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 1. Background 
 
1.1 Scope 
 
I have been asked to examine the 2010 reports of SL Simon et al which deal with 
calculations attempting to determine retrospectively the radiation exposures and cancer 
risks of inhabitants of the Marshall Islands resulting from radioactive fallout from the 
atmospheric nuclear weapons tests which took place between 1947 and 1958. I have 
carefully read the papers presented in the Health Physics Journal Vol 99(2) Radiation 
Doses and Cancer Risks in the Marshall Islands from U.S. Nuclear Weapons Tests and 
obtained the key supporting studies underpinning the conclusions. Whilst I have not had 
time to analyse the issue as deeply as it deserves, I have been able to determine that the 
series of studies presented by Simon et al are unsafe for their intended  purpose for a 
number of reasons which I will discuss. I will deal with the philosophical problem of 
mathematical modeling as it relates to science, with errors and omissions in the various 
studies that together are used to provide unsafe conclusions about exposures and their 
health consequences, and will finally argue and provide evidence from their own reports 
that the authors of the Health Physics study are biased by their scientific culture. The 
consequence of this is that the entire study and its supporting evidence should be 
dismissed. The health effects of the Marshall Is exposures (as in the case of the 
Chernobyl, Depleted Uranium, nuclear site and other internal radionuclide exposures) can 
only scientifically be addressed by acquiring and addressing epidemiological data for 
those who were exposed. 
 
1.2 My expertise 
 
I have a First Class Honours degree in Physical Chemistry from the University of London 
and also hold a Doctorate in Chemical Physics from the University of Kent. I was elected 
to the Royal Society for Chemistry in 1974. I am a scientific reviewer for, among others: 
The Lancet, The European Journal of Cancer, The Journal of Paediatric Radiology, The 
International Journal of Radiation Biology, Science of the Total Environment and 
Science and Public Policy. 
 I have studied the health effects of low dose radiation for 20 years both at the 
fundamental cell biology level and as a radiation epidemiologist. I have been a member 
of two UK government committees on this issue (Committee Examining Radiation Risks 
for Internal Emitters, CERRIE (www.cerrie.org ) and the Ministry of Defence Depleted 
Uranium Oversight Board www.duob.org ). I was Science Policy leader and the Senior 
Rapporteur on Ionising Radiation for the EU Policy Information Network for Child 
Health and Environment (PINCHE). I also have officially advised British government 
and other expert or investigative committees e.g. The Committee on Radioactive Waste 
Management (CORWM), the US Congressional Committee on Veterans Affairs, The 
Royal Society, The House of Commons Enquiry into the health of A-Bomb veterans and 
the European Parliament. I am an official expert witness for the Canadian Parliament on 
the health effects of Uranium. I was until recently a fellow of the University of Liverpool 
in the Faculty of Medicine but I am currently Visiting Professor in the Faculty of Health 
(Department of Molecular Biosciences) in the University of Ulster in Northern Ireland 

http://www.cerrie.org/
http://www.duob.org/


where I have been supervising research on uranium photoelectron enhancement effects. I 
am Guest Researcher at the German Federal Agricultural Laboratories in Braunschweig 
near Hanover. I am Scientific Secretary of the European Committee on Radiation Risk 
(ECRR) based in Brussels (Comite Europeen Sur Le Risque de l'Irradiation (CERI) ) and 
senior editor of both its 2003 report and its latest reports ECRR2010 Recommendations of 
the European Committee on Radiation Risk: The Health Effects of Low Doses of Ionising 
Radiation and Fukushima—What to Expect (2012).  The 2003 ECRR risk model has now 
been translated into French, Russian, Japanese, Spanish and Czech and has been used for 
radiation protection purpose scoping by many organisations including (2006) the UK 
Committee on Radioactive Waste Management (CORWM). I was invited in 2007 by the 
nuclear industry in the UK (CIRIA) to provide advice for best practice in the remediation 
of contaminated land based on the ECRR risk model. I am expert witness in the on-going 
case of the Nuclear Test Veterans vs. MoD in the Royal Courts of Justice and have 
successfully overturned Ministry of Defence decisions in more than 6 Pensions Appeals 
relating to Nuclear Test Veterans. I have been retained on this issue for a further 16 cases 
which are currently awaiting trial. I have thus studied the issue of Pacific Atmospheric 
Nuclear Tests and their effects in some depth. I have also conducted epidemiological 
studies of UK nuclear test veteran children and shown that they, and the grandchildren 
also suffer a 9-fold excess congenital malformation risk relative to UK controls.   My 
current CV is attached. 

My particular area of expertise is the health effects of internally deposited 
radionuclides, particularly Uranium. I have made fundamental contributions to the 
science of radiation and health in this area and have published many articles and reports 
on this issue.  

My researches have led me to the conclusion that the health consequences of 
exposure to internally deposited radionuclides cannot be either scientifically or 
empirically assessed using the averaging methods currently employed by risk agencies 
and based on the Japanese A-Bomb studies and other external high dose exposures. The 
radionuclide dose coefficients published by the International Commission of Radiological 
Protection (ICRP) and employed in calculations made by these organisations are unsound 
since they depend on inappropriate averaging of energy in tissue, as I shall elaborate. 
This is actually common sense; and it is increasingly seen to be so by many official 
radiation risk agencies and committees (e.g. IRSN 2005, CERRIE 2004a, CERRIE 
2004b), yet the historic weight of the conventional Health Physics approach to radiation 
risk (with whole organisational and bureaucratic structures committed to the simplistic 
historic approaches) has prevented any change in policy in this area. Such an official 
acceptance of the scientific illegitimacy of the current radiation risk model for internal 
radiation exposures would have far reaching and financially costly policy implications. 
The ICRP approach is fundamental to the approach of the discipline of Health Physics 
which is a black boxed version of it applied by technicians. I will argue that it is this 
approach which is the fundamental, though not the only flaw in the Simon et al 2010 
studies (hereafter S2010). 
 
 
 
 



1.3 General Layout of report and summary of conclusions 
  
The reasons why the S2010 approach is unsafe can be broadly divided into three classes. 
These are: 
 

1. Fatal philosophical problems relating to scientific method, specifically the 
implicit deductive process of converting radiation dose to cancer risk. 

2. Within the chosen method, uncertainties in each step of the conversion and 
overall cumulative uncertainties in the chosen Health Physics and other modelling 
approaches employed. 

3. Factual errors, omissions, bias and/or scientific dishonesty. 
 
I will present arguments under each of these headings but will begin here by summarising 
my overall conclusions. Table 1.1 below lists the sequence of analytical steps and 
assumptions employed to go from the nuclear test to the health outcome and Table 1.2 the 
problems I have identified in the S2010 study which also refers to the sections in the 
report where these are discussed.. 

First, the discipline of Health Physics itself is fatally flawed by the assumption 
that living systems can be modelled in a simple way with regard to the health effects of 
ionising radiation by defining the concept of “absorbed dose” as the covariate or quantity 
which may be employed to assess risk. This quantity absorbed dose and its use involve 
two fundamental assumptions both of which are provably false. The first is that the 
exposure causes uniform density of ionisation over the whole organism. This is untrue for 
internal exposures.  The second which is generally untrue is that the risk is linearly 
related to the dose, the Linear No Threshold Hypothesis (LNET). For the internal 
radiation exposure at the Marshall Islands to fallout radionuclides, neither of these 
assumptions is true, as I will show.   Furthermore, the whole basis of the ICRP radiation 
risk model is unsound from the principles of scientific philosophy since the method is 
based on deduction, rather than induction: health effects in Marshall Islanders exposed to 
chronic internal radiation exposures are being deduced i.e. predicted from the effects in 
Japanese A-Bomb victims who were quite differently acutely exposed to massive 
quantities of gamma rays and neutrons. The errors introduced into the conclusions from 
this source can be shown from epidemiological studies carried out in the last 20 years to 
involve error factors for cancer yield upwards of 100-fold. This has been conceded by 
many authorities, not the least, the outgoing Scientific Secretary of the ICRP Dr J 
Valentin in a discussion with this author in Stockholm in 2009. 

Second, the overall modelling process from bomb explosion to cancer in the 
exposed involves a large number of steps, each of which makes limiting assumptions and 
involves uncertainties. Whilst these may be assessed for each step as modest by the 
modellers S2010, even accepting their levels of uncertainty in each step, the cumulative 
error over all the several steps involved (where probabilistically each error has to be 
multiplied by the next) results in an overall error which is so high that the method may be 
discarded as useless even within the context of the authors assumptions.  

Third, and of some concern, is the significant number of factual errors, omissions 
and expert choices of parameters which all tend to minimise the calculated levels of 
contamination and exposure. Some of the many examples of bias in choice may be 



referred to here. One is the choice of altitude of release used for the NOAA HYSPLIT 
computer models used to calculate the time of arrival of the fallout on the various islands. 
The real altitude is known, yet the authors present fallout tracks at altitude of more than 
25km which is well into the stratosphere and irrelevant for direct fallout from the 
radioactive cloud. I know, from UK evidence obtained under judicial directed discovery 
that the mushroom of the cloud is formed due to temperature effects at the stratospheric 
tropopause which is at about 15km. This TOA calculation is critical to the amounts of 
high activity fallout appearing on the islands since wind directions are quite different at 
these altitudes, and modest variations in the TOA will make a huge difference to the 
calculated external and internal doses.  

Second I refer to the choice to omit calculating any internal doses from inhalation.  
The dose coefficients (Sieverts per Becquerel, Rems per Curie) from inhalation are 
generally 100 times the dose coefficients from internal ingested radionuclides since 
passage through the lung occurs more readily than through the gut.  Third there is no 
reference whatsoever to exposures from the alpha emitter Uranium, present as U234, 
U235 and U238 nanoparticles. This is the main component of all the bombs and which 
they were mainly constituted (as I will show with real data from the Christmas Island 
DOMINIC series of tests). Other significant long lived fallout nuclides are also missing, 
notably the biologically important Tritium (H-3) and Carbon-14. Fourth, calculations 
which are the basis for the fallout calculation are based on results calculated by Lawrence 
Livermore using dry fallout in the Nevada test site. The entrainment of sea water from the 
main US Bikini burst resulted in quite different physical chemistry and the heavy rainout 
of material from the cloud. This radioactive rain destroyed sticky filters (so that their 
results, used as data by S2010 are wrong)  and brought down much more radioactivity 
than the gravitational velocity-determined dry fallout, a matter which the authors must 
have known since it has been referred to in standard textooks. These are only a selection 
of the many problems found. 

Overall therefore, the S2010 study is at best unsafe and at worst meaningless. 
Since the levels of ill health including genetic-based conditions like cancer and 
congenital disease has been reported in various ways ever since the tests were carried out, 
it can be assumed that these effects were the direct consequence of the nuclear tests, and 
that the direct epidemiological study of these effects is the safest way of establishing the 
answer to the question. This is scientific induction, and to employ deduction, the indirect 
and unsafe mathematical modelling of the processes involved, to deny the clear evidence, 
is a good example of the kind of science-assisted collision with reality (or some might 
say denial) found in similar attempts by Health Physics to deny the causal association of 
many other observations from Childhood cancer near nuclear sites to effects in 
Chernobyl-exposed populations regularly reported in the peer-review literature.  

Note that I refer to health problems and not to cancer. This is another and 
fundamental omission in the ICRP-based predictions and analyses. By concentrating on 
cancer as the only outcome of radiation exposure there are two consequences. The first 
and most obvious one is that a range of adverse health consequences of radiation 
exposure are missed. But perhaps more important for those suffering significant 
exposure, the competing causes of death due to heart and circulatory system problems, 
and other accelerated ageing processes induced by radiation damage, results in fewer 
cancers and affects the use of cancer rates as a accurate measure of radiation damage. 



This is seen most clearly in the studies of those exposed to Radium, as I will show and 
the problem essentially calls into question all retrospective radiation studies. Whilst it has 
now been conceded by ICRP that heart disease is caused by radiation exposure the wide 
range of illnesses also differentially seen in radiation exposed populations (from the 
Japanese cohorts to the Chernobyl populations) have yet to be accepted by ICRP. This 
seems particularly important in the case of the Marshall Islanders.   
 

 
Table 1.1  Sequence of steps employed by S2010 to move from the nuclear test to the 
health outcome in exposed populations 
 
Step Data  Uncertainty 
1. Calculate 
fallout cloud 
direction track 

Metereological data used with 
NOAA HYSPLIT program 

(1) ignores rainout (2) uses met 
data unadjusted for bomb blast (3) 
uses incorrect altitudes of release 
(4) Very large uncertainties, at 
minimum 10-fold 

2. Calculate 
fallout yield and 
composition 

Depends on (1) time of arrival 
and (2) composition (3) uses 
prediction data from Nevada site 
where no sea water or coral is 
entrained 

Very large uncertainties, (1) at 
minimum 5-fold (2) missing 
nuclides (3) estimate 5-fold (GSD 
= 2-3 in text). 

3. Calculate 
Time of arrival at 
islands 

Many variables. NOAA cannot 
be used with large nuclear blasts 
as the energy is greater than the 
local meteorology (Busby and 
Williams 2010). 

See above 

4. Calculate 
surface 
contamination 

(1) Depends on fallout Time Of 
Arrival TOA and Lawrence 
Livermore (Hicks 1984) 
predictions from Nevada data 
(not peer reviewed) 
(2) big problem with rate of loss 
of Cs-137 from soil and back 
calculation  
(3) Rainout ignored 

Missing nuclides C-14, U-238 
and U-235, noble gases, Tritium.  
Rainout introduces minimum 10-
fold error 
Weathering loss of Cs-137: 
Simon generates data rather than 
using Robison measurements: up 
to 10-fold error 

5. Calculate 
external dose 

Reasonably straightforward if 
the contamination is known 
accurately 

Some mistakes 

6. Calculate 
internal dose 

(1) Internal dose meaningless for 
many nuclides. (2) no inhalation 
doses included 
 

(1) up to 500-fold 
(2) uncertain but significant (see 
text) 

7. Predict health 
effects 

(1) concentrates on cancer 
(2) risk coefficients based on 
totally different type of exposure 

High death rates from competing 
causes in early periods. Many 
other internal exposed 



populations show anomalously 
high morbidity and mortality (see 
text) 

8. Cumulative 
uncertainty 
(error)  

Final cancer yield  500-fold without internal 
external; 50,000 with  

   
 
 
Table 1.2 Questions and concerns relating to the S2010 analysis of the radiation doses 
and subsequent health of the Marshall Islanders following the US atmospheric tests 1946-
1958. Also listed are the sections in this report where some of these are elaborated. 

 
No Problem and consequence See section 
1 Philosophical problem with induction and deduction. Empirical 

Science. 
S2.1, 2.2 

2 “Absorbed Dose” cannot be employed for internal exposures Step 6, S2.1 
3 Use of Lawrence Livermore (Hicks) studies to characterise fallout 

composition. These calculations are based on Nevada tests (dry 
desert low humidity) and which for megaton tests were not peer-
reviewed and which omitted many biologically important 
radionuclides (C-15, Tritium, Uranium, Pu-2412_Am-241, Noble 
gases: Xe-135m Xe-133, Kr-85).  

S2.3 

4 Ignoring “rainout” which deposits much larger amounts of 
radionuclide contamination.  

S2.4 

5 Ignoring rainout destruction of sticky filters as pointed out by UK 
discovery documentation 

S2.4 

6 Use of generated “weathering” coefficients to give 12-20y half life 
rather than actual measurements which gave 8y half life will 
seriously underestimate original Cs-137.  Unusual statistical 
presentation (Geometric Standard Deviation). 

 

7 Major component of fallout is U-234 and U-238, not addressed. 
Shown by AE Oldbury DOMINIC beta gamma data from UK 
measurements at Christmas Island. Uranium is main component of 
bombs and Uranium nanoparticles not counted in dose assesments 

 

8 Simon et al calculations do not fit with contemporary Japanese 
tuna fishing boat “Lucky Dragon No 6” fallout exposure rate 
measurements 

 

9 Sea water and coral entrainment of Bravo test results in large 
amounts of activation radionuclides not found in Nevada data.  

 

10 Ignoring inhalation doses and sea-to-land transfer of alpha 
emitting particulates 

S2.5 

11 NOAA calculations shown assume that weather conditions, winds 
etc were those recorded by weather stations but the bombs 
themselves perturbed the local weather and the cloud moved in all 
directions symmetrically over large distances (100+ miles) 

S2.4 



12 NOAA HYSPLIT calculations shown in the study assume an 
unusual height of release. Christmas Island megaton tests 
examined by Canberra Sniff aircraft in 1958 for Grapple Y show 
that the mushroom cloud is mainly at the tropopause, 15km not 20 
and 28km shown by Simon et al.  

 

13.  No contemporary fallout measurement data (deposition or 
exposure rate) are presented. Why? Only results which have been 
calculated are given.  

 

 
 

2. Some Concerns 
 
2.1 Philosophy; the European Committee on Radiation Risk 
 
The power of the Scientific Method is that it is principally empirical. That is to say it is 
inductive. We obtain our data from experiment. But in the case of radiation risk this 
method was abandoned in the 1950s. And since the 1980s many clear observations of the 
harmful effects of exposure to internal radionuclides have been denied through the 
deployment of deductive methods. They key element of this process is the use of the 
quantity “absorbed dose”.  Much of what I write here is taken directly from ECRR2010 
and readers are referred to this publication for more information. The conclusion is that 
the use of absorbed dose is not sound for internal chronic radionuclide exposures. The 
result of this is that for certain internal radionuclide exposures errors of greater than 100-
fold and sometimes as high as 1000-fold are introduced into health predictions relating to 
dose as calculated by the Health Physics approach. I deal with the way in which this has 
come about historically in Appendix A where I also explain how radiation causes ill 
health. 

The classical exposition of the scientific, or inductive method (originally due to 
William of Occam) is what is now called Mill’s Canons, the two most important of which 
are: 

• The Canon of Agreement, which states that whatever there is in common between 
the antecedent conditions of a phenomenon can be supposed to be the cause, or 
related to the cause, of the phenomenon. 

• The Canon of Difference, which states that the difference in the conditions under 
which an effect occurs and those under which it does not must be the cause or 
related to the cause of that effect. 

• In addition, the method relies upon the Principle of Accumulation, which states 
that scientific knowledge grows additively by the discovery of independent laws, 
and the Principle of Instance Confirmation, that the degree of belief in the truth of 
a law is proportional to the number of favourable instances of the law. 
Finally, to the methods of inductive reasoning we should add considerations of 

plausibility of mechanism.  
These are the basic methods of science (Mill, 1879; Harre, 1985; Papineau, 1996) 

 The questions of interest here are: 
• What are the health consequences of exposure to external radiation doses at levels 

below 2mSv, the approximate annual dose received from natural background? 



• What are the health consequences of exposure to novel internal radioisotope 
exposures at whole organism and individual organ dose levels below 2mSv?  

• Is the concept of dose applicable to internal radiation exposures? 
Although risks from exposure to high levels of ionising radiation are generally 

accepted, since they are fairly immediate and visible, the situation with regard to low-
level exposure is curious. There are now two mutually exclusive models describing the 
health consequences of such exposure. There is the ICRP one, based on reductionist 
physics-based arguments and which is presently used to set legislation on exposure limits 
and argue that low-level radiation is safe, and one which is espoused by concerned 
independent public domain organisations and their associated scientists.  
 They arise from two different scientific methods. The conventional model is a 
physics-based one, developed by physicists prior to the discovery of DNA. Like all such 
models it is mathematical, reductionist and simplistic, and consequently has a powerful 
descriptive utility. Its quantities, dose, are average energy per unit mass or dE/dM and in 
its application, the masses used are greater than 1kg. Thus it would not distinguish 
between the average energy transferred to a man warming himself in front of a fire and a 
man eating a red hot coal. In its application to the problem at hand, the internal, low-
level, isotopic or particulate exposure, it has been used entirely deductively. The basis of 
this application is that the cancer and leukemia yield per dose has been determined 
following the external acute high-dose irradiation by gamma rays of a large number of 
Japanese inhabitants of the towns of Hiroshima and Nagasaki. Together with this, other 
arguments based on averaging have been used to maintain that there is a simple linear 
relationship (in the low-dose region) between dose and cancer yield. This Linear No 
Threshold (LNT) assumption enables easy calculations to be made of the cancer yield of 
any given external irradiation.  

By comparison, the mechanistic/epidemiological model developed by the ECRR 
(ECRR2010) arises from an inductive process. There have been many observations of 
anomalously high levels of cancer and leukemia in populations living near nuclear sites, 
especially those where the measurements show that there is contamination from man-
made radioisotopes, e.g. reprocessing plants. In addition there are populations who have 
been exposed to man-made radioisotopes from global weapons tests, downwinders living 
near nuclear weapon test sites, and those exposed to these materials because of accidents 
(like the Chernobyl infant leukemia cohort), or because of work in the nuclear industry or 
military. More recently, research has addressed those exposed to the fallout from the use 
of Uranium weapons: these have shown a wide range of genetic and neurological effects. 
In contrast to the averaging approach of the conventional model, the biological model 
preferred by the ECRR considers each type of exposure according to its cellular radiation 
track structure in space and in time. Since ECRR2003 the effect of the absorbing element 
in the body has also become important.  It is not easily possible to employ such a model 
to predict risks from unspecified ‘radiation dose’ to ‘populations’; rather it is concerned 
with microscopically described doses from specific isotopes or particles whose decay 
fractionations are considered to interact with cells which themselves respond biologically 
and biochemically to the insults and may be in various stages of their biological 
development. The dose-response relationship following from this kind of analysis might 
be expected to be quite complex. 



The ECRR believes that the Linear No Threshold (LNT) model is fundamentally 
acceptable (with some reservations) in its application to acute, high dose, external 
irradiation, although it notes that the ICRP, UNSCEAR and BEIR Committees introduce 
a reduction of the modeled risk by a factor of 2 for low-dose-rate exposure, which breaks 
the assumption of linearity. The Committee believes that the extension of LNT to acute, 
external, low level radiation may be justified on the basis of theory, since the plausibility 
of the model rests on the idea of uniform density of radiation track events in microscopic 
tissue volumes. For chronic external irradiation, the ECRR does not believe that the 
scientific method has been properly used to show that there is either epidemiological or 
theoretical justification for assuming a linear response at low doses. This is because the 
complex ways in which the organism responds to low-dose radiation both at the cell and 
at the organism level have been overlooked. However, the Committee believes that the 
errors introduced by the assumption are unlikely to be more than an order of magnitude. 

 With regard to internal radiation doses, the ECRR identified a serious misuse of 
scientific method in the extension and application of the ICRP external model. Such a 
process involves deductive reasoning. It falsely uses data from one set of conditions— 
high-level, acute, external exposure— to model low-level, chronic, internal exposure. 
The procedure is scientifically bankrupt, and were it not for political considerations, 
would have been rejected long ago. On the other hand, it should be clear that the ECRR 
model conforms to all the requirements of the scientific method listed at the beginning of 
this chapter. Man-made radioisotopes, often in the form of ‘hot particles’, are common 
contaminants of the areas near nuclear sites where there are cancer and leukemia clusters, 
and of nuclear site and test site downwinders, and of fallout-exposed populations. This 
satisfies the Canon of Agreement. The contingency analysis tables with control 
populations for such studies show that the Canon of Difference is also satisfied: people 
living in more remote regions than the downwinders show lower levels of illness. The 
Principle of Instance Confirmation is fulfilled since so many studies have shown that 
increases in cancer and leukemia follow exposure regimes at low dose. We are left only 
with Plausibility of Mechanism, which will be addressed in Appendix A 

It is important to note that science and scientific conclusions are not the same as 
conclusions based on legal styles of evidential analysis. Science is not a simple question 
of weighing evidence for and against a theory or model of reality as it might be in a court 
of law or in everyday decision-making. The rules are strict. If one single piece of 
experimental evidence cannot be explained or incorporated into a theory, the theory has 
to be discarded (Kuhn 1962, Popper 1962). Therefore the existence of the nuclear site 
child leukemia clusters alone is enough to falsify (to prove wrong) the ICRP risk model; 
yet nothing has been done despite these data emerging in the 1980s.  
 
2.2 Modelling 
  
In the case of S2010 the process of deduction has been taken to its limit through the 
method of mathematical modeling. Ever since the nuclear tests, the Marshall Islanders 
have complained of the effects of the radioactive contamination (Johnston 2007) yet no-
one has carried out any epidemiological studies. Why? This would not have been difficult 
or costly. Rather, the method has been to deny any effects could have occurred because 
the doses were too low. From my work with the UK nuclear tests on Christmas Island 



and the subsequent effects on the soldiers it seems very likely that the contamination 
data, such as it is, which might have  thrown light on the real situation was sparse, badly 
collected, involved primitive equipment (pre transistor) and what there was had been 
mislaid, or kept secret. What little radiation survey data that has emerged, in the 1970s 
was largely ignored by S2010. Therefore we see, some 50 years after the event an attempt 
in response to increasingly shrill cries from the victims, to calculate the “absorbed doses” 
to the population and to model the “absorbed doses” using complicated mathematical 
equations based on some very questionable assumptions and omitting key routes of 
exposure and key radionuclides. We are told: 
Because the quality of the exposure-rate measurements varied by test and location, 
expert judgments were often used to determine the appropriate weighting of 
measurements of varying quality. (S2010 p144) 
 And where there are possibilities to check the calculations against data, no checks are 
presented. We do not see in S2010 one single piece of contemporary measurement data. 
Only what the authors have back-calculated. Instead we see a plan of an island in which 
the exposure rates are presented in “arbitrary units” (S2010 p149 Fig 4).  
 Modelling is a last resort. Each step in a flow diagram of the model used by 
S2010 introduces uncertainties, and the overall result has uncertainties equal to the 
product of the uncertainties in each step of the sequence. The number of steps and 
assumptions in S2010 is considerable and the final uncertainty is (see Table 1.1) too great 
even in the absence of arguments about radiation risk models or arguments about errors 
and omissions  to be of any use whatever. It is not Science. The method itself should not 
be substituted for empirical data, yet the cost of commissioning Dr Simon and his co-
authors to carry out the complex work that they did will have been very much more than 
the cost of visiting the Marshall Islands and carrying out a proper epidemiological survey. 
Such a survey (from those few which have been already carried out) will have supported 
the concerns of the islanders and their calls for compensation and aid and will have 
drawn attention to the general health effects of long term chronic exposure to internal 
radionuclides which are found in other exposed populations. 
 
 
2.3 Fallout calculations: the partitioning and fractionation of components 
 
There are several serious problems with the methods used to back calculate the 
deposition on the islands. The first is that the process employed requires accurate 
information on the changes in the fallout components with time. S2010 acknowledges 
this but uses as its basis the data calculated by H Hicks and presented in a Health Physics 
paper published in 1982 (Hicks 1982). It should be noted that the time between 
submission to the journal and acceptance was less than 3 weeks, which seems rather 
suspect in terms of valid peer-reviewing given the large amount of data and mathematical 
analysis presented. However, the result in the 1982 paper were for fission bombs 
exploded in the dry Nevada desert and this cannot be reasonably used as data for 
calculations involving fusion bombs exploded on an island in the Pacific Ocean where 
the humidity was high and large amounts of seawater were entrained in the mushroom 
cloud. Calculations made by Hicks relating to Megaton explosions presented in a non 
peer reviewed report from Lawrence Livermore in 1984 may not be an advance on the 



earlier report. In addition, in both these reports there are missing radionuclides of 
significant biological importance. These include Plutonium, Uranium-238, Uranium-234, 
Uranium-235, Tritium, Carbon-14 and the Xenons which are major component of nuclear 
fission and Hydrogen bombs. For differences between the radioisotopic composition of 
fission and H-bombs refer to Eisenbud and Gesell 2000. I have carried out elsewhere, in 
relation to the US tests on Christmas Island, analyses of the data obtained by the UK 
cleanup teams on Christmas Island. Analysis of the beta gamma ratios makes it quite 
clear that a major and long lasting component of the fallout was Uraniu-238, a substance 
which has been found to cause severe genotoxicity and serious health effects in Iraq and 
other areas where it has been employed as a weapon. For a discussion of the anomalous 
effects of uranium and uranium particulates see ECRR2010 and Busby et al 2009, Alaani 
et al 2011). That this beta gamma ratio effect also exists in the Marshall Islands I refer to 
a report from Lawrence Livermore by Robison referring to Crase et al 1982 which found 
that the beta radiation was greater than the gamma radiation on Enjebi Island at Enewetak 
Atoll in 1982 (https://e-reports-ext.llnl.gov/pdf/237042.pdf). I attach my analysis of the 
beta gamma ratio at Christmas Island in Appendix B.  
 
2.4 Fallout calculations: the NOAA time of arrival calculation 
 
I am familiar with the NOAA HYSPLIT program and have employed it for a number of 
studies including examination of wind directions and predicted movements of fallout 
during the UK Christmas Island tests in 1957/58. What became quickly apparent is that 
for megaton nuclear tests the wind direction at lower or ground levels are not as 
important as the wind direction at near-stratospheric altitudes. In S2010 we see an 
example of the HYSPLIT predicted tracks of particles released at three altitudes over the 
Bikini site (S2010 p 133). However, the fallout can move in one direction in the upper air 
and then as it falls move in the opposite direction as it becomes influences by the lower 
air masses. But the most important cause of the fallout dispersion has nothing to do with 
the wind directions. The energy produced by the explosion itself is sufficient to cause a 
local weather effect which totally dominates the direction of the fallout in a very large 
area. We know this from data obtained under a Freedom of Information request to the UK 
Ministry of Defence for the measurements made by the Canberra aircraft (Sniff)  
employed to obtain information about the Grapple Yankee test at Christmas Island. This 
was of modest yield compared with the US Bravo test yet measurements made by the 
Sniff aircraft showed that the mushroom cloud was about 30 miles diameter and quickly 
covered Christmas Island. The fact that the air was blowing slightly offshore as shown by 
NOAA HYSPLIT was largely irrelevant as the cloud was forced by the explosion in the 
opposite direction to the lower winds and following this, heavy rain from the cloud due to 
entrained sea water fell on the island, destroying sticky filters and bringing down very 
large quantities of radioactivity: black rain. This rain is a well described consequence of 
the interaction between nuclear explosions and the updraft which draws in humid tropical 
air or even with near sea level or sea level  bursts (like Bravo) sea water. I attach my 
report on the Yankee test as Appendix C. 
Scaled up from Christmas Island the 15Mt Bravo test should have created a cloud of 
about 200miles radius or more and indeed the reports of the Japanese fisherman in the 
Lucky Dragon No 5 which was about 100 miles east of Bikini show that this is exactly 

https://e-reports-ext.llnl.gov/pdf/237042.pdf


what happened.  They also described heavy rain. One of the few survivors of the boat, 
author of The Day the Sun Rose in the West (Matashishi 2011), Oishi Matashishi states: 
 
On the western horizon, where the flash had come from, a cloud as big as three or four 
towering thunderclouds was rising high up into the sky. It has already reached the 
stratosphere and was no longer in the shape of a mushroom. Even as we watched, and we 
were upwind of the cloud, the top of the cloud spread over us. I was puzzled: “How can 
that be? We are upwind. . .” Two hours passed. No--a bit more. The sky that had been 
clear was now completely covered by the mushroom cloud. . . wind accompanied rain 
and the waves began to grow. . . I noticed that the rain contained white particles. .  
(P19-20) 
 
We can use the recollection of Mr Matashishi  to estimate the fallout doses. He wrote that 
a Geiger counter was bought aboard the Lucky Dragon No 5 when she docked in Yaizu 
on 16th March, 16 days after the fallout covered her. Although she had suffered heavy 
weather and no doubt also frequent washing by heavy seas and rain the measurements at 
the stern among the fishing gear gave 1.2mSv/h. A pocket dosimeter carried by one 
visitor recorded 10mrem in 15 minutes (0.4mSv/h). We can use the graph of Hicks 1984 
reproduced by S2010 (p146) to convert this to the fallout rate at t=0 (multiply by about 
2500). On this basis the fallout on the Lucky Dragon No 5, apparently 100 miles upwind 
of the Bravo test will have been initially delivering an external dose of around 3Sv/h 
which, after 10 hours will have fallen to 120mSv/h. A further 100 hours will have 
reduced this to about 10mSv/h. There are two deductions we can make from this almost 
contemporary data. The first is that in the first 10 hours the crew will have received more 
than a Sievert, a level which is close to lethal, and indeed was quickly lethal for one of 
the crew members and slowly lethal for most of the others despite their having received 
blood transfusions and close medical attention. In 2011 when the book was written, 16 of 
the 23 crew were dead, many having died young. The second is that the Time of Arrival 
calculations of S2010 are absolutely critical to their calculations.  
 
 
2.4 Fallout calculations: rainout 
  
The Lucky Dragon crew member recalls rainfall bringing down fallout. The calculations 
based upon gravity effects on particles do not apply to fallout particles precipitated in 
rain. Rain is a common result of the sucking up of moist tropical air into the cloud and its 
rapid movement into the low temperature altitudes as far as the tropopause. 
Measurements of temperature and humidity made with balloons and aircraft during the 
UK Christmas Island megaton tests were obtained under directions from the court. 
Indeed, photographs of the Grapple Y test which detonated about 1500-2000m above the 
sea off the south coast of Chritmas Island shows clearly the formation of ice crystals as 
the humid air drawn up by the rising fireball is changed into ice as it meets the cold high 
altitude air. Heavy rain at the base of the cloud was reported by the Canberra aircraft 
which flew through the cloud collecting samples and measuring radiation. Many of these 
aircrew are now dead from cancer and other radiation related illnesses; others are being 
refused pensions although many of these decisions have been recently overturned by the 



appeals tribunal. Rainfall precipitated fallout or rainout has been described in technical 
reports and in the standard work on nuclear weapons. As early as 1957 Glasstone pointed 
out that fallout calculations could not be employed if there was rainout. S2010 does not 
even mention the matter. For my account of the Christmas Island fallout and rainout see 
Appendix C. In the case of the Bravo test, photographs show enormous quantities of 
water being drawn up into the air. This will have fallen as rain over a large area and it 
will have contained fission radionuclides including dissolved noble gases like Xenoin 
135, tritium, Na-24 from the seawater and other activation products not found in the 
S2010 list of nuclides studied. There is another problem with rain. Documents obtained 
from the UK Ministry of Defence show that the authorities were well aware that rainfall 
totally destroyed the stick paper fallout detectors used to evaluate levels of fallout and its 
composition. The fallout radionuclides have quite different solubilities in water and so 
much of the Atomic weapons establishment data from the Christmas Island test sites was 
unusable. Indeed, the measurement teams were ordered in writing 9I have this document) 
to take in the sticky filters when it rained, so either these contained no fallout (taken into 
cover) or no fallout (washed off). 
 
2.5 Inhalation of resuspension and sea-to-land transfer (seaspray) nuclides in air.  
 
The analysis of inhalation doses is absent from S2010. This is a crucial omission when 
calculating chronic doses over a long period. The dose coefficients for inhaled 
resuspended fallout components as significantly greater than for ingested material. Table 
2.1 gives examples of inhalation and ingestion dose coefficients for a number of fallout 
components. 
 
Table 2.1 ICRP Adult Inhalation effective dose coefficients Sv/Bq for a number of 
fallout radionuclides (ICRP60, ICRP72). 
 
Nuclide Ingestion Inhalation Ratio 
Pu-239 2.5E-7 1.2E-4 480 
Am-241 2.0E-7 9.6E-5 480 
U-238 4.5E-8 8.0E-6 178 
U-235 4.7E-8 8.5E-6 180 
U-234 4.9E-8 9.4E-6 190 
Cs-137 1.3E-8 3.9E-8 3 
Sr-90 2.8E-8 1.6E-7 6 
    
   
It is instructive to make a simple calculation of the cumulative ICRP effective dose from 
Plutonium-239. Measurements of Pu-239 in air show that there is particle enhancement in 
air which may be related to sea to land transfer. Whatever the cause, the levels of Pu-239 
in air were measured by Lawrence Livermore (Robison et al Utirik Dose Assessment 
UCRL LR 135953: https://e-reports-ext.llnl.gov/pdf/237042.pdf). Two measurements are 
of interest made on Bikini and Enewetak atolls in 1982. These are reproduced in Table 
2.2. 
 

https://e-reports-ext.llnl.gov/pdf/237042.pdf


 
Table 2.2 Plutonium 239 in air, Bikini and  Ewenetak (Robison et al 1999), some data 
from measurements. 
 
Site conditions Pu-239 µBq/m3 
Bikini Freshly tilled field 239 
Enjebi Garden, week after tilling 113 
Bikini In house 9.8 
Enjebi Downwind of road 40 
   
 
 The ICRP reference man inhales 8700m3 in one year. Therefore a single year’s effective 
dose from this source was, in 1998, 8700 x 113 for a man in the garden, or 983100Bq of 
Pu-239. From the ICRP inhalation dose coefficient in Table 2.1 this gives our man a 
effective annual dose of 983100 x 1E-6  x 1.2E-4 or 117µSv. About twice this in a field  
This is after 40 years and assuming that this was the initial level and there had been no 
loss of material the inhalation dose from the plutonium would be 4.7mSv. If this Pu 
concentration has reduced by the same amount as the Cs-137 “weathering”, the initial 
inhalation doses would have been hundreds of mSv in each year. The nuclide Am-241, 
also found in the air, is not even included in the list Table 4 of S2010, nor is its precursor, 
the beta emitter Pu-241. 
 
2.6 Missing nuclides 
 
Table 4 of S2010 lists the nuclides which the authors employ in the dose assessment. But 
there are many missing nuclides some of which I list in Table 2.3. These may be found in 
various reports and are discussed in Eisenbud and Gesell 2000 and the NCRP Report 94 
(1987).  
 
Table 2.3 Missing radionuclides of biological significance which will have contributed to 
the doses. (Eisenbud and Gesell 2000, NCRP 94 1992). 
 
Nuclide decay Half life Note 
U-238 Alpha 4.5 e+9y Bomb component, DU, serious inhalation 

hazard shown by battlefield effects 
U-235 Alpha 7.1E+8y Bomb component 
U-234 Alpha 2.4E+5y Large amounts: enriched in the U-235 process, 

major fallout danger as pointed out by Karl Z 
Morgan 

Am-241 Alpha 432y Decay daughter of Pu-241; Pu 241 not listed 
either. 

Tritium H3 beta 12.3y Massive amounts produced in test; biological 
exchange 

C-14 beta 5730y Massive amounts produced in test; biological 
exchange 

Pu-241 beta 14.4y Causes increase in Am-241 ingrowth after 



production 
Xe-135 9.2h   
 
The most important omissions are the Uranium nuclides which have been shown by 
recent epidemiological and also theoretical research to represent enhanced hazard. This is 
because they have high affinity for DNA and also in the case of U-238 represent a 
significant quantity per Becquerel (Busby and Schnug 2009, ECRR2010). 
 
2.7 From the dose to the cancer 
 
 The ICRP risk model on which this step depends is fatally flawed for reasons which I 
elaborate in Appendix A and which are explained in ECRR2010. These have primarily to 
do with the use of the primitive quantity “absorbed dose”. I refer the reader of this report 
to the documents. From the study of cancer and fallout in Wales and England (see Busby 
2007, 1995) where the principal nuclide contributing to dose was Sr-90, the error found 
by regression of cancer on cumulative dose was 330. However the doses were not great, 
about 1-3mSv over the period of fallout 1959-63. These exposures were the cause of the 
cancer epidemic which began in 1980 in the UK but earlier in high rainfall countries in 
the N Hemisphere. For Sweden after Chernobyl, where exposures were to Cs-137 and 
reactor particles, the error in the ICRP analysis, based on the work by Tondel et al 2004, 
was about 600-fold. We must be careful, however to remember that these are not linear 
factors. The high doses in the Marshall Islands will have, like the high doses in parts of 
the ex Soviet territories affected by Chernobyl, caused deaths from a range of diseases at 
ages before the cancers cut in and have killed the foetus and also increased infant deaths. 
This is why in the Marshall Islands, the cancer rates do not seem to be very high in terms 
of deaths per 1000. The population is a survivor population. The age of death is quite 
low, and any analysis would have to examine cancer rates by age and also factor in 
competing causes of death. Age specific incidence is what is needed and no reports give 
this. 
 

3. Conclusions 
 
I have spent about 5 days looking at S2010 ands its supporting documentation. Ideally I 
would have liked to spend more time, following up all the references on which the reports 
were based making new HYSPLIT calculations, but this is all I have time for. Overall, as 
I stated at the beginning, the S2010 reports are valueless except as documentary evidence 
for some future philosophy or history class of the failure of rational method and the 
pitfalls implicit in deduction, of using mathematical modelling rather than measurement. 
What is also worrying is the clear bias in the selection of data and its use, but this is 
something I have come to expect form Health Physicists. I will leave you with an 
entertaining quotation from Charles Land, one of the authors of the S2010 study. He 
wrote in 1982: 
 
 Among American Radiologists there was an increased risk of death from all 
causes, which the authors concluded was consistent with the concept of accelerated 
ageing. . . The peculiar increased risk of death from all causes suggests perhaps that the 



type of person choosing radiology in the United States differs in important ways from 
other specialists, rather than indicating non specific life shortening. 

Boice and Land 1982 (Quoted in Busby 1995) 
 

 
 
 


