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I have been asked by appellants in the First Tier Tribunal to provide my expert
opinion on three issues of relevance to their case. These are:
1. The issue of whether Chronic Lymphocytic Leukemia (CLL) is caused by
radiation exposure
2. The question of the adequacy of current radiation protection models as applied
to the genotoxicity of the element Uranium. Specifically, the binding of
Uranium to DNA and the enhancement of natural background radiation
exposure by Uranium bound to DNA, and also enhanced internal exposures
from Uranium nanoparticles in the human body through photoelectric effects.
3. The evidence of genotoxic exposures of the veterans as shown by excess
levels of congenital illness in their offspring.
1. Background
I qualified in medicine in 1970. I am a toxico-pathologist specialising in the problems
associated with the action of toxic substances on health. I was until recently Professor
of Bioimaging at the University of Ulster and am presently Emeritus Professor in the
same University. I have published over 130 peer reviewed papers and a number of
book chapters concerning the effects of environmental pollutants on health,
particularly during the developmental period. My CV is attached.
I am a Fellow of the Royal College of Pathologists, Past President of the Royal
Microscopical Society, Member of the British Society of Toxico-Pathologists, Past
President of the International Society of Doctors for the Environment and Member of
the European Teratology Society. I served for 6 years as a toxicologist on the UK
Government DEFRA Advisory Committee on Pesticides
Recently I was engaged as an expert by WHO Europe as the lead author on a
published Background Document, of 50 pages, addressing Nanotechnology and
Health (http://www.euro.who.int/en/health-topics/environment-and-health/healthimpact-assessment/publications/2013/nanotechnology-and-human-health-scientificevidence-and-risk-governance.-report-of-the-who-expert-meeting-1011-december2012,-bonn,-germany).
I am familiar with the pathology of leukaemias and have published in the field [1, 2,
3]. Additionally I have published a number of papers and chapters on cancer and
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environmental influences and have edited a book on the topic [4, 5, 6]. I have also
addressed the epidemiological topic of the average of onset of a variety of cancers in
the UK population [7]. I have contributed to the development of techniques for the
sensitive detection of DNA damage [8,9]. Most recently I was invited to contribute a
chapter on ‘Cancer and Environmental Influences’ which is published in the Springer
Encylopedia of Bioinformatics [10].
As part of my research at the University of Ulster into the effects of nanoparticles I
have been interested in the issue of photoelectron amplification of external photon
radiation (gamma radiation, X-rays) by particles of elements high atomic number and
supervised a PhD student who investigated this effect through experimental work with
gold nanoparticles and by computer modelling [11, 12]. This issue is of relevance to
the health effects of Uranium nanoparticles such as those created by the explosion of
Atomic and Hydrogen Bombs.
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2. Is ionizing radiation a cause of Chronic Lymphocytic Leukemia?
One of the veterans, Mr Don Battersby developed CLL and made a Pensions claim
which was turned down. The reason was that the Ministry of Defence argued that
CLL is not a radiogenic disease. Following an appeal, this question has to be revisited.
The current balance of evidence is that CLL is a radiogenic disease. This has now
been accepted by the US Federal Government for employee compensation cases [1]
and a very recent study of Chernobyl liquidators published in 2013 [2], by a team of
eminent researchers, has concluded that CLL is a radiogenic disease. This follows
earlier studies of Chernobyl liquidators [3], Czech Uranium miners [4] and a
published review [5].
The previous First Tier hearing made its decision based on a report by Prof Catovsky
which I have seen. The argument [6a, 6b] advanced by Prof. Catovsky is difficult to
follow. On the one hand, he believes that CLL may be a response to agents which
cause selective clonal expansion:
“CLL a response to a limited set of antigens that promote cell division and clonal evolution”

which is a process that may result from exposure to internal radionuclides and
radioactive particles in the lymphatic system, yet he seems to deny that CLL could be
radiogenic. His emphasis of a genetic component is clearly important. However the
genetic component of many cancers, including leukemias, has been addressed in a
very large twinning study and has been shown to account for, at most, 25% of cases
[7] leaving at least 75% of cancers caused by environmental influences.
Determining the aetiology of any cancer is primarily an epidemiological and scientific
research question and not a clinical one. Therefore the fact that Prof Catovsky is, like
me, a medically qualified doctor does not, in my opinion, confer on us any special
insights. An epidemiologist or scientist working in the field of cancer causation could
have equally valid opinions, based on the current scientific evidence. Prof Catovsky’s
belief that there are two types of CLL, an early onset one which may be radiogenic
and a late onset one which is not, does not appear to be shared by anyone writing in
the peer review literature and was not made any part of the Federal US government’s
decision, nor was such a possibility mentioned in any of the peer-reviewed papers that
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I understand Dr Busby referred to in his evidence before the lower Tier. It is strange,
therefore, that Prof Catovsky did not refer to the key Zablotska paper [2] nor to the
US government decision [1] in his final report [6b].
The onset lag of many cancers and leukaemias would appear to be a function of the
exposure dose and thus the rate of expansion of the cancer cell clone. High dose tends
to lead to a faster onset than a chronic low dose exposure. However the clinical
disease and its pathology remains essentially the same.
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3. Anomalous radiation effects from Uranium particles and internal Uranium
exposures.
3.1 Both Atomic (fission) bombs and Thermonuclear (fusion) bombs rely on Uranium
as fissile material and also as various tampers and neutron reflectors. Thus the bombs
all contain large amounts of U-238 by mass. The intense heat generated by the
detonations will cause the vapourisation of the Uranium and lead to its condensation
as nanoparticles and micron diameter particles. This is not my particular area of
expertise and I will move to the question of the genotoxicity and other internal effects
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of exposures to Uranium both as molecular species and as particles. First, there is
significant evidence that Uranium genotoxicity is not safely modeled by the current
risk model [1].

3.2 My own research has focused on photoelectron amplification of background and
other photon radiation by elements of high atomic number. What follows is from a
presentation of the mathematical modelling of photoelectron amplification by
particles of Gold and Uranium carried out by my PhD student Andreas Elsaessar and
presented at a conference on nanoparticles in Madrid and elsewhere [2]. What the
results demonstrated is that there is a significant predicted photoelectron amplification
effect. This would result in a high ionization density near the surface of the Uranium
particle and therefore the “dose” to any material close to the particle would be high as
a result of the high degree of absorption of external photon radiation.
Since the current radiation risk model, that of the ICRP effectively models living
tissue as water, this effect is not incorporated into current radiation protection
calculations.
3.3 Electromagnetic radiation and matter interact predominantly by three different
mechanisms: Compton scattering, the photoelectric effect and pair production.
Compton scattering basically describes the loss of incident effect, electrons absorb the
incident photon energy and are either emitted or lose energy in secondary processes.
For energies below 1MeV, the photoelectric effect is the predominant one. The cross
section for the photo-electric effect is proportional to the atomic number Z to the
power 5 and roughly proportional to the incident photon energy to the power -7/2.
between 0.5 and 5 nanometers.
Most of the photoelectrons produced in an absorbing material lose their energy
through electron-electron scattering and Bremsstrahlung. Therefore, the escape depth
of photoelectrons generated within solids is usually secondary electrons proportional
to their mass. Hence, irradiated particles with diameters in the range of a few
nanometers will emit most of the generated photoelectrons without internal
reabsorption. Therefore, nanoparticles are likely to emit the largest quantity of
photoelectrons in proportion to their mass. Furthermore, secondary electron emission
of high Z materials could provide a partial explanation of the toxicity of various heavy
metals. This is particularly an issue for the element Uranium which has the highest
atomic number (Z=92) of any naturally occurring element.
Due to their size, nanoparticles can penetrate into the human body and some are able
to reach the cell nucleus. This may be crucial in explaining the toxicity of
incorporated nanoparticles of materials with a high atomic number Z [3].
3.4 In order to further investigate this, the interaction of incidence photon energy with
50nm particles of water, Gold (Z=79) and Uranium (Z=92) were examined using the
FLUKA mathematical model, developed by CERN. The results shown in Fig 1 below
indicate the effect. The tracks shown are photoelectron tracks emerging from the
computer generated particle. Note that the water particle on the left represents 10
times the number of incident photons employed for the Gold and Uranium particles.
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Fig 1 Photoelectron tracks emerging from (left to right) 10 nm particles of water
(Z=7.5), Gold (Au; Z =79) and Uranium (U;Z=92) after irradiation with 100keV
photons. Monte Carlo (FLUKA code) analysis. Track numbers are in proportion to the
4th power Z law (tracks are shown as projections on a flat plane). Note that the model
uses 1000 incident photons for Au and U but 10,000 for water [9]

3.5 I conclude that this photoelectron amplification effect for high atomic number
elements like Uranium is well accepted by physicists and is real. There is unequivocal
evidence also that Uranium has strong chemical affinity for DNA [4]. The ICRP risk
model does not incorporate either of these facts into its calculations of the effects of
exposure to Uranium and that the existence of such effects could plausibly explain the
many anomalous genotoxic effects found in those exposed to Uranium [5,6,7]
These effects are also shown in studies of Test Veterans [8, 9] and those exposed to
Depleted Uranium from weapons [10,11,12].
3.6 Finally it seems that the European radiation research organisation MELODI have
recently realised that Uranium represents an anomalous hazard which is not safely
modelled by the ICRPO approach and has committed a large amount of money to an
investigation of the issue though a new project CURE: Concerted Uranium Research
Europe [13].
In the report launching this development in March 2015 the authors write [13]:
. . . a large scale integrated collaborative project will be proposed to improve the
characterization of the biological and health effects associated with uranium internal
contamination in Europe. In the future, it might be envisaged to extend collaborations
with other countries outside the European Union, to apply the proposed approach to
other internal emitters and other exposure situations of internal contamination, and to
open the reflections to other disciplines interested in the effects of internal
contaminations by radionuclides.
This commitment might of itself raise doubt regarding the employment of the ICRP
model to argue in the Tribunal that “doses” are too low to explain the quite clear
genotoxic effects found in the veterans and their offspring.
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4 Genetic effects in offspring of Test Veterans
4.1 I have been referred to two published reports of studies of the offspring of atomic
test veterans. These are the 1998 study by Rabbitt Roff who carried out a
questionnaire study of members of the British Nuclear Test Veterans Association
(BNTVA) and the later 2007 case control study by Busby and de Messieres
specifically of miscarriages in BNTVA spouses and congenital effects in their
children and grandchildren [1, 2].
Taken together these provide persuasive evidence that the test veterans as a group
shared some prior exposure to genotoxic stress which caused transmissible genetic or
genomic damage. Their exposures to radioactivity at the test sites can be the only
plausible explanation for such a group effect. Since it seems that the absorbed doses,
as defined by the ICRP, received by the veterans were below natural background, the
most probable explanation for the miscarriages, and the congenital conditions in their
children and grandchildren is that the internal exposures they shared caused the effect
and that the use of the ICRP concept of “absorbed dose” is unsafe for evaluating
internal radiation exposures. This is the position of the Lesvos Declaration of the
European Committee on Radiation Risk with which I agree. The matter of internal
radiation exposure and its effects has been developed in a 2013 review by Busby [3].
One of the veterans in this case, Mr Battersby, very probably suffered from this effect
as his wife gave birth to twins which were badly deformed and did not survive.
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Witness Statement
I understand my duty to the court and the information in this report is to the best of
my knowledge truthful and accurate. I do not know any of the clients in this case
personally and have had no dealings with them prior to the referral of this case from
the Appellants’ representatives. I have received no fee for producing this opinion. I
reserve the right to alter my opinion in the light of further evidence that may become
available in the future.

Signed

Professor Charles Vyvyan Howard
MB. ChB. PhD. FRCPath.
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