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Introduction 
 
In the year 1990, particles of the radioactive nuclide Radium-226 were detected on the 
beach at Dalgety Bay, a small town on the south coast of the Fife Health Board area in 
East Central Scotland. The contamination was believed to result from disposal of wartime 
aircraft radium dials. The Information and Statistics Division of the National Health 
Services Scotland was asked to investigate to see if there was any evidence of increases 
in cancer in the area. This organization, now the Information and Statistics Division of 
the Scottish Assembly (ISD) have a history of carrying out epidemiological analyses of 
areas where exposure to ionizing radiation is suspected. These include the well known 
Dounreay childhood leukemia cluster (Black et al 1994b) and also the examination of 
childhood leukemia near the Sellafield contaminated coast of Dumfries (Stark et al, 
2007). The study of Dalgety Bay was of cancer incidence between 1975 and 1990 and 
was published in 1994 (Black et al 1994). The matter was brought to the attention of 
Green Audit by a reporter who was following up a story about a young man who had 
lived near Dalgety Bay, played on the beach, had been diagnosed with acute 
lymphoblastic leukemia (ALL) at the age of 14 and had subsequently died of the 
condition some years later after a significant time lag. The reporter also tracked down 
another child from Dalgety Bay who was diagnosed at the age of 4 years in 2004. Thus 
we have 5 children from this small population with acute leukemia in a period of 30 
years.  
 In examining the study published in 1994 it was immediately clear from the data 
presented that there was already an excess of childhood leukemia in the area over the 
study period. Curiously however the authors failed to report this obvious cluster and 
indeed they covered it up by focusing attention on a different age group and including 
“all leukemias” and a different cancer group, Non Hodgkin Lymphoma, to reduce the 
statistical significance of the result. I will show this here, and will carry out a separate 
analysis which brings in an extra case diagnosed in 2004. I will show that the cases taken 
together define a clear childhood leukemia cluster and will argue that the authors of the 
1994 study were remiss in not reporting this. I will argue that given the seriousness of 
this issue, and the other examples of work by this group, there should be some kind of 
investigation into the neutrality or competence of the organization carrying out this 
investigation. 
 
Childhood leukemia and ionizing radiation  
 
The link between ionizing radiation and childhood leukemia is clear. It was first made in 
the late 1950s by Alice Stewart who studied children whose mothers had received 
obstetric X-rays (Stewart et al 1958). Although disputed at the time, this connection, with 
a risk of about 50 per Sievert, now accepted by the scientific community (Wakeford and 
Little 2003).  Then in 1983 the childhood leukemia cluster at the nuclear reprocessing 
plant at Sellafield in Cumbria was discovered by Yorkshire TV. Following a public 
enquiry and some research this was later defined by Gardner et al (1987, 1990) in his 
schools cohort studies of Seascale as a relative risk RR of 9.36 based on 5 cases in the 33 
year period 1950 to 1983. Relative Risk (RR) is a number which shows how much in 
excess of the expected rate for the condition is than the expected level based on a national 



average. A RR of 2 means that there is twice the numbers of cases found than would be 
expected normally. Childhood leukemia clusters were subsequently found near a number 
of other nuclear sites (Aldermaston, Harwell, Dounreay, Hinkley Point, La Hague in 
France, Kruemmel in Germany (Beral et al 1993, ECRR2010) and most recently the 
German Childhood Cancer registry KiKK study (Spix et al 2008) found a significant 2-
fold excess risk of leukemia in all children living within 5km of nuclear sites in Germany. 
Despite this, the authorities in the UK refuse to accept that the radioactivity released from 
the plants are the cause of the childhood leukemias, although no other credible 
explanation is available.  

In all of the studies which examined risk by 5-year age group the major effect was 
shown to be in the 0-4 age group, and this is to be expected a priori since this is the child 
group which shows the peak in risk for acute lymphocytic leukemia (ALL) in all human 
populations. It is necessary to register this fact since any examination of a wider age 
group will necessarily dilute any effect due to increases in this age group. 
 
The Dalgety Bay childhood leukemias 
 
Radium-226 was found on the beach at Dalgety Bay in 1990 and was presumed to have 
been there since after the 2nd War. Particles of Ra-226 contaminated material are 
therefore available for inhalation due to resuspension and wave action (sea to land 
transfer) and this will convey radiation doses to children and parents. This is a similar 
scenario to the Sellafield, Dounreay and other coastal exposure scenarios. Black et al 
1994 did not look primarily at childhood leukemia but at adult cancer which gave no 
major indication of any significant increased risk according to the authors. However, in 
the paper an analysis of childhood leukemia and non-Hodgkin lymphoma 0-14 was 
included. The period chosen for the study was 1975-1990, 16 years, and this is curious in 
itself since data will have been available from 1971. In this period there were reported to 
be 3 cases of acute lymphoblastic leukemia in the age group 0-4. 

I begin with the populations. The overall population is given in the paper as 1575 
in 1971, 5572 in 1981 and was estimated at 8246 in 1992. Linear interpolation of 
populations between these points gives the adult population by year. The percentage of 
this population aged 0-4, 5-9 and 10-14 are also given in Fig 2 of the Black et al paper. 
This enables me to calculate the number of children aged 0-4 and 0-14 by year between 
1975 and 1990. I give the data in Table 1 and Table 2. 
 
Table 1 Fraction of the total Dalgety Bay population in the age ranges   0-4, 5-9 and 10-
14 in 1971, 1981 and 1992 (from Black et al 1994) 
 
 0-4 5-9 10-14 
1971 0.15 0.13 0.1 
1981 0.10 0.1 0.08 
1992 0.08 0.08 0.08 
 
 
 
 



Table 2  Adult, child 0-4 5-9 and 10-14 populations Dalgety Bay 1975-1990 interpolated 
from the data in Black et al 1994. 
 
 Adult 0-4 5-9 10-14 
1975 3175 381 381 285 
1976 3575 429 429 321 
1977 3975 477 477 357 
1978 4375 525 525 393 
1979 4775 573 573 429 
1980 5175 621 621 465 
1981 5572 668 668 501 
1982 5839 525 525 525 
1983 6106 549 549 549 
1984 6373 573 573 573 
1985 6640 597 597 597 
1986 6907 621 621 621 
1987 7174 645 645 645 
1988 7441 669 669 669 
1989 7708 693 693 693 
1990 7975 717 717 717 
 
Rates for childhood leukemias and non Hodgkin lymphomas were not available for the 
whole of Scotland but are not believed to be significantly different from rates in England 
and Wales over the same period which were used to assess the significance of the 3 acute 
lymphocytic leukemias in the age group 0-4 reported by Black et al for the period. 
England and Wales rates were taken as the average rates for males and females in the 
three age groups in 1975, 1985 and 1990. These are given in Table 3 
 
Table 3 Mean child acute lymphocytic leukemia (ICD9 204) and non-Hodgkin 
lymphoma (ICD 200 and 202) rates per 100,000 for England and Wales 1975, 1985 and 
1990 mean of males and females in three 5-year age groups) (OPCS Ser.MB1). 
 
 0-4 5-9 10-14 
Acute Leukemia ICD9 204 4.9 3.5 1.5 
Non-Hodgkin Lymphoma ICD 200 and 202 0.66 0.66 0.85 
 
If the acute lymphatic leukemia rates are applied to the Dalgety Bay area between 1975 
and 1990 the crude expected number of cases in the 0-4 population year at risk is 0.45 . 
This defines a relative risk of 6.6 (O/E) p< 0.0001 (Cumulative Poisson). The reported 
cases are all in this age group. There were no cases reported in the 5-14 year age group. If 
we apply the mean 0-14y rate of 3.23 per 100,000 to the 26,866 population of 0-14 year 
olds we obtain a Relative Risk of 3.5 O/E = 3/0.86; p<0.05. Black et al brought in the 
non-Hodgkin lymphomas (of which there were none) to obtain an expected number of 
combined all leukemias (which combined have a slightly greater rate than ALL alone) 
and non Hodgkin lymphomas of 1.31, for which the O/E was 2.45 p= 0.142, not 
significant.  



This is summarized in Table 4. The similarity in the result of the calculation made here 
on all leukemias and non-Hodgkin lymphoma combined using England and Wales rates 
and that given in the paper by Black et al support the use of the England and Wales rates 
for the other calculations.  

It should be clear from Table 4 that what Black et al 1994 have done is “lose” a 
significant result which they were presumably commissioned by public concern to look 
for by what is called “boundary loosening”. This can be done by falsely altering baseline 
population data (example Wales Cancer Intelligence Unit, Busby and Howard 2006), or 
by bringing into the analysis cancer sites for which there are no cases. Since Black et al 
are effectively the Scottish Cancer Registry, they will have had access to all the data 
before they began the study and will have known which boundaries to loosen to obtain 
the desired effect. Indeed, in the paper the authors write: all three cases were of ALL in 
children aged 0-4 but an excess in this subgroup was not anticipated a priori.  This is an 
astonishing statement from cancer registry authorities who must be aware from their own 
data if nowhere else that the highest rates for ALL in populations and in all nuclear site 
analyses are found in this age group and they must therefore have known a priori that any 
effect found would be found in this age group before any older children. This evidence of 
bias also begs the question of the period chosen for the study and whether there were any 
child leukemias in a slightly larger period from 1971 or earlier. For example, the same 
team published an analysis of child leukemia and non Hodgkin lymphoma near the 
nuclear site at Dounreay in the same year 1994 (Black et al 1994b) but examined a time 
from 1968 to 1991. Is it not curious, therefore that their Dalgety Bay analysis was from 
1975? One single case between 1968 and 1975 would have pushed their result into 
statistical significance, whereas if there had been no cases in this period, the rsuclt would 
have shown an even lower evidence of harm from the exposures. But of course there may 
be a simple explanation. The number of cases of leukemia may seem small, but note that 
the Sellafield cluster, which resulted in a public enquiry had only 5 cases between 1950 
and 1983, 33 years. Here we have 3 cases in 16 years and as we shall see, assuming no 
more come to light, 5 cases in 31 years, roughly the same number in the same period and 
a similar population that led to the Black committee enquiry in 1983.  

It is worth noting that the same organization ISD was criticized recently in the 
literature for their attempt to show that there was no sea coast effect on child leukemia in 
Dumfriess and Galloway in south western Scotland where the Solway coast has 
radionuclide contamination from Sellafield and the Uranium ranges at Dundrennan. 
(Busby 2008) 
 
 
 
 
 
 
 
 
 
 
 



Table 4 Different approaches to assessing the significance of the three acute leukemias in 
children aged 0-4 in Dalgety Bay 1975-1990 reported by Black et al 1994. NS = Not 
Significant; p values are cumulative Poisson values. 
 
Authors Test Result, O/E; RR p-value 
This analysis Acute lymphatic 

leukemia 0-4 
3/0.45; 6.6 0.0001 

This analysis Acute lymphatic 
leukemia 0-14 

3/0.86; 3.5 0.05 

This analysis All leukemias plus 
non-Hodgkin 
lymphoma 0-14 
E&Wales rates 

3.0/1.20; 2.5 0.12 NS 

Black et al 1994 All leukemias plus 
non-Hodgkin 
lymphoma 0-14 
Scotland rates 

3/1.22; 2.48 0.12 NS 

 
 
The more recent cases 
 
Two other Dalgety Bay associated cases have come to light though looking at news 
stories. One is a boy who was diagnosed with ALL in 1994 at the age of 14 and who has 
since died. The second is a boy who was diagnosed with ALL in 2004 at the age of 4. If 
we assume the 1992 population of 2151 children aged 0-14 the person years at risk over 
the 31 year period to 2005 is 59131 and the expected number of cases is 1.9. We now 
have 5 cases so the Relative Risk is 2.63 p = 0.04, statistically significant. If we only use 
the 0-4s there are now 4 cases but in the 20,018 person years at risk we should expect 
0.98 so the Relative Risk is 4.1 p = 0.02, also statistically significant. This assumes that 
there are no other cases between 1990 and 2005 which have not been found or reported. 
Thus we see that the childhood leukemia cluster at Dalgety Bay seems to be continuing. 
 
Conclusions and recommendations 
 
Examination of the Black et al 1994 report on cancer risk in Dalgety Bay reveals a highly 
statistically significant 6.6-fold risk based on three children. This finding did not feature 
in the conclusions of the original report which employed forms of boundary loosening to 
reduce the statistical significance of the clear leukemia cluster. The organization involved 
has been criticized elsewhere ( Busby 2008) for a report (Stark et al 2007) aimed at 
minimizing risk from child leukemia in Dumfries and Galloway. More recent discoveries 
by a reporter of two other cases of leukemia in children who either live or have played on 
the beach in the area define an on-going statistically significant 4-fold excess risk of 
acute lymphatic leukemia in this area in children 0-4, an area which is contaminated with 
radium-226 containing particulates.  

This evidence may be added to that from many studies of childhood leukemia 
near nuclear sites (Beral et al 1993, ECRR2010) to support the idea that such findings 



reveal a causal relation between the childhood leukemia and exposures to radioactive 
particulates, since in this case, unlike at the nuclear sites, this is the only exposure. This 
may be seen in scientific philosophy or causality philosophy terms as an item in the 
Principle of Instance Confirmation of John Stuart Mill (Mill 1879, Harre 1990). 
Alternatively we may use Bayes Theorem to employ these results to further refine our 
probabilistic level of belief that exposure to low levels of respirable radioactive particles 
(from a nuclear site or a contaminated coast) causes acute leukemia in children (Bayes 
ref). 

It is recommended that the numbers of children with leukemia are released by the 
authorities for independent analysis in this and in other small areas of Scotland associated 
with risk from radioactive contamination. This is a matter which was recently the result 
of considerable acrimony and a ruling by the English House of Lords against a formal 
ruling made by the Information Commissioner for Scotland and upheld in the Scottish 
Court of Sessions. It was the organization responsible for the Black et al 1994 paper 
which refused to release the data on childhood leukemia for Dumfries and Galloway 
following a Freedom of Information request from the Green Party there (advised by me) 
that led to the sequence of events that now maintains secrecy in this area. We can, from 
the results shown her, perhaps see why ISD Scotland (or the British government) is not 
anxious to have these data available for independent analysis. 
I recommend that there should be some kind of investigation into the neutrality or 
competence of the organization carrying out this investigation, the ISD. 
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