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1. Background 
 
Considerable alarm is being raised about the possibility of a second major accident 
occurring at the Fukushima Dai-ichi site in Japan and what would happen if there were 
catastrophic releases of the radioactivity in the four damaged reactors and their associated 
fuel pools. The focus is on the spent fuel pool at Fukushima Dai Ichi No 4 which is 
located several storeys above ground level, some hundred feet above the ground, in a 
building which has been undercut by rising ground water and cooling water and may 
collapse. There has already been some kind of meltdown, and possible a criticality 
explosion also in the No 4 pool which lost all cooling during the catastrophe. The 
operators TEPCO are aware of the danger and are currently attempting to remove spent 
fuel, an operation which in itself is fraught with danger. The nuclear regulators do not 
discuss the issue, but these agencies already state that the original releases would not 
cause any health effects, and so their position is undermined. Conversely, most of the 
other commentators in the media and also in the antinuclear movement seem to predict 
that life on earth would end if the worst happened and the contents of the four reactors 
and their fuel pools somehow were released. I have been asked several times for my 
opinion. I have earlier compared the releases from Fukushima with Chernobyl (Busby 
2012) and also calculated the cancer yield from the initial releases (Busby 2011). Here I 
will address the ongoing contamination of the Pacific Ocean and address the worst case, 
where a fission explosion destroys all the reactors and their associated spent fuel pools.  
 
2. The worst case scenario 
 
There are two circumstances which might cause sudden loss of cooling to the spent fuel 
in the No 4 pool. The first is a collapse of the building, which is already destabilized and 
tipping. If the building collapses, the tank containing the spent fuel will fall to the ground 
and the cooling water will pour out. The fuel elements will then rapidly overheat and melt 
down. Since they contain plutonium as a result of the presence of MOX fuel and also 
from the burn-up process, and since plutonium has a different melting point to the 
uranium fuel, there might be distillation of the Plutonium to form a critical mass of 9kg, 
and a nuclear explosion. If this explosion were sufficiently powerful, it could destroy the 
other reactors 1 to 3 and these would then lose cooling and could then also further melt 
down and explode. Thus, in principle, the entire contents of the four reactors and their 
fuel pools could become dispersed to the environment. 

The second possibility is that in removing the spent fuel elements an accident 
causes damage to fuel elements and the close juxtaposition of individual fuel elements. 
The resulting increased heat could initiate a similar explosive loss of coolant and the 
beginning of the scenario outlined above. The question then is: what effect would a total 
dispersal of all the contents of the four reactors and their fuel pools have? This question 
can be answered (see also Busby 2013). 
 



 3

2. Comparisons 
 
There have been a number of relevant historical releases of fission products to the 
environment. Two events often employed to scope the possible effects of a catastrophic 
release of the volatile contents of the four Fukushima reactors (and the ones which have 
been used by various commentators) are Chernobyl and the Hiroshima atom bomb.  What 
these commentators never refer to is the massive global build up of environmental 
radioactivity due to the atmospheric testing of nuclear weapons which occurred mainly 
between 1945 and 1963 when the test ban treaty was signed. It should be noted that there 
are two source terms for these historical releases, just as we shall see that there are two 
quantities that are relevant to examining the effects of any nuclear release scenario. There 
is (1) the total quantity of material available for release and (2) the amount which 
becomes widely dispersed as a result of the event, explosion or damage. This is very 
relevant in trying to understand the effects on living systems. In all fission-product 
releases to the environment there are a number of considerations which relate to the 
chemical and physical properties of the individual radionuclides. These are given in 
Table 1 with some examples and notes on hazard considerations. 
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Table 1 Considerations of radionuclide hazard when comparing different releases of 
fission products from accidents and intentional releases. 
 
Consideration Examples Notes 
Physical state: gas, liquid, 
solid 

Xe-135, I-131, 
Kr-85, C-14, Pb-
210 

First to be released are gases, then 
lower boiling solids Cs-134/Cs137, 
Pb210 

Half Life Zr95, Ce143, I-
132, I-133, Sr91 

Very short half-life nuclides give 
intense local doses but have no effect 
at a distance due to transport times. 
Medium and long half life nuclides 
e.g.Cs-137 cause food chain build up. 

Decay type, 
alpha/beta/gamma 

Pu-239, Ce144, 
Cs137 

Because of ease of measurement 
usually only gamma emitters are 
measured and reported 

Melting/boiling point U-235/ 238, 
Pu239/240 

These have very high bp and will not 
normally emerge from reactor 
accidents unless they form 
particulates which are dispersed by 
explosions 

Chemical reactivity/ 
solubility in water 

H-3, C-14, Sr-90, 
Cs-137 

Tritium will instantly disperse as 
tritiated water, C-14 as CO2 and 
soluble carbonates 

Biological affinity for 
critical targets 

H-3, C-14, Sr-90, 
Ba-140, Uranium 

Affinity for or are already part of 
biological systems including DNA 
alters hazard (ECRR2010) 

Environmental food chain/ 
other vector 

Depends on 
nuclide 

Main concerns are Sr90, H3, C14, 
Cs137, Uranium, Plutonium, 
Americium, Lead/ Polonium 

Propensity for nano-particle 
formation 

Uranium, 
Plutonium 

Inhalation vector 

 
In Table 2, I compare the estimated releases from Chernobyl with Fukushima March 
2011 (column 5) and the total worst case releases (column 6), but also (column 7) with 
the total releases from the atmospheric tests to 1980 as tabulated by the United Nations 
(UNSCEAR2000) and as calculated on the basis of data in standard references.  The 
sources for the estimates are given in the notes to the table. It is clear that different 
authorities include or omit different radionuclides, and so to get a feeling for the 
comparative level of the exposures it is necessary to compare the same nuclides. 
Furthermore, while the colossal energy of the nuclear tests vaporized and dispersed all 
the material in the various bombs, including the heavy metals Uranium and Plutonium, 
the same is not true for the nuclear reactor explosions. So far, the explosive energy of 
these events has been much lower. The heavy and less volatile radioactive materials have 
been dispersed locally, within 30 miles or so for the main precipitations and within 2000 
miles in areas where rainfall caused rainout of the more volatile radionuclides and 
nanoparticles. 
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Table 2 Estimated global releases of selected radionuclides from accidents and weapons 
testing  PBq (1015) 
 
Nuclide T1/2 aChe

rnob
yl 
 
PBq 

bHiro 
shima 
50kt 
fission 
PBq 

cFuku 
initial 
 
 
PBq 

dFuku 
conten
ts 
 
PBq 

e Atmospheric Weapons tests 
yields  
(840Mt to 1980) 
 
PBq 

H3 12.3y   0.07  621600U ,186000D 

C14 5730y     714U  ,213D  
Mn54 312d     13356U  ,3980D 
Sr89 50d 80  370 9790 621600E, 613200U, 117000D 

Sr90 29y 8 0.2 27 2102  3108E ,   3360N , 3259U, 622D 
Y90 64h   27 2102 As for Sr-90 
Y91 59d   490  628300U ,  120000D 

Zr95 64d 150   19080  773600U, 148000D 

Ru103 39d 120     1293600U,  247000D 
Ru106 373d 60   9603  63800U,  12200D 

Sb125 2.7y    182  3880U,   741D 

I131 8d 260   11860  3536400U  3885000N 
675000D 

Ba140 12.7d 160    3973200U, 759000D  
Ce141 32.5d 100    1377600U,  263000D 

Ce144 285d 89  530 17000  160440U, 30700D 

Cs134 2.1y 19  50 3800  
Cs137 30y 38 0.3 37 3000   4972E,  5040N, 4900U, 948D 
Pu239 24110y 4.2   8.3 6.5D 

Pu240 6.56y    14 4.35D 

Pu241 14.35y 5   8.7 142D 

Am241 432y    8.6  
fTons of 
Uranium 
fuel 
Approx. 

 ?100 ?1 ? 750 804 

Totals 
Cs137 
Sr90 

  
38 
8 

 
0.3 
0.2 

 
37 
27 

 
3000 
2102 

 
5040N, 4900U 

3360N, 3259U 

a The Chernobyl source term is discussed in Busby 2011 [not much discussion if this is 
the spreadsht] and is taken from UNSCEAR 2000 and other authorities [UNSCEAR 
2000, Eisenbud and Gesell 1997, NCRP1981, Savchenko, 1995]. 
b The Hiroshima fallout yield is calculated from conversion factors of 4PBq Sr90 and 
6PBq Cs-137 given in NCRP 1981 and also Eisenbud and Gesell 1997, Table 9.2 
c The initial Fukushima releases are taken from various sources, principally the 
Norwegian Air Laboratory calculations, and are discussed in Busby 2011. 
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d Calculation of the total Fukushima contents including Fuel pools for the listed 
radionuclides was made by Pretzsch et al 2011. 
e Italicized values N are based on the fallout yield conversion factor per Megaton fission 
yield given in NCRP 1981. Standard typeface valuesE are from Yields per megaton given 
by Eisenbud and Gesell 1997. Values U  are from UNSCEAR 2000 Table 9 and relate to 
840Mt. of all nuclear atmospheric tests to 1980. Values D are for global dispersion to 
1972 and taken from Table 9 UNSCEAR 2000.   
fApproximate Uranium content of a nuclear weapon is based on restricted data from the 
Christmas Island nuclear tests I obtained from the UK government by the author in 
connection with a legal case. Uranium (heavy metal content) of Fukushima is from the 
Pretzsch et al 2011 paper. 
 
 
Discussion 
 
The aim of this short paper is to try and assess the harm to the biosphere and specifically 
to human life consequent on the catastrophic release of radioactive material from 
Fukushima Dai-Ichi. There does not seem to have been any attempt so far to make proper 
quantitative comparisons with other historic releases, which would enable some 
prediction of the health effects. Official reports (from, for example, UNSCEAR and 
IAEA) base their calculations upon estimates of absorbed dose and employing the risk 
model of the International Commission on Radiological Protection (and their satellites 
e.g. BEIR VII) and conclude that no effects are possible. Recent findings of thyroid 
cancer increases young people in Fukushima prefecture (giving an estimated Relative 
Risk of about 80-fold for a mean dose of less than 10mSv) already show these analyses to 
be wildly incorrect (Mangano 2013). An early estimate of the cancer yield of the initial 
releases was made in Busby 2011 based on cancer data from Sweden after Chernobyl and 
also on the risk model of the European Committee on Radiation Risk (ECRR2010); this 
amounted to an excess 40,000 cancers in the next 50 years in the 10 million population 
living inside a 200km radius from the plant.   
 
There are several major aspects of any assessment of releases.  

• The first is the quantity of radioactivity available to be released;  
• The second is how much of it is released;  
• The third is how far can it travel and this depends on the radionuclide; 
• The fourth is the population density in the areas where it ends up, how they are 

exposed. 
 
Initial releases 
 
Let me first look at the initial releases. Quantities are given in Table 2. If we assume that 
about two thirds of the total releases which occurred in the initial period went out to sea, 
then we can partition the quantities. This gives a mean density of precipitation in the 
100km radius of 380kBqm-2 which is consistent with surface measurements that were 
reported. This would approximately yield the cancer excess already calculated by Busby 
2011 among the 10 million people living within 200km of Fukushima. Of course, there 
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would be competing causes of death which would reduce the cancer yield, and based on 
what was seen in the territories most affected by Chernobyl fallout these deaths would be 
from heart attacks and strokes. There is evidence on the internet that these effects are 
already occurring since Fukushima. 
  
In addition to the land exposures, there will be effects from the significant coastal 
contamination and sea-to-land transfer followed by inhalation. These effects cannot as yet 
be quantified since very few measurements of contamination in coastal sediment are 
available. Table 2 predicts that the release of Strontium-90 is significant. However, the 
relative weakness of the explosions seems to have resulted in far lower Sr-90 
contamination to the land beyond a few kilometers (as shown by the few measurements 
made, which include some I performed in my own laboratory). This was also found after 
the Chernobyl accident where a similar reactor explosion occurred. Strontium has a fairly 
high boiling point of 1385 degrees compared with Caesium (678 degrees). Both are 
soluble in water and form soluble compounds.  It is likely that the Sr-90 dispersion to the 
sea is much greater.  
 In comparing health effects from Fukushima with Chernobyl it should be noted 
that the land based source term for Caesium-137 is comparable to that of Chernobyl, but 
the population affected is very much greater. The Japanese population of the 100km 
radius around Fukushima (3 million) is more than three times the equivalent population 
exposed to the same level of surface contamination from Chernobyl in Belarus, Ukraine 
and the Russian Republic (800,000) ( Savchenko 1995, Nyagu et al 1998). Thus the 
collective dose at Fukushima is more than 3 times greater than at Chernobyl, and so, 
whatever risk model is employed, there will be more cases of cancer in Japan. 
 
Worst case scenario 
 
The worst case scenario is a catastrophic fission explosion of the material in the Spent 
Fuel pool following some collapse of the building. If we allow this to be great enough to 
cause secondary fission explosions in each of the other reactors and fuel pools we have 
what is equivalent to a fairly low energy but very dirty fission bomb. The dispersion of 
the heavy material will be mainly to the local environment and to the Pacific Ocean. The 
quantities involved are given in Table 2. Taken together they represent, in activity terms, 
less than the global weapons testing yields. Comparisons with various releases are given 
in Table 3 for the medium half-life nuclides of interest - Cs-137 and Sr-90. 
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Table 3 Comparison between Worst Case Fukushima releases and other global 
injections of fission products. The numbers are multipliers that must be applied to 
potential releases of Cs-137 and Sr-90 from the Fukushima worst case scenario in order 
to compare them with historic global contamination events.” 
  
Nuclide Hiroshima 

bomb 
Fukushimaa  
2011 

Chernobyla 

1986 
Atmospheric 
Tests 1952-80 

Cs-137 10,000 80 80 0.6 
Sr-90 10,000 80 260 0.6 
a dispersion releases, Table 2 
 
It is immediately clear from all this that the worst case scenario has already happened; 
that is to say, the total quantity in the entire Fukushima complex is less than the quantity 
released to the global environment by atmospheric tests between 1945 and 1980. The 
main injection from the testing was in the period 1959-1963. This was globally dispersed 
by the force of the megaton tests which injected the fallout into the stratosphere where it 
fell later in rain; it can still be measured in rain. These exposures were the cause of the 
global cancer epidemic which began in 1980 and determined differential cancer rates 
according to rainfall (Busby 1995, 2007, ECRR 2010). At the time they caused increases 
in infant mortality. The global cancer mortality yield of these exposures was calculated 
by the European Committee on Radiation Risk in 2003 at approximately 52 million 
(ECRR 2003).  
 The Fukushima worst case scenario has a release which involves, at most, a 
source term of 60% of the global weapons tests, but more important it does not involve a 
megaton fusion (hydrogen) explosion which causes stratospheric injection. Therefore the 
globalization of the releases will be far less.  
 It may be supposed that the contamination of northern Japan would be such that 
the country would have to be evacuated. Uniform dispersion of the Caesium-137 alone in 
northern Japan would give a coverage of about 16MBq/m2 yielding a gamma dose rate of 
about 50 µSv/h. Radionuclides other than Caesium-137 would add to the exposure. Note 
that the 50 µSv/h dose from Caesium-137 is 438 times greater than the limit for effective 
dose to members of the public laid down by the EU Basic Safety Standards Directive (EC 
1996).  
 
Airborne releases 
 
The airborne releases from the worst case scenario would not disperse in the same way as 
the weapons testing releases, therefore the global exposures would be less than those 
based on source terms and thus would not cause global catastrophic effects. The gaseous 
releases e.g. I-131, H-3, radio-Xenons etc. would, however be significant. It could be 
assumed that the airborne concentrations measured in the USA from the initial 
Fukushima explosions could be employed as a factor to predict air concentrations 
following the worst case. There is no cause for complacency however even if the levels 
were modest: it should be noted that even the very low concentrations of I-131 obtained 
in California after the Fukushima catastrophe had a significant effect on health. Recently 
we have shown that there was a significant increase in hyperthyroidism in infants in 
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California which was caused by exposure to the Fukushima releases (Mangano et al 
2013). Weapons tests effects in California from the Nevada tests were also significant; 
the high rate of breast cancer in Marin County San Francisco is almost certainly a result 
of the contamination of northern San Francisco Bay by runoff from the Nevada Test 
fallout (C Busby, L Moret unpublished research). 
 
The Pacific Ocean and the Baltic Sea 
 
There would be some contamination of the Pacific Ocean. Since the Pacific Ocean 
volume is about 330 million cubic kilometers, the total dissolution of all the Cs-137 in 
Fukushima would yield a seawater activity of about 9Bq/m3 (Northern Pacific: 330 
million km3 (http://www.ngdc.noaa.gov/mgg/global/etopo1_ocean_volumes.html). 
Caesium-137 levels higher than this were measured in the Irish Sea and also in the Baltic 
Sea after Chernobyl. There would be considerable local adsorption on the sea bed, and 
this would largely limit the dispersion of dissolved material. The localization of Caesium 
and other radionuclides and their dispersion has been studied extensively in the Irish Sea 
and the Baltic Sea and results show that uniform dispersal and dilution of sea discharges 
(the assumption of the nuclear industry) does not occur. Measurements made in the Irish 
Seas show that the dispersion of radioactivity is follows quite specific dispersion of fine 
and ultrafine sediment particles. The effects of the coastal contamination of sediment 
would be to increase cancer rates in those living within a few kilometers of the sea. This 
is known to be the case as a result of research carried out in the UK on coastal 
communities living in Wales near shores contaminated by material released from the 
reprocessing plant at Sellafield. The exposure route is airborne sea-to-land transfer and 
inhalation (Busby 2007).   

The contamination of the northern Pacific Ocean from a Fukushima worst case 
can usefully be compared with the contamination of the Baltic Sea by weapons test 
fallout and Chernobyl. The temporal contamination of the Baltic has been studied by the 
Finnish radiation protection agency STUK (Ikarheimonen et al 2009, HELCOM 2009, 
HELCOM, 1989).  After Chernobyl, the total inventory of about 800TBq Cs-137 from 
the weapons tests fallout jumped to about 5000TBq and then fell to about 3000TBq by 
2005 as a result mainly of adsorption in sediment. In 1996about half of the Cs-137 was in 
the water and half in the sediment, though in 1988 most was in the water. The Sr-90 
inventory of 700TBq in 1965 had fallen to 200TBq by 2005; all of this was in the 
seawater. If we apply the same logic as the Pacific calculation we dilute the inventory of 
Cs-137 into the volume of the Baltic Sea (217,000km3) we obtain 23Bq/m3. The 
measurements made by the Helsinki Commission in 1989 found up to 100Bq/m3 of Cs-
137 in 1989 in the Western Baltic. This is about 10 times greater than the levels obtained 
for the Fukushima worst case dilution.  

So we see that the Fukushima catastrophe has already occurred in the Baltic Sea, 
an area of water surrounded by a large population of several countries. 

Baltic sediment contains up to 100,000Bq/kg Cs-137 in places, (HELCOM 2009) 
and radionuclides are measured in fish and shellfish caught in the Baltic at levels far 
greater than those being reported recently in Pacific tuna. Measurements reported by 
Erkki Ilus of STUK and reported to HELCOM-MORS in 2009 (HELCOM 2009) give 
Ca-137 concentrations in Baltic herring of between 80 and 300Bq/kg in 1990 and 
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60Bq/kg in 2005. The effects of these levels of contamination are not known (see Note 1 
below).  

The overall effect on the Pacific biota would depend on the transport of 
radionuclides from the event. The Pacific has been severely contaminated in the past 
from the US weapons tests in the Marshall Islands (Bikini). This resulted in 
contamination of Tuna as far north as Japan although the seawater concentrations were 
low except in the areas of the tests. The Pacific recovered. Apart from northern Japan the 
target group at risk are those living on the shores of the northern and eastern Pacific 
Ocean: Japan>Korea>China> Eastern Russia> North West USA> Western USA. Levels 
of contamination and effects would be comparable but less than those in the Baltic sea. 
 
  
Summary and Conclusions 
 
The total immediate catastrophic release of the entire contents of the Fukushima 
reactors and fuel pools would not amount to more than has already been injected 
into the global environment by atmospheric weapon tests. The health effects of these 
are known and amount to some 52 million cancer deaths. Accordingly, the worst 
case scenario at Fukushima will not make the northern hemisphere uninhabitable 
and the total doom/ death of life on earth predicted by some is impossible. The most 
likely outcome would be catastrophic contamination of northern Japan forcing total 
evacuation of the population. The main global consequence will be serious 
contamination of the Pacific which may catastrophically affect Pacific biota. Effects 
on human populations in other countries will be finite but less than the global 
weapons fallout effects which have been quantified at 52 million cancer deaths. 
Apart from northern Japan the target group at risk are those living on the shores of 
the northern and eastern Pacific Ocean, Japan>Korea>China> Eastern Russia> 
North West USA> Western USA. The contamination of the Pacific from the worst 
case scenario at Fukushima can be usefully compared with the slightly greater 
Baltic Sea contamination from weapons fallout and Chernobyl.   
 
 
Note 1 
 
An attempt by my ECRR group, formed in the Karolinska Institute Stockholm in 2011 to 
investigate the effect of the Baltic contamination on cancer rates (based on earlier work 
on the Irish Sea coastal cancer effect), was turned down by both the cancer registries of 
Sweden and Finland who refused to supply data. An application for a grant to the 
European Union ( INTERREG 4) was turned down in 2011 although an organisation in 
the USA had advanced the substantial 25% deposit required for the grant.  The director of 
the Finnish Cancer Registry in Helsinki, Dr Timo Hakulinen told us in 2011 that there 
was indeed an excess of cancer incidence on the coast of Finland but no explanation was 
available. He thought that perhaps people who liked to live near the sea were more 
susceptible to cancer.  The ECRR group was thrown out of the Karolinska Institute and 
our deposit for the study was returned. 
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