevance to uncertainty.

Table 1.

Vyner’s (1988) list of uncertainties relevant to ionising radiation exposure

Type of uncertainty Description

Previous exposure Uncertainty as to whether one has been exposed to an invisible
contaminant in the past.

Present exposure Uncertainty as to whether one is currently absorbing an invisible
contaminant.

Evacuation Uncertainty as to whether one should leave the geographical
area in which an invisible contaminant is occurring.

Boundary Uncertainty relating to the geographical limits of a dangerous

invisible exposure.

Dose Uncertainty about the level of radiation one has been exposed to.

Significance-of-dose Uncertainty as to whether such a known dose eventually results
in a disease.

Latency Uncertainty as to when a resultant disease becomes realised.

Etiological Uncertainty as to whether a current illness has been caused by

previous exposure.
Diagnostic Uncertainty about diagnosis of somatic symptoms following

exposure.
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Prognostic Uncertainty about one’s future health after they realise they have

been affected by previous exposure.

Treatment Uncertainty about how the somatic symptoms can be treated
medically.

Coping Uncertainty about how to adapt to exposure.

Financial Uncertainty regarding who is responsible for financial losses

resulting from exposure.

Worry

The term worry refers to a chain of negatively-valenced thoughts regarding events that might
happen in the future (Borkovec et al., 1998). It is distinct from ‘anxiety’ which encompasses
both somatic (e.g. palpitations, shortness of breath), behavioural (e.g. avoidance) and cognitive
(e.g. worry; Mathews, 1990; Zebb & Beck, 1998). Experientially, worry can be best described
as verbo-linguistic thought, but it also includes imagery (Sibrava & Borkovec, 2008). The

function of worry is, broadly speaking, to anticipate possible threat.

Descriptions of worry tend to include a future orientation in their definitions, in contrast to
rumination which tends to focus on past events® (Papageorgiou, 2006; Watkins et al., 2005).
Lay-persons may describe being worried about an event which happened in the past, but the
worry is pertaining to possible future consequences of that past event. While worry can be
pathological in the sense that it is a cardinal feature of generalized anxiety disorder (American
Psychiatric Association, 2013), it must be stressed that it is a normal cognitive/thought process

(Papageorgiou, 2006).

By examining the way worry is conceptualised, we can speculate why worry in the context of
ionising radiation exposure may be persistent. Tallis and Eysenck (1994) posit that worry is a
mental problem-solving mechanism that, similar to other definitions, enables the individual to
prepare for an uncertain future outcome that contains one or more possible negative
consequences. In the context of perceived ionising radiation exposure, the uncertain outcomes
can extend beyond their own health. For example, if an individual, who perceives themselves
to have been exposed to ionising radiation, is towards the end of life then the future is not

regarded as uncertain and worry about their own health might be reduced. On the other hand,

9 Worry and rumination are closely related and fall under the broad term ‘repetitive thought’ (Watkins, 2008).

34



their descendant’s future remains uncertain, and this worry may then be focused on the

descendant.

This position is generally supported by quantitative data in both unexposed and (potentially)
exposed cohorts. For example, older adults (65 to 85 years) report significantly higher
likelihood of worrying about the health and welfare of loved ones, despite a lower likelihood
of worrying about interpersonal relations, health, and work, compared with younger adults (18
to 29 years; Gongalves & Byrne, 2013). Regarding worry content in the context of ionising
radiation exposure, Suzuki et al. (2015) report that adults aged at least 50-years old were more
concerned about the effects of radiation exposure on their future generations, while those of
reproductive age (15 - 49) were more concerned about the delayed effects on themselves. This
is consistent with the presumed trend that parents and grandparents (who are generally older)

are more concerned about adverse effects on their progeny, compared to young adults.

To summarise, uncertainty plays a central role in the psychological impact (worry) of ionising
radiation exposure, and while there are age-related declines in worry about one’s own health??,

radiation-related worry may persist due to its relevance to family members’ health.
Literature demonstrating the psychological impact of perceived exposure

To demonstrate the significance of the psychological impact of perceived ionising radiation
exposure, it is important to examine the available literature from various nuclear incidents. As
suggested by Barnett (2007), the mental health consequences of ionising radiation exposure
observed in one individual can be difficult to generalise because different people react to stress
in different ways. Indeed, some individuals tend to embrace uncertainty, while others exhibit
an intolerance of uncertainty which would elicit greater levels of worry (Koerner & Dugas,
2006). Not only this, but there are varying levels of risk involved between individuals which
must be considered when examining such psychological effects. While it is generally regarded
that clean-up workers (or ‘liquidators’) and mothers of young children are particularly
vulnerable to the psychological consequences of IR exposure in the context of nuclear power
plant accidents (Bromet, 2014), it is evident that many other individuals can be affected

psychologically and in different radiation contexts.

10 This is important to consider in the context of the British nuclear test veteran population because they are
all older adults.
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| begin by presenting literature in chronological order, firstly regarding individuals who
survived the nuclear bombs dropped on Japanese cities of Hiroshima and Nagasaki. | then
briefly present literature on armed forces personnel who participated in the British and
American nuclear testing programme, before presenting research conducted in the context of

nuclear power plant accidents and other radiation exposures.

Japanese atomic bomb survivors.

The atomic bombings of Hiroshima and Nagasaki in Japan, which effectively ended the Second
World War, have gained considerable research attention in the light of both cancer and non-
cancer effects across the lifespan of the survivors (Little, 2009). Such events were also the first
time in history that populations have been adversely affected by ionising radiation produced
by technology. The psychological impact of experiencing the atomic bomb events is significant
and has been documented for decades (for a historical in-depth overview of Japanese atomic
bomb studies, see Kamite et al., 2017). Prominent early work in this field is that of Lifton
(1963) who interviewed Hiroshima survivors and illustrated the ‘fear’ of acute radiation effects
in themselves and, perhaps more relevant to test veteran population, the fear of transmitting
adverse health effects to subsequent generations. Thus, despite using the term ‘fear’ (Lifton,
1963) possibly due to earlier understandings of how ‘worry’ and ‘fear’ are conceptualised, this
focus on the adverse health effect in themselves and in family members appears central to the

psychological impact.

More recent qualitative work has been conducted with Hiroshima and Nagasaki survivors. For
example, Sawada et al. (2004) interviewed eight survivors and observed several themes which
focused on the experience itself and life thereafter. Importantly, one theme emphasised the
worry about health effects particularly in their children and other family members, and the
uncertainty as to whether a particular condition in a descendant was caused by ionising
radiation exposure. Similar ethnographic observations have been found in survivors who
emigrated to the US, especially in those who may not be psychologically resilient to the event
(Knowles, 2011).

Quantitative work has also examined the psychological effects in atomic bomb survivors. For
example, in a total sample of 9,421, an elevated prevalence of anxiety symptoms in individuals
residing within either Hiroshima or Nagasaki at the time of detonation compared to those living
outside of the cities has been observed (Yamada & Izumi, 2002). Furthermore, Ohta et al.
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(2000) observed that overall psychological stress (measured by the General Health
Questionnaire; GHQ-30) was greater in Nagasaki atomic bomb survivors compared to controls
who did not experience the atomic bomb event. Interestingly, the anxiety factor score of the
GHQ-30 was greater in controls compared to atomic bomb survivors suggesting that the
psychological distress in the survivors appeared to be rather related to disrupted social ties and
daily living. Despite this unexpected difference in anxiety scores, the ‘suspected link between
atomic bomb exposure and health problems’ variable significantly predicted GHQ-30 score,
further highlighting the central role of perceived health effects in the psychological impact.
Moreover, in an aged cohort that had lived in the vicinity of the atomic bomb explosion in
uncontaminated suburbs in Nagasaki, poorer mental health correlated with anxiety about the
radiological hazard was observed (Kim et al., 2011), indicating that the psychological effects
can persist over a lifetime even in relatively unaffected areas, radiologically-speaking.

Due to the general public’s worry about being contaminated by ionising radiation or other
chemical agents, residents of affected areas might be subject to stigma and discrimination (S.
M. Becker, 1997; Sawada et al., 2004). This may also contribute to psychological stress (Ben-
Ezra et al., 2015) but may not be relevant to the nuclear test veteran context. Overall, it is
evident that the psychological impact of witnessing the atomic bombs in Hiroshima and
Nagasaki was considerable, primarily characterized by health anxieties in themselves and
descendants.

Military veterans and nuclear weapons testing.

There were two further instances of technological ionising radiation exposure shortly following
the atomic bomb events in Japan, occurring in the Chelyabinsk regions of Russia. The first
occurring as early as 1949 (actively dumping radioactive waste into the Techa river), and the
second in 1957 was an explosion which added to the contamination in the Techa river (Collins,
1992). Despite some research examining the potential biological effects, there is very little

research regarding the psychological impact of these events (Collins, 1992).

Ocecurring at a similar time point to these incidents, but starkly contrasted in terms of context,
is that of the nuclear testing programmes. As described in the preceding chapters, following
the atomic bomb events in the Second World War, the Cold War soon followed characterised
partly by the nuclear arms race which involved nuclear weapons testing by the major powers,
including the US, Russia (then Soviet Union), the UK, and France (Maclellan, 2017). This
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weapons testing occurred in various locations and proliferated from the early 1950s. The
participants of the nuclear weapons testing were potentially exposed to ‘above-background’
levels of ionising radiation and are called nuclear test veterans (or atomic veterans in the US)
which are the focus of this research project.

One of the earliest studies documenting the psychological effects of radiation exposure is a
case study of 11 US test veterans (Vyner, 1983). According to Vyner (1983), the ultimate
psychological effects of radiation exposure were a change in identity, worldview, and lifestyle
reportedly resulting in a lack of employment and loss of social relationships. These identity
conflicts may be a unique contributor to a veteran’s stress throughout life (Vyner, 1983). For
example, Vyner noted one test veteran who describes the contradiction between being patriotic
and being deceived by the US government, which may also apply to British nuclear test
veterans. In addition to feeling that the government is concealing information, further distress

may arise from this contradiction.

Another qualitative study (Murphy et al., 1990) reported several themes addressing the
concerns raised by seven US test veterans. Two themes, in particular, describe the anxieties
relating to the health effects of radiation exposure on themselves, and on their descendants.
More recently, an online survey study examining self-reported health outcomes in New
Zealand nuclear test veterans found that, out of the 83 veteran respondents, the mean self-
reported prevalence of depression and anxiety (assessed by the GHQ-12) was greater than the
mean of the Australian and New Zealand general population (Dockerty et al., 2020). The
authors suggest that this may partly be due to worry about ionising radiation exposure, although
higher rates of psychological distress tend to be found in veteran populations (Dockerty et al.,
2020).

Apart from these studies in US and New Zealand nuclear veterans (Dockerty et al., 2020;
Murphy et al., 1990; Vyner, 1983), and although there is some literature examining the
sociological context in Britain (Trundle, 2011), there is little peer-reviewed published research

examining the psychological impact of radiation exposure in British nuclear test veterans.
Three Mile Island (TMI).

The next event relating to technological ionising radiation exposure, and documented in the
context of psychological effects, is that of the TMI nuclear power plant accident. The TMI
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nuclear power plant in Pennsylvania had a partial meltdown of the core in 1979 releasing small
amounts of radioiodine in the reactor itself (Bromet, 2014), but the average dose emitted was
low (Hatch et al., 1990). No conclusive evidence for solid cancer incidence risk was observed
in residents near the plant (albeit some indication of increased leukaemia risk in men; Han et
al., 2011), and no evidence for increased cancer mortality risk was observed (Talbott et al.,
2003). Nevertheless, the psychological impact of the accident received considerable research

attention (see below).

As it will become apparent in studies from later nuclear incidents, mothers of young children
appeared to be particularly susceptible to persistent psychological effects of perceived radiation
exposure (Bromet et al., 1990). In addition to the mothers of young children, the nuclear
workers who were present at TMI also gained some research interest. Kasl et al., (1981)
observed an increased reporting of ‘extreme worry’ in TMI workers compared with another
nuclear power plant six months after the accident, but another study observed that they had
been relatively unaffected in terms of long-term (2.5 years) mental health symptoms (Parkinson
& Bromet, 1983). As such, these studies indicate limited psychological impact in TMI workers

following the accident.

Despite this, further work was conducted to examine the psychological effects in residents
around the plant and was combined with biomarkers of psychological stress. For example,
Schaeffer and Baum (1984) observed persistently elevated levels (albeit subclinical) of
psychological stress biomarkers, namely urinary catecholamines and cortisol, in residents
living near the plant compared to controls. Furthermore, Gatchel et al. (1985) observed elevated
levels of urinary catecholamines, reduced behavioural performance and higher self-reported
psychological distress symptoms in TMI residents compared to controls. Despite this, all levels
appeared subclinical and below that of individuals diagnosed with a mental disorder. Davison
et al. (1991) also observed higher levels of urinary catecholamines and lower behavioural
performance but also increased blood pressure in TMI residents compared to controls. As with
many TMI studies, the sample sizes are relatively small suggesting caution when interpreting
the findings, but none the less they remain a useful set of studies demonstrating biological

support for radiation-related psychological stress.
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Chernobyl power plant accident.

Another incident which has been examined extensively in relation to its psychological effects
is the 1986 Chernobyl nuclear power plant accident. According to the World Health
Organisation, the mental health impact was the largest public health consequence following the
Chernobyl accident (Bennett et al., 2006), expressed by widespread anxiety and depression in
both contaminated and decontaminated regions (Ginzburg, 1993; Pastel, 2002). Even in those
who were exposed to low, sub-clinical doses of ionising radiation, the psychological effects

also appeared to be large and persistent (Danzer & Danzer, 2016).

Quantitative work has examined the psychological impact in residents who had been living
near the Chernobyl power plant. For example, in a sample of 261 Russian immigrants from
Chernobyl to the US, Foster (2002) found that those who lived close to the disaster experienced
significantly greater levels of anxiety 15 years following the disaster, than those who lived
further away. Additionally, in a sample of those who emigrated to Israel, residents who lived
in areas of higher exposure displayed greater worry than those of lower exposure and non-
contaminated regions, but such psychological effects appeared to decrease over time (Cwikel
etal., 1997). Havenaar et al. (1997) observed a higher prevalence of anxiety disorders and more
generally, psychological distress, among people who have been evacuated and in mothers with
children under 18 years of age. There was no link between psychopathology and areas of
contamination but, as the authors acknowledge, this finding is limited since many residents left
the contaminated areas before the study had been established. Recently, analysing secondary
data from a large sample of 4,725 survey respondents obtained by the WHO, Bolt et al. (2018)
observed a significantly greater prevalence of alcohol-use disorders, a greater prevalence of
affective disorders in men (albeit non-significant after adjusting for demographic variables),
and poorer self-reported perceptions of health in those who had lived in the Chernobyl-affected
area. Interestingly no differences in anxiety disorders (excluding PTSD) were observed
between those self-reporting as affected by the Chernobyl accident and those who were not.
Furthermore, qualitative case study work has also helped explain the uniqueness of the
Chernobyl scenario regarding psychological stress. Abbott et al. (2006) illustrated anxieties
relating to radiation effects but also compounded by distrust in authorities, lifestyle changes,
and economic problems associated with evacuation and the dissolution of the Soviet Union.
This highlights that the psychological stress of the Chernobyl accident may not pertain

specifically to the radiation itself but also the radical societal change following the event.
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Other cohorts aside from residents have been examined in relation to the Chernobyl accident,
particularly the clean-up workers (termed ‘liquidators’ in former Soviet Union) involved in
handling the contamination. For example, working with a sample of 614 Estonian Chernobyl
clean-up workers and 706 age-matched controls, Laidra et al. (2015) found an increased
prevalence of high scores on various mental health domains such as anxiety and depression,
and also insomnia which may be a result of such mental health effects. Furthermore, Rahu et
al. (2014) compared 3,680 male Estonian Chernoby! clean-up workers with 7,631 male controls
and found, aside from elevated morbidity in various non-cancer diseases (particularly benign
thyroid disease), there was an elevated morbidity of alcohol-related mental disorders but no
excess risk in depressive or anxiety disorders which the authors postulate are likely under-
reported in the exposed cohort. Similar findings have been observed in Ukrainian clean-up
workers in relation to depression, anxiety, and PTSD symptoms, but no difference in alcohol-
use disorders observed between clean-up workers and controls (Loganovsky et al., 2008). Such
effects on mental health were observed at least 14 years after the Chernobyl accident which
demonstrate the persistence of the psychological impact. Like the TMI biomarker studies,
biological indicators of psychological stress have also been examined in Chernobyl clean-up
workers (Goncharov et al., 1998; Souchkevitch & Lyasko, 1997). Elevated cortisol levels were
reported in some (Souchkevitch & Lyasko, 1997) but not all studies (Goncharov et al., 1998).

Fukushima Daiichi nuclear power plant accident.

In addition to TMI and the Chernobyl power plant accident, a more recent nuclear power plant
incident occurred which must be discussed. The Fukushima Daiichi power plant accident in
2011 resulted in psychosocial effects described to be devastating (Kamiya et al., 2015), despite
no deaths directly caused by acute radiation exposure (Steinhauser et al., 2014) nor any
evidence of adverse health effect directly attributed to ionising radiation exposure (UNSCEAR,
2020). While a correlation was observed between living in higher areas of contamination (albeit
negligible doses) and psychological distress (Kunii et al., 2016), it is generally held that there
was no association between ionising radiation dose and psychological effects (UNSCEAR,
2020). Therefore, the psychological effects can occur regardless of dose. Like the Chernobyl
accident, evacuees (Yabe et al., 2014), pregnant women and mothers of young children (Goto
et al., 2015) were particularly at risk of mental health and lifestyle problems.

Some emerging evidence demonstrating the extent of the psychological impact shows changes
in lifestyle behaviours. For example, psychological distress was observed to be a risk factor for
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smoking initiation amongst Fukushima evacuation area residents (Nakano et al., 2018), and
psychological distress responses may be associated with increased alcohol consumption in
nuclear workers (Komuro et al., 2019) and continued drinking in newly-started drinkers
following the accident (Orui et al., 2017). One could speculate that these lifestyle behaviours

function as a coping mechanism for the psychological impact of exposure.

Of course, in the context of nuclear accidents it may not solely be the anxiety regarding the
radiation itself which is causing distress. As we have seen, there are multiple levels of
uncertainty which may contribute to the psychological impact of ionising radiation exposure
(Vyner, 1988). The process of evacuation for example, is particularly stressful. To illustrate,
Yabe et al. (2014) reported that the percentage of evacuee adults (21.6% in 2011 and 18.3% in
2012) scoring above the cut-off point (>44) on the PTSD Checklist was comparable to the
percentage (20.1%) reported in clean-up workers following the 9/11 World Trade Centre
Attacks. Interestingly, any increased incidence of cardiovascular and metabolic conditions
observed in evacuees have been attributed to psychological stress, and lifestyle and social
changes, rather than ionising radiation exposure (UNSCEAR, 2020). Overall, it is evident that
the Chernobyl and Fukushima power plant accidents were characterised by widespread
psychological impact even in areas of low doses, and factors such as evacuation and radical

social change appear to play a key role in any psychological impact following these scenarios.

Other populations of interest.

Although relatively less academically examined, particularly in comparison to atomic bomb
events and nuclear power plant accidents, there are a few other incidents of ionising radiation
exposure which warrant acknowledgement in relation to their psychological impact. In 1987,
a radiological source was stolen from an abandoned hospital in Brazil which resulted in four
deaths. Collins and de Carvalho (1993) observed increased psychological stress and systolic
blood pressure in both exposed and nearby ‘potentially-exposed’ individuals three and a half

years following the accident.

Another cohort examined in relation to radiation and its possible psychological impact are the
residents living around a radiologically, albeit low-dose (mean cumulative dose = 0.049 mSv),
contaminated road in Seoul, South Korea, In a large sample of 8,875, although Ha et al. (2018)
found no relationship between health problems and cumulative radiation dose (apart from
hypertension in females), the researchers observed increased anxiety and decreased
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psychological wellbeing correlated with increasing radiation dose (range of 0.00002 mSv to

35.32 mSv), despite the perceived risk regarding the contaminated roads being relatively low.

There is also recent research on the residents living in the areas surrounding the Semipalatinsk
nuclear testing site in Kazakhstan. Semenova et al. (2019)observed higher rates of mild anxiety
scores on a generalized anxiety disorder measure in the exposed group compared to residents
in ecologically safe territories. The authors speculate the role of risk perception in this elevated
anxiety, but it is unclear how radiation risk perception translates to the generalized anxiety
disorder measure used in this study (Semenova et al., 2019). None the less, the study further

indicates that anxiety-related issues are relevant to low- and moderate-dose exposure scenarios.

Much of this literature review has focused on the psychological impact of perceived ionising
radiation exposure, but there are some parallels with perceived chemical agent exposure. While
the two exposures are not wholly comparable because IR is ‘invisible’ without dosimetry
whereas chemical agent exposure can often be detectable through physiological sensations (e.g.
burns, smell), few studies from the Bhopal disaster indicated psychological effects relating to
reproductive health. For example, Kapoor (1992) presented case studies highlighting the
potential psychosocial issues regarding the inability for women to conceive, and impotence in
men. Similar psychosocial issues may also be present in nuclear test veterans if they attribute

any reproductive issues to ionising radiation.

Furthermore, other scenarios such as occupational asbestos exposure can lead to considerable
psychological effects, particularly in individuals who develop asbestos-associated disease
(Bonafede et al., 2018). Importantly, Njoya et al. (2017) demonstrated that the prevalence of
probable anxiety and depression is associated with perceived levels of asbestos exposure but
not expert assessment, highlighting that psychological impact can occur regardless of level of
exposure (similar to ionising radiation and negligible dose levels).

Theories of emotional and psychological responses to threats

This chapter has demonstrated why ‘worry’ is an appropriate response to perceived ionising
radiation exposure due to the inherent uncertainties (which operate on multiple levels). It has
also demonstrated, with reference to multiple radiological events, that perceived ionising
radiation exposure can result in considerable psychological effects, namely worry and
generally psychological stress. Generally, worry about adverse health effects in oneself and
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one’s family members (as a result in genetic disease) is central to the possible psychological
impact which may be exacerbated by factors such as evacuation in certain contexts. This
psychological impact may be especially persistent, given the prolonged uncertainty about

potential future consequences across generations.

It is important to examine the key theories of emotional and psychological*! responses to threat,
which do not pertain specifically to radiation exposure contexts. These theories explain why
some individuals react differently in certain scenarios and experience psychological stress (of
varying degrees). This thesis describes two approaches: the cognitive approach to emotional
responses and psychological stress, namely risk perception (Slovic, 1987) and appraisal theory
(Lazarus & Folkman, 1984), and a sociological approach namely the stress process model
(Pearlin, 1999)

Cognitive approach to emotions and psychological stress (appraisals and risk

perception).
Risk perception.

In the radiation literature regarding psychological responses, psychometric models of risk
perception have been central to understanding how individuals respond to radiation scenarios.
For example, as reviewed by Takebayashi et al. (2017), some measures assessing anxiety about
radiation are based on psychometric models of risk perception. One predominant psychometric
model of risk perception is that of Slovic (1987) which posits two psychological dimensions:
dread risk and unknown risk. Dread risk, in this context, typically refers to the negative health
effects of radiation exposure and negative health effects on future generations. The unknown
risk, in this context, refers to the possibility that scientists do not fully understand the full health
consequences of radiation exposure or the duration for symptoms to develop. Naturally, fallout
from nuclear weapons testing is rated relatively high on both these dimensions in the lay person
(Slovic, 1987). The purpose of such models is to forecast the public’s acceptability of certain

risks.

11 To reiterate, ‘psychological impact’ is concerned with negative thought processes or emotions in response to
perceived ionizing radiation exposure, which may result in a feeling of emotional or psychological strain (i.e.
psychological stress).
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The role of emotion is entwined in risk perception (Sjoberg, 1998), for example dimensions
such as ‘dread-risk’ are inherently emotionally-laden (Béhm, 2003; Loewenstein et al., 2001)
and emotions such as feeling anxious about hazards have often been used interchangeably with
‘risk’. However, a key debate amongst social scientists is establishing the extent that risk
perception precedes emotions, and vice versa (Johnson & Tversky, 1983; Keller et al., 2012;
Loewenstein et al., 2001; Slovic et al., 2007). The traditional cognitive-consequentialist view
of risk perception would hold that humans are rational and evaluate risks before arriving at
certain emotions, but it is now accepted that humans also rely on emotions when making risk
judgements (Loewenstein et al., 2001)*2. In other words, the relationship between emotion and
risk perception is likely bidirectional (Loewenstein et al., 2001). Nevertheless, much of the
literature concerning psychological outcomes in the context of ionising radiation exposure

examines risk perception as a predictor variable.

For example, the relationship between radiation risk perception and psychological distress has
been demonstrated in relation to those affected by the Chernobyl accident (Havenaar et al.,
2003), the Fukushima accident (Oe et al., 2016) and the TMI accident (Goldsteen et al., 1989).
To illustrate, Havenaar et al. (2003) found higher levels of psychological distress in residents
living in Gomel (contaminated region) than Tver (comparably unexposed region), and
cognitive factors such as radiation risk perception, sense of control, and radiation hazard
perception significantly predicted these psychological distress levels. Oe et al. (2016) found
four trajectories of varying distress levels over 3 years in residents affected by the Fukushima
disaster, and observed that the genetic effect risk perception was associated with the most
severe distress trajectory. And lastly, risk perception was associated with psychological distress
in residents around the TMI facility, albeit the association was non-significant when reanalysed

at a later time point (Goldsteen et al., 1989).

Risk perception has also been associated with stress and anxiety in the context of technological
risks, even in those which are non-radiological (Lima, 2004). It is suggested that technological
risks cause greater distress than natural risks due to invisible effects as well as scientific

uncertainty (Baum et al., 1983; Lima, 2004). Sj6berg (2000) posits that ‘interfering with nature’

121t is uncertain whether specific emotions (e.g. anxiety, anger) predict risk perceptions, but it is more
plausible that it is rather general affect which predicts risk perceptions (Rundmo, 2002). The hypothesis that
emotions may precede risk perception is especially plausible in scenarios with limited information available
(Slovic et al., 2007).
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is an important factor to account for in risk perception, supporting the suggestion that

technological risks are related to higher levels of discomfort.

But there are studies which have not observed an association between radiation risk perception
and psychological distress. For example, in non-evacuated Fukushima residents, it has been
observed that there was no association between risk perception measured five years after the
accident and psychological distress two years later after controlling for baseline psychological
distress, but associations were observed for risk perception and PTSD symptoms (Fukasawa et
al., 2020). An earlier longitudinal study involving Fukushima evacuees observed that radiation
risk perception predicted psychological distress two years later, but these associations were
rendered insignificant after controlling for other variables (Miura et al., 2017). Drawing on
this, (Sjoberg, 1998) found evidence indicating that worry and risk perception are statistically
independent (albeit weakly correlated), suggesting that an individual can feel worried about a

particular risk despite believing that the particular risk is small, and vice versa.

| argue that a weakness of psychometric models of risk perception is that they focus on the
characteristics of the scenario, rather than understanding how different individuals perceive
risk or construe the scenario. Moreover, risk perception appears to be a poor predictor of long-
term psychological stress. Therefore, while risk perception can be a useful construct to predict
psychological reactions in the short term, it is not a comprehensive explanation. Moreover,
while psychometric models of risk perception provide good insight into how people perceive
certain hazards, the psychometric models are simplistic and do not adequately explain the
processes leading to the specific emotions and behaviours associated with the risk perceptions.

Rather than examining risk perception, which does not appear consistently correlated with
psychological outcomes (e.g. worry, psychological stress), | propose that psychologists in the
field of radiation research may find appraisal theory (Lazarus & Folkman, 1984) to be more
useful in explaining individual differences in the psychological outcomes of perceived
exposure. In short, appraisal theory suggests that emotional responses are an outcome of
perceived threat and the perceived adequacy of coping resources to deal with the threat
(Lazarus & Folkman, 1984).
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Appraisal theory.

Before describing this key theory, it is worth examining how the theory arose from the state of
understanding at that time. Before the initial posit of this theory (Lazarus, 1966), emotion
tended to be viewed under the concept of drive, or rather physiological arousal (i.e. increased
heart rate, blood pressure, sweating etc.), but it was later argued that this simplistic view cannot
explain emotion without the acknowledgment of cognitive processes (Klein, 1958, as cited in
Lazarus & Folkman, 1984). Thus, psychologists began examining the role of cognition
mediating the link between arousal and emotion. One example of this is (Schachter & Singer,
1962) who argued, based on their classic experiment, that arousal is cognitively labelled
according to the available information in the environment. That is, emotion is a result of
cognitive processes acting on the awareness of arousal. This view that emotion arises when
one’s consciousness detects an objective physiological state and this state is subsequently
labelled remains a prominent contemporary contextualisation of emotion (LeDoux, 2012;
LeDoux & Hofmann, 2018).

Related to this idea of cognitive experience, Lazarus and Folkman’s appraisal theory (Lazarus,
1966; Lazarus & Folkman, 1984) argues that emotion (and psychological stress) arises based
on the personal values and beliefs brought by the individual which then influence how the
situation is construed. Appraisal theory (Lazarus, 1966; Lazarus & Folkman, 1984) also
accounts for coping in response to certain events and can be used to explain the varying

responses (between individuals) to the same situation.

The model describes two basic forms of appraisal: primary and secondary. Primary appraisal
involves the evaluation of the specific event to judge whether the individual has anything at
stake. For example, judging whether there is any harm or benefit in relation to their goals and
values. The primary appraisals can be organised into 1) irrelevant (the encounter has no
implications for a person’s wellbeing), 2) benign-positive (the encounter is construed as having

a positive impact on a person’s wellbeing), and 3) stressful.

For this thesis, and since | focus on negatively-valenced thought processes and emotions, |
briefly outline stress appraisals, namely harm/loss, threat, and challenge. Harm/loss appraisals
refer to damage to one’s wellbeing having already occurred and can be characterised by
emotions such as sadness. The threat stress appraisal refers to harms or losses that have not yet

taken place but are anticipated. This is characterised by emotional responses such as fear and
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anxiety. These threat appraisals are unique to harm/loss in that they permit anticipatory coping
behaviours. Lastly, the challenge appraisals, which are like threat appraisals in that they also
permit anticipatory coping behaviours, differ in the sense that they focus on the potential for
positive gain. Appraisals such as threat and challenge are not mutually exclusive, and they can

occur simultaneously (Lazarus & Folkman, 1984).

If a situation is appraised as a threat or a challenge, then a further appraisal occurs which is
labelled secondary appraisal. Secondary appraisal involves evaluating different coping
strategies to help reduce future harm or to improve the prospects for benefit (challenge). These
coping strategies often include behaviours to deal with the threat itself or its subsequent
consequences. If one does not have the necessary coping strategies to handle the threat, then
this will cause psychological stress. Although labelled primary and secondary, the two
appraisals are not necessarily hierarchical, meaning that one is not necessarily more significant
than the other. In addition to primary and secondary appraisals, if there is new information
from the environment then the individual can reappraise the situation. All appraisals can also
occur beyond the awareness of the individual.

The role of appraisal theory has been incorporated into, to my knowledge, only a few studies
of ionising radiation exposure. Cwikel et al. (2000) found that the negative appraisal of the
Chernobyl event was significantly associated with anxiety even after controlling for physical
exposure, highlighting the role of negative appraisals on psychological outcomes. Furthermore,
secondary appraisals such as trust in experts and perceived control were found to be associated
with a global measure of psychological symptoms in residents who stayed in the TMI area

during the restart (Prince-Embury & Rooney, 1988).

Overall, this theory explains, by acknowledging perceived adequate coping resources and the
relevance of the situation to the individual, how one individual may construe a situation as
threatening while another individual may construe the same situation as relatively innocuous.
Psychologists have drawn on this influential theory and posited cognitive factors to explain
why one individual may construe a situation as threatening while another individual does not.
One cognitive factor central to the actiology of worry is ‘intolerance of uncertainty’, which is
“a cognitive bias that affects how a person perceives, interprets, and responds to uncertain
situations on a cognitive, emotional, and behavioural level” (Dugas et al., 2004, p.835). Related
to this, it has been suggested that ambiguity may amplify the threat and subsequent stress on
the grounds that ambiguity renders an individual’s control of the situation difficult and reduces
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the potential to cope with the threat (Lazarus & Folkman, 1984; Vyner, 1988). Note that
‘uncertainty’ was the predominant term to describe perceived exposure. Until recently,
uncertainty and ambiguity have been used interchangeably in the literature (J. T. H. Chen &
Lovibond, 2016). Some researchers now argue that uncertainty refers to when the probability
of an outcome is known, while ambiguity is a ‘higher-order’ uncertainty and refers to no
knowledge of an outcome (J. T. H. Chen & Lovibond, 2016). Therefore, they are both similar
constructs and likely relevant to radiation exposure contexts. Cognitive factors such as
intolerance of uncertainty may influence the way individuals appraise uncertain (Koerner &
Dugas, 2006), and perhaps more so ambiguous scenarios (J. T. H. Chen & Lovibond, 2016).
Specifically, individuals high in intolerance of uncertainty are more likely to appraise uncertain
and ambiguous scenarios, such as perceived exposure, as threatening. Indeed, intolerance of
uncertainty has been identified as an important trait influencing psychological distress in other

invisible exposure scenarios, specifically pandemics (Taylor, 2019).

Unfortunately, aside from the above studies with relatively simplistic application (Cwikel et
al., 2000; Prince-Embury & Rooney, 1988), there has been relatively little application of
appraisal theory to the context of ionising radiation exposure. Rather much of the literature is
grounded in the realm of risk perception, as we have seen above. Nevertheless, risk perception
must play a role in the appraisal of situations, to some extent. That is, situations (or hazards)
perceived as high risk are more likely to be appraised as threatening (and elicit an emotional
and psychological response) because they are more likely to exceed the individual’s resources

required to deal with the threat.

Environmental risk theorists have incorporated cognitive appraisals into risk research which
led to considerable advancements in our understanding of how individuals respond to hazards
(though this does not appear to be applied to ionising radiation exposure but rather natural and
technological hazards generally). Drawing on appraisal theory, Bohm and Pfister (2000) posit
that we engage in two types of evaluative processes (appraisals) when attending to risk (not
limited to anthropogenic risks, but natural risks too), which give rise to specific emotions:
consequential evaluations (referring to past and future consequences of the risk) and
ethical/deontological evaluations (whether the risk violates ethical principles; for example,

who is responsible?); the latter appearing salient especially when the risks are anthropogenic.

Consequential evaluations tend to relate to emotions such as fear, sadness, and worry, while
ethical evaluations tend to relate to anger and guilt. Bohm and Pfister (2000) then further
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distinguish consequential based emotions into prospective (future-oriented) emotions, such as
fear or worry, or retrospective (past-oriented) emotions, such as sadness or sympathy (B6hm,
2003; Bohm & Pfister, 2000). We can go further in distinguishing between fear and worry in
response to hazards which is noteworthy since the discourse regarding the psychological
impact of ionising radiation exposure is often couched in terms of fear and anxiety. While
Bohm and Pfister (2000) distinguish fear and worry in terms of the magnitude of anticipated
consequences, the present thesis adopts the perspective that fear and worry are also
distinguished in terms of the space and time that the consequences may be realised (LeDoux &
Pine, 2016). If the threat is imminent, rather than distant, then this will elicit fear. While if the

threat is distant (in space and time) then worry (or anxiety as an emotion) is relevant.

Regarding ethical-based emotions arising from ethical/deontological evaluations of risk, these
can be further distinguished based on who is responsible for the potential consequences: the
self, or the other. The former tends to relate to feelings such as guilt or shame, while the latter

tends to relate to anger (B6hm, 2003).

Overall, appraisal theory (Lazarus and Folkman, 1984) and appraisal-type theories (B6hm,
2003; Bohm & Pfister, 2000) provides an insightful account into the role of emotions and how
individuals respond to a given hazard. It is also a valuable theory in the sense that it accounts
for coping resources to deal with perceived threat. If coping resources are not perceived as
adequate, then the emotions (e.g. worry, fear) elicited by a threat will persist and the individual

will experience psychological stress.

Sociological approach to emotions and psychological stress.

Stress process theory.

But theories of psychological stress are not limited to the cognitive perspective. The cognitive
accounts are useful in understanding individual stress and emotional reactions to environmental
stressors, but while it is a perspective, a single perspective cannot provide a comprehensive
account of the phenomena of interest. What is required is a cross-disciplinary understanding
within the social sciences. Therefore, separate from the cognitive theories of worry and stress,
but equally as important, is the sociological ‘Stress Process Theory’ (Pearlin, 1999) which
emphasises the role of social systems and institutions in psychological stress, with a focus too

on coping resources. Indeed, it is not a singular stress process for all individuals but rather a
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general orienting framework (Pearlin, 1999). It should also be noted that this theory does not
explain the specific emotions elicited given a certain hazard, but rather can explain why certain
groups of people experience psychological stress (emotional or psychological strain) following
a perceived threat by acknowledging the social and economic context. Like cognitive theories,

this sociological approach emphasises the role of coping resources to deal with a threat.

There are two general assumptions which underlie this model:

Firstly, the model acknowledges several factors which are all interrelated and influence stress
outcomes. Pearlin lists factors such as the social statuses of individuals, the contexts that
envelope their daily lives, their exposure to stressors, and the resources available in responding
to the stressors. An implication of the interconnections is that one factor can influence another
and so forth, which Pearlin (2009) describes as proliferating stress. Secondly, Pearlin (1999)
emphasises that the model is concerned with ‘normal’ features experienced in everyday life, as
opposed to an earlier presumption that stress-induced psychopathology is abnormal and

therefore has abnormal causes.

To begin, the social and economic statuses of people and subsequent inequalities are influential
in all components of the model. The first component influenced by social and economic
inequalities to be described is the neighbourhood context (Aneshensel, 2010). For example,
when a neighbourhood is characterised by low social and economic capital then this can be
related to subsequent health status, irrespective of individual social and economic status
(Pearlin, 1999; Pearlin et al., 2005), due to increased exposure to what Pearlin and colleagues
(2005) label ‘ambient stressors’. Such ambient stressors can include, but not limited to,

difficulties in accessing services and transport, and traffic.

Pearlin (1999) then argues that the neighbourhood context may lead to an increased risk of
exposure to primary stressors, and indeed the social and economic inequalities are also
implicated in the likelihood of exposure to stressors. For example, an unskilled worker can be
expected to be more likely to experience economic hardship (and subsequently psychological
stress), than a skilled worker. Such stressors can be characterised as either life events, or more
chronic stressors. To highlight the differences and characteristics of these two types of

stressors, | include an extract from Pearlin’s (1999) work:
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“an event is an event by virtue of having an identifiable point in time at which it
occurred; this is in contrast to chronic stressors, which are likely to emerge more
insidiously and be more persistent. The differences between events and strains need to
be underscored, for there is some confusion surrounding the use of these constructs,
most apparent in instances where events are viewed as coextensive with the entire
universe of stressors. Moreover, many critical events are episodes that bubble up along
the trajectory of chronic stressors, leaving us unsure as to whether it is the event or the
continuing problems from which the event stemmed that accounts for the stressful
impact.” (Page 400; Pearlin, 1999).

Examples of life event stressors, particularly events which have a profound disruptive effect,
are ‘loss events’ such as the death of a loved one. Regarding chronic stressors, researchers tend
to examine institutional roles of people such as marriage, parenthood, job, and finances

(Pearlin, 1999), as they are all enduring.

As mentioned above, Pearlin (1999) refers to the term ‘stress proliferation’ which describes
subsequent stressors (secondary stressors) resulting from a single stressor (primary stressor).
The distinction between primary and secondary stressors can ultimately help understand why
certain individuals experience negative outcomes to a single stressor while other individuals
are unaffected. As Pearlin (1999) states, we tend to address this by examining the individual’s
moderating resources (moderating in conceptual terms rather than empirical/statistical terms),
for instance, effective coping. Again, the overarching role of social and economic inequalities
is argued to be pervasive here (Pearlin, 1999). To provide an example, a traumatic event may
lead to subsequent proliferating stressors, but this description is insufficient without accounting
for the social and economic contexts in which the stressors occur in (e.g. dysfunctional homes,
dangerous neighbourhoods; Pearlin et al., 2005). Traumatic events or adversity is more likely
to lead to psychological stress in individuals of a low socioeconomic status, but this is proposed
to be moderated by personal (e.g. perceived mastery, self-esteem; (Frankham et al., 2020;
Pearlin & Schooler, 1978) and social (e.g. support networks; Mickelson & Kubzansky, 2003;
Thoits, 1995) coping resources used to deal with the stressor. Indeed, socioeconomic status
also influences these moderating coping resources which buffer against the effects of a stressor
(Pearlin, 1999).

Having outlined the fundamental theory and assumptions of Pearlin’s Stress Model, it is
important to apply this to the unique scenario of ionising radiation exposure. Much of the
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research examining the role of socioeconomic status in psychological stress following radiation
exposure pertains specifically to nuclear power plant scenarios, but they are useful to examine,
nonetheless. Several studies have identified the role of finances or socioeconomic status in
anxiety and psychological distress following nuclear power plant incidents (Beehler et al.,
2008; Fukasawa et al., 2017; Kusama et al., 2018; Viinaméki et al., 1995), and can be
contextualised under Pearlin’s (1999) stress model. For example, higher socioeconomic status,
particularly measured by income but not educational attainment, also appears to be associated
with lower radiation anxiety following the Fukushima accident (Kusama et al., 2018).
Similarly, Fukasawa et al. (2017) also observed that low and middle income was associated
with higher levels of radiation anxiety, compared to high income. Kusama and colleagues
(2018) postulate that those in a lower socioeconomic status hold higher perceived risk for
radiation and subsequently experience greater anxiety but, as we have seen, perceived risk and
worry/anxiety are weakly correlated (Sjoberg, 1998). Thus, one speculates that such
individuals have fewer coping resources to deal with adversity, thus experience greater levels

of anxiety.

Other studies have observed higher educational attainment (a proxy indicator of socioeconomic
status) to be associated with lower psychological distress following the Fukushima disaster
(Suzuki et al., 2015) but comparison between studies may be limited given the inconsistent
outcome variables. Furthermore, Viinaméki (1995) found higher education levels and better
financial situation to be associated with lower general distress in women living in contaminated
areas following the Chernobyl accident, compared to women from uncontaminated areas,
although such findings were not observed in the male participants. Educational attainment has
also been examined in the context of more benign radiological incidents and could be
speculated to be related to anxiety mediated by differing perceptions of risk. For example, in
residents living near a low-dose radiologically contaminated road in South Korea, those with
the lowest education level (less than 6 years education) had the highest perceived risk for the
contaminated roads (Ha et al., 2018) but the authors did not analyse relationships between

educational attainment and anxiety.

Summary

To summarise this chapter, we have examined the uncertain nature of exposure to invisible

contaminants (in this case ionising radiation), and | have demonstrated why worry is an
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appropriate and common response. Aside from worry (a thought process) in the face of
uncertainty (and ambiguity), we have also examined the popular general theories of emotion
and psychological stress in response to threat. By combining cognitive approaches (B6hm &
Pfister, 2000; Lazarus & Folkman, 1984) and sociological approaches (Pearlin, 1999, 2010)
we can understand how and why individuals respond in different ways to perceived threat:
influenced by the way the situation/risk is appraised and the (perceived) coping resources used
to deal with the threat, but also how psychological reactions to adversity can be influenced by
the social and economic conditions that people live in. This chapter has also demonstrated that
worry and, more generally, psychological stress is a significant public health issue in the
context of perceived ionising radiation exposure, as observed in populations such as Japanese
atomic bomb survivors, populations affected by nuclear power plant accidents, and US nuclear
test veterans. Since, British nuclear test veterans are a relatively unexamined population who
may perceive themselves to have been exposed to ionising radiation, this raises the prospect
that worry about potential adverse health effects in themselves and in family members may be

present and continue to persist in British nuclear test veterans.
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Chapter 3 — Project Overview

The literature review of the preceding chapter demonstrates that this nuclear test veteran
population are relatively unexamined with regards to the psychological impact of perceived
exposure. In addition, aside from the atomic bombings of Hiroshima and Nagasaki, the nuclear
testing programmes were some of the earliest instances of technological ionising radiation
exposure. Thus, the research on the psychological impact of ionising radiation exposure in
older adults has been relatively little studied and generally has only been conducted in the
context of Japanese atomic bomb survivors (Honda et al., 2002; Kim et al., 2011; Knowles,
2011; Ohta et al., 2000; Sawada et al., 2004). Therefore, the participants in these testing
programmes are unique in the fact that they are an aged cohort and present an opportunity to

examine the psychological impact of perceived exposure over a life course.

Moreover, anxiety-related mental health research in older adults is relatively understudied and
poorly understood (Kiely et al., 2019; Schuurmans & Van Balkom, 2011) and this population
are all male which can complicate the identification of anxiety-related mental health issues
(Smith et al., 2018). The fact that this study population are all male warrants further
acknowledgement, with regards to masculinities. Morioka (2014) qualitatively explored the
possible gender differences in radiation risk perception following the Fukushima disaster,
drawing on notions of hegemonic masculinity (see page 151 for details on this concept). In
essence, the apparent lower perceived risk in males compared to females was attributed by
Morioka (2014) to the male role in Japanese society. Morioka highlighted the notion of
‘breadwinner” where the male individual’s work-life was paramount relative to any concerns
regarding their children being exposed to ionising radiation. Applying this to British nuclear
test veterans, the ‘breadwinner’ mentality may have operated in British culture during the
1950s and 1960s when the veterans returned from abroad, which leads one to consider how
this might impact on perceptions of risk and worry or concerns about health. This
‘breadwinner’ mentality could extend to the traditional role of the father figure in looking after
their family members. For example, one may suspect that the perceived risk of physical health
effects may result in further worry about being unable to survive into older age and look after
their partners and descendants. Therefore, being male (and the associated masculinities) make
this population particularly interesting to examine in relation to the psychological effect of

perceived ionising radiation exposure.
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To achieve the broad aim of examining the extent of exposure worry in British nuclear test
veterans, and to explore the broader psychological impact of the British nuclear testing

programme, this thesis addressed the following three research questions:
Research questions

I.  What are the levels of exposure worry in a sample of British nuclear test veterans?
a. What specific aspects of exposure worry do British nuclear test veterans report?
b. To what extent do British nuclear test veterans report feeling stressed as a result
of their worry about ionising radiation exposure?
Il.  What are the mechanisms and dynamics of exposure worry?
a. How has it developed over time?
b. What is the broader psychological impact of involvement in the testing
programme, and how is this influenced by time?
1. What factors are associated with exposure worry in British nuclear test veterans?
a. How does exposure worry relate to the belief that a physical health condition is

caused by ionising radiation exposure?

Before proceeding, a brief description of the respective methods'® used to address these

research questions must be highlighted:

Research question | is addressed by primarily quantitative methods in Chapter 4 and Chapter
5. To address this research question, a scale was developed to measure exposure worry in
British nuclear test veterans (Chapter 4). This scale development was informed by a single
focus group (qualitative data but not analysed using any rigorous qualitative methods) and by
gathering quantitative data on scale responses. To measure the extent that they were worried,
basic quantitative analyses were used on scale item responses after the scale(s) had been

finalised. Details of this analysis are the focus of Chapter 5.

Research question 11 is addressed by purely qualitative methods in Chapter 6, namely semi-
structured interviews followed by thematic analysis of the recorded data. The semi-structured

interviews are also biographical and incorporate object-elicitation methods. The result of

13 The research methods are discussed in greater depth in their respective chapters.
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Chapter 6 is a set of themes and a proposed conceptual model to illustrate the possible

psychological impact of the British nuclear weapon testing programme.

Research question 11l then reintroduces the quantitative data and uses further quantitative
analyses to expand on the proposed conceptual model. This chapter (Chapter 7) describes scale,

cognitive test, and questionnaire data.

Figure 1.

Overview of research chapters 4 to 7 with regards to the respective methods

e Scale development.
e Focus group (n = 1).
e Informal telephone interview (n = 4).

4 ¢ Quantitative analysis of proposed scales (n
=122 and 120, respectively).

Chapter

Cha pte r ¢ Quantitative analysis of

5 exposure worry scale data (n =
91).

Cha pter ¢ Qualitative analysis (thematic
analysis) of semi-structured
biographical interview data (n = 19
interviews plus 1 unrecorded).

6

e Quantitative analysis of

Chapter exposure worry scale

7 data, cognitive function
data and questionnaire
data (n =91).

Paradigmatic commitment

Before continuing and presenting the subsequent research chapters, we must first acknowledge
the paradigmatic commitment of this thesis, especially since this is a multiple-methods project.
It is important for social-scientists to engage in philosophical discussion because certain
worldviews or philosophical stances often dictate research decisions. The philosophical
paradigm underpinning this project evolved as part of the learning process and, in fact, the

research design was not multiple-methods when the project was initiated.

A philosophical paradigm refers to a set of beliefs and practices which influence the researcher
in choosing specific research questions and methods to answer those questions (Shannon-
Baker, 2016). Paradigms are generally clustered based on ontology and epistemology. Briefly,
ontology refers to assumptions about the nature of reality and what exactly exists in the social
world, while epistemology refers to the ways of knowing and theories about what counts as
knowledge (Madill & Gough, 2008; Ponterotto, 2005). This will not be a comprehensive
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overview, but positions concerning the ontological and epistemological paradigm must be
acknowledged (for overview see Guba & Lincoln, 1994, 2005; Ponterotto, 2005).

At one end of the spectrum is positivism which focused on efforts to verify a priori hypotheses,
usually stated in quantitative propositions of phenomena. Generally, positivism asserts that
there is a single, stable objective reality available for humans to discover. Postpositivism is like
positivism in that it also operates from a nomothetic perspective but acknowledges that an
objective reality can only be imperfectly apprehensible (Guba & Lincoln, 1994). In contrast
and at the other end of the spectrum, constructivists-interpretivists acknowledge that there are
multiple, constructed realities rather than a single true reality, and influenced by the context of
situation, social environment, and individual experiences and perceptions. Somewhat related,
critical theory is concerned with reality influenced by cultural, social, gender, political, and
ethnic values which are socially and historically constituted (Ponterotto, 2005). Traditionally
these paradigms dictate the research methods used. For example, positivism and postpositivism
would generally be concerned with quantitative methods, experiments, testing hypotheses, and
quasi-experiments, while constructivists-interpretivists predominantly use qualitative methods

to establish meaning and to examine how data is socially ‘constructed’.

‘Purists’ would regard the above philosophical paradigms as static which may be unhelpful in
mixed- or multiple-methods research, and rather, paradigms should be regarded more as
general ‘stances’ which guide the researcher through the inquiry process (Shannon-Baker,
2016). The reason being is that adhering to a static paradigm will limit the researcher in their
methods used and constrain ‘intellectual curiosity’ (Feilzer, 2010). Mixed-methods and
multiple-methods approaches complicate the traditional paradigmatic debate since the
approach utilises both quantitative and qualitative methods. Mixed-methods and multiple-
methods approaches can use any philosophical paradigm but, most often, these approaches are
associated with pragmatism (Weil, 2017), which emphasises the research question and practical
solutions to resolving issues without adhering to an all-encompassing worldview (Shannon-
Baker, 2016).

When this project was initiated, the initial aim was to measure levels of exposure worry and
establish whether there was a significant relationship between exposure worry and cognitive
functioning in British nuclear test veterans. To address this aim, feasible and logical methods
to gather cognitive data and levels of worry are to conduct cognitive tests and self-report scale
data, respectively. Thus, it can be argued that a pragmatist approach to the research was
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conducted since the methods were chosen specifically to answer research questions with the
resources available, with generally little consideration for epistemological and ontological
underpinnings. While, in truth, 1 did not initially scrutinise worry in terms of ontology and
epistemology to a great extent, | had regarded worry as an apprehensible and universal concept
which could be accurately measured throughout self-report scale methods. But as is evident
throughout the chapters, undertaking this doctoral research project led to an evolving
paradigmatic commitment. This will be later addressed in more detail in the qualitative chapter
(Chapter 6).

Of course, alternative approaches to epistemology such as phenomenology are relevant to this
topic, especially given the significant qualitative component to this thesis. A phenomenological
approach would seek to understand the subjective meaning of exposure worry, and understand
the nature and quality of the phenomenon as it presents itself (Silver, 2013). In other words,
phenomenology requires returning the phenomenon to how it presents itself and separating
what we think we know about the phenomena already. This approach was not chosen in this
thesis (thematic analysis was chosen for qualitative analysis). The phenomenological process
can be arduous and is not suitable when the qualitative study is concerned with various aspects
of the nuclear testing experience, nor when exposure worry is presumed to be a central

phenomenon to the nuclear test veteran experience but is not concretely established.
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Chapter 4 — How Can We Measure Exposure Worry?

Before addressing the first research question and its relevant sub-questions, the present chapter
details the development of a scale to measure the levels of exposure worry in British nuclear
test veterans. While many quantitative studies examining the psychological impact of ionising
radiation exposure use a combination of clinical anxiety, depression, and PTSD measures
(Beehler et al., 2008; Bolt et al., 2018; Cwikel et al., 1997, 2000; Foster, 2002; Miura et al.,
2017; Semenova et al., 2019) or non-specific psychological distress scales (Davison et al.,
1991; Goldsteen et al., 1989; Kunii et al., 2016; Oe et al., 2016; Suzuki et al., 2015), only few
studies implement anxiety scales specific to ionising radiation exposure (Fukasawa et al., 2017;
Hidaka et al., 2016; Shimotsu et al., 2010).

Such radiation-specific anxiety scales are, understandably, only relevant to their unique
contexts. For example, the Radiation-Anxiety Scale has been developed in the context of the
Fukushima power plant disaster (Fukasawa et al., 2017). Another such scale is the
Radiotherapy Categorical Anxiety Scale (RCAS; Shimotsu et al., 2010) which was developed
to measure the anxiety regarding adverse health effects, the procedure itself (in terms of
radiotherapy environment and equipment), and whether the treatment is effective or not. Since
these scales are context-specific, both the Radiation-Anxiety Scale and RCAS contain items
which cannot be applied to other radiation exposure contexts. For example, in the Radiation
Anxiety Scale (Fukasawa et al., 2017), item four reads “I feel strong anxiety when I see news
reports concerning the nuclear power plant accident” which is clearly only applicable to nuclear
power plant accidents. This leaves a challenge where there is no current scale measuring
radiation-specific worry in British nuclear test veterans, and without this scale, we cannot

answer research questions detailed in the previous chapter.
The process of developing an exposure worry'* scale comprised three stages:

1) A single focus group discussion to evaluate the appropriateness of the language and
items proposed for the exposure worry scale.
2) Subsequent telephone discussions to give a further indication of content validity on the

amended scale.

14 The term ‘worry’, rather than ‘anxiety’, was chosen for reasons highlighted in Chapter 2.
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3) Examining the distribution of responses and construct validity on the proposed

exposure worry scale(s).
I now present these stages of scale development:
Stage |

The initial proposed exposure worry scale (Figure 2) consisted of items based on existing
radiation anxiety scales (Fukasawa et al., 2017) and Slovic’s (1987) model of risk perception.
For example, most of the proposed items (Figure 2) represent dread risk-type items, but there
is also the inclusion of an unknown risk-type item. In addition to this, some items were
suggested based on anecdotal reports of the nature of nuclear weapons testing during that
period. For example, articles reported by tabloid newspaper The Mirror describe the perceived
lack of protective clothing against ionising radiation exposure, and the potential for
radiologically-contaminated soil contaminating food, in addition to the obvious perceived risk
of adverse health effect. Thus, items reflecting these reports were included in the initial scale
to capture the potential range of worries in the context of British nuclear weapons testing.
Lastly, the 10" item was included in an exploratory attempt to indicate changes in exposure

worry over time.

The proposed scale items were differentially framed in the context of worry and concern to
examine the relevance of such terms. The reason for this is because worry and concern are
often used interchangeably, perhaps because they are spatio-temporally similar, but expressed
in varying magnitude. Indeed, concern can be framed rather as a matter of interest or
importance. For example, | suggest that one can be concerned about climate change but does

not experience worry but increasing concern may elicit feelings of worry.

Fear is also sometimes used interchangeably with worry and anxiety (Le Doux & Pine, 2016),
but it was not used in the proposed ‘exposure worry’ scale based on the view that fear and
worry are spatio-temporally distinct and because fear is presumed non-applicable to the context
of perceived radiation exposures which have already occurred. To elaborate, fear is presumed
applicable in exposure contexts primarily when the threat is imminent, for example emergency
workers may experience fear when dealing with an accidental exposure source because the

threat is close in space and time. But for individuals potentially exposed many years ago, fear
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is unlikely to reflect the process of considering retrospective events nor the potential for future

adverse health effect.

It is also worth commenting on the number of points on the proposed scale, since it would be
natural to question why each item is rated along seven points, in contrast to the Radiation-
Anxiety Scale (Fukasawa et al., 2017) which is rated along four points. There are several
reasons for using seven points. First, since the initial purpose of this scale was to measure
exposure worry and its relationship with cognitive functioning, a spread of varying responses
was needed to capture the fine differences in levels of worry. These differences may not be
adequately captured with 3 or 4-point scales. Moreover, there was some concern that too many
points (above 10) may be overcomplicated. Preston and Colman (2000) demonstrate that 7-
point, 9-point, and 10-point scales are most preferable in the context of attitude rating, and that
these scales hold better validity in comparison to 4-point scales in the context of rating service
experiences, for example. Based on this, the initial proposed scale is a 7-point scale end-

anchored with ‘strongly disagree’ and ‘strongly agree’, and ‘neutral’ representing the 4 point.

It should be noted that the proposed exposure worry scale is not a Likert scale like that of the
Radiation-Anxiety Scale (Fukasawa et al., 2017), where total scores are calculated by adding
each item score together (essentially providing the equivalent of a mean score). This distinction
is underpinned by differences in the way radiation-anxiety or exposure worry is conceptualised.
Given that the Radiation-Anxiety Scale has 7 items on a 4-point scale, producing a total score
out of 28, I ask how confident one can be in stating that an individual who scores 13 (two items
rated 4 anchored ‘strongly agree’, and five items rated 1 anchored ‘do not agree at all’) is less
anxious than an individual who scores 14 (rating each item as 2, below the mid-point indicating
relatively little radiation-anxiety). This example demonstrates why the Likert approach was not
taken. Rather, to gauge the extent of exposure worry in this sample, the intention at this point

of the research project was to take the highest single score across each of the items.

The aim of this first stage of scale development was to gain an insight into whether or not my
proposed scale items were valid to the target population (i.e. establishing content validity), and
we can do this by consulting with ‘experts’ on the topic (Vogt et al., 2004), namely the test
veterans. A second aim was to establish whether there are further items relevant to exposure
worry which had not initially been considered. A third aim was to gain insight into the
appropriateness of the language used, which would eliminate the possibility of participants
being offended by any scale items.
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Methods
Participants.

Study participants had all witnessed one or more nuclear tests. Six BNTVA test veteran
members and two wives were recruited at the BNTVA Annual General Meeting (AGM) on
20" May 2018. The project was advertised via a presentation given by the current principal
investigator at the time, poster boards, and through flyers distributed at the AGM. Participants
were recruited voluntarily by approaching the research team at the AGM. Written informed
consent was gained prior to taking part. The study was approved by the University Research
Ethics Committee (Appendix A).

According to Hertzog (2008), 10 or fewer respondents is adequate for assessing the clarity of
the language used and the acceptability of scale formatting. As mentioned above, | regarded
my participants as ‘experts’ because they have experienced/witnessed nuclear weapons testing,
have reported concerns about their health because of the nuclear tests, and so are crucial in
helping me understand how exposure worry should be conceptualised (Vogt et al., 2004).
Witnessing a nuclear weapons test or being involved in clean-up operations are particularly
unique experiences, so it would be unwise to develop scale items without consulting the nuclear
veterans. This is particularly important given that there is limited research examining the
psychological impact of real or perceived exposure in nuclear test veterans relative to the

psychological impact following nuclear disasters.
Materials.

The proposed ‘exposure worry’ scale items (Figure 2).
Procedure.

A single focus group design was chosen. Focus groups are moderator-facilitated group
discussions organised to explore a specific set of issues and are distinguished from group
interviews in that there is a component of ‘group interaction” which contributes to the research
data (Kitzinger, 1994). Indeed, focus groups have been argued to be a useful (and perhaps
underused) tool to enhance content validity of psychological scales (O’Brien, 1993; Vogt et
al., 2004). Because the topic of exposure worry is a sensitive issue, focus groups are appropriate

because the interpersonal dynamics can provide participants with mutual reassurance, despite
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the common misconception that sensitive information could be supressed in a group context,
due to concerns of confidentiality (Wilkinson, 1998). However, this latter point was deemed
unlikely to occur due to participants sharing the commonality of being a nuclear veteran and
being supported by wives, creating a ‘safe-space’ environment for sensitive discussion to
occur. Separately, a single focus group was a convenient method to understand multiple
veterans’ perspectives in a quick timeframe. This was appropriate because it is uncommon to
have multiple test veterans in the same location at the same time, thus conducting the focus
group at the BNTVA annual general meeting where many nuclear test veterans were present

was ideal for data collection.

Participants in the focus group were presented with the proposed ‘exposure worry’ scale items
(Figure 2). The participants were asked not to rate their levels of agreement to each scale item
but to discuss the scale items in terms of the language (e.g. using terms like worry or concern),
relevance and appropriateness. Participants were also asked to propose any other items that
would help assess exposure worry. The focus group was led by me and a female supervisor.
The focus group lasted for one hour and was audio recorded.

Figure 2.
Proposed items for exposure worry scale

If you do not have children then skip question 2 and 3
If you do not have grandchildren then skip question 3
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I am concemed that my exposure to ionizing radiation may 1
have affected my children

I am concemed that my exposure to ionizing radiation may
have affected my grandchildren

| am concemed that scientists are not explaining fully the 1
effects of exposure to lonizing radiation

| am concemed that | should have been given protective
clothing at the nuclear testing sites

| am concemed that my children are worried about my
exposure to ionizing radiation

| am worried about the lack of protective clothing given to me
at the nuclear testing sites

| am worried that | have eaten food contaminated with ionizing
radiation

9 I am worried that my children are wormed about my exposure
to ionizing radiation

10 | am more worried now than | was in the past 1 2 3 4 5 6 7
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Analysis.

The focus group was transcribed and analysed at a descriptive level meaning that illustrative
quotes are included to support content validation, with a limited level of interpretation (Vogt
et al., 2004). While Vogt et al. (2004) recommend that themes are generated in conjunction
with illustrative quotes, themes were not generated in this study since this is beyond the scope
of this work. Additionally, only one focus group was conducted so the purpose of theme
generation is less relevant because any themes will not be generated across data. Normally,
one could expect between three to five focus groups to ensure coverage of the range of opinions
on a given topic (Morgan, 1997). Similarly, codes were not applied to the focus group transcript
but quotes that were deemed relevant were highlighted.

My approach to the analysis can be described as liberal (Vogt et al., 2004). This means that the
scale development is open to the inclusion of new content based on the focus group, but with
care taken to not narrow conceptualisations based solely on a single focus group. That is, the
omission of existing items and the addition of new items were considered based on the focus
group discussion, but care was taken to avoid weighting each decision on the perspective of

the single focus group.

Results

The consensus of the focus group participants was that worry was not an accurate
representation of their thoughts regarding the tests, and instead preferred the term concern. As
mentioned, worry and concern are likely closely related in the context of everyday language,
but differ in terms of magnitude. This also occurs in academic research. For example, a recent
systematic review of the conceptualisation of health anxiety (Lebel et al., 2020) appears to use
‘worry’ and ‘concern’ interchangeably. If they are indeed interchangeable terms, then why
might the participants in the focus group prefer the term concern over worry when describing
their perceived ionising radiation exposure? One could argue that worry describes intrusive
thoughts, while concern relates more as an awareness or a topic of importance without
worrisome/intrusive thoughts. However, | decided that debating whether to frame the items as
‘worried’ or ‘concerned’ was rather unimportant. Rather, what is needed is a scale that allows

participants to evaluate the severity of the construct along a continuum.
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Participants also discussed how their levels of worry for different items was not consistent over
their lifetime. Particularly referring to items about the health of their descendants, some
participants described how they were not presently worried but had been worried in the past.
The following extract illustrates this effectively:

When they 've been born I was worried, but once they 've grown up a bit then the worry-
When you know that they 're not affected but they seem to be normal as normal can be.

(Participant 1)

Aside from the reported dynamics of exposure worry which suggested amendments (or a
separate mid-life scale) were required, the focus groups provided insight into which items were

perhaps not relevant. One example of this is ‘item 8’ regarding contaminated food:

The people in Cumbria might be worried about that, when Chernobyl blew up, they
were blasted and told not to eat the food for a couple of year. They were breeding sheep,
lambs, and the farmers were being paid for it but they were being disposed of for 2 or

3 years. (Participant 2)

The above extract from participant 2 was in response to asking about the relevance of worry
for contaminated food during the nuclear testing programme. It was apparent that it was not
particularly relevant in terms of worry, and the participant states this by describing its relevance

to other exposed populations.
Discussion

The consensus of the focus group was that concern was more appropriate than worry to describe
their perceptions of ionising radiation exposure, but since these are assumed to lie on a single
continuum (concern and worry differing in severity) a decision was made to retain the framing

of items as ‘worry’.

As mentioned above, the single focus group was a convenient way of gaining multiple veterans'
perspectives on exposure worry, since this took place at a BNTVA annual general meeting
where the veterans had busy schedules and it would have been difficult to conduct a series of
individual interviews in a short space of time. A consequence of this, however, is that the data

is unlikely to capture the potential nuanced discussions of multiple focus groups. Drawing on
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this, I decided to not place too much weight on the findings of a single focus group and referred

to the theory detailed in chapter 2 as to why worry should remain the focus of the scale.

But we must also be cautious of the fact that the participants may have been unwilling to openly
relate to ‘worry’ because of their characteristics of being older male veterans. In Western
cultures, it has been common for men to follow traditional masculine gender roles, which
endorse emotional toughness and stoicism. For example, men are often exposed to ‘boys don’t
cry’ mentality as a child (Branney & White, 2008). Interestingly, it has also been suggested
that men are more likely to internalise the public stigma that mental health issues are a sign of
‘weakness’ (i.e. believing that oneself is inferior for having mental health issues; VVogel et al.,
2007). Additionally, it is known that military culture also endorses emotional toughness
(Jakupcak et al., 2014), which may be relevant to this population. The role of masculinities is

examined in further detail in Chapter 6.

Overall, the results of the focus group were insightful and aided our understanding of what
items the scale should contain and provided the first indications of the magnitude of any
exposure worry. In addition, the focus group was the first indicator that ‘exposure worry’ is not
necessarily stable and can change in severity with respect to different life events. Therefore, a
decision was made to create two separate exposure worry scales for the purpose of the project:
the Current Exposure Worry Scale (Figure 3) and the Mid-Life Exposure Worry Scale (Figure
4).

While the content of the items is the same between the proposed Mid-Life and Current
Exposure Worry Scales, the primary difference is the tense in which the question is presented.
For example, the Mid-Life Exposure Worry Scale equivalent of ‘item 1° of the Current
Exposure Worry Scale would be “At a point in my life, [ had been worried that my illness had
been caused by my exposure to ionising radiation and/or chemical agents.” This was because
any relationship between worry and cognitive functioning is concerned with chronic
psychological stress, hence the inclusion of a Mid-Life Exposure Worry Scale to gain an
indication of worry in previous years. | remind the reader that at this point in the project, the
intention was to address the hypothesis that exposure worry is associated with cognitive

functioning in British nuclear test veterans.

For the Mid-Life Exposure Worry Scale, I included sub-items for each item to gather data on
the duration that their worry regarding a specific aspect lasted, but only if they had rated their
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worry as “5” or above because rating such a score would indicate that they agree with the

item statement.

Stage 11

The aim of this stage of scale development was to further validate scale items in the modified
exposure worry scales in a one-to-one telephone interview scenario. A secondary aim was to

gain further insight on the formatting of the scale and appropriateness of the language used.
Methods
Participants.

Four participants took part in this stage of scale development. Participants were drawn from
the BNTVA. Non-BNTVA members were also eligible for participation but must have
witnessed at least one nuclear weapons test. The reason is because it was initially presumed
that such individuals would be worried. Therefore, these individuals were presumed the most
relevant individuals to comment on exposure worry scales. A pack containing the materials
was distributed to 16 test veterans (facilitated by the BNTVA). Aside from the four veterans
who agreed to participate, one further nuclear test veteran had completed and returned the

scales but had not consented to the telephone interviews.
Materials.

Participants were sent the proposed Current Exposure Worry Scale (Figure 3) and Mid-Life

Exposure Worry Scale (Figure 4) to review prior to the telephone call.
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Figure 3.

Proposed Current Exposure Worry Scale after reducing items
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4 I am worried that scientists are not explaining fully the effects of exposure to ionising 1 4 7
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5 | am worried that | should have been given protective clothing at the nuclear andfor 1 4 7
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Figure 4.
Proposed Mid-Life Exposure Worry Scale
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Haw many years did this worry last?
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How many years did this worry last?
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Procedure.

Each interview was unrecorded and lasted a maximum of 20 minutes. During the interviews,
each item was individually read aloud to the participant so that they had the opportunity to
voice their opinion about each item. Participants were asked if they had any comments
regarding the appropriateness of the scale. Participants were also asked about whether or not
the scale items were relevant with regard to their worry and why, and if not, whether they
believed that the items would be relevant to other test veterans and why. Participants were also
asked if there was anything else that had not been included on the scales. While these interviews
were unrecorded, hand-written notes were made in real-time to capture participants

perspectives of the scales (Appendix B).
Results/discussion

Instructions appeared easy to follow, indicated by the completed and returned exposure worry
scales and this was confirmed by the veterans who took part in the discussions. Therefore, no
further changes to scale content or formatting were made to the Current Exposure Worry Scale

(Figure 3) following this stage of development.

Regarding language, one participant suggested that concern may have been a better word than
worry which was consistent with the focus group findings. According to one participant,
‘worried’ is a term used to describe a thought that is constantly on your mind whereas
‘concerned’ is regarded as less intrusive. This is consistent with the way I conceptualised worry
and concern in the previous section, highlighting the difference in magnitude. Despite this, |
maintained that worry should be used instead of concern due to the same reasoning mentioned

in Stage |.

Regarding item content there was variation in which items were relevant to each veteran. For
example, two participants stated that ‘item 6’ regarding descendants’ worry was not
particularly relevant but acknowledged that it could be relevant to other veterans. Two
participants also stated that worry was dynamic: one participant highlighted the role of child
and grandchild’s development in any worry that he experienced, while the other participant

highlighted the role of BNTVA meetings in his worry.
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Aside from being an initial indicator of the dynamic of exposure worry, these telephone
interviews were an early indicator of broader sociopsychological issues. For example, one
participant was concerned about the intentions of the research institution where | was based
and was concerned about a perception that the government were concealing information.
Another participant was concerned about his experience with medical doctors and a perception
that the doctor did not want to take responsibility for his issues. These issues will be later

addressed in Chapter 6.

While not informed by these interviews, further modifications were made to the formatting on
the proposed Mid-Life Exposure Worry scale where, rather than having participants report
worry duration for each aspect of exposure worry (which may become convoluted in any future
analysis), a single worry duration item was included instead to cover all mid-life items (Figure
5). For further context | added an item asking when their worry began (i.e. what year/decade),
and an exploratory item asking for three most important events significant to any exposure

worry.

Figure 5.
Updated Mid-Life Exposure Worry Scale following Stage 111
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