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Article

Childhood Leukemia Increased Significantly in
Wales and Scotland after Chernobyl: A Biological
Explanation

Christopher Busby

Environmental Research SIA, Palejas, Kurmene, Latvia LV-5115; christo@greenaudit.org

Abstract: Employing data supplied by the Oxford-based UK Childhood Cancer Research Group in 2003 it is
shown that after the Chernobyl accident, childhood leukemia by single age and year of birth in the 0-4y cohort
increased significantly in Wales and Scotland combined in the period 1986-1990 compared with controls born
1970-1985 and 1991-1994. Relative risk RR = 1.41; 95% CI 1.20<RR<1.65; p = 0.00004. These exposure periods
were chosen because whole body Caesium-137 monitoring had demonstrated that internal exposures persisted
for more than 4 years. The dose-response is hump-backed or Weibull type due to competing effects of mutation
and death before expression. This biological approach can explain the radiogenic child leukemia enigma.

Keywords: Leukemias; risk and prevention; epidemiology and outreach; Chernobyl; radiation; dose response;
Weibull distribution

Background and argument

Childhood leukemia

Since the beginning of the radiation age, childhood leukemia has become a favourite indicator
of radiation health effects. The disease increased from the 1920s in proportion to the mining of
Uranium and production of Radium [1]. It followed radiation exposure in Japan after the A-Bombs
[2,3]. During the atmospheric testing fallout, the UK Medical Research Council [4] maintained that
the exposure was safe. Nevertheless, Strontium-90 increased in the milk and in children [5,6] and the
USA and Soviet Union stopped the testing, Kennedy citing child leukemia as a reason. By 1960, Alice
Stewart had reported significant levels of child leukemia in children who had been X-rayed in utero,
with an excess risk of about 40% for a 10mSv external dose (ERR of 40 per Sievert, similar to that
reported for the LSS cohorts [3,7].) In 1983 the child leukemia cluster near the Sellafield nuclear plant
in the UK brought the attention of the world to the possibility that “low doses” of internal
radionuclide exposures could cause significant effects [8,9,10,11,12].

The Sellafield cluster was dismissed as a radiation effect by the UK agencies in the 1980s and
since. A 1993 court case was lost on the basis that the overall dose was too low [8,11,12]. However,
excess risks were soon found at most of the contaminated nuclear sites in Europe, though similarly
dismissed [10,11]. The ERR in the case of the nuclear sites must have been greater than 1000 per
Sievert if causal. But one early pointer to the involvement of internal exposures was a study in 1985
by Lyman et al. of an area of USA where phosphate deposits caused levels of Radium-226 to be high.
Leukemia rates were found to be 50% higher in the high Radium area [13].

Therefore, it is clear from the literature that the risk of child leukemia is significantly high for
low internal doses, but for external doses, the risk factor per dose is lower by orders of magnitude.
We have to reconcile two quite starkly opposing pieces of evidence. Relatively high external doses
(e.g. obstetric X-rays [7] the Japanese LSS [3], ankylosing spondylitis [14] are required to cause modest
increases in child leukemia, and at the same time very small doses from internal radionuclides are
reported to cause significantly larger effects. This is a puzzle, which it is proposed here might be
resolved on the basis of a biological approach to causation.
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The aim of this study is to re-examine the question of radiogenic child leukemia on the basis of
two simple biologically plausible assumptions:
1. That internal exposure provides a much greater risk than external exposure because internal

exposures cause much higher local cell-ionisation damage.
2. That there is a hump-backed or Weibull type dose response owing to the combination of mutation

at low cell dose and killing at high or multi-hit cell ionisation damage.

What would these assumptions predict for child leukemia?

Figure 1 provides a flow chart which outlines the downstream possibilities from radiation

damage to an individual which lead to leukemia in childhood and which represents the basis for the
approach in this study and the interpretation of the results.

DYSFUNCTION

Figure 1. Steps leading to the expression of leukemia in a child from in utero exposure to expression.
Death before expression (right hand column) occur at higher cell doses and removes individuals from
the cohort at risk.

Since higher doses at the cell level would cause cell death (or sterilisation) the final leukemia
yield would result from a combination of two opposing rates, mutation rate and pre-leukemia deaths,
which could be expressed as foetal death or also pre-leukemia death due to a compromised immune
system. The resulting dose-response would represent a failure type or Weibull distribution [15] and
appear like Figure 2 where mutation is assumed to be linearly proportional to dose and cell death or
cell sterilisation would follow the well-known radiation cell survival curve [16]. This is a Weibull
distribution due to stress-induced failure of the component (the child).
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Figure 2. Predicted leukemia dose response as a combination of cell death and mutation response.
Red line A shows increased leukemia precursor mutation rate assumed to be a linear function of cell
dose. Green curve B is the cell survival rate with dose, beginning at 100% at zero dose and falling to
0% at high dose [16]. The outcome expression of child leukemia as described in Figure 1 is the
predicted blue curve C a representation of a Weibull type dose response. Thus, above a certain critical
dose, the child leukemia rate drops.

In the last 10 years, evidence has emerged that questions the validity of the radiation risk model
which had been employed to provide answers to these questions. The focus has shifted to the hazard
from internal radionuclide exposures. The problem is the risk model assumptions about anisotropy
of ionisation at the cell level. Internal high local doses or multiple decays can certainly kill cells and
cause greater mutation damage than the average doses calculated by current risk models, where
energy is averaged over whole organs [17].

External or internal exposure: scientific induction.

The Scientific method is one of induction [18]. That is, results from an experiment, or an
investigation, are interpreted with logic [19] as the primary source of any theory about the process
being examined. From the Sellafield childhood leukemias from the 1980s onward, the approach of
science has been “deductive”. That is, the assumption has been that, based on previous theories
obtained from Japanese A-Bomb victim data, and exposures at high external doses like the
“ankylosing spondylitis” epidemiology [14], a 10-fold excess risk at doses which were thousands of
times lower could not possibly be a cause [9]. Arguments about mechanism are effectively deductive.
So, if the result of an examination of the health effects of such a process clearly demonstrates an effect
(like the effects at Sellafield) then an explanation must be provided and a mechanism sought.

Bradford-Hill, in his “Principles of Medical Statistics” provided a caveat that knowledge of
mechanism, although valuable, was not a necessary part of establishing causation because future
research or thinking might provide such a missing piece of causation architecture [20].

In April 1986 much of Europe was contaminated with a spectrum of radionuclides from the
Chernobyl reactor explosion. This included Scotland and Wales where significant increases were
found in infant leukemia 0-1 in a temporal cohort born in the period 01/07/86 to 31/12/87 [21,22]. This
short period was chosen by researchers studying effects in Scotland, Greece, Germany, and Belarus
[21,22,23,24,25,26]. The logic behind the choice of the period seems to have been based on “absorbed
dose” for which external gamma ray exposures provided the largest value when calculated using the
ICRP energy per unit mass approach [17]. These higher levels of external gamma ray doses were
associated with the rained out gamma-emitting nuclides Caesium-137 and Iodine 131. This peaked
in the first few months and fell to low levels owing to dispersion of the radioactivity and the short
half life of the Iodine. However, radioactive contamination of foodstuffs and milk persisted for
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several years and the internal contamination of parents of leukemia children from these sources
remained at measurable levels for several years. In Wales sheep sale restrictions were only lifted in
2012, some 26 years after the event [27]. Whole body monitoring for Chernobyl Cs-137 was carried
out in England and showed a trend in internal contamination which persisted from 1986 to 1990
(Figure 3) [28]. It is a plausible assumption that in Wales and Scotland the trend in internal
contamination was similar, though the magnitude of the contamination was clearly greater. It should
be noted that although the contamination measured was from the radioactive Caesium 137 and 134,
these may be indicators for the Uranium and other particles that formed the condensation nuclei for
the rain clouds.

The origin of the data

The finding of significant excesses of infant leukemia after Chernobyl, along with similar
evidence that the current radiation risk model may be unsafe, led in 2000 to the formation by the UK
Environment Minister (The Rt Hon Michael Meacher MP) of the Committee Examining Radiation
Risks from Internal Emitters (CERRIE), which met from 2001-2004 [29,30]. The 3-person
epidemiological sub-committee, of which this author was a member, obtained comprehensive data
on child leukemia in Scotland, Wales and England from the Oxford-based Childhood Cancer
Research Group (CCRG). These data were unique. Child leukemia epidemiology has previously been
aggregated to 5-year or 15-year age groups and by year of exposure. The CCRG data gave numbers
by single year of birth and by age and sex, and were believed to be the most accurate available. CCRG
also gave data for infant leukemia by shorter periods of exposure stratified by area of Chernobyl
contamination in England and Wales but these data were only for ages 0-1 and were of no value in
examining the older children 0-4. Here the 0-4 data are employed to obtain an Excess Relative Risk
(ERR) for childhood leukemia from mainly internal exposure from Chernobyl contamination. The
internal exposures were significant for at least four years after the event as material passed though
the food chain. Because of the resolution available from the CCRG dataset it was possible, for the first
time, to examine rates by single year of birth as well as single year of exposure. Scotland and Wales
were chosen for the study since, although England data was available, there was much less (average)
contamination of England by Chernoby] rainfall.

Method

The CCRG data employed here listed cases with leukemia by sex, year, single ages 0 to 9 and
mid-year populations of Wales and Scotland from 1970 to 1997. Scotland and Wales were
contaminated by Chernobyl in April 1986. Exposure periods were divided into exposed period A of
5 years following the deposition, 1986-1990, and two unexposed periods B: 1970 to 1985 and C: 1991
to 1994. On the basis of the findings at Sellafield and the Lyman et al 1985 results, this study begins
with the assumption that internal exposures are critical and thus defines exposure periods based on
published whole body Cs-137 monitoring results [28] showing that Caesium-137 from Chernobyl was
present in individuals in England for 1100 days after the accident [Figure 3]. Since Scotland and Wales
were more heavily contaminated, in utero exposures will have occurred up to and including 1989 with
effects in 1990. Since it is widely assumed that exposure in utero is an initiating event [31] the method
examined leukemia risk by year of birth in ages 0-4. That is, for each year from 1970 to 1990 the birth
cohorts were followed: e.g. age 0in 1970, 1in 1971, 2 in 1972 and so forth. However, year of exposure
rate for 0-4y (e.g. ages 0-4 in 1970, 71, 72...) was also plotted to illustrate the difference between ways
of approaching the problem epidemiologically. The raw data and the two methods of aggregating
the data (year of birth and year of exposure) are presented and explained in Supplementary Table 1
and the raw dataset itself can be found online [32].

Contingency Table Chi-squared analysis (Mantel Haenszel) were employed to test the difference
between Exposed A versus Unexposed periods B and C, and also B+C combined [33].


https://doi.org/10.20944/preprints202305.0237.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 May 2023 d0i:10.20944/preprints202305.0237.v1

Cs137 whole body monitoring

1986 . 1987 1988 1989
‘; o
400 - ° 8 S
o <
< < 5 % <
o ool © 5} %o
[ 3] 5 Oo @ ©
300 o 5.0 5% o ® i
& & gO 8 00 g
= %
@ 200 - g 5 2
° 2 2w 2
g & 8
S o >
Q o > 8 °8 %
100 b @ 2 o il
0
;¥
<
O_
I [ | I [ | I
0 200 400 600 800 1000 1200
days

Figure 3. Whole body content trend of Caesium137 and Cs134 measured in the two years following
Chernobyl at Harwell Oxford. Graph reduced from [28]. It is assumed that the trend in Scotland and
Wales shows a similar period of internal contamination but with significantly greater numbers (see
text). LOESS regression line.

Results

Population and leukemia rates in the three periods are given in Table 1 together with Relative
Risk Ratios and statistical test results.

Rates are plotted in Figure 4 together with the whole-body monitoring Caesium-137 trend. There
was a significant increase in leukemia in Scotland and Wales corresponding to the exposure (Table 1,
Figure 4). Estimated collective cumulative doses in utero from Chernobyl contamination to the
children followed from age 0-4, based on data published in the CERRIE report, was about 0.06mSv
[29]. This produced a statistically significant excess 41% risk. The ERR per Sievert is thus about 7000.
This is capable of explaining the Sellafield cluster at an in utero dose of about ImSv.

Table 1. Childhood leukemia 0-4 after Chernobyl in Wales and Scotland combined by year of birth.
Data from CCRG [33].

Period population cases years Rate/10°
A Exposed 2548329 197 5 7.73
1986-1990

B Unexposed 1 8772852 480 16 5.47
1970-1985

C Unexposed 2 2059139 115 4 5.58
1991-1994
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*AvsB RR 1.41; 95% CI 1.20<RR<1.67; p = 0.00005
*AvsC RR 1.38; 95% CI 1.09<RR<1.75; p = 0.006
*A vs B+C RR 1.41; 95% CI 1.20<RR<1.65; p = 0.00004

*Chi-square statistical test. Yates Corrected p-values.
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Figure 4. Childhood leukemia 0-4 from 1970 to 1997 trend in rates per 100,000 both sexes by year of
birth (blue line) and year of exposure (fine red line). Data from CCRG (see Supplementary Table 1).
Also inserted (green) is the Caesium-137 annual mean Southern England whole body monitoring
trend reduced from [28] (see Figure 3). The increase is from 0 to 300Bq internal Cs-137. Standard
deviation on the annual leukemia rates ¢ = 1.2 based on 1970-1985 (n = 16).

Discussion

The results show that the Chernobyl fallout in Scotland and Wales caused significant increases
in leukemia in those children aged 0-4 who were in utero over the period of internal contamination.
The effect is clear from the trend graph in Figure 4. This finding parallels the Chernobyl infant
leukemia findings reported by several different groups for Greece, Germany, Wales, Scotland and
Belarus. In a separate analysis of year of exposure, an effect is also clear, as can be seen from the red
line in Figure 4.

This finding adds to the evidence that the current radiation risk model may be unsafe for internal
exposures [17,34,35].

The issue of post-Chernobyl effects was discussed in CERRIE. The majority report contained an
annex which provided an analysis of infant leukemia and conceded the existence of a significant
excess risk. However, the committee was divided on the issue of causation [29,30].

It should be clear that a significant excess risk at very low doses in 5 countries reported by 5
different researchers, had already philosophically falsified the ICRP model approach [30] and had
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already supported a radiogenic explanation for the Sellafield cluster. This is why Mr Meacher set up
the CERRIE. With regard to child leukemia 0-4 the CERRIE annex generally ignored it except for a
reference to the ECLIS study, Parkin et al 1996 [36]. Since this study was influential on the issue of
Chernobyl and child leukemia, it will be addressed.

The ECLIS study

Parkin et al 1996 [36] employed a pooled European and eastern European database of 0-14year-
olds and employed multivariate logistic regression on absorbed dose to see if there was any increase
in the period following the accident. The study began with some curious assumptions:

1. The leukemogenic effect of environmental radiation has a latency of 1 year. The report states: the
cumulative dose due to the accident is a function of region and year. It is zero for all person years of
observation before 1987; the dose in 1986 is zero because of the assumed latency of the dose effect of 1 year.

2. The dose is assumed to fall linearly throughout the first year following the accident and
exponentially thereafter. In other words, the external dose predominates and exposures to

internal nuclides in the four years after the accident are ignored.

Both these assumptions are questionable, and in the case of the first one would not predict any
infant leukemia in 1986 or 1987 since the largest and immediate May 1986 dose from the prompt
fallout is registered in the regression as zero. Accordingly, Parkin et al 1996 found no effect on infant
leukemia even though five different groups were to report the effect. The 8-32 month follow up post-
accident produced a small 1.07; p<0.01 effect in the 0-4 age group but this was dismissed because
there was no linear increase with doses between countries.

By employing mathematical regression, the study assumes a linear or monotonic increase of
child leukemic with dose. The bigger the dose, the greater the leukemia numbers. The arguments
presented here suggest that the dose response involves a threshold and reversal due to death as a
confounding effect (Figure 3). Regression methods are unsafe if the true dose response is not linear
(as regression requires) but biphasic or Weibull owing to death-before-leukemia expression [17,
37,38,39,40,41]. The Exposed Cohort period employed by the infant leukemia studies was based on
external exposure levels: 01/07/86 to 31/12/87. This period can be seen from Figure 1 to split increased
leukemia risk between the exposed and control groups so naturally by comparing exposed with
exposed nothing was found. Other problems with the Parkin et al study were identified by Hoffman
[42].

There is another concern about child leukemia epidemiology. The age group 0-14 and 0-4 and
the time periods of the studies relative to the external exposure single year spike (1986) identify
individuals who were born before the exposures. Looking for leukemia in those aged 0-14 in 1987
examines rates in individuals who were born in 1973-1987, i.e. mostly before exposure. This is a
criticism which applies to all analyses of leukemia rates by 5-year and to 15-year age groups. Looking
at 0-15y child leukemias from Chernobyl would be to examine a cohort who were almost entirely
unexposed in utero .

Pre-leukemia deaths and the dose response: a biological confounder.

This study aims to examine and interpret radiogenic child leukemia on the basis of a new
approach; one which has been outlined above and laid out schematically in Figure 1 and Figure 2.

If the critical issue in child leukemia epidemiology is that if the disease is initiated mainly before
birth [43] then spontaneous abortion (miscarriage) and pre-leukemia deaths from foetal exposures
(e.g. infant and perinatal mortality) above a critical survival dose will cause the dose response to turn
over (Fig2). Thus, higher doses will produce less effect than lower doses. This general problem with
fetal developmental epidemiology was identified as early as 1987 by Selevan and LeMasters [37] and
was presented as the reason for undertaking this study. A similar dose response is seen in birth
defects after Chernobyl arguably from the same reason [43,44].

d0i:10.20944/preprints202305.0237.v1
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But it is not only foetal death that can cause such an effect, nor is it possible to say that the
leukemogenic effect of radiation operates in utero exclusively which was the starting point basis for
this study; indeed, it seems biologically implausible that this is entirely the case. And closer
examination of the CCRG data in Supplementary Table 1 reveals that children who were in utero
before the fallout exposure began had an excess risk of child leukemia. This observation raises a
question over the theory that child leukemia is entirely an in utero instigated phenomenon. The issue
will be addressed elsewhere by examining data from the 5-9 year-olds.

There is evidence that child leukemia follows severe infection, which has resulted in the
hypothesis that infection is a part-cause of the development of the condition [44]. But this argument
can be inverted: if serious infection occurs in pre-leukemic children due to immune dysfunction, the
population of potential leukemia children will fall through what has been termed “mortality
displacement” and the rate will also fall since susceptible individuals are lost to the study group by
early deaths from other causes [17, 43,44]. This is shown in Figure 1 where the flow chart removes
potential child leukemia individuals before birth but also after birth.

The theoretical dose response resulting from these considerations can be described as a Weibull
distribution and is shown schematically in Figure 2 (blue line). Plotting the risk in Scotland and Wales
against the internal exposure trend based on the Harwell whole body monitoring results trend shows
a saturation and reversal of the rates exactly as predicted (Figure 5)

The dose response for the infant leukemias is biphasic: in the high dose regions like Belarus the
effect is lower than in the lower dose regions and the low dose regions conform to the Weibull type
explanation provided here [19,20].

Chernobyl effects on foetal viability

If foetal irradiation caused effects on perinatal mortality and miscarriage there should be
evidence of this. There is; but the studies showing this looked at the wrong indicators. In a study of
perinatal mortality in the higher Chernobyl fallout regions of Wales and Scotland, Bentham [45]
reported that there was no persuasive evidence of any effect, looking for an increase in perinatal
mortality (that is infant mortality plus stillbirth). But if there are no babies because they all fail in
development, are not conceived in the first place, or miscarried, there will be a reduction in infant
mortality relative to a previous control period. Closer examination of Bentham’s numbers of cases
reveals just that: a significant reduction in perinatal mortality in the period 28/06/1986 to 30/01/1987
i.e. beginning in the first trimester and ending suddenly 9 months later in February/ March when the
perinatal mortality rate doubled. There were 47 perinatal deaths in children exposed in utero for the
6 months after Chernobyl compared with 76 expected RR = 0.62; p =0.0002. Thus, half the pregnancies
which were later than 3 months in that post Chernobyl period failed to reach term. Bentham focused
on perinatal mortality and although he commented on this remarkable, statistically significant and
unusual effect, he believed that Chernobyl radiation could not be a cause.

There were other relevant studies of pregnancy outcomes after Chernobyl, in Germany [46]
Finland [47] and Sweden [48]. The Finland and Sweden results, like the Bentham study show
statistically significant effects on foetal survival of the same kind as seen in Wales. Although (as
with Bentham) the Finnish authors concluded that there were no significant Chernobyl effects, close
examination of their graphs reveals a highly significant reduction of stillbirth rate in 1986 in the higher
dose areas compared with 1985 and 1987. In the high exposed group, there were 68 stillbirths in 1985
(rate 5.06 per 1000 births) and 70 in 1987 (rate 5.56) but only 49 (rate 3.7) in 1986 (p <0.004) [40]. From
1987 on to 1991 (as the contamination increased in the exposed) induced abortions increased. A
similar trend occurred in Sweden [48]. In support of the fetal failure explanation of the reduction in
stillbirth rates in Finland, the Swedish study showed a significant increase in reported miscarriages
in areas with low exposure to Chernobyl fallout (5-29kBqm2) in pregnancies beginning after the
accident.

d0i:10.20944/preprints202305.0237.v1
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Figure 5. rate per 100,000 of child leukemia 0-4 in annual birth cohort plotted against Caesium-137
whole body monitoring data (Bq). (Spline fit) It does seem that the rate at the highest dose is lower
than the rate at the lower doses indicating a biphasic dose response (see text). Mean Whole Body
counts by year following Chernobyl reduced from [28].

The results therefore support the existence of confounding effects in radiogenic childhood
leukemia due to death of the individuals in utero or after birth, effects which cause a dose response
which is predicted to saturate and fall at high internal doses. The results also identify a very large
difference between external photon radiation and internal particulate or specific nuclide exposure.
This is not the forum to rehearse the reasons for the internal external risk found here, though one
thing could be stated. Cancer or leukemia begins with a mutation, and such a mutation begins with
a single cell. The dilution of energy from radioactive particulates into whole organs, with mass of
kilograms, which is the way in which Chernobyl exposures are dealt with by the ICRP model, results
in calculated doses which are vanishingly small. This leads to the denials of causation seen in the risk
agencies treatment of the Sellafield children and other instances of epidemiological finding [12].

It is unsafe to assume that for the DNA in a single cell, ionisation density is the same thing as
Absorbed Equivalent Dose, based on averaging energy to whole organ. This issue was the remit of
CERRIE, and has been discussed elsewhere [17, 30, 49, 50].

Epidemiology without biology is unsafe. It is an error to assume that causation must be
demonstrated by linear or at least monotonic increase in leukemia rate with dose, if at some critical
dose, the end point falls due to confounding early death. Thus, regression methods, such as those
employed by Parkin et al 1996 are methodologically questionable. The excess risk of 7000 Sv-! found
here for the level of dose calculated using the conventional risk model method supports the belief
that the nuclear site child leukemias are also caused by radioactive contamination. It is unclear why
CERRIE did not report the excess found here.

Epidemiology: cross-sectional or trend analysis?

If the condition is developmental in origin, and has a truncated or reversing dose-response, then
using epidemiology based on linear trend with dose fails. However, it should be possible to
investigate by direct comparison of rates across areas with high and low exposures, cross-sectional
epidemiology. This was carried out by Bentham and Haynes in 1995 [51]. They compared England
and Wales child leukemia rates 0-4 over the period of the fallout. They defined low medium and high
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fallout areas before and after the peak testing based on rainfall. They found a significant excess 23%
risk for the high rainfall area over the low rainfall area. The doses assumed were from the trend
investigation by Darby et al [52] which found little effect, for reasons which will be revisited below.
The foetal dose differences between the low and high dose regions was shown by [52] to be 0.2mSv.
The ERR per Sievert here is thus 1150, which supports findings in the present study. A similar 1987
study in the USA by Archer et al [53] examined States of the USA with high and low Strontium-90
levels from fallout and deaths from leukemia in 0-19 year-olds from 1949 to 1979. There was a distinct
increase in the trend low-medium-high dose plotted against levels of 5r-90 in milk, food and bone
[53]. Archer assumed a very large and unlikely value of 5mSv for the Sr-90 dose differences. The peak
effect in 1960-69 gave a 4% difference for leukemia deaths between the high and low Sr-90 States,
though it should be pointed out that Archer was comparing 0-19y age group effects which are much
smaller than 0-4y effects.

One recent study, which could possibly point to nanoparticle fallout inhalation exposures as the
origin of the effect, employed the risk of child leukemia by distance from high voltage power lines.
This issue of child leukemia near high voltage power lines has exercised the scientific community
since the 1980s. Using data from the most recent updated power line case control study by the CCRG
[54] it was possible to show that the excess risk in children 0-4 living near high voltage power lines
in England and Scotland clearly followed the trend in radioactive particles from the nuclear tests [55].
The particles are concentrated near the power lines by corona ion production [56]. The trend in dose
was similar to that found in the present study and is shown in Figure 6.

Fallot annual dose us Atrmospheric Nuclear Test fallout
Relative Risk Leukemia doses and child leukemia risk near
120 - <200m power lines High Voltage power lines.
(Bunchiet:al 2013) Trends 1962-2008
80
ﬂ RR = 2.793log (fallout) -0.902
Rsguared 0.955; F statistic 65.6
40
Jj
O —
1 | I I I I I
50 60 70 80 90 100 110
year

Figure 6. Childhood leukemia, high voltage power lines and nuclear testing fallout in
England and Scotland [55]. Relative risks RR from Bunch et al [54].

Other weapons fallout studies; looking at trend.

Discussion of the issue would not be complete without addressing briefly studies of the effects
of the atmospheric weapon testing fallout contamination peaking in 1959-63. In 1993, at the time of
the Sellafield court case [8,9] Darby et al. published the Nordic Leukemia Study, which assembled
child leukemia data from Sweden, Norway, Denmark, Finland and Iceland to construct a graph of
rates in children 0-14 by calendar year of birth 1948-1982 [52]. The trend graphs showed no obvious
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effect at the time of the peaks in fallout. However, the study did not make it explicit that the graphs
spliced together data from Denmark from 1943 to the data from the other Nordic countries which
began in 1959 when the main fallout also appeared (1959-1963). Removal of the Danish data from the
trend graph shows a clear 30% increase in rates in the 0-4 age group, similar to the result found by
Bentham and Haynes. Danish epidemiologists had earlier separately published reports on the
increases in child leukemia over the period of the weapons fallout. In Hansen et al (1983) [57], the
authors stated:

An epidemiological study of the total population of patients with leukemia in Denmark 1943-1977 was
performed. The material stemmed from the Danish National Cancer Registry and was believed to be complete.
Ower the 35-year period the incidence of acute leukemia increase threefold in the age group 0-9.

A similar report from Hakulinen et al 1986 showed the peak to be in the 0-4 year olds [58]. At
page 92 in this report Hakulinen wrote:

Hansen et al (1983) concluded that the increases in child leukemia may not be an artefact. They suggest
environmental factors are involved. lonising radiation is a well-known risk factor in child leukemia.

Darby et al 1993 failed to cite either of the earlier published Danish studies [57,58] a matter which
was raised in the CERRIE committee but never resolved, even though Darby had been co-opted to
the committee by the Chair [29, 30].

The issue of child leukemia following the weapons test fallout was later addressed by Wakeford
et al 2010 in a similar way to the earlier Nordic Leukemia study [59]. The authors examined data for
“all leukemias 0-14 and 0-4” measured as mean rates plotted with data points centred on a “calendar
year of diagnosis” which was a 5-year moving average. The interpretation of the results from the 10
different cancer registries is difficult. The results, plotted on different time axes for the different
registries reportedly followed a displaced 5-year moving average based on year of diagnosis rather
than year of birth. A 5-year age group and a 5-year moving average rate looked for an effect based
on exposure year plotted against time; the result is a very highly averaged trend which, in any case,
seems to be displaced to the left (earlier) on the time axis.

The explanation for a failure to see a big increase in a child leukemia trend during the peak
weapons fallout in 1962-63 is, of course, the same as that provided earlier here: the children died
before developing leukemia. The increases in infant mortality over the fallout period were first
pointed out by Sternglass [60] and then later by Whyte [61]. The issue was discussed at some length
in CERRIE but not resolved. There is a relevant discussion in Busby 2017 [49] and in the CERRIE
minority report [30].

Summary and Conclusion; the biological explanation.

The question raised by the profound differences between the child leukemias at very low
internal dose shown by the nuclear site studies and conversely the high external dose studies like the
“ankylosing spondylitis”, obstetric X-ray and Japanese LSS studies is addressed. It is first proposed
that ionisation density or “dose” to the cell is the cause of the mutations that lead to child leukemia
and that this is quite different from the “absorbed dose” computed at the organ level as energy per
unit mass by the current ICRP risk model. Second, the linear no threshold assumption of the ICRP
is confounded in child leukemia by death of the individual either in utero or in early childhood which
results in an inverted bowl or Weibull-type of dose-response. The results of the study here support
both these hypotheses and support the belief that very low doses of internal radiation can cause
significant increases in child leukemia .

The biological explanation is therefore that this internal low dose effect is in reality a high local
dose to the cell which saturates at higher doses due to deaths of pre-leukemic individuals either in
utero or in in early childhood before diagnosis, so that epidemiology fails to find an effect which is
nevertheless present but with a dose response confounded by a developmental block or failure of the
individual.

This submission has by no means attempted to survey all the studies of childhood leukemia and
radiation. This is a very large field. Sufficient citations have been included to make the case that there
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is an enigma relating to childhood leukemia at low dose and high dose as currently calculated. This
leads to a re-examination of the biological basis for the epidemiological studies.

Finally, evidence provided here focuses on the increase in child leukemia 0-4 in Wales and
Scotland after Chernobyl. Results reveal an unequivocal and statistically significant 41% excess risk
at an internal dose of around 0.06mSv. The excess is in those children who were born between 1986
and 1990, a period when Chernobyl contamination persisted in the population as shown by whole
body monitoring. The ERR found supports a risk coefficient of about 7000/Sv in the very low dose
region in Scotland and Wales. Similar levels of risk can be shown in populations exposed to different
levels of atmospheric test fallout and to nuclear site contamination.
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