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Global Fallout: The Nordic Leukemia Study 

 Darby, S. C., Olsen, J. H., Doll, R., Thakrar, B., de Nully Brown, P., Storm, H. H., 
Barlow, L., Langmark, F., Teppo, L., and Tulinius, H. (1992), `Trends in Childhood 
Leukemia in the Nordic Countries in Relation to Fallout from Nuclear Weapons 
Testing', British Medical Journal, 304: 1005-9. 

 The method used in this study was apparently simple. It was to look at the trends in 
childhood leukemia rates in a pooled sample of children from all of Denmark, Sweden, 
Norway, Finland, and Iceland. When these combined rates were plotted over the period 1948 
to 1987, the research found that there did not appear to be any clear increases in childhood 
leukemia incidence following the peak in weapons testing fallout between 1962 and 1964.  
 There were, however, a number of serious flaws in the methodology of the study.  The 
first was that the sample population included all the Nordic countries given above. These 
have (a) different genetic makeup and (b) eating habits and environments and  (c) very 
different rainfall levels and hence different dose levels to their populations.  It is now well 
established that environment and genetic constitutions define cancer susceptibility in the ratio 
of about 5 to 1. Thus we are examining different groups with different susceptibilities and 
exposures and yet expecting a useful answer. For example, the pooled sample contains three 
low rainfall countries of aggregate population 18.6 million and two high rainfall countries of 
4.4 million. The lag between leukemia expression and dose is known in the case of certain 
cancers (e.g.breast cancer) to vary with the dose level (BEIR V, 1990: 261). This is explained 
in terms of the Armitage/ Doll type theories as a consequence of the time taken for the 
expansion of damaged clones and clearly the fewer damaged clones the longer the lag 
between exposure and expression. Thus we might expect the range of doses involved in the 
pooled Nordic sample to smudge out any leukemia increases which existed; a simple tell-tale 
spike which would indicate response to an environmental factor might be unlikely to show up 
except in infants.  
  The second flaw is that no data was presented for years before 1948. If death-rate 
trends in England are anything to go by, then the incidence rates for ages 0-4 shown in the 
paper of 5-7 per hundred thousand compare with death rates for ages 0-4 given by the 
Medical Research Council (MRC, 1957, 1961) of 4.6 in 1952-4, 3.6 in 1940-2, and 2.1 in 
1931-3, near the beginning of the radiation age. The MRC papers were written just before the 
peak of the fallout. Their co-author was Richard Doll.   
 The third flaw is fatal, and may lead the reader to wonder about the agenda of the 
researchers. The incidence of leukemia in the 0-4 age-group, as presented in the paper, is 
displayed in Fig 5.2, taken from ‘Wings of Death’ [Busby 1995] Note the large variations in 
incidence rate between 1948 and 1958. This large variation signals a small sample size. If 
you look closely in the text of the report, it turns out that this is so: all the data prior to 1958 



is from the Danish Cancer Registry only. This makes the title of the paper and the abstract 
conclusions misleading. For the title is not: `Leukemia in Denmark up to 1958, just before 
fallout began to increase, compared with leukemia in a pooled Nordic sample from then on.' 
This may not be catchy, but has the undeniable benefit of accuracy. 
 The population of Denmark is 22 per cent of the total sample size of the study. There 
is no mention in the abstract, which concludes that present risk factors are largely correct, 
that the study population changes half-way through. And not just half-way through but just 
before the period when any increase in leukemia might be occurring. In Fig.5.2b I have 
omitted the Danish data before 1958 and display the five-year moving average for the true 
combined sample. Can you see the obvious peak between 1966 and 1969?  This peak  three to 
five years after the exposure is typical of radiogenic leukemia in children (Darby, Doll, et al., 
1987). The researchers could not ignore the peak: even with the spurious use of the Danish 
data to bolster up the early levels it was clear enough for them to state: `Rates of leukemia in 
the high exposure period were slightly higher than the surrounding medium exposure period.'  
Why is it unacceptable to use the Danish data in the way these researchers did? Because we 
do not know what their normal leukemia rate at the time was, relative to the normal rate for 
the rest of the Nordic countries. The data is not available. We certainly cannot assume that 
the Danish data could be used as an early surrogate for the aggregated data from the 
Scandinavian registries just because they speak a similar language, cross their written 'o's and 
sometimes eat raw fish. Yet this seems to be just what Dr Darby, Professor Doll and their 
colleagues did do.  
 It is interesting to observe the increase in childhood leukemia occurring after 1980 
shown by Fig.5.2a and b. The researchers assumed that the effects of fallout would only 
occur up to seven years after the exposure. This echo of the exposure was not referred to by 
them but it is the same echo that we see in Wales. I conclude that the Nordic leukemia 
study was seriously flawed in its design and that the results were presented with bias. The 
abstract of the paper draws invalid conclusions and fails to make reference to a change in the 
data sample which occurred half-way through the study. Nevertheless, the paper still shows 
an increased risk of leukemia in the 0-4 age-group over that predicted by the accepted risk 
factors. The existence of the peak in 1966-69 in the 0-4 age group (born in 1962-65, after the 
highest fallout exposures of 1959-63) is consistent with the idea that the effect is a response 
to exposure of the parents. The same kind of genetic effects from Strontium-90 occur in mice 
and rats (Luning et al.,1963; Setsuda et al.,1962). The dose to the fathers testes in the year 
before conception was 140μSv (the figure given in the paper) during the maximum fallout 
period and this enables us to calculate the error in risk associated with the finding of an 
increase of 16% in the rate in the 0-4 age group ( Fig 5.2b). Using the risk factor given by 
BEIR V (BEIR V, 1990:250) of .0006 Person Year Gray the expected number of leukemias 
per 100,000 population in the seven years following exposure is: 



  .0006 x7 x140 x10-6 x100,000 = .06 leukemias 
The excess found is about 1, and so the error defined by this is 16 times.  
The authors' conclusion in the Nordic leukemia study paper, that present risk factors are 
correct is undermined by a more recent and better designed investigation by Bentham and 
Haynes which was first referred to in 1989 (Russell-Jones, 1989), but was not published until 
1995. 
Global Fallout, Rainfall, and Leukemia 
Bentham and Haynes (1995) compared childhood leukemia trends over the period of the 
fallout across regions of England and Wales with different levels of rainfall and therefore 
different levels of fallout exposure. This is largely the same project as my own and the results 
are therefore pertinent, especially since they demonstrate a clear effect of low-level radiation 
on the rates of childhood leukemia, particularly in the age-group 0-4, those most likely to be 
affected. Fig 5.3 shows the ratio between wet areas and dry areas of leukemia rates in this 
group over the period of bomb testing. The periods for comparison were chosen by the 
researchers as low and medium exposure periods either side of the peak exposure of 1962-5. I 
have changed the ratios shown in the original paper by normalizing the wet/dry ratio to the 
earliest available data. This is to factor out intrinsic differences between the populations of 
the wet and dry areas prior to the onset of the radiation. Note the clear increase at the time of 
maximum exposure, and also the more recent increases occurring in the high rainfall areas as 
the echo of the first effect, passed on through genetic damage. These are the same effects 
found in the Nordic samples and are the effects we see in Wales (Busby 1995). 
 Just as we did in the case of the Nordic leukemia study, we can use this data to 
calculate the error in the accepted risk factor for radiation-produced leukemia. Haynes and 
Bentham found that there was a 23 per cent increase in the rate for the high rainfall area over 
the low rainfall area during the peak exposure. Using the same risk factor of .0006 Person 
Year Sievert, the expected number of leukemias per 100,000 produced by a dose of 750μSv 
in the seven years following exposure used by the study is therefore: 

.0006 x7 x750 x10-6 x100,000= .315  
This is 0.315 in a population of 100,000. Over the same seven-year period Bentham and 
Haynes found an increase of 23 per cent. Since the overall rate in the age-group 0-4 is about 5 
per 100,000 this means an excess of 5x .23 x 7 over the seven-year period, that is 8.05 extra 
leukemias per 100,000. The ratio of found to expected gives us the error of 25.5 times. This 
figure translates into over 250 children aged 0-4 living in rainy parts of England and Wales 
dying of leukemia caused by the bomb-testing fallout over the period 1962-9. 
In this calculation, I have used the 750μSv as the difference in the excess cumulative 
effective dose to the red bone marrow for children born in high rainfall areas (i.e.over the low 
rainfall area children dose). The results of this study do not permit us to discover if the effects 
are via parental or child exposure because we cannot see exactly where the peak effect was. 



However, if it were a genetic effect then the relevant differential dose (to the fathers testes) is 
about 70μSv and the calculated error would be ten times higher, i.e.250 times. Such a size of 
error is exactly that required to explain the Sellafield leukemia clusters. 
 One final point. It may be that leukemia is the most immediate response in man to 
acute external irradiation, but it may not be a good indicator of effect from chronic low-level 
internal irradiation. Why should it be assumed that it is? And why do all studies of radiation 
effects near nuclear installations concentrate on leukemia? All that is known is that a single 
acute dose of radiation carries a risk of subsequent leukemia. But we also know that the 
turnover of blood cells is very high, much higher than the rate for many of the cell types that 
give rise to the common cancers. We would therefore expect leukemia effects to show sooner 
and to suffer less from the kind of genetic amplification of error effect which results if high 
levels of solid tumours in those exposed to weapons fallout. 
 
Fallout and leukemia in the United States. 

The only evidence of global fallout effects on cancer induction quoted by BEIR V is 
the report by V. E. Archer (1987) of increases in leukemia in states of the United States with 
high Strontium-90 levels. This is incorporated into the text without comment, except to state 
that the author found that the leukemia excess was in agreement with risk factors deduced 
from the A-bomb survivors. (BEIR V: 376). Archer assumed a much larger cumulative dose 
to his study population than was used by either of the two studies above, or by 
UNSCEAR,(1964). His 5-9 and 5-19-year-olds in the United States, were assumed to have 
been exposed to 4.5 mSv. and BEIR V states that he found a 12 per cent excess in cases of 
acute and myeloid leukemia in 5-19 year olds over the period 1950-75 (see Fig. 5.4a and b). 
This is not widely different from expectation on the basis of accepted risk factors if we use 
the large figure for exposure dose. It is extremely interesting to contrast the results of the 
Nordic study approach and Archers. Darby et al.,(1992) showed that there was no leukemia 
increase. This was fitted into the risk paradigm by stating that the dose was too low for any 
effect to show. The opposite course of action was taken by Archer. His study found a real 
effect. This was fitted to the paradigm also, in this case by increasing the presumed dose. 
This is a method that was employed in post hoc explanations of the Chernobyl thyroid 
cancers. He states in the paper: "Probably the best estimate of average bone marrow exposure 
to United States residents from nuclear fallout is the 50yr integrated value from the BEIR III 
report."  This 50 year integrated dose is 405mRads or 4050μSv. This 50 year dose cannot be 
related to a child of 5-9 or even 5-19. Moreover, looking at Figure 5.4 it is clear that the 
increases in the age group 5-9 are more like 25 percent. The Archer study thus supports that 
of Bentham and Haynes and an error in the accepted risk factor for childhood leukemia of 
between 25 and 250. Furthermore, this study shows a clear fingerprint of the fallout time-
spectrum impressed on the childhood leukemia rate with a lag of up to eight years in the age 



group 5-9.   Archer also compared areas of high and low exposure, again defined by 
rainfall but also confirmed by bone autopsy data on Sr-90 concentration. Besides showing a 
clear effect of the fallout on the trends in leukemia in the two age groups, he also showed that 
there was a significant difference between all age death rates for all leukemias when grouped 
by Sr-90 exposure. This result is shown in Fig 5.4c.  Archer did not study other cancers 
which have longer lag-times. His study is, however, the first to show clearly an echo of the 
fallout time-spectrum; since there were roughly three periods of global fallout, with gaps 
between them due Test Ban Treaties, this spectrum can be used as a fingerprint for fallout-
induced cancer. 
 
Postscript 
In 1995 as I was writing this account for’Wings of Death’, I contacted Sarah Darby to ask for 
the raw data so that I could establish for myself the relative leukemia incidence in Denmark 
and the other Nordic countries. She responded by saying that the data was not available: it 
had been taken by Bharat Thakrar, one of the researchers. Quite by chance, some time later a 
friend was working at the London School of Hygiene and Tropical Medicine and met Bharat 
Thakrar, so I was able to ask him whether he had the data. The answer was no, he had never 
taken the data. I wrote to the Danish Cancer Registry: they replied by saying they would not 
let me have the data and by referring me to Max Parkin in Lyon. I wrote to him and received 
no reply, but later heard that his wife, Sara Parkin, had said that he would not let me have 
anything as I was crazy because I believed that  low level radiation caused cancer. 
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