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From Paper 2/5 by Chris Busby
4.1 Nuclear sites and their proximity

1. The period of major atmospheric weapons testing and fallout exposure ended in 1963 with the Kennedy-Kruschev test ban. During this period, no research papers linking fallout with cancer were published, and suggestions that the fallout had caused infant mortality were ridiculed and attacked even though the mouse studies of Luning and Frolen predicted such effects. [Luning et al 1963]. This may have been partly due to the secrecy and control associated with cold-war politics but may also have been a consequence of the agreement made in 1958 between the World Health Organisation (WHO) and the International Atomic Energy Agency (IAEA) to leave such research to IAEA. Note that this agreement is still in force (though recent statements suggest that it is being reconsidered) and we believe that accurate reports of the health consequences of the Chernobyl catastrophe may have been suppressed as a result of this. However, in 1983, a TV company discovered the first of the nuclear site childhood cancer and leukaemia clusters at Seascale near the nuclear fuel reprocessing plant Sellafield (earlier ‘Windscale’) in West Cumbria.

2. Following the confirmation of this by epidemiologists, and after a government enquiry, the UK government set up two new committees to (a) develop epidemiological surveillance methods for small areas and (b) investigate the origin of the leukaemia excesses near nuclear sites [Black, 1984]. In the 15 years following the Sellafield leukaemia cluster, similar clusters were established near the other two reprocessing plants in Europe, Dounreay in Scotland and La Hague in northern France. In addition, childhood leukaemia clusters were reported for other nuclear sites which released radioisotopes to the environment, Aldermaston, Burghfield, Harwell and Hinkley Point in the UK, Kruemmel in Germany and Barsebeck in Sweden. The sites which have been studied are given in Table 3.

3. We have examined the considerable weight of evidence relating to the existence of childhood cancer clusters near nuclear sites, including evidence from aggregations of nuclear sites in the UK and Germany and have concluded that it is exposure to internal radiation from discharges from the sites which is the cause of the illness. The arguments against this position are well summarised in reports from the UK National Radiological Protection Board, the various reports of COMARE, and the three French government Nord-Cotentin missions. [NRPB 1986, 1988, 1995; COMARE, 1996; EU31, 2000] In addition, for Sellafield, these arguments were rehearsed in a Court case in 1993 in which the Judge found, on the scientific evidence presented, that the leukaemia cases could not have been caused by the radiation. All these analyses rely exclusively on the ICRP risk model to show that the calculated doses to the children or their parents were insufficient to have been the cause of the disease since the linear ICRP model did not predict the leukaemias or cancers. The approximate discrepancy between doses and observed leukaemia cases in the various studies is given in Table 3.

Table 3 Studies establishing excess leukaemia and cancer risk in children living near nuclear sites.

	Nuclear Site
	Year established
	Defined ICRP Risk Multiplier 
	Notes 

	Sellafield/Windscalea [1]
	1983
	100-300
	Well studied by COMARE: high level of discharge to atmosphere and sea

	Dounreaya [1]
	1986
	100-1000
	Well studied by COMARE: particle discharges to atmosphere and sea.

	La Haguea [2,3]
	1993
	100-1000
	Particle discharges to atmosphere and sea: ecological and case control studies

	Aldermaston/ Burghfieldc [1]
	1987
	200-1000
	Well studied by COMARE: particle discharges to atmosphere and rivers

	Hinkley Pointb [4]
	1988
	200-1000
	Discharges to offshore mud bank

	Harwell [5]
	1997
	200-1000
	Discharges to atmosphere and river

	Kruemmelb, Germany [6]
	1992
	200-1000
	Discharges to atmosphere and river

	Julich, Germany [7]
	1996
	200-1000
	Discharges to atmosphere and river

	Barsebaeck, Sweden [8]
	1998
	200-1000
	Discharges to atmosphere and sea


aReprocessing plants discharging to sea; bNuclear power station discharging to sea or river; cAtomic weapon and nuclear material fabrication plants;d Atomic research with discharges to local rivers

Refs: [1]: Beral et al, 1993;.[2,3] Viel et al.;[4] Bowie and Ewings, 1988; [5] Busby and Scott Cato, 1997; [6] Hoffman and Greiser 1996; [7] Kuni 1996 [8] Report by Malmo cancer registry. See also references in the reviews by Beral et al 1993 and Schmitz-Fuerhake and Schmidt 1998. 

4. The scientific basis for this approach has already been discussed. We conclude that these nuclear site cancer clusters together provide evidence for errors in the ICRP risk model resulting from the use of external irradiation studies to inform internal radiation risk. The explanation for the high level of risk associated with exposure from the discharges is that the exposures causing the leukaemia and cancer are to novel radioisotopes like Strontium-90 and also to inhaled sub-micron diameter particles. These are translocated from the lung to the lymphatic system and thence in principle to any part of the body where they cause high doses to local tissue. The geophysical processes involved are well described and in the case of plutonium and Sellafield, measurements have been made which show the presence of plutonium and other radioactive particles in marine intertidal sediment, in the air near the coast, in sheep faeces, children’s teeth, and autopsy specimens taken from parts of the UK. The concentration of plutonium with distance from the sea follows a trend with a sharp increase in levels within 1km of the sea falling rapidly and flattening out to a finite but reducing level up to 300km or more from the sea. The evidence is reviewed in the discussion of cancer near the Irish Sea below. However, the ICRP66 model used both by COMARE and NRPB in the analyses of the Sellafield leukaemia cluster average the inhaled plutonium doses over a very large mass of tissue and entirely fail to make the case, even using conventional modelling, that these exposures are not a likely cause of the observed illness [NRPB 95, COMARE 96]. 

5. All of the other nuclear site clusters studied involve exposures either to the novel man-made isotopes which carry hazard weightings under the committee’s model or to airborne particle exposures. All the nuclear sites in Table 3 have in common that they contaminate local sea coasts or rivers which flood and are thus near areas where there are significant deposits of radioactive particles in intertidal, estuarial or river bank sediments. Pooled studies leukaemia or cancer near nuclear sites have shown that apart from some specific nuclear sites (those discussed), the existence of leukaemia or cancer clusters is not a significant feature. These studies of aggregates of nuclear sites have various faults. We believe that epidemiological studies of nuclear sites must establish which populations are most likely to be at risk on the basis of models and measurements of the dispersion of the radioactive material in the environment near the source. Usually, studies are made in which populations within a certain radius of the plant are compared with populations living at a greater radial distance, without consideration of the flow of radioactive material from the site, via rivers, sea-to-land transfer, land slopes and prevailing weather and wind directions. 

6. Overall, and in relation to the philosophical examination of method, the nuclear sites listed in Table 3 have a common factors; first, that they discharge novel radioactive materials in a way that results in their ingestion and inhalation, and second, that local cancer and leukaemia clusters have been identified. This may be used to invite the application of the Bradford Hill canons for environmental causation [Bradford Hill 1962]. The statistical significance of all the studies combined may be obtained by multiplying together the p-values for each site separately, thus giving the probability that all these observations of excess leukaemia were coincidences. The resulting p-value is less than 0.000000000001, that is a chance of 1 in one million million that the excess leukaemias were coincidental. This calculation has never been applied to all the plants together although the NRPB and SAHSU epidemiologists in the UK have played down each cluster alone on the basis of the individual p-value. 

7. In most of the cases in Table 3 the doses are not known but may be assumed to be small, on the basis of knowledge of the quantities released. However, for the most studied of these cases, Sellafield, the discrepancy between the modelled dose and the predicted number of leukaemia cases based on the ICRP risk factors defines a discrepancy between the two of between 100 and 300-fold and it is this value, and its similarity to the discrepancies found in other studies of internal radiation, that the committee have used to develop the hazard adjusting coefficients employed in their model. 

8. The confirmation of the existence of cancer and leukaemia clusters in children living near nuclear sites has put considerable pressure of the scientific models of the ICRP and led to a dissonance between the model and observation that cannot be accommodated within a scientific paradigm. The only serious attempt to address this has been the work of Kinlen et al., whose suggestion is based on studies of population mixing [Kinlen et al 1988]. Their idea is that the nuclear site leukaemia clusters are caused by a rare response to a viral infection which is more likely in situations where there are new people mixing with rural groups whose immunity to the infection is poor. We have carefully considered this theory and feel that it is unable to explain the Sellafield cluster, which has persisted long after any population mixing occurred, is more closely associated with the commencement of nuclear operations on the site than with its construction, and which involves a significant excess risk of cancer as well as leukaemia. In addition , the magnitude of the effect found by Kinlen et al is comparatively modest and could be easily explained by a number of less exotic mechanisms than the one they propose. In any case, there is no aetiological basis for it since no virus associated with childhood leukaemia has ever been discovered; it is more likely that the modest increases in leukaemia have a more prosaic explanation and that the effect of population mixing can be relegated to a second order phenomenon. Thus we believe that the existence of nuclear site leukaemia and cancer clusters represent a response to exposure to the radioactive substances discharged and therefore are a Popperian Falsification of the ICRP models.

4.2 Recent research on the Irish Sea and other contaminated coastal sites
9. We have unpublished results of a three-year study of cancer and radiation on the shores of the Irish Sea undertaken in connection with an ongoing Court case against BNFL. A review article containing a selection of this evidence is in preparation in conference proceedings and has been published also by Green Audit [Busby 2000]. Busby et al. examined national cancer incidence from 1974-90 in Wales using Wales Cancer Registry data and 1994-96 in Ireland using data supplied by the Irish State. They used small area data which were adjusted for socio-economic disadvantage, sex and age to look at the effect of living near the sea and made several discoveries. For Wales they found:


Risk of developing most cancers increases sharply near the coast.


The increase is greatest in the 800 metre strip


The increase is greatest near areas of low tidal energy where highest levels of radioactive material from Sellafield have been measured.


The effect increased over the period and followed the peak releases from Sellafield in the mid 1970s by about five years.

10. By the end of the period, risks of childhood brain tumours or leukaemia in some towns in north Wales near radioactive offshore mud banks were more than 5 times the national average.For Ireland, using data only for all cancers, they found:


The effect existed on the east coast but not on the south or west coast


The effect existed in women but was weak or non-existent for men


There was a strong cohort effect in both men and women born around the time of the Windscale reactor fire in 1957.

11. In addition, the group examined closely a part of Ireland, Carlingford, on the east coast. Using data from a local GP they were able to identify leukaemia and brain tumour excess in the period 1960-1986. They also conducted a questionnaire study in the area which revealed that the sea coast effect existed as close as 100 metres from the sea. People living within 100 metres from the sea had almost four times the probability of developing cancer than those living more than 1000 metres away. 

12. The researchers believe the cause of the effect to be sea to land transfer of radioactive material trapped in intertidal sediment. This process was discovered in the mid 1980s and is well described. The trend with distance from the sea of Plutonium is similar to the trend in sodium chloride penetration, and shows a sharply rising concentration in air in the first km. In the UK, plutonium has been measured in sheep droppings across the whole country and the concentration in grassland, measured in the 1980s, shows a significant trend with distance from Sellafield. Plutonium has been measured also in children’s teeth with the same trend, and has been found in autopsy specimens from all over the UK. Levels are highest in the tracheobronchial lymph nodes (TBN) which drain the lungs. Particles of about 1 micron diameter entering the lungs are transposed to the lymph nodes and lymphatic system where they can, in principle, reach any part of the body. Very recent work shows that particles of about 0.1 micron diameter can pass though the placenta. Such alpha emitting particles cause very high doses to local cells in the 40micron range of their disintegration tracks. In addition, cells will be hit again and again since the particle will continue to emit radiation. Thus the Second Event process is very likely. 

13. Following the Irish Sea work, Busby et al examined other nuclear sites which discharged to the sea, using cancer mortality data from 1995-1999. They discovered the same sea-coast effect on cancer near the Hinkley Point nuclear power station in Somerset and near the east coast nuclear power station at Bradwell in Essex which discharges to a muddy estuary. There was a high rate of cancer in those living near the sediment compared with those living inland. In the case of Bradwell, there was a good control town based on a similar estuary which had no nuclear power station, and which showed no increase in cancer above the national average.

14. The findings of these studies, which were supported by other work by recent work by the Radiation and Public Health Project in the U.S., may be seen as confirmation of the high degree of risk associated with internal exposure to micron sized radioactive particles. 
15. We are aware that these researches are based on ecological epidemiology and may suffer from all the problems of confounding associated with such studies but in view of the importance of the results are concerned to encourage further research in this area and extend the approach of Alexander et al (1990) as a matter of urgency.
_________________________________________________________________________________

From Paper 2/6 by Richard Wakeford
2.3 Studies of childhood leukaemia near nuclear installations

1. There is little reliable evidence that the risk of cancer is generally raised in areas around nuclear installations (Forman et al., 1987). There is, however, firm evidence of an excess incidence of childhood leukaemia near certain nuclear facilities and this has been the subject of extensive study. Undoubtedly, there is a marked excess of childhood leukaemia in the village of Seascale adjacent to the Sellafield nuclear complex that appears to have been present since the 1950s (COMARE, 1996). There is also an excess of leukaemia among young people living near Dounreay and this excess is concentrated in West Thurso; the excess appears to have been more recent in origin being apparent from 1979 onwards (Black et al., 1994). There have also been reports of an excess of childhood leukaemia around the commercial nuclear fuel reprocessing plant at La Hague in Normandy although this excess is not particularly marked (Guizard et al., 2001).

2. Although there is clearly cause for thorough investigation of reported excesses of childhood leukaemia, it is important to have a balanced assessment of the evidence for raised levels of childhood leukaemia around nuclear installations in general. The findings reported in Table 3 of paper 2/5 cannot be realistically described as a balanced assessment of this evidence. There is no mention by Busby in paper 2/5 of any of the systematic studies of childhood leukaemia that have now been conducted in England and Wales (Bithell et al., 1994), Scotland (Sharp et al., 1996), the USA (Jablon et al., 1991), Canada (McLaughlin et al., 1993), France (Hattchouel et al., 1995), Germany (Michaelis et al., 1992), Sweden (Waller et al., 1995) or Japan (Iwasaki et al., 1995), or of the recent comprehensive review of this evidence by Laurier and Bard (1999). It is quite evident from these extensive findings that excesses of childhood leukaemia are not a general feature of areas around nuclear installations and it is a distortion of the available evidence to suggest so. There are, however, instances where investigation is plainly warranted such as at Sellafield, Dounreay and La Hague, these three installations being sited in remote rural areas and conducting large-scale spent nuclear fuel reprocessing. It is important, nonetheless, to recognise the potentially important differences between the childhood leukaemia excesses near these three sites. At Sellafield the excess is concentrated in the village of Seascale with little evidence of excess cases outside this village (Bithell et al., 1994). At Dounreay the spatial characterisation of the excess relative to the site is less clear (Sharp et al., 1996) and this may be due to specific risk factors in this area (Kinlen et al., 1993). Further, although there is a two-fold excess of childhood leukaemia in the area within 10 km of La Hague during 1978-98, the excess is only statistically significant for the age sub-group 5-9 years. The features of the childhood leukaemia excesses near Dounreay and La Hague complicate their interpretation, although in combination with Sellafield it seems likely that they represent a genuine raised underlying risk.

3. What this risk factor might be has been investigated by analytical (individual-based) epidemiological studies carried out around Sellafield, Dounreay and La Hague, especially the case-control studies. Perhaps the failure to find serious deficiencies in the radiological assessments of the impact of radioactive discharges upon the risk of childhood leukaemia was one reason why the finding of an association between leukaemia and the occupational dose of radiation received by fathers while working at Sellafield before the conception of their children seemed, superficially, so attractive. The association was found by Gardner et al. (1990) in the West Cumbria leukaemia and lymphoma case-control study, and the association appeared to be able to account for the excess of childhood leukaemia in Seascale. The association has never been reproduced in other studies using independent data (COMARE, 1996) and most scientists have concluded that the association was most likely to have been a statistical fluke (Doll et al., 1994). Of particular note is that paternal preconceptional irradiation cannot be the explanation for the childhood leukaemia excesses around either Dounreay or La Hague because, although the case-control studies conducted around these sites (Urquhart et al., 1991; Pobel and Viel, 1997) showed that control children associated with such exposures resided in these areas, none of the case children around either site had a father who had received an occupational dose of radiation in the preconceptional period. It is evident, then, that paternal preconceptional irradiation cannot be the common factor at Seascale and around Dounreay (or, for that matter, around La Hague).

4. An interesting feature of the study of Gardner et al. (1990) was the failure of the researchers to find a statistical association between childhood leukaemia and any factor that might be related to enhanced exposure to radionuclides discharged from Sellafield. The authors warned of "the potential for low quality data for children playing on the beach and families' seafood eating habits", which were based entirely on the responses to a questionnaire. The authors of the equivalent case-control study around Dounreay found a statistical association with children's use of local beaches (Urquhart et al., 1991), but noted that "this result was based on small numbers, arose in the context of multiple hypothesis testing, and is certainly vulnerable to possible systematic bias". These warnings must be heeded when considering the statistical associations found in the childhood leukaemia case-control study around La Hague with the use of local beaches by pregnant women and children and the consumption of local seafood by children (Pobel and Viel, 1997). Again, the data upon which these associations are based were obtained solely from responses to a questionnaire and are, therefore, of potentially low quality. The absence of these associations from the West Cumbria study is noteworthy given the greater level of radioactive discharges at Sellafield.

5. The scientific community should not be blinkered in its approach to the investigation of these childhood leukaemia excesses. The detailed radiological assessments do not indicate that enhanced exposure to ionising radiation is responsible and scientists must be open-minded to other possible explanations. The evidence that has accrued since 1988 for an infective basis for childhood leukaemia is impressive and the passing and somewhat disparaging reference (Busby, 2001) to the work of Kinlen concerning urban-rural population mixing does not do justice to this work. The evidence that has been amassed for unusual urban-rural population mixing raising the risk of childhood leukaemia is now substantial and has recently been reviewed by Kinlen (2001). Dickinson and Parker (1999) have demonstrated from a model of population mixing based upon childhood leukaemia incidence in Cumbrian wards outside Seascale that it was capable of accounting for the excess of childhood leukaemia in Seascale given the exceptional level of persistent urban-rural population mixing that has occurred in this village over the years. It was this finding, together with the substantial evidence produced by Kinlen, that led Doll (1999) to conclude that "the time may now have come when Kinlen's hypothesis of population mixing as a cause of childhood lymphatic leukaemia can be regarded as established". It would be most irresponsible to disregard the evidence for the role of population mixing in childhood leukaemia when this evidence could have much wider implications for understanding this dreadful disease than providing a possible explanation for the excess cases in areas near certain nuclear installations.

_________________________________________________________________________________

From Paper 2/11 by Colin Muirhead
4.
Studies around nuclear installations

4.1
UK, Western Europe and North America

1. There has been a considerable interest in reports of cancer clusters in the vicinity of nuclear installations. In the United Kingdom, excesses of childhood leukaemia have been reported around some nuclear sites; in particular, the Sellafield (COMARE, 1996) and Dounreay (COMARE, 1988) reprocessing plants. However, environmental assessments suggest that these findings are unlikely to be attributable to radioactive releases from the sites (COMARE, 1988, 1996). In particular, external and internal exposures associated with have been assessed to be generally less in total than exposures from natural radiation (eg. NRPB, 1995). 

2. Investigations have been conducted more generally of cancer in children and adults living near UK nuclear installations. Based on a comprehensive study over the period 1959-80, Forman et al (1987) concluded that there was no general increase in cancer mortality near installations in England and Wales during this time, with the possible exception of leukaemia in young people. In a subsequent study, Bithell et al (1994) examined rates of childhood and non-Hodgkin’s lymphoma (NHL) rates around nuclear installations in England and Wales during 1969-83, based on data for smaller areas than those studied by Forman et al (1987). Bithell et al (1994) concluded that there was no evidence of a general increase of childhood leukaemia and NHL around nuclear installations, and that - apart from around Sellafield - the evidence for a trend in risk with proximity to sites was very weak. Similarly, Sharp et al (1996) concluded that – with the exception of Dounreay - there was no evidence of a general increased risk of childhood leukaemia and NHL incidence around seven nuclear sites in Scotland, nor any evidence of a trend in risk with proximity to these sites.

3. Elsewhere, studies in, for example, the USA (Jablon et al, 1991), Canada (McLaughlin et al, 1993), France (Hattchoucel et al, 1995) and western Germany (Kaatsch et al, 1998) have tended not to show excesses of childhood leukaemia around nuclear installations. In a separate study around the Three Mile Island plant in the USA, Hatch et al (1990, 1997) concluded that there was not convincing evidence that radiation releases - either routine or from the 1979 accident – had influenced cancer rates in the vicinity, contrary to the interpretation placed on these findings by Wing et al (1997).

4. Inferences from studies around nuclear installations are limited by their geographical nature, the very small doses involved, and, as around some of the British sites, the relatively small numbers of cases. There are also difficulties in interpretation with the differing analyses performed; for example, with respect to age (0-4, 0-14, or 0-24 years), diagnostic category (eg. leukaemia, leukaemia and NHL, all cancers), time period, and proximity to the installation. When many different analyses are performed, it would not be surprising to obtain a statistically significant finding, i.e. one that would arise 1 in 20 times by chance alone. Lack of data can also present a problem; for example, for small areas, as in parts of the USA (Jablon et al, 1991), or for leukaemia incidence in some studies. In contrast to correlation studies, there have been relatively few cohort or case-control studies around nuclear installations, in which data have been collected at the individual level. Even in these latter studies, difficulties of interpretation can still arise. For example, Pobel and Viel (1997) suggested an association between childhood leukaemia and the use of beaches around the La Hague reprocessing plant in France. However, this result was dependent on a small number of cases, relied on the recall of habits stretching back several decades, and involved multiple comparisons (Clavel and Hémon, 1997; Law and Roman, 1997). Furthermore, no such association was found in the case-control study by Gardner et al (1990) around the Sellafield plant.

5. In paper 2/5, Busby refers to several studies in which he has been involved.

(i) A study by Busby et al (1998) alleging an increased risk of childhood leukaemia in parts of Wales bordering the Irish Sea has been investigated by the Committee on Medical Aspects of Radiation in the Environment (COMARE), which concluded that there was no such excess risk (see COMARE statement on the incidence of childhood cancer in Wales, http://www.doh.gov.uk/comarewales.htm, and the paper by Steward and John (2001)).

(ii) Busby et al (2000, 2001a, 2001b) have reported results for cancer mortality near Hinkley Point, Bradwell and Oldbury power stations. In particular, they reported excesses for some types of adult cancer, eg. breast cancer. One particular problem with these studies is that 1991 census data were used to estimate expected cancer mortality in small areas during 1995-99. Furthermore, the results are not corrected for social class. Indeed, it is not possible in this type of study to allow for individual factors such as reproductive history that can affect breast cancer risks.

(iii) Busby et al (2000, 2001a, 2001b) considered a hypothesis that internal exposure via inhalation or ingestion of wind blown dust from nearby mud banks might affect cancer risks around the above nuclear sites. Whilst it might be expected on the basis of this hypothesis that the mortality rates for different cancer types would show geographically similar patterns, this was not the case for the two cancer types reported by Busby et al (2001a) to be in excess around Bradwell, ie. breast and prostate cancer. In particular, areas of high breast cancer mortality sometimes had low prostate cancer mortality, and vice versa.

(iv) Busby et al (2001b) reported a raised risk of leukaemia incidence at ages 0-4 years in Chepstow Urban District in Wales, bordering the Severn Estuary and in the vicinity of Oldbury power station. However, this finding was based on small numbers (3 cases observed compared with 0.445 expected). In contrast, over a time period similar to that studied by Busby et al (2001b), Bithell et al (1994) had reported that in areas within 25 km of Oldbury (in both England and Wales), the incidence of leukaemia and NHL at ages 0-14 years was similar to that expected from national rates. Furthermore, the risk of childhood leukaemia and NHL did not increase with increasing proximity to Oldbury.

(v) In contrast to an earlier study by Alexander et al (1990), subsequent work from the same institute (the Leukaemia Research Fund) did not provide any evidence that leukaemia incidence was raised in areas adjacent to estuaries, although risks did appear to be increased in coastal areas (Lloyd, 1999).
6. There have been some investigations of the general geographical distribution of childhood leukaemia. For example, based on analyses of data from throughout Great Britain over the period 1966-83, there was some evidence of a general tendency for childhood leukaemia to cluster, particularly in the case of lymphocytic leukaemia at ages 0-4 years (Draper, 1991). A European-wide study also showed some tendency for childhood leukaemia to cluster spatially (Alexander et al, 1998). These results may be important when considering reports of clusters in specific locations because – in addition to the issue of whether the study region, disease grouping, age range and time period have been defined a priori – geographical variations in the baseline rate can affect the calculation of statistical significance, particularly when the observed number of cases is small.

References

Alexander, F.E, Cartwright, R.A, McKinney, P.A and Ricketts, T.J, (1990) 'Leukemia incidence, Social Class and Estuaries: an Ecological Analysis' Journal of Public Health Medicine 12(2)109-117.

Alexander F E, Boyle P, Carli P-M, et al (1998). Spatial clustering of childhood leukaemia: summary results from the EUROCLUS project. Br J Cancer, 77, 818-824.

Beral, V, E. Roman, and M. Bobrow (eds.) (1993), Childhood Cancer and Nuclear Installations (London: British Medical Journal).

Bithell J F, Dutton S J, Draper G J and Neary N M (1994). Distribution of childhood leukaemias and non-Hodgkin's lymphomas near nuclear installations in England and Wales BMJ 309 501-505.

Black (1984): Independent Advisory Group, Investigation of the Possible Increased Incidence of Cancer in West Cumbria, `The Black Report', (London: HMSO).

Bowie C and Ewings PD, (1988) Leukemia incidence in Somerset with particular reference to Hinkley Point. (Taunton: Somerset Health Authority).

Bradford-Hill, A (1966) Principles of Medical Statistics. (London: The Lancet)

Busby CC (2000) From Sellafield to Chernobyl and Beyond: Exposure to man-made ionizing radiation as the primary environmental cause of recent cancer increases. ASPIS European Commission DG XVI) Conference: Is cancer predominantly an environmental disease? Kos Island September 2000. Occasional Paper 07/00 Aberystwyth: Green Audit.

Busby C, and Scott Cato, M (1997)`Death Rates from Leukemia are Higher than Expected in Areas around Nuclear Sites in Berkshire and Oxfordshire’, British Medical Journal, 315 (1997): 309.

Busby C, Dorfman, P and Rowe H (2000). Cancer mortality and proximity to Hinkley Point nuclear power station in Somerset, 1995-1998. Parts 1, 2 and 3. Occasional papers 2000/2 and 2000/4. Green Audit, Aberystwyth, April/May 2000.

Busby C, Dorfman P and Bramhall R (2001a). Cancer mortality and proximity to Bradwell nuclear power station in Essex, 1995-1999. Preliminary results. Green Audit, Aberystwyth, March 2001.

Busby C, Dorfman P, Rowe H and Kocjian B (2001b). Cancer mortality and proximity to Oldbury nuclear power station in Gloucestershire 1995-1999. Including all malignancies male and female, breast, prostate, lung and stomach cancer mortality. With an analysis of childhood leukaemia incidence in ages 0-4 between 1974 and 1990 in Welsh Areas of Residence near the power station. Occasional paper 2001/6. Green Audit: Aberystwyth, April 2001.

Clavel, J and Hémon, D (1997). Leukaemia near La Hague nuclear plant: bias could have been introduced into study. Br Med J, 314, 1553.

Committee on Medical Aspects of Radiation in the Environment (COMARE) (1988). Second Report: Investigation of the possible increased incidence of leukaemia in young people near the Dounreay nuclear establishment, Caithness, Scotland (Chairman: Professor M Bobrow). London, HMSO.

Committee on Medical Aspects of Radiation in the Environment (COMARE) (1996), The Incidence of Cancer and Leukaemia in Young People in the Vicinity of the Sellafield Site in West Cumbria: Further Studies and Update since the Report of the Black Advisory Group in 1984 ‘COMARE 4th Report’ (Wetherby: Department of Health).

Dickinson H O and Parker L (1999). Quantifying the effect of population mixing on childhood leukaemia risk: the Seascale cluster Br J Cancer 81 144-151.

Doll R, Evans H J and Darby S C (1994). Paternal exposure not to blame Nature 367 678-680

Doll R (1999). The Seascale cluster: a probable explanation Br J Cancer 81 3-5

Draper G J (ed) (1991). The Geographical Epidemiology of Childhood Leukaemia and non-Hodgkin Lymphomas in Great Britain, 1966-83. Studies on Medical and Population Subjects, No 53. London, HMSO.

EU31 (2000), Radiation Protection 125: Low Dose Ionizing Radiation and Cancer Risk: Proceedings of a scientific seminar held in Luxembourg on 9th Nov 2000; Article 31 Group (Brussels: European Commission).

Forman D, Cook-Mozaffari P, Darby S, Davey G, Stratton I, Doll R and Pike M (1987). Cancer near nuclear installations Nature 329 499-505

Gardner M J, Snee M P, Hall A J, Powell C A, Downes S and Terrell J D (1990). Results of case-control study of leukaemia and lymphoma among young people near Sellafield nuclear plant in West Cumbria BMJ 300 423-429

Guizard A-V, Boutou O, Pottier V, Troussard X, Pheby D, Launoy G et al. (2001). The incidence of childhood leukaemia around the La Hague nuclear waste reprocessing plant (France): a survey for the years 1978-1998 J Epidemiol Community Health 55 469-474

Hatch, M C, Beyea, J, Nieves, J W and Susser, M (1990). Cancer near the Three Mile Island nuclear plant: radiation emissions. Am J Epidemiol, 132, 397-412.

Hatch, M, Susser, M and Beyea, J (1997). Comments on “A reevaluation of cancer incidence near the Three Mile Island nuclear plant”. Environ Health Perspect, 105, 12.

Hattchouel J-M, Laplanche A and Hill C (1995) Leukaemia mortality around French nuclear sites Br J Cancer 71 651-653.

Hoffmannn W., Greiser E. (1998), ‘Epidemiologic evaluation of leukemia incidence in children and adults in the vicinity of the nuclear power plant Kruemmel (KKK)’ in Schmitz-Feuerhake I and Schmidt M, Radiation Exposures by Nuclear Facilities, Proceedings of an International Workshop, Gesellschaft fuer Strahlenschutz, Portsmouth, England 1996 (Bremen: Gesellschaft fuer Strahlenschutz).

Iwasaki T, Nishizawa K and Mourata M (1995). Leukaemia and lymphoma mortality in the vicinity of nuclear power stations in Japan, 1973-87 J Radiol Prot 15 271-288.

Jablon S, Hrubec Z and Boice J D (1991). Cancer in populations living near nuclear facilities A survey of mortality nationwide and incidence in two states JAMA 265 1403-1408

Kaatsch P, Kaletsch U, Meinert R and Michaelis J (1998). An extended study on childhood malignancies in the vicinity of German nuclear power plants. Cancer Causes and Control, 9, 529-533.

Kinlen, L. J. (1988), `Evidence for an Infective Cause of Childhood Leukemia: Comparison of a Scottish New Town with Nuclear Reprocessing Sites in Britain', Lancet, ii: 1123-7.

Kinlen L J, O’Brien F, Clarke K, Balkwill A and Matthews F (1993). Rural population mixing and childhood leukaemia: effects of the North Sea oil industry in Scotland, including the area near Dounreay nuclear site BMJ 306 743-748

Kinlen L (2001). Infection, childhood leukaemia and the Seascale cluster Radiol Prot Bull 226 9-18

Laurier D and Bard D (1999). Epidemiologic studies of leukemia among persons under 25 years of age living near nuclear sites Epidemiol Rev 21 188-206.

Law, G and Roman, E (1997). Leukaemia near La Hague nuclear plant: study design is questionable. Br Med J, 314, 1553.

Lloyd F (1999). Leukaemia occurrence near coastal features. Report submitted in partial fulfilment for the degree of Bachelor of Sciences in Clinical Sciences. Division of Clinical Sciences, School of Medicine, University of Leeds.

McLaughlin J R, Clarke E A, Nishri E D and Anderson TW (1993). Childhood leukemia in the vicinity of Canadian nuclear facilities Cancer Causes Control 4 51-58

Michaelis J, Keller B, Haaf G and Kaatsch P (1992). Incidence of childhood malignancies in the vicinity of West German nuclear power plants Cancer Causes Control 3 255-263

NRPB (1984) The risks of leukemia and other cancers in Seascale from radiation exposure. NRPB R-171 Chilton: NRPB

NRPB (1986) The risks of leukemia and other cancers in Seascale from radiation exposure: Addendum to R171. Chilton: NRPB.

NRPB (1988) The risks of childhood leukemia near nuclear establishments. NRPB R-215 Chilton: NRPB.

NRPB (1995) Risks of leukemia and other cancers in Seascale from all sources of ionizing radiation. NRPB R-276 Chilton: NRPB.

Sharp, L, Black, R J, Harkness, E F and McKinney, P A (1996). Incidence of childhood leukaemia and non-Hodgkin’s lymphoma in the vicinity of nuclear sites in Scotland, 1968-93. Occup Environ Med, 53, 823-831.

Steward, J and John, G (2001). An ecological investigation of the incidence of cancer in Welsh children for the period 1985-1994 in relation to residence near the coastline. J R Statist Soc A, 164, 29-43.

Urquhart J D, Black R J, Muirhead M J, Sharp L, Maxwell M, Eden O B and Adams Jones D (1991). Case-control study of leukaemia and non-Hodgkin's lymphoma in children in Caithness near the Dounreay nuclear installation BMJ 302 687-692

Viel, J.F, Dominique Poubel and Andre Carre, (1995) ‘ Incidence of leukemia in young people and the La Hague nuclear waste reprocessing plant: a sensitivity analysis.’ Statistics in Medicine, 14, 2459-2472

Viel, J.-F. and Poubel, D. (1997), ‘Case control study of leukemia among Young People near La Hague Nuclear Reprocessing Plant: The Environmental Hypothesis Revisited’, British Medical Journal, 14, 101-6.

Wing, S, Richardson, D, Armstrong, D and Crawford-Brown, D (1997). A re-evaluation of cancer incidence near the Three Mile Island nuclear plant: the collision of evidence and assumptions. Environ Health Perspect, 105, 52-57.
116
1

