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Background

The British Government undertook a series of atmospheric nuclear weapons tests at various
sites in Australia and the South Pacific between 1952 and 1958. Associatéiesathests

was an experimental programme in whiellioactivitywas dispersed into the environment,

this programme ended in 1963 althougrerations continued through to 1967. Additionally,

UK personnel participated in a seiwéf\merican tests based &hristmas Island i962. It is
estimated that over 20,000K servicemen patrticipated in at least one of these British and
Americartests.

An ongoing concern within the nuclear test community has been whetkenans of these
programmes could have rewed sufficient radiation exposureddversely affect their health
This concern extends to whether they miglsio have passed on genetic alterations to their
children, thereby potentiallgffectingli K S A NJh&akthy A f & Q&

Who are we?

TheCentrefor Healh Effectsof Radiologicadind ChemicaAgents(CHRCWasestablishedn
September2017, funded by the Nuclear Community Charity Fund (NCCF}hrough funds
receivedby the ArmedForcesCovenantAgedVeteransg~undandBrunelUniversityLondon.

, 4
Figue 1:A number of CHRC staff, statkeand AdvisorBoard members

Our purposeis the generation promotion andintegrationof new, multi-disciplinaryresearch

that is particularto the Britishnucleartest veterancommunity,their genomichealthandthe
impactof uncertaintyon healthmore broadly.Ourworkis also investigamg other scenariosn

which people may be exposed to radiation and chemicals such as in the workplace or as a
medical treatment.
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Ouraimisto buildto becomea credible,independet, evidencebasedsourceof information
for interestedtest veteran,scientific,healthprofessionalind politicalcommunities.

The CHRC will build to:

> > > >

act as a knowledge hub for scientific, health & wellbeing and, elatgd work
deliver a programm of scientific research
provide evidencdased information which is accessible to a broad audience

enhance care and wellbeing through increased understanding

CHRC is being established in two phases. In Phase 1 the Centre is primarily acting ak a resear
hub, generating new research and also reviewing what is currently understood. Phase 2
onwards will developur researchprogrammeand also incorporate outreach, education and
policy advising roles.

s

© N o O

Establishing organisational structure and core personnel

Publishing review/s on the current staiéthe-sciencespecific to the Cent@ work
and translating for lay audience

Identifying and prioritizing outstanding research needs in all discgykas

Develop a research programme and delivery of core research in all discipline areas to
help inform the nuclear community

Identify future care & wellbeing needs
Develop and begin delivery of educational material to inform all beneficiaries
Host netvorking & public engagement events

Establish a forward strategy for sustainable funding, research, translation and
education.
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veterans and their families

g Assessment of risks from combined exposures to radiation and chemi
Exposure worryAn indepth study of British nuclear test veterans
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Radiation risk from high.ETa-emitters using radiurr223as a model

Heritable effects of pre&onceptual radiation exposure

Amy Prescott

A\ 4

A4

Finlay Smith

A 4

George Collett

Isabella Bastiani

\ 4

Jade Stephens

51Page



Governaice

Professor Geoff RodgeigiceProvost Research

Dr Rhona Anderson: Direct@HRC

Dr Amanda Harvey: Division Lead (Biosciefidepprtment of Life Sciences

Professor Susan Jobling: Direchostitute ofEnvironment, Health and Societies

Ms Anne Smith: Institute Managéngitute of Environment Health and Societies)
Professor Christina Victor: Vice Dean Research (College of Health and Life Sciences)
Ms Teresa Waller: Director, Research Support and Development Office

Ms Julie WhittakeiCentre ManageiICHRC

Mr Jeff Liddiatt (ChairYireasurer of the Nuclear Community Charity Fund
Mr Nigel Heaps Esq., MBE: DiredBi Associates
Professor Catherine Hennessy: Professor of Ageing at University of Stirling

Professor Deborah Oughton: Professor in Enviestah Chemistry anéflead of the
research school in Ecotoxicology at the Norwegian University of Life Sciences

Mr Tony Jeffrey: Chairman of the Nuclear Community Charity Fund

Professor Nicholas Priest: Visiting ProfessoMiddlesex University and Adjunct
Professor at the Medical University of South Carolina, USA

Professor Richard Wakeford: Professor in Epidemiology, Manchester University and
Dalton Nuclear Institute

Mr Paul R Thomas CBE: Chief Operating Officer (COO), Brunel University London

6| Page



Staff a CHRC

Dr Rhona Andersdbirector

Dr Rhona Anderson isReaderin Radiation Biology in the Department of
Life Sciences and, a member of the Institute of Environment, Health and
Societies at Brunel University LondBhona started her career as a chiic
cytogeneticist before developing her research interests in radiation biology
at the Medical Research Council Radiation and Genome Stability Unit,
HarweII (199€2005). She gained her PhD from Brunel University in 2004
" before taking up a lectureship in @@ She has helaffices inthe UK
Association for Radiation Research, including acting as Chairl@01®as appointed
Honorary Membership of Royal College of Radiology in 26d7is currently serving as
Councillor (at large) for the International Agation for Radiation Research.

Julie WhittakeCentre Manager

Julie joinedhe CHRC in September 2017 at the start of the project, but has
been working for Brunel University London since September 1999, when she
joined the Departmenof Information Systems and Computing (DISC) as an
administrator for undergraduate final year projects. Whilst in DISC Julie
studied part time with the Open University and was awarded BSc Hons in
Computer Science in 2010. During her time at Brunel Judidakan on
several secondments which has allowed her to gain knowledge in a wide
range of research areas and activities.

Dr Alex Perrcommunications and Engagement Officer

Dr AlexPerryjoined the CHRC in November 2018 as a Communications
and EngagemerOfficer.Alex holds a BSc andactorate in chemistry
from Southampton University. He worked as a {glugttoral researcher in
the USA for 4 years and as a scientist in the pharmaceutical industry for
15 years. In 2017 Alex moved into the field of sei@@enmunication and
: Ml public engagement and obtainedt 4 4 SNNR& RS3INBS Ay
Edinburgh Unlversny
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Dr Kai CraenenPostdoctoral Research Fellow (Nov 20%8pt 2019)

. | DrKaiCraenerjoined the CHRC as a postdoctoral felloNovember 2018. After
gaining a BSc and an MSc in biochemistry and biotechnology from the University
of Antwerp, Kai went on to complete a Doctorate in Biochemistry at the Catholic
University of Leuven in Belgium and the Belgian Nuclear Research C&@ENS

He is the author of several scientific papers and has won a number of awards. Kai
brings a highly multidisciplinary background to the CHRC, having worked in the fields of
radiation biology, teratology, neuroscience, nutraceuticals and behavicigats.

Frances DaleyResearch Assistant

Frances joined the Veterans Cytogenetic Project at Brunel University in August

@ 2017 having moved from the Institute of Cancer Research Molecular Pathology
department. Frances is a senior biomedical scientishaltt an MSc in Medical

L‘&;#l Molecular biology from the University of Westminster. She has accumulated vast

. e X experience working in a pharmaceutical, diagnostic and a research environments.

Alex Moorhouse Postdoctoral Research Fellow

Dr Alex Moorhouse is a$tdoctoral Research Fellow basgdhe University of
LeicesterAlex has gained degrees from the University of Exeter in bioinformatics
- and from UCL in human evolution. He has worked with a range of model
organisms including Zebra fish, infectious yspsties of the genu@andidathe
budding yeastSaccharomyces cerevisiaad mouse models of the malaria
parasitePlasmodium berghehlex gainedis PhD at the University of Aberdeen studying yeast
genomics, population genetics and ancient DNA at the &#®€e for Medical Mycology and
Fungal Immunology with placement at the Australian Centre for Ancient DNA.

Jose SeixoResearch Technician

Jose joined the CHRC in November 2018 as a Research Technician. He has a MSc
in Molecular andCellular biology fom the University of Porto and a BSc in
Genetics andBiotechnology from the University of TrasMontes and Alto

Douro. Prior to joining the CHRC Jose worked at the Centre for Medical Genetics

in Portugél in the field of human cytogenetics.
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Doctoral studnts

Projects being carried out by our Doctoral Researchers are shown; delivering new research and
building research capacity for the future.

George Colletsupervised bypr Wendy MartinDr Rhona Andersomr Will
Young andProfessoMary Gilhooly

Exmsure worry, ageing, and cognitive functioning: Adepth study of
British nuclear test veterans.

Start date 8th Jan2018Funded byCHRC

Isabella Bastiani supervisedbiyyRhona AndersaandDr Liz Ainsbury.

Radiation risk from high LET algmaitters using radiur223 as a model.
Start Datelst Aug 201 Funded byPublic Health England

Amy Prescotsupervised byrofessor Louise Mansfield, Dr Alistair John and
Dr Rebecca Hings

"1 Sport, culture & wellbeing: community approaches to promote welipein
among British nuclear test veterans and their families

Start Date2nd October 201Funded byCHRC

Finlay Smithsupervised byProf Andreas Kortenkamp aridr Rhona
Anderson

Assessment of risks from combined exposures to radiation and chemidi.

Stat Date:8th Jan 201&unded byCHRC

Jade Stephens supervised by Dr Rhona Anderson and Dr Joanna Bridger.

Preconceptional radiation exposure and transgenerational effects.

Start Date8th January 201Bunded byCHRC
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CHRC niti-disciplinary reseah

The CHRC sits within the Institute of Environment, Health and So@etieSollege of Health
and Life Scienced Brunel University Londo®ur work exploring the human health impact of
radiological and chemical agents is organised as disciplingegtp(&igure2) delivered in an
environment that fosters interdisciplinary and intestitutional collaboration. Thesman be
groupedbroadlyas (1) Genetic markersof radiation exposuré?) Understandinghealthrisks

of exposureg3) Health and Wellbempand (4)Education and Engagement.

Radiation protection for
medical/diagnostic/occupational/general population

Biomarkers of t

i Cognitive function
exposure/susceptibility

'S Nuclear test veterans Vol

Low dose research

Trans-generational | <> “* | Health & Wellbeing
Vel ha"S
Multiple exposures Engagement/Education

Figure2: Current project areasxploring the human health impact of radiological and
chemical agents

The following section provides overview ofour currentresearch activities, hypothesis and
approaclesto addess these

1. Geneticmarkers ofadiation exposure

The major component of the research programme currently underway at the CHRC is a genetic
andcytogeneticassessment of rlear test veterans (NTV) and their famili€sis work is

0SAY3 OFNNASR 2dzi Ay O2tfF 02N GA2Yy G6AOK t NPT
Hygiene and Tropical Medicine anbfesso Yuri Dubrovat the University of Leicester and is

funded by two project grants (Cytogenetic assessment of British nuclear test veterans and their
families. Anderson RM (PI) and Peto J. £449,672, June&spiB21 (Aged Veterans Fund)

and Genetic andytogenetic assessment of British nuclear test veterans and their families.
Anderson RM (PI), Peto J and Dubrova Y. £826,027, Set&§2020 (Aged Veterans Fund)).
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https://www.chrc4veterans.uk/glossary-of-terms/#C
https://www.chrc4veterans.uk/yuri-e-dubrova/

The British Government undertook a series of nuclear tests at various $itesSouth Pacific
between 1952 and 1958. Associated with these atmospheric tests was an experimental
programme, conducted largely at Maralinga in Australia, in which radioactivity was dispersed
into the environment. This programme ended in 1963 althalegmrup operations continued
through to 1967. According to official records the dose received by the majority of personnel
gl a ySItAaAAof ST fGK2dzZAK | ydzYoSNJ 2F WaALISOA|
higher exposure. These estimates wéesed primarily on film badge measurements of
external dose. There are no recorded measurements of internal contamination through
inhalation or ingestion of radionuclides. Over the intervening decades, the question of adverse
health effects in both the ¥erans and descendants of this testing programme remains an
unresolved issue

This research seeks to address whether a heritable genetic legacy could exist in families due to
historical participation in various military operations during ritish nuclear testing
programme in the 1950s and 60s.

Forthisg S ' NS dzy RSNIF1Ay3 | WFILFYAf& GNARA2Q addzRe

i. Recruitment of military veteran families

ii. Asking if there is argytogenetic evidence of historical exposure of the test veterans

iii. Asking if therds anyevidence of genetic anomalies ifi deneration children of test
veterans

All necessary permissions and full HRA approval were obtained after a 17 month process
allowing participantecruitmert to startin January 2018ur target is to recruit 50 nuclear

6Sad OSIUSNIY TFlLYAftE& GNAR2&A O0OSGSNIyYy>S OKAfRZ C
who had participated in two or more Operations including the GRAPPLE series and Maralinga
testsites. We are matching (on age and service) with veterans who served in the tropics at the
same time but who are verified as not present at any test sites. After family consent is
obtained whole blood is sampled and shipped to Brunel Univdrsityglon andJniversity of

Leicester where it processed for cytogenetic and whole genome sequence analyses.

SnceJanuary2018,we havesent~3600studyinvitationsto GPpracticesandin return have
reachedour recruitment target for the number of eligible nuclear test veteran couples
respondingWork continuesto convertall eligiblecouplesinto fully consentedfamilieswith
the majority completedandin receiptof blood packs.
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The potential health risks of exposure to ionising radiation can be estimated from
individualised biological assessments of dose. Some prior knowledge as to the radiation quality
and conditions of exposure are necessamhese estimates are to be robusbwever as
biological effect is influenced bgear energy transfeLET) and dosete in addition to dose.

In unknown or mixed dose exposure scenarios this may not always be the case. Current
biological monitoring reds heavily on the quantification of chromosoaterrations that are
detected using various means in the periphblabd lymphocytes (PBL) and inclueeiprocal
translocatiors and dicentrics Indeed,the induction of simple reciprocal translocaticenrsd
dicentricsby lowLET radiation such ggays and their application as kdosimetersis very

well characterizedComplex chromosome aberrations are defined as any exchange that
involves three or more breaks in two or more chromosomes and are established as being
strongly dependent on dose imd lowLET range but largely independent of deser
exposure to high.ET radiationThis has been shown faparticles, neutrons and heavy ions.

24-colour chromosome karyotyping (multipléorescence in situ hybridisation {MSH)) is a
cytogenetictechnique that enables the detection and quantification of simptprecal
translocation and dicentrics and, complex chromosome aberrations.

L I |
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Figure 3Representativé-FISHaryotype showinghromosomal abnormalitiess colour
changes.

Work is underway to analyse the occurrence of these different types of chromosome
aberration in anonymised samples of veterans PBLs. Upon completion @odingto
ascertain test and control stata$ the sampleshe observed frequencies withimucleartest
veteran and control veteran groupsll be statistically evaluattto look for any differences
between the twoveteran group.

Radiation is known to destéibe the genomewherebycellulardescendants of irradiated cells
express newly arising (n@tonal/subclonal) genetic alterationsThe mechanisms and
relevance to health risk of this radiatiorduced genomic instability phenomenon continue to
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be debate¢ however, its detection can be determined through #weumulation of newly
arising orde novachromosome and chromatid aberrations

To test for evidence ofadiationinduced genomic instability in veterans, chromatyghe
aberrations and unstable chromame type aberrations afeeing scored bgtaining with a
dye calledDAPI. This analyssbeing followed by up as necessary be Giemsa istgito
determine the frequency and type of abnormality. Upon completion anecal#ing the
observed frequencies with test veteran and control veteran groups will be statistically
evaluated to look for any differences between the two veteran groups.

Some studies have demonstrated that offspring of human ant@models exposed to high
radiation doses of radiation show an increase in genomic instability. It has been hypothesized
that germ cells of an exposed individual can develop a genetic memory, which leads to genomic
instability in subsequence generatiotesmed as transgenerational genomic instability.

To test for evidence dfans-generationalgenomic instability ithe descendantschromatid

type and unstable chromosome type aberrations are being scored by Giemsa solid stain
analysisUpon completion ath de-coding the observed frequencies within test and control
groups will be statistically evaluated to look for any differences between thégseendant
groups.

The lack ofeliable approaches for monitoring germline mutation represents the main obstacle
to evaluating the genetic risk of human exposure to mutagens. For this reason, germline
mutation induction in mice has contimrdio be the main source of experimental dated to
evaluate the genetic risk of human exposure to mutageeiading radidabn. In recent years,
researcherdhave demonstrated the validity of whole genome sequencing approaches for the
characterisation of mutagen signatures in the mammalian germline.

aonon Chromatograms from Connal0001]
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Figured: Representative image showing output fromole genome sequencing analyfsis
the detection of migle nucleotide variants (SNMaPRelsand structuralvariants

Using thesapproachesve are sequencing the genomes of 30 nuclear test vetaraily trios
and 30 control family trio® SGSNF y> OKAfRX OKAfRQ&a Y20iKSN
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interrogated to investigate if there are any significant differences in the frequency and spectra
of de novogermline mutations in thesligeneration cHdren of test veterans compared with
those of the control family group. This analysis will also explore the potential for health
consequences that may be attributable to paternal radiation exposure during participation in
nuclear bomb tests.

All ofthe abore work is being carried out hyaurette Bukas$4 Kai Craenen, Frances Daley
Yuri Dubrovid, Clare Gilhaf, Alex Moorhoudé, Julian Petd!, Christine Raké, Jose Seixo,
Martin &holze, Jade Stepheasd Rhona Anderson.

[1] Department of Epideralogy and Population Health, London School of Hygiene and Tropical
Medicine, London WC1E 7HT, UK.

[2] Department of Genetics and Genome Biology, University of Leicester, Leicester LE1 7RH,
UK

2. Understandindnealthrisks of exposures

The genomic instability phenotype is recognised as an enabling characteristic of neoplasia
facilitating the acquisition of the hallmarks of can@éere is as yet no validated biomarker of
cancer induced by ionising radiation, bl frequency of chromosome aberrations in PBLs

has been reported to correlate with cancer incidence in human populathare exploiing

thisin veterans and childrens samptesvaluate any occurrence of radiatioTduced and/or
transgenerational genomic ingtiéity observedwith respect to agexpected norms and
estimated risks for cancer.

a) b) & C)
— =8

Figure 5Examples ofhromatid type gaps and breaf@and b) and dicentricchromosome(c).

Theadverseconsequences of radiation exposumeuteroare known but the heritable effects
of parental radiation exposure podnception remain to be fully understood. The consensus
within the radation researcltommunity is that no epidemiolaggl study has yet conclusively
demonstrated a detrimental health effect in the offspring of radiatigposed peoplgjet this
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is tempered by some evidence from cellular and animal studies that support the presence of
detrimental outcomes as a result ofrpatal exposure to radiation.

One project underway examining this, is Bdand karyotypic analysisf RS & OSY RI y (i Q:
samplesto ascertainthe chromosome constitution individuals are bovith. Any identified
abnormalities will be analysed in more detaibscertain the origin (mother, fathete novg

andwhether the abnormality iassociated witlanyknown clinical disorders.
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Figure 6G-banding analysissed routinely to determine the chromosome constitution an
individual is born with.

This work i®eing carried out by Jade Stephesspart of her Doctoral studies, supervised by
Dr Rhona Anderson and Dr Joanna Bridger.

We arealso undertaking a full systematic review of the published litera{RROSPERO
registration CRD42019123237 and CRD4201912B23pecifically, we are asking whether
there is sufficient evidence to support a transgenerational effect on morbidity, mortality,
mutation and/or other heritable genetic change following parentaiqmeceptional exposure

in humans to ionising radiatioThe study population are offspring, and/or members of
subsequent generations, of a parent or parents who were exposed to ionising radiation prior
to conception. Both human studies and mammalian animal systems published over the past
30 years are being sared in accordance with guidelines from the Office of Health Assessment
and Translation/National Toxicology Program. For this, we have constructed a Boolean search
construct to search three databases, from which we have generated 2441 publications for
review. Each of these papers were screened for eligibility using ouwdefireed
inclusion/exclusion criteria, resulting in 199 papers to be fully analpse@dditional 80
papers have also been identified from the reference lists of the eligible papersanhigiso

being fully analysed as above.r@levant datahas been extracted and we have completed
ourassessments on risk of bias and, strength and quality of evidence, for each individual paper.
We are currently synthesiziral the evidence gathered ug a narrative iad quantitative
approach
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This work is being undertaken by Jade Stephens, Alex Moorhouse, Kai Craenen, Ewald
Schroder and Rhona Anderson.

Assessment of risks from combined exposures to radiation and chemicals.

aAEGdz2NE (2EAGKS2 D2 yROSLITa &KL GIK OKSYA Ol £ & 6A0GK
AAYAT I NI 0A2f23A01IEf STFFSOGA OFy KI@S || O2Y0Ay
02 YL MSWRIAABA RdzZ £ G2EAOAGAS&A®P ¢KA& &ada3asSada
SOSY AF SIFOK AYRAODGARdIZ f OR'YBIZYSyidb Aa o0St2g5 A
aAEGdINB (G2EAOAGE RSLISYyRa 2yY

WO EI OO YAEGdINB O2YLRAaAAGAZY

w KSGKSNJ G2EAOAGE A& R24S I RRAGADBS 2N AyRSLIS
W@ KSGKSNI 2N y2G GKSNB NP lye ade@ySNHASA 2NJ |
aAEGdINE STFFSOGa INB LINBRAOGSR dzaAy3a SAGKSNI
OKSYAaldNEB YR NRdziSa 2F FOlA2y>S 2NJ @Al LYRS
RAAAAYAT I NI NR2dziSa 2F | OGA2y o

Effects of Mixtures of Chemicals

Risk assessment
considering mixture
effects
1 Risk assessment
[ without
considering
CHEMICAL mixture effects

Chemical 1 Chemical2 ®Chemical3 m Combined Mixture

CAINBLINBASYy Gl 0 ADBE R dNBAGNEXN @22 2F STTFS

We are conducting proof of concept experiments with cultured cells to reveal whether
combined genotoxic effects between radiation and chemical exposures can occur in principle.
This approach will enable us to establish badichedogical principles which will provide a
solid foundation for examining whether combined risks exist under more realistic exposure
scenarios.

This work is being carried out Byilay Smith as part of his Doctoral studies, supervised by Prof
Andreas Krtenkamp and Dr Rhona Anderson.

Radiation risk from high LET alggmaitters using radiu223 as a model.

Prostate cancer is the most common cancer affecting men in the UK with over 400,000 new
cases each year. Bone metastases are associated with spagstife cancer, are linked with
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poor prognosis and often result in spinal cord fractures and/or compression leading to nerve
damage and paralysis. Radi28 f2*Ra) is a radiopharmaceutical that delivers Hiiggar
SYSNHe& dNINGATOSNah G2 NBIA2Y A -patiEles have/SanyeDi | a i |
<100 pum and are effective in targeting bone metastases and delaying the onset of skeletal
related events,however it remains unclear if this targeted radiotherapy may result in
unwanted exposure of normal neighbouring bone marrow (BM) cells.

To assess potential BM toxicity, whole blood is being sampled from metastatic castration
resistant prostate cancer patits who are receivirgf°Ra as part of the ADRRAD clinical trial.
Castrationaresistant prostate cancer patients enrolled on the ADRRAD clinical trial are treated
by intravenous administration &PRa and acting as a calcium mimic it rapidly localiseeés

of bone remodelling. The administration schedule follows 6 monthly injecticiidRaf (55
kBg/kg) in conjunction to 6 weeks of 2Gy/fracteernal beam radiotherap\EBR)Y PBL
originate from haematopoietic stem cells (HSCs) of the BM and foloevaachical path of
differentiation. Radiatiofinduced chromosome aberrations in surviving HSCs and PBL exposed
in circulatory pool should be detectable in the resulting metaphase cell sampled. Multiplex
fluorescence in situ hybridization lieing used @ determine the type andrequency of
chromosomal rearrangements in PBL whslglidstain analysis used to examine for the
occurrence of any radiatiemduced genomic instability

/| 2YLX SE OKNRY2&2YIlf | 6 Spamdleliekppsfird ha@eKdlsdlbedrii S NA &
observed in PBL using®MMSH, this could indicate direct exposure of transit PBL. Preliminary

data suggests an increase in frequency and complexity in aberrations ioginwith
progression of treatmentWe are also usinché data collectedo makeestimaes of PBL

exposure iftransit and potentially BM toxicity dogeor this, we aremployingbiological dose
FaaSaayYSyid az27Fadél NBE a52aS S ddsel omtheSdifferanz Y 1 S
radiation qualities during the treatment schedule. Outcomes from this work will contribute

new understanding on the risks of internalisegarticle exposure.

Are haematopoietic
stem cells at risk of
exposure?

Bone Metastases

Red bone marrow

Endosteal bone

P.G. Turner 2015!

Transmissible chromosomal
aberrations may be visible in the
PBL progeny

Figure 8image modified fronTurner and O'SullivaBritish Instituteof Radiology, vol. 88,
no. 1050, 2015.
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This work is being carried out by Isabella Bastiani as part of her Doctoral studies, supervised by
Dr Rhona Anderson and Dr Liz Ainsbury. This is a collaborative project with PHE, Chilton and
the Northern Ireland Caec Centre, Belfast. Isabella BasttaniDr Liz Ainsbud), Prof Joe

h Q{ dzZ8] tProfdkewh Pri€ Dr Philip Turnét, Dr Rhona AndersBh

[1] Centre for Health Effects of Radiological and Chemical Agents, College of Health and Life
Science, Bmel University London, Kingston Lane, Uxbridge, London UB8 3PH

[2] Centre For Radiation, ChemicaE&vironmentaHazards, Public Health England, Didcot
OX11 ORQ

~
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3. Health and Wellbeing

It could be argued that impaired cognitifienctioning may result from possible ionising
radiation exposure, but it is uncleahether or not the dosage received by the testeran

would cause significant cognitive impairment. Apart from any possible impact from potential
exposure, the persistent psychological stress of witnessing a nuclear event, and years of worry
about the poential damage to oneself and potential genetic damage to descendants, may be
associated with poorer cognitive functionirn@urrently there is no such research on cognitive
effects of witnessing nuclear tests among UK or other national groups of tesangeter
However this aspect is being explored with increasing priority in relation to populations
affected by the Chernobyl and Fukushima accidents.

No measure for assessing exposure worry in nucleavétstans has been developed, and

without such a mease we are unable to examine the relationship between exposure worry

and cognitive functioning. dzNJ OdzZNNByYy G ¢62N)] Aad F20dzaaSR 2y R
a0lfSQr 6KAOK gAff 0 Jre smgsRr this\are involging ainticNd f € I
information throughfocus groug, individual telephone interviews, aritbm quantitative
analysisnethods. Ouscale is being tested for normality and skew. Once completed, it will be

a useful tool to examine exposure worry in the nuclear community, ahadlsalindicate the

severity of this, perhaps indicating extra support to be implemented to help overcome this
worry.

The ainofthisstudyA & (2 SELX 2NB GKS yIF (idz2NB 2F WSELJR & dz
with cognitive impairment in old age.stly, an exposure worry scale has been developed and

is currently being used to examine the relationship between exposure worry and cognitive
functioning in BNTVs. Secondlydapth interviewsare beingconducted to explore the nature

of exposure worry ttoughout life. This project will extend our understanding of the
psychological consequences of radiation exposure, and add to the growing body of research

on the impact ofite events on cognitive ageing.

19| Page



Distrust of
authoritative
sources

Perceived health
effect on

descendants Y Exposure A

Stigma and
discrimination

Perceived health Worry about
effect on descendant mental
themselves wellbeing

Figured: Components of exposure worry

This wak is being carried out bgeorgeCollettas part of his Doctoral studiesipervised by
Dr WendyMartin, Dr Rhona Anderson, Dr Will Young Bnofessor Mary Gilhoaly

Sport, culture & wellbeingpmmunity approaches to promote wellbeing among Britideanuc
test veterans and their families.

This research project aims to understand how community sport and cultural activities may help
contribute to improving the health and wellbeing of British nuclear test veterans and their
families. The purpose olis work is to develop partnerships with members of the nuclear
community to understand their health and wellbeing needs and to design and provide activities
that can improve their daily lives.

This qualitative study utilises a Participatory Action Relseapproach. The methods
employed are: seifeporting questionnaires, telephone and feaoeface interviews. The
projectis beingconducted in 3 phases. Phase 1: advertising and recruitment; phase 2: data
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collection with 2530 BNTVandphase 3: calesignng community projects relating to health
and wellbeing issue$hese phases will allow BNTVs to explore the impact that involvement in
the nuclear tests hasad on their health, wellbeirgnd on the community.

Phase 2 commenced in November 2018, theeefaonclusive findings are currently
unavailable. Preliminary thematic analysis has identified areas of interest including: ageing,
military involvement, widowhood, loneliness, wellbeing and the impact of participation in
physical activity, leisure and comnity activities. This study will make a unique contribution

by understanding how sport, culture and leisure activities can potentially improve health and
wellbeing issues experienced by the ageing BNTV community with future prospects of
designing commuty approaches to allieviate these issues.

This work is being carried out by Amy Prescott as part of her Doctoral studies, supervised by
Professor Louise Mansfield ad Alistair John.
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4. Education andhgagement

As part of our knowledge transfer CHR@s created an external website
(www.chrc4veterans.gkwhich continues to be a source of information for external visitors

with ~1000 new visitors to theebsite in the last yeail.o date, all of this informatidmas been

limited to the oneway presentation of information on the function and scope of the Centre

and its current projects however, over the past year, work has focussed on developing content
G2 0SS I 00SaaSR (KNRdAzZZK (K 8shawn th& a largelsgton 6f SRI S
the general public lack a basic understanding of radiation and genetics. Accordingly, in order

to assist our stakeholders in their understandin@BR Cscientific research we are creating

an education pack series whicheivasic information / facts about the relevant science
underway (Figur8).

Ionising Radiation

LY

nd two neutrns and ha lectrical

L/ | R
= \ Alpha particles ara composed of fwo protons a e an atomic mass of 4 Daltons and a positive e
of 2.

charge of +

\\.,
\—

Beta particles

Gamma & X-rays

Alpha p are hamful
anly i inhaled or Ingested.

FiguelG 9 EI YLIX S LI 3S& 2F WL2YyA&AYy3d NI RAL(

Our intention is that this educational content will act as a foundation for achieving a deeper
scientific undemanding of the keynethods and processes involved in CHRCs research

BrunelUniversitfd 8 TEM (Science, Technology, Engineering and Maths) Centite giets
children of all ages excited about science and technology. It featui@sagnof exhibitions

and work areas tbelp inspire young mind€urrently,the Centre does not have lasiology
offering in its core programmayith many of the activitiebeingengineeringpased CHRC
applied for and received a grant of £2,000 from thenBfuUniversity London Public
EngagemenEundto create an interactive, digital resource that aligned with CHRCs research
and in doing sawill becone the first, regular biological science workslaphis STEM Centre
Known as thdRadiation Biomarkenglodule, this audievisual educational resource features
animations showing interactions between radiation and DNA and, how this results in the
formation ofchromosome aberrations. It also takes users through the process of moak&o
estimations ofadiationdose by counting the number and type of chromosome aberrations in
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human cells, illustrating how chromosome aberratians usefulbiomarkersof radiation
exposureTo make it engaging for schoolchildren aged@4tis stylised & | WRA3IA G f
andcoi F Aya ljdzAT 1 Sa (2 FraasSaa GKS OKAf RNByQa f¢

RADIATION BIOMARKERS

STEM WORKSHOP

1 8

- ~ o | Brunel
m ( \\ é& University

CHRC 4 W% London
Figurell: TheRadiation Biomarkersodule represents the first collaborative output
between CHRC, STEM and our media colleagues.

For development, we workdd partnership with Digital Design studerfAlireza Royaei and

Marcelina Stempalgnd staff (Alan Mannion) fromNHtzy St Qa / 2 f f, B&8ighagdd¥ 9y 3
Physical Sciencesidalso, staff from thérunel STEM Centre (Lesley Ann Warren)Haadi

of Digital EducatioifAlice La Rooypuilding newworking relationships for future projects

STEM Ambassadors are being trained to support their effedéireery of ths module
involvingthirty childrenin each STEM Wednesday Programme and sixty children at each STEM
Saturday Masterclass Programme

The first evenisscheduled to take plaegrly 20201n a calendar year there are approximately
thirty STEM programme events anditsis anticipatedve shallreach over 1,000 children per
year and in doing swith this moduleshae CHRQ@searcHooking for cytogenetic evidence

of historical exposure in a group British nuclear test veteran$he Radiation Biomarkers
module will also be availablbeyond the STEM Centre by liaising directly with schools. An
important benefit of developinthis Radiaton Biomarkersnodule isthat it will be available
through www.chrc4veteran.ukincreasing the visibility and the number of beneficiaries who
engage with our researciihe content wilalsobe adapedto produce pinted fact sheets, for
audiences that lack access to the internet.

Radiation Induced Structural Chromosome Aberrations

142 and 3+4 1+3and 2+4 1+4and 243

Figure 2: TheRadiation Biomarkersoduleshowing interactive structured chromosome
aberrations and one dhe level3 quiz sectios
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Publications

1) Cytogenetic biomagks of radiation exposure. Clinical Oncology (2019) 31 (5) §i®L1
Anderson R.

August 2019:
Article: Radiation Exposed Populations by Alex Perry.
April 2019:

Article: Assessment of Risks from Combined Exposures to Radiation anch{SheynFinlay
Smith

December 2018:

Article: Investigating the DNA of British Nuclear Test Veterans and their Families by Alex Perry.
Article: Sport, Culture and Wellbeing by Amy Prescott

August 2018:

Article: Exposure Worry, Ageing and Cognitivetiumieg by George Collett.

Article for Genome Biology series: Techniques to stadyovanutations by Alex Moorhouse.

Scientific Conferencedtended and invited seminars

1) British Sociological Association Sport Study Group StGdeferenceOxford Brokes
University, 5 September 2018port, culture & wellbeing: community approaches to
promote wellbeing amongdpritish nuclear test veterans and their famili€al
presentation byAmy Prescott.

2) 16" International Congress for Radiation Reseéli€RR)Manchester Central5-29
August 201ttp://icrr2019manchester.com/CHRC was very well represented

1 A genetic and cytogenetic study of British nuclear test veterans and their children.
Rhona Andersoaral presentatiorh y -tdgjéed and transgeneratibnf STF SO0 & Q
session.

1 Exposure Worry, Ageing and Cognitive Functioning:adpth study of British Nuclear
Test VeteransPoster presentation byseorge CollettCoOK | A NJ 2-F 2 OMLERIOIKR
session.

1 An MFISH study to assess the presence of radisttbiced chromosomal damage in
British nuclear test veteranBoster presentation bitai CraenenCoOK | A NJ- 2 F Wy 3
GF NHSGSR yR (NI ya3ISySNrarazyltf SFFSOGtaQ a

1 A Radiation Biomarkers Module: A Digital Resource for Education and Public
EngagementPoster pesentation byAlex Perry
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1 A solid stain approach to assess genomic stability in British nuclear test veterans and
their childrenPoster presentation bjose Seixo.

1 Assessment of Risk from Combined Exposures to Radiation and ChPwstals.
presentationby Finlay Smith.

1 A Systematic Review of Evidence for the Transgenerational Effects of Parental Pre
conceptual Exposure to lonising Radiatroster presentation bjade Stephens.

1 Radiation risks from higbtET -particle emitters using Radiu223 as a moel. Poster
presentation byisabella Bastiani.

3) 12" International Symposium for Chromosome Aberratidianchester, 2% August
2019 Presentationgcluded

f Complex chromosome aberrations as biomarkers of internal expo<Drals
presentation byRhona Andeson.

1 Dose estimation of radiu223 treated patientsOral presentation bisabella Bastiani.

4) 3" European Radiological Protection Research Wegk™October 2018, RoviriRovigno,

Croatiahttps://erpw2018.com/ Agenetic and cytogenetic study of British nuclear test veterans
and their childrenOral presentation bjilex Moorhouse.

5) US Annual Meeting fdradiation Research and theé™Mleeting of the Conference on
Radiation & Health. Chicago, lllind&¢ 25" Sepember, 2018.A genetic and
cytogenetic study of British nuclear test veterans and their chiRivster presentation
by Rhona Anderson.

6) Global Ceprdination of LowDose Research: Scoping Meeting, Milan¢118th
September, 2018, Milan University, Milanotalyl https://www.oecd
nea.org/rp/workshops/scieneealues2018/Attended by Paul Leonard (on behalf of
Rhona Anderson).

7) Association for Radiation Research 2018: Health and Environmental Implications of
Multidisciplinary Radiation ResearetuA RRSt | [ f £ = v dz2S%By20a ! yA O
June, 2018https://www.le.acuk/cm/arr/home.html

1 A genetic and cytogenetic study of British nuclear test veterans and their ciididen.
presentation byRhona Anderson.

1 Radiation risk from High LE€mitters using Radiw®23 as a modeOral presentation
by Isabella Bastiani
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Fundssought and received.

Wecontinue tobe active in submittingpplications for external research fundiBgall awards
include

T

UK Association for Radiation Research young investigator travel award for Jade
Stephens to attend ICRR 2019, Mancheste®5August, 2019 (£500).

UK Association for Radiation Research young investigator travel award for George
Collett to attend ICRR 2019, Manchester298 August, 2019 (£500).

Brunel University London Public Engagement fldelelop a Radiation Biomarkers
STEMModule February 2019 000.

Biochemical Societgeneral travel grant folAlex Moorhouse topresent at the
European Radiological Protection Research Wesdatia, 15 October2018 (£350).

College of Health and Life Sciences, Brunel UniveraiphodWFISH analysis software
upgrade and brightfield microsco@017. (£25,889.89).

College of Health and Life Sciences, Brunel University London. Fluorescence
microscope filters. 2017 (£&B2.11).

26| Page



= CHRC

Centre for Health Effects of Radiological and Chemical Agents

Contact Detalls

For further informatiorabout the entre and theresearctprojects please contact:

@ CHRC@brunel.ac.1
Visit our website:
www.chrc4veterans.uk

‘ +44(0)1895 26608

/& \ NCCF | 4@ | Brunel
Aged Veterans Fund =22 | University
\ ‘ m ‘_d'_li’_iiv m e |L.?::xrlm using LIBOR funds Y Lon don
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