




found to remain low after this exclusion both for all neoplasms and for all other causes of death 

(SMR.s of 0.84 and 0.82, respectively), and rates in test participants and controls remained very 

similar (RR= 0.97, 90% CI 0.91, 1.04 for incidence of all neoplasms, and RR= 1.02, 90% CI 0.96, 

1.08 for mortality from all causes of death other than neoplasms). Rates in the period more than 

10 years after start of first test participation were examined for a total of 41 different causes of 

death (26 types of cancer other than leukaemia, and 15 other causes). Significant increases in test 

participants compared with controls were observed for the incidence of cancers of the bladder 

(RR = 1.45, 90% CI 1.03, 2.03), and liver (RR= 2.89, 90% CI 1.11, 7.94), and for mortality from 

'other injury and poisoning' (RR = 1.35, 90% CI 1.02, 1.79), and there was a significant deficit of 

the incidence of skin cancers other than malignant melanoma (RR= 0.77, 90% CI 0.63, 0.95). This 

is exactly the number of significant differences that would on average be expected to occur by 

chance. Moreover, the significant excesses of bladder cancer and liver cancer seem to be largely 

due to unusually low rates among the controls (SMR.s of 0.39 and 0.53, respectively). 

For leukaemia, any effect of radiation exposure is likely to be greater in the period 

2-25 years after the tests, rather than 10 or more years after. In the 2-25 year period, 20 deaths

were observed from leukaemia against 16.29 expected from national rates (p = 0.38). The incidence

was significantly greater than that in the controls (RR= 3.45, 90% CI 1.72, 7.10), but the risk was

not concentrated in those most likely to have been exposed to radiation nor in those involved in any

particular test, and the excess over the controls seems likely to have been attributable principally

to a deficit in the controls, since the mortality in the controls was atypically low (SMR = 0.34 in

the 2-25 year period), although it was close to the national mortality during the additional period

of follow-up (SMR = 0.98 in the period from I January 1984 to 31 December 1990).

It is concluded that participation in the nuclear weapon testing programme has not had a 

detectable effect on the participants' expectation of life nor on their risk of developing cancer or 

other diseases. The excess of leukaemia in test participants compared with controls in the period 

2-25 years after the tests is likely to be a chance finding, although the possibility that test

participation may have caused a small risk of developing leukaemia in the early years after the tests,

cannot be completely ruled out. The suggestions from the previous study that participants may have

experienced a small hazard of multiple myeloma and that participants may have smoked less than

their matched controls and so experienced lower rates of smoking-related diseases are not supported

by the data available from the additional period of follow-up, and now also appear likely to have

been chance findings.
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1 Introduction 

Between 1952 and 1958, the United Kingdom Ministry of Supply conducted a series of21 

atmospheric nuclear weapon tests in South and Western Australia and at Malden Island and 

Christmas Island in the Pacific Ocean. Other experiments in which radioactive materials were 

dispersed into the environment were carried out by the Ministry of Supply at the same sites in South 

Australia between 195 3 and 1963. Survey and clean-up operations continued until 1967, when the 

sites were returned to Australian control. UK personnel also participated in a series of American 

tests based at Christmas Island in 1962, finally vacating the Island in 1964. 

Although the Ministry of Defence has always believed that only a small proportion of the 

men who participated in these tests were exposed to ionising radiation as a result, some participants 

have expressed concern that attending the tests may have affected their subsequent health. In 1983 

MOD, therefore, commissioned the National Radiological Protection Board to undertake a study of 

the health of the test participants. For this study the names of over 20,000 men who participated 

in the tests were identified from MOD archives, and a matched control group was selected from the 

same archives1 •2. The rates of mortality and cancer incidence in the period up to 1 January 1984,

as detennined from death certificates and national records of cancer registration, were compared in 

the two groups, and the numbers of deaths observed were also compared with those that would have 

occurred if the men had experienced the same death rates as those of men of the same ages in 

England and Wales as a whole during the same period. The reasons for choosing to study mortality 

and cancer incidence were discussed in the first report1 • The results of the study indicated that test 

participation had not had a detectable effect on the men's expectation of life or on their total risk 

of developing cancer, but for leukaemia and multiple myeloma both the mortality rate and the rate 

of incident cancers were higher among the test participants than among the controls. These 

differences were, however, difficult to interpret as they were chiefly due to extraordinarily low rates 

from these diseases among the controls. 

In order to clarify the situation, MOD commissioned NRPB to carry out a further follow-up 

of these men. In the present report the period of follow-up has been extended for a further 7 years, 

almost doubling the number of deaths available for analysis. As previously, the study has been 

carried out jointly by the National Radiological Protection Board and the Imperial Cancer 

Research Fund . 

2 Study population and data collection 

2.1 Outline of the nuclear weapons testing programme 
and definition of a test participant 

The UK programme of atmospheric nuclear weapon testing took place in the 195 0s and 

1960s and included a series of nine operations (involving 21 major explosions) from Hurricane in 

1952 to Grapple Zin 1958 (see Table 2.1). Operations involving only devices with yields in the 

kiloton range took place off the Monte Bello Islands in Western Australia, or at Emu Field or 

Maralinga in South Australia. Later operations involving devices in the megaton range took place 

in the vicinity of Christmas and Malden Islands in the Pacific Ocean. In addition to these major 

operations there was an experimental programme, mostly at the Maralinga Range, which comprised 

a series of minor trials together with clean-up operations (see Table 2.2). UK personnel were based 

at the locations mentioned above for the trials, and personnel responsible for the aircraft that 

sampled radioactive clouds from the explosions were based at RAAF Pearce in Western Australia 
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for Operation Mosaic and at RAAF Edinburgh Field in South Australia for Operations Buffalo and 

Antler. These seven locations and the periods during which UK personnel were based at them in 

connection with the trials or with their associated clean-up operations are detailed in Table 2.3. The 

entry for Christmas Island includes the period when part of the American Dominic trials, known as 

Operation Brigadoon, took place on Christmas Island, and UK participants in those trials are also 

included in the present study. The main base for Operation Grapple, which took place off Malden 

Island, was on Christmas Island, and in the discussion that follows the tenn Christmas Island will 

be used to denote the area around both Christmas and Malden Islands. 

Individuals who visited the Monte Bello Islands, Emu Field, Maralinga Range or Christmas 

or Malden Islands during the appropriate period as indicated in Table 2.3 will be referred to as test 

participants. Individuals based at RAAP Pearce or RAAF Edinburgh Field during the appropriate 

periods are also included as test participants if they are known to have been members of the 

squadron responsible for cloud sampling activities. The majority of test participants were 

Servicemen. A considerable number of employees of the A WE at Aldennaston were also closely 

involved in the test programme, as were a few employees of AERE Harwell, and employees of these 

two organisations who visited the test locations during the specified periods are included in the 

study. Some UK civilian employees of other organisations also visited the test locations at the 

relevant times, but difficulties in establishing a comprehensive list of those involved prevented their 

inclusion. The small nwnber of women who participated in the tests and all non-UK nationals, other 

than those with regular engagements in the UK Services or who were permanent employees of A WE 

or AERE, have also been excluded. Australian, Canadian, and New Zealand nationals have been 

studied separately4•5 •6. 

2.2 Test participants Included In the present analysis 

A total of 21,358 test participants have been included in the present analysis (see Table 2.4). 

The largest proportion of men (39.5%) came from the RAF, with rather smaller proportions from 

the RN, and the Army (29.5% and 27.1 %, respectively). Less than 4% of the men were civilians. 

As in the first report, men from the RNVR, RM and NAAFI are included with the RN and 

employees of AERE Harwell with A WE. Only a minority of test participants (11.2%) were National 

Servicemen and two-thirds of these were in the Army. Overall, about one man in seven was an 

officer (here civilians of social class 1 are included with officers). The ratio of officers to other 

ranks was about one to ten in the RN and the Army but about one to five in the RAF. 

The majority of the test participants included in this second report were identified by the 

extensive series of searches of archival material held by A WE and MOD carried out for the 

previous report, and were also included in the first analysis. There are, however, some differences 

between the men included as test participants in the first analysis and men included here, as 

given below. 

(a) The addition of 50 participants in the American Dominic Tests at Christmas Island in 1962,

identified from two extra listings. The first, from UK archives, contained only names, ranks

and other personal identifiers. The second, made available by the American Defense Nuclear

Agency, also contained information about doses received, from personal monitoring carried

out by the American authorities. These dosimetric data are discussed in more detail in

Section 2.4.
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(b) The addition of some participants whose records had not been located previously by Service 

Records Offices. At the time of the first report there were 902 individuals mentioned in 

contemporary documents as possible participants, but whose records could not be located. 

As part of the preparation for the second analysis, further searches were made. A total of 

127 additional sets of Service records were located. Test participation was confirmed for 75 

men, and 52 others were found not to have met the criteria for inclusion in the study or to 

have been duplicate records for men already included. 

(c) The addition of 389 men identified for the first time as participants during further searches

carried out at the Service Records Offices since the time of the first analysis.

(d) The exclusion of 1503 men who had been counted previously as test participants, but who

were judged to have had no more potential for radiation exposure from the tests than the

general public. Men in this category had visited test locations but had left before the first

detonation, or had worked at RAAF Pearce or RAAF Edinburgh Field but were not members

of the squadron responsible for cloud sampling. Follow-up for these men has been continued

and the results are given in Appendix A.

As a result of these changes, the number of test participants included in the study has

decreased by 989. The newly identified test participants were predominantly (78%) from the RAF 

and Army (20%). 

2.3 Controls 

Men who were included in the study as test participants had been selected as fit and healthy 

for employment by the Services or by their civilian employers, and they had also been further 

selected as fit for deployment overseas to participate in the tests. Furthermore, all participants 

experienced at least a short period of life in a tropical or desert environment and, as Service 

personnel, experienced a lifestyle that differed materially from that of the majority of the population 

for the period of their engagement. Therefore it could not be assumed that, in the absence of any 

effect of test participation, the mortality and incidence of cancer in the test participants would be 

identical with that of others in the UK population of the same sex and age. 

To overcome this difficulty, an approximately equal number of individuals who did not 

participate in the tests but who otherwise had similar characteristics were also identified from MOD 

archives to form a control group. For test participants in the Services, controls were chosen from 

Servicemen who had served in tropical or sub-tropical areas other than test locations during the 

period when the tests were being carried out For employees of A WE, AERE, or their forerunners, 

controls were selected from A WE employees who had not visited a test location or attended tests 

at a test site in the USA. The methods used to identify men used as controls are described in detail 

in the earlier report1 . 

A total of 22,333 men were included in the control group for this second analysis (see Table 

2.4). Among them are included all 22,326 men used as controls for the first analysis, and 7 

additional men who had been selected as controls at the time of the first analysis but whose Service 

record could not be identified at that time. As described in the previous report, the distributions of 

controls by Service/employer, rank/social class, year of birth, year of enlistment/employment, and 

year of discharge/termination are very similar to those of the test participants. 
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2.4 Test participation and possible radiation exposure 

The 21,358 test participants included in the present analysis were identified as having a total 
of 27,501 test involvements• (see Table 2.5). About two-thirds of these were at Christmas Island, 
one-fifth were at Maralinga Range or Emu Field, and about one-tenth at the Monte Bello Islands. 
The later operations tended to involve more men than the earlier ones. The majority of visits to test 
locations were known to be connected with specific operations, but at both Maralinga and Christmas 
Island a substantial number of men were involved in general support tasks at a test location rather 
than with a specific operation. 

TABLE 2.5 Numbers of men Involved at each operation by Service or 
employer 

Service or employer 

Location and operation RN Army RAF AWE Total 

Monte Bello Islands 

Hurricane 1,075 206 21 95 1,397 

Mosaic 1,134 72 128 49 1,383 

Other Monte Bello 9 0 0 0 9 

Total Monte Bello 2,218 278 149 144 2,789 

Emu Field 

Totem 1 11 9 85 106 

Maralinga Range 

Buffalo 5 194 883 203 1,285 

Antler 60 136 1,156 196 1,548 

MEP 2 174 49 330 555 

Other Maralinga 324 630 1,554 47 2,555 

Total Maralinga 391 1,134 3,642 776 5,943 

Christmas Island 

Grapple 1,722 638 1,038 117 3,515 

Grapple X 597 625 1,009 107 2,338 

Grapple Y 851 1,331 1,426 114 3,722 

Grapple Z 738 1,438 2,017 182 4,375 

Brigadoon 63 228 395 43 729 

Other Christmas Island 636 1,779 1,532 37 3,984 

Total Chrismas Island 4,607 6,039 7,417 600 18,663 

Total involvements 7,217 7,462 11,217 1,605 27,501 

Notes 

(a) Visits to RAAF Edinburgh Field in connection with Operation Buffalo or Ander and visits to
RAAF Pearce in connection with Mosaic are included under the appropriate operation.

(b) Other involvements at Edinburgh Field are included with 'Other Maralinga'.

• The definition of a test involvement differs somewhat from that used previously. Involvement in the
Mara!inga Experimental Programme in two different years was previously cowited as two separate
involvements, although any doses incurred in different years were combined for the analysis. In the present
tables, such an individual is counted as having a single involvement in connection with the Mara!inga
Experimental Programme.
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