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BACKGROUND TO HSE INVESTIGATION

1 In November 1983, Yorkshire Television broadeast a programme: “Windscale - The
Nuclear Laundry"”. It suggested that in the village of Seascale, 3 km south of
Sellafield, there was an excess of childhood leukaemia, and implied that this was due

to the radioactive discharges from the plant.

2 Following the screening of the programme, the Minister of Health commissioned an
independent advisory group chaired by Sir Douglas Black to investigate the claim.
The Group published its findings® in 1984. These included a review of earlier work
which indicated that there was an excess of leukaemia in children in Seascale. but that
for West Cumbria as a whole, the mortality from childhood cancer was near the
national average. It concluded, inter alia, that the calculated radiation doses to voung
people in Seascale did not support the view that the radioactivity released from
Sellafield* was responsible for the observed incidence of leukaemia in Seascale and its
neighbourhood.

3 The Group recommended that epidemiological studies and research should be carried
out on the subject, and that a specialist body with significant health representation
should be set up to advise on the control of permitted radioactive discharges. This led
to the seiting up by the Minister for Health of the Commitiece on Medical Aspecis of
Radiation in the Environment (COMARE) in November 1985, Its terms of reference
were “to assess and advise government on the health effects of natural and man-made
radiation in the environment and to assess the adeguacy of the available data and the
need for further research™.

4 Professor Gardner, of the Medical Research Council Environmental Epidemioclogy
Unit, was a member of Sir Douglas Black's Advisory Group, later becoming a
member of COMARE: he was one of a number of people who followed up the Group's
recommendation for further research., Professor Gardner set up a number of
investigations including an epidemiological case-control study to examine the observed
excess of childhood leukaemia and lymphoma near Secllafield in relation to certain
behavioural or lifestyle variables (including those that might affect individual uptake of
environmenial radioactivity), and to radiation received during fathers’ emplovment at

the Sellafield nuclear plant.

5 Using a variety of sources, the study identified 52 cases of leukaemia and 22 cases of

non-Hodgkin's lymphoma (WNHL) in children who had been born and diagnosed of

These discharges were later reassessed in a report’ issued by COMARE




their illness in West Cumbria. Through the use of guestionnaires and other methods,
comparing the cases with other children as controls, the Gardner team examined the
relative risks associated with various factors including paternal preconception
radiation dose, marernal abdominal X-rays in pregnancy, paternal and maternal ages,
maternal viral infection during pregnancy, family eating and children’s play habits,
paternal occupation and proximity of residence to Sellafield. The results of the study®
were published on 15 February 1990. None of these potential explanatory factors
showed any significant association with childhood leukaemia except fathers® pre-

conception radiation dose.
Professor Gardner concluded that:

“The raised incidence of lenkaemia, particularly, and non-Hodgkin's lymphoma
among children near Sellafield was associated with paternal employment and
recorded external dose of whole body penetrating radiation during work at the
plant before conception. The association can explain statistically the observed

geographical excess. ™

The highest relative risks* recorded were of the order of sixfold for fathers with total
radiation doses of 100 mSv or greater before the date of their child’s conception, or

doses of 10 mSy or greater during the six months before conception.

The publication of this report caused considerable public and political interest.
Discussions were held between the Department of Health and the Health and Safety
Executive (HSE) to determine what action should be taken. It was clear that the
Gardner findings suggested a possible occupational cause which was a matter that
HSE should pursuc, and it was agreed that HSE would carry out an investigation into
occupational factors arising at Sellafield which might shed further light on these
findings. The Health Minister announced the start of this investigation on 15
February 1990¢,

A group was formed for this purpose with staff drawn from HSE's Nuclear
Installations Inspectorate (NII) and the Epidemiology Unit of its Health Policy

Division (which now forms part of the Technology and Health Sciences Division,
THSD).

The termn "relative risk™ in this report means the ratio of the probabilities that a case will ocour
in one group compared to another. In case-control studics, the relative risk is estimated by the

"odds ratio” (OR): this # the ratio of the odds that a case will occur in one group compared to

another,



The purpose of this report is to present the objectives, methodologies and findings of

the various studies which comprige this investigation.

INTRODUCTION TO THE HSE STUDIES
Aims and contribution of each study

10

12

Since the results of Professor Gardner's report suggested that leukaemia and NHL in
some children was related to paternal emplovment and in particular the fathers’
exposure to external radiation, HSE decided to focus its investigation on Sellafield and
the occupartional histories of fathers. The investigation was planned to examine the
fathers’ exposure to external radiation* and a number of other employment factors
not considered by Professor Gardner, These included exposure to internal radiation®,
and to known or suspect carcinogenic and mutagenic chemicals., Additionally, fathers’
job histories, ic where they worked, what type of occupation, and their involvement in
known radiation or other incidents, were examined. The objective was to see if any of

these factors could explain or clarify the association reported by Professor Gardner.

Because it was recognised that a full epidemiological study would take some years to
complete, it was decided o split the investigation into 3 parts. The first part was (o
examine the occupaitonal histories of those case faithers who had worked at
Sellafield and who had been identified by Professor Gardner. This is referved to in
this report as the case-only study. The intention was to see if any obvious common
factors emerged which provided grounds for immediate action by HSE to protect
further the health and safety of workers. The data used were the preconception
external radiation doset records, biological monitoring records, the occupational
history records showing where each father worked and when, and records of
radiological incidents. Potential exposure to selected chemicals was inferred from the

above data.

The second part, raferved to as the radiation dose study, was aimed at comparing
the radiation dose hiztories of each of the case fathers with those of all other male
Sellafield radiation workers of the same age as the case fathers when the children
were conceived, i¢, if a case father were aged, say, 25 at the time of conception, his

total radiation dose was compared with that of all other male workers up to the time

The terms "external radiation” and "internal radiation” are defined in the Glossary.
In this report the term “preconception external radiation dose” is generally abbreviated to

“"radiation dose', unless the context reguires otherwise.




they were 25. Such a comparison would show whether the radiation doses of the case
fathers were as unusual, in this extended comparison, as Professor Gardner's resulis

(based on some 90 maiched control fathers) implied.

The third and main pari of the investigation was an epidermiological case-conirol
studv. It was based on childven born in West Cumbria whose fathers worked at
Sellgfield. The cases were children whose fathers had worked at Sellafield at some
time prior to the diggnosiz of cancer in theiv childven, the children being under 25 at
the time of diaggnosis. The conirols were other childven whose fathers had staried
work at Sellafield before the child’s 25th bivthday., In this context “working at
Sellafield” means that the person concerned was directly emploved at Sellafield by the
United Kingdom Atomic Energy Authority (AEA), British Muclear Fuels (BNFL) or
the United Kingdom Atomic Energy Authority Constabulary, and does not include
contractors who worked on the site. The study was designed to investigate not only
the effecis of exposure to internal and external radiation but also occupational history,
exposure o chemicals and involvement in radiological or other incidents. In this
respect the HSE investigation is different from Professor Gardner's study because it
centres on Sellafield and the occupational histories of its workforce. At a late stage of
the study, it was decided to see whether any of the available data supported Dr
Kinlen's theory on population mixing.** He has suggested that there may be an
infective basis for childhood leukaemia which could be enhanced by unusual patterns

of people coming to live and work in the area from other parts of the country.

Development of investigation protocol

14

15

At a very early sitage it was decided that HSE staff would not seek to interview any of
the case or control fathers. Professor Gardner’s study had addressed the possible role
of personal risk factors of a sort that could only be established by direct interview, but
had found no important associations. The focus of interest in the HSE study would be
on workplace exposures and particularly on radiation exposures for which
documentary records should be available. BNFL and AEA held the detailed records
relating to the occupational histories of the Sellafield workforce, and they readily
agreed to provide access subject to the agreement of the workforce. It was also
necessary to know the names of the case fathers identified by Professor Gardner, and,
for the epidemiological case-control study, to trace all other cases of childhood cancers
related to Sellafield fathers., It was therefore necessary to have access to information
held by the Office of Population Censuses and Surveys (OPCS) and through it, by the
National Health Service Central Register (NHSCR).

Although the employérs, having consulted with the workforce, were prepared to

provide data from their files, neither Professor Gardner nor OPCS could release the
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information required until the proper clearances had been obtained from the ethical
authorities. A detailed protocol” explaining HSE's proposals was therefore submitted
through OPCS to the British Medical Association Ethics Committee. The application
accompanying the protocel also required HSE to confirm that it had the agreement
and support of the workforce. The protocol described the studies planned, how the
cases and controls were to be selected, and also the managerial and working
arrangements, particularly those required to maintain confidentiality. A similar

submission was made to the West Cumbrian Ethics of Clinical Research Committee.

To secure the necessary agreements, presentations were made both to management
and workforce representatives. They gave their agreement on the condition that
anyone who did not wish to be involved with the study should be given the opportunity
to opt out. HSE formally submitted its application to OPCS on 20 September 1990,
In order to advertise the investigation and provide the agreed opportunity to opt out,
notices were placed in the BNFL and AEA newsletters and in a number of trade union
journals. HSE's press office also notified BBC national radio, local TV stations and
national press to ensure maximum coverage of the opt out procedure which people
could use if they did not wish to have their records used in the study. A number of
people wrote in but, following clarification, only 5 asked not to be included. Of these,
only one proved to be a potential subject (a control), and the matching process for him
was not pursued. Thus the study was not materially affected. The clearance to
proceed with the studies was received from the ethical authorities by 18 December

and work commenced early in January 1991.

Overall study management arrangementis

17
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The investigation, being made up of a number of distinct studies, required a
management structure to ensure that the people who had access to the subjects’
names were separated from those who were to do the epidemiological analysis.
Similarly, the people who were collecting and collating the data had to be separate
from those who knew the identity of the case and control fathers. This was to ensure
the necessary confidentiality, both to limit access to the names of cases and controls
on a ‘need to know” basis, and to prevent the possibility of bias in the interpretation of
data. For the main epidemiological case-control study, five teams were set up as
shown in Table 1. The whole project was controlled by a steering committee to decide

on policy and planning.

For the main case-control study the initial task was for Team Al to obtain the birth
certificates for those born in West Cumbria during the period 1950-1990 who were
diagnosed prior to age 25 as having cancer. They separately obtained a sample of
West Cumbrian birth certificates from OPCS for the same period. All of these birth
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certificates were passed to Team A2 without any indication of which might be a

CANCer Casc.

Team AZ then had the task of establishing which of these children could be directly
linked to a father who was, or who had been, 2 member of the Sellafield workforee.
They extracted from the Sellafield files details of the matching fathers” work histories
and radiation records. This information was anonymised and included in a complete
dossier for each subject under a code number. These anonymised dossiers contained
the basic information which was used in subseguent paris of the siudy described later
in this report.

Team B was given the task of producing the detailed interpretation of the external
radiation dose histories for each subject. The collection of chemical exposure histories
was the responsibility of Team €. In parallel with this "in house” HSE resource, the
MNational Radiation Protection Board (NRPB) was contracted to carry out the internal
dose assessment using relevant information on work histories and biological
monitoring. Finally, Team I had the task of coding the anonymised information and
carrying out the statistical analysis. (Details of the working methods used by the teams

are given in Appendices 1 and 2).

THE CASE-ONLY STUDY
Objectives

21
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It was decided to carry out an initial study of the occupational histories and radiation
exposures of the 11 case fathers identified by Professor Gardner. Following clearance
from the ethical authorities, Professor Gardner provided to HSE on a confidential
basiz the names of the Sellafield case fathers who had been included in his study.
Team A2 carried out the investigation and reported its findings in June 1991, The
results of this investigation were revealed to only a small number of people all within
HSE: Teams B, C and D did not have access to them to ensure that no possibility of

bias could be introduced to subsequent parts of the study.

The objective of the case-only study was to carry out a detailed examination of the

"case fathers' occupational histories at Sellafield to try to identify any factors which

were common to this group. If any such factors were found, this might have implied a
link with their children's illness indicating a need for further protective action for the

workforce.




Working methods
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The comparisons carried out in the case-only study were intended to be objective, but
the information did not lend itself to the use of statistical or epidemiological
technigues. Knowledge of the case fathers' identities was limited within HSE to
specified members of Teams Al and A2 who needed to know. The type of
information obtained from BNFL records included data on external radiation doses,
results of any hiological monitoring, personnel records and involvement in incidents.
Access was not provided o medical records, although some basic information which
had been extracted by BWFL was examined to check whether any of these individuals
had needed decontamination by Medical Centre staff. For each of the cases, a
photocopy of each record type was prepared: the originals were returned o BNFL.
From the photocopy, a second version was produced, the names of the case fathers
and all other identifying features being removed and replaced by a code, to maintain

ANONYITILY.

A series of standard spreadsheets was developed covering an overview of the fathers’
cmplovment history up to the time of diagnosis of cach child’s illness together with
information for the two years centred on the assumed date of conception. These were
completed for each of the case fathers by at least two members of the team as a check
for accuracy. A comparison was made of relevant aspects such as total whole body
external radiation dose up to the date of conception, type and location of work,
exposure to contamination, and involvement in incidents in an attempt to identify
common factors. For the purposes of this analysis, the occurrence of the same

feature in five or more of the cases was deemed to constitute a common factor.

Findings of the case-only study

25
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It was noted thart 7 out of the 11 case fathers were born or brought up in West
Cumbria. This is not surprising as BNFL and AEA recruit locally.

The analysis of the dates of birth of the case fathers' children showed that the
numbers of children born peaked between 1960 and 1964. The distribution showed 1
child born between 1950 and 1954, 2 between 1955 and 1959, 4 between 1960 and
1964, 2 berween 1965 and 1969, 1 between 1970 and 1974 and 1 between 1980 and
1954,

Examination of cumulative totals in the film badge records showed that 4 out of the
11 case fathers had received a total cumulative whole body dose of external radiation
greater than 100 mSy prior to the conception of the case children, 2 had received

doses between 50 and 99 mSv, and 4 had received doses between 1 and 49 mSy; the
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remaining case father did not have a radiation dogse record. These figures confirm the

numbers in each of the dose bands used by Professor Gardner*®,

Examination of the records of doses received during the six months prior to conception
showed only 2 of the fathers had received more than 10 mSv and 3 were in the range §
to 9.5 mSv. This compares with the 4 fathers estimated to have received more than
10 mSv by Professor Gardner who used an approximate method of estimating the dose
in this period by calculating proportionally from annual doses. Mo estimates of internal

radiation dose were included in this case-only study.

Examination of information about the working locations of case fathers for the period
prior to the conception of their children showed there were two locations where at least
3 of the case fathers had been employved for some period. (No conclusion was drawn
from this: the topic of work locations is, however, dealt with in more detail in the case-

control study reported later.)

Examination of the information on the chemicals to which case fathers could have been
exposed prior to the conception of their children showed several chemicals to which 5 or
more of the fathers could have been exposed, ic they worked in parts of the plant where
these chemicals were in use. The chemicals included ammonia, beryllium, caustic soda,
nitric acid and sodium hydroxide. Apart from bervilium, the other chemicals listed are
still in common use at Sellafield. Examination of occupational histories also showed
that 5 out of the 11 fathers could have been exposed to coal or graphite dust at some
time prior to the conception of their children. It is not possible to say that these
findings are significant: the observation is merely that the individuals worked in areas

where these chemicals were in use, not that they were actually exposed to them.

Involvement of the case fathers in incidents associated with radicactive material was
also considered. This showed that & had been involved in 1 or more such incidents prior
to conception of their children, though none of these fell into the six month period
immediately prior to the date of conception. In addition, 5 had been involved in 1 or
more incidents in the period berween conception and the diagnosis of their child’s
illness. However, in the absence of controls against which to judge this finding, no

particular conclusions could be reached.

The findings of the case-only study were held in confidence, being withheld from Teams
B, C and D to ensure that no possibility of bias could be introduced to the subseguent

parts of the study.

For one of the case fathers, the cumulative pre-conception whole body dose includes an estimuate

made by BNFL for two ocasions on which his film badge was lost.




RADIATION DOSE STUDY

Objectives

33

The Gardner report presented a prima facie case that fathers” external radiation doses
prior to the conception of their children are causally associated with a raised risk of
leukaemia and NHIL in the children. Following on from the case-only study, it was
decided to compare the cumulative pre-conception doses of the 11 case fathers
identified by Professor Gardner, and the doses they received in the year of conception
of the case children, with those of all other males of the same ages in the Sellafield
workforce. The objective was to see how they compared, and whether the associations
reported by Professor Gardner would be maintained when seen in the context of all

available dose data.

Working methods

34

35

For this part of the investigation, the controls were all past and present male workers
of ages matched to the case fathers at the time of :uncepiiion, Annual and cumulative
external radiation dose data were provided by BMNFL for all males employed at some
time during the period 1950-19835, The data for the leukaemia and NHL cases were
plotted together with the pooled data for the controls in order to show whether the
case fathers’ radiation doses were typical. The relative risks of having a child who
would develop these illnesses were estimated for men with recorded radiation doses at
or above various levels, compared with those men who had received lower doses.
Similarly the relative risks of case fatherhood for men with cumulative doses in a
range of dose categories above 50 mSvy were compared with those for men with a dose

less than 50 mSwy.

For comparison purposes, figures were initally plotted for each case father and his
contrels to show in percentile terms how the case father's cumulative radiation dose,
and dose in the year of conception, related to other men of the same age. This data
was then pooled: (i) for the cumulative dose; and (ii) for the dose in the year of
conception, to produce figures 1 and 2 respectively. The x-axis represents the vear
(1950-1983), on a scale proportional to the numbers of age-matched controls employed
at Sellafield at the time. The y-axis represents percentiles of this workforce. External
radiation dose is represented in the body of the plot, and from the contours one can
read off the y-axis the percentage of workers employed in the relevant year who had
received a cumulative external radiation dose helow the level indicated. Marked on

these figures are the doses of the 11 case fathers against the year of their children’s

COncepLion.



Figure 1 - Cumulative Dose Chart

The concefrtion dates and pre-conception radiation doses for the 11 case fathers identified by Profossor
Gardner shown against the distribution of man years by vear and cumulative radiation dose for all
Sellaficld employecs of the same ages as the case fathers.

200 mSv
2
% 150 mSv
i 100 mSv
2
L
£
2 50 mSwv
g
g 40 mSv
i<
£ 30 mSv
ES
é
E by
g m ‘
é -
B
i 10
L]
0 mS
n : 5 re I “
g 8 3 S 0 g 38
e 3 2 5 5 gy
Year, scale proportional to number of matched workforce members

External Radiation Dose (mSv) Type of case

L M EEE s0-99.9

C——1-020s N 100-145 ® Leukaemia

30-30.9 I 150199 + MHL

N 40400 I 200+




Figure 2 - Annual Dose Chart

The conception dates and vadiatfon dose i the vear of conception for the 11 case fathers identificd by
Professor Gardner shown against the destribution of man years by vear and radiation dose in the
velevant year for all Seflaficld employees of the same ages as the caze fathers.
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the child's conception with that to individuals who have received less than 50 mSv for

the cumulative dose, and less than 10 mSv in the year of conception.

Findings of the radiation dose study
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From Figure 1 it can be seen that 3 of the 11 case fathers had cumulative radiation
doses exceeding 150 mSv prior to the conception of their children. Nine out of the 11

received doses above the median.

The mean of the cumulative doses of the 11 case fathers was also compared in 20
trials o that of 999 randomly chosen sets of 11 controls. The case dose mean (106
mSv) occupied a position estimated by this method to lic with 95% confidence between
the 88th and 91st upper centiles of the range of means of all possible sets of 11 doses
of the age matched men in the workforce. The results suggest an association of case
fatherhood with comparatively high cumulative radiation dose, the comparison being

made with all other workforce males of similar age.

From the “dose level categories” side of Table 2, it appears that there is a trend of
increasing risk at higher cumulative dose and a test for linear trend indicates that this
relationship is significant at the 95% confidence level, However, in view of the wide
confidence limits associated with the cstimates, which are a reflection of the small
number of cases involved, this data must be treated with caution. There is a
suggestion in the estimate of a six-fold relative risk at doses of 150 mSv and above,
which tends to support Gardner’s observation of a significantly raised risk of fathering

a child who developed leukaemia or NHL at cumulative doses in excess of 100 mSv.

Analysis of data from the “dichotomous dose levels” side of Table 2 suggests that risks
may also be substantially raised at lower levels of dose, around 30-40 mSv. The
association with dose is not monotonic when risks at these lower exposures are taken
into account. It can be seen in Figure 1 that the case fathers cluster in two groups
with respect to the dose category limits (and also with respect to the y-axis centile
rankings). Three cluster in the 30-4% mSv band, and another 6 fall in the highest dose
bands starting at just below the 100 mSv line. It is thiz pattern of clustering that
explains the non-monotonic pattern of the risk ratios. Again it lhas to be emphasized
that nearly all the estimated comparative risks involve wide confidence intervals so the

results should be treated cantiously.

Figure 2 relates to the vear of conception. Six out of the 11 case fathers had doses in
the year of conception of less than 10 mSv, whilst 3 had doses between 10 and 30 mSv
with 2 exceeding 30 mpSv. Five out of the 11 lic above the median annual dose. The

mean annual dose of the case fathers was 14 mSv, a value which lies with 95%






44 The investigation method chosen to address these issues was a case-control study., In
this design, the cases arising in the target population are compared with a
representative sample of non-cases (controls) from the same population. For the
present investigation the population of interest is that of children born to men directly
emploved at Sellafield. The main difficulty in assembling an appropriate study
population is that there is no way of directly identifving the members of this target
group. The study population was identified by a two-stage process of first identifving
“candidate” case and control children from the totality of births to mothers resident in
a wide area around the Sellafield site (the current local authority areas of Allerdale
and Copeland), and then identifving within the candidate groups which children had
fathers who had worked at Sellafield,

Identification of cases and controls

Cases

45 The details of the methods used to identify case and control fathers are given in
Appendix 1, and are summarised as follows: candidate case children were identified by
searching the National Health Service Central Register (NHSCR) in the area currently
known as Allerdale and Copeland for the period 1 January 1950 to 31 May 1990, This
end date was chosen because it was the last date at which complete entry of deaths,
regardless of their location, could be guaranteed. Although cases were sought
amongst bhirths registered up to 31 May 1990, September 1989 was the last date fior
which microfiche copies of birth records were available ar the time of the extraction of
the control serics. Mo candidate cases were in fact identified amongst the registrations
from October 1989 to May 1990, so the observation period for the study was taken as
January 1950 to September 1989,

4 Copies of death registration information for all deaths in this group were obtained
from OPCS and reviewed by two members of Team Al independently, and all
certificates indicating a malignant condition were noted. For the period 1971
onwards, cancer registrations have been marked on the NHSCR, and cancer
registration details for the children of interest were extracted by OPCS. Ar the time
of data extraction, the latest cancer details on the register were for 1987. By this
method, 203 candidate cases were identified. For each case, a copy of the birth

certificate was obtained from OPCS, and the data was entered on a computer file.

Controls

47 The candidate control children were a systematic random sample drawn from the
same birth registers and in the same time period as the case children. Estimates
based on the proportion of control subjects in the Gardner study who were linked to
the Sellafield work force suggested that a sample of about 2% of births would safely
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vield the desired number of controls. The same work also suggested that it would be
necessary to over-sample controls with mothers resident in Seascale, if adeguate
numbers of Seascale controls were to be obrtained to stratify the analysis by this factor.
The extent of this over-sampling was determined after the first batch candidate

controls had been matched* against the Sellafield personnel records.

In anticipation of the need to enhance the Seascale control sample, OPCS also
extracted copies of all birth certificates in the same registries with registration
numbers whose last two digits were in the range 11-25, and which mentioned
"Seascale” on the register entry. The results of the first batch of matching showed
that the Seascale controls would need a nominal 6% sample of births to achieve an
adequate Seascale control sample. Accordingly, a randomly chosen 4/15ths of the
additional Seascale sample of candidate controls was added to the basic 2% sample,
after weeding out those certificates where the mention of Seascale on the certificate

did not imply that the mother’s residence was in the civil parish of Seascale.

In order to address the possibility of post-conception waorkplace effects, case children
conceived before their fathers started work at the plant and diagnosed after that date
were clearly of interest. However, large numbers of control children would natarally
fall imto this caregory, and if represented in the control series in their true proportion,
would reduce the power available in the smudy o examine the effects of possible
workplace pre-conception factors. It was decided to limit the numbers of control
children whose fathers started work at Sellafield after their birth, but before their
diagnoses, by taking a random 1 in 4 sample of the candidate controls who appeared
at the initial stages of matching to fall into this category. A final total of 1482
candidate controls was available for matching from the Allerdale and Copeland

registration districts.

Checks on control sample

50

The main candidate control sample should have automatically given something close
to a 2% sample of live births, but the achieved sampling fraction was affected by
cancelled register entriecs, and by registration books which did not contain whole
hundreds of entries. The details of checks on the actual sampling fraction are
deseribed in Appendix 1. The final sampling scheme for controls resulting from these
adjustments and from the over-sampling of Seascale controls and under-sampling of
control fathers not employved at Sellafield before their child's conception is

summarised in Table 4. (See alzo Tables 1 and 2 in Appendix 1).

*Matched” in this context means the father named on the birth certificate could be identfied

with appropriate confidence in the Sellafield workforce file.







Matching children named on birth certificates to fathers on the
Sellafield workforce file
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¥

Rirth certificate data for the 203 candidate cases and 1482 candidate control children
were passed to Team A2 in randomly chosen batches, with cases and controls mixed
together. The information on the birth certificates was then used to establish which
candidates’ fathers had worked at Sellafield, by matching the available dara o the
personnel records held by BNFL and AEA. This was done by members of Team A2 at
Sellafield, who were given access to the computerised personnel databases, and to the
paper personnel files. Matches were scored on a pre-established scale of similaricty
based on the relative frequency of the values of matching items (surnames, [orenames,
addresses, jobs). A match was accepted at a score corresponding to a nominal false
positive probability of 10-'°. All possible matches with nominal false positive
probabilities between 107° and 107" were reviewed in detail for indirect or additional
evidence for or against a true match. There were 25 potential matches in this score
range, and 11 were accepted. The numbers of case and control children successfully

matched and retained in the study are summarised in Table 4 of Appendix 1.

Because three members of Team A2 had worked on the case-only study, the identities of
the 11 Sellafield case fathers identified by Professor Gardner, were known to them. For
all other candidate cases or controls, the matching was performed without knowledge of

whether the child concerned was a case or control. The review of borderline matches

was performed entirely case-blind.

Extraction of information and production of dossiers
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Appendix 2 describes the way in which information was extracted from files held by
AEA and BNFL and was uscd to construct a dossier of emplovment history for each
father included in the study. Access to information held by AEA and BNFL relating to
emplovment history was provided at the Sellafield site in a way which ensured that no

member of the employvers’ staff became aware of the names of the subjects.

For each of the 211 fathers in the investigation, a series of information dossiers was
prepared. All information which might enable the individual concerned to be identified

was removed. The dossiers contained the following information:

¥ External dosimetry details of external radiation doses assigned by the
employer from each film badge or thermo-

luminescent dosemeter (TLIDY).

¥ Internal dosimetry data from personal air samplers and from biclogical

monitoring.




¥ Chemicals potential for exposure to chemicals.

¥ Work Histories containing the following information or records:

¥ Personnel these were used to establish the types of work, the

buildings and dates concerned.

¥ Incident involvement in incidents or occurrences on the site

which might have affected people.

¥ Contamination information was provided by BNFL and AEA on
people treated at the Medical Centre for

contamination.

¥ Father's place of hirth hirth of a father outside Cumbria was used as an

indicator for population mixing.

External radiation doses
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It became clear at a very early stage that since analyses covering various periods of
time prior to conception were likely to be required, Team B should convert the dose
data from the anonyvmised copies of the original dose records on a “badge-by-badge”
basis, ie where possible, the dose recorded for each interval of time for which routine
whole body dosemeters had been issued, would be addressed. The output from
Team B would thus allow, for each individual, the assigning of radiation doses for
various time periods prior to the date of conception as well as cumulative dose up to
that date. It was decided, following consultation with various medical experts, that
the immediate pre-conception period of interest would be taken as 12 weeks.
Radiation doses in that period were evaluated for each of the subjects in the study.
Appendix 2 explains the reasons for this choice of time period and describes the

procedures used.

Much thought was given to deciding which components of external radiation should be
addressed. It was considered unlikely that the beta radiation component would be a
significant contributor to the dose and that within the accuracy of the study little
would be lost by not including it. Only those recorded doses from X-, gamma, and
neutron radiation therefore were translated. However, the dose records were not
perfect and at times technical judgement had to be applied in deciding which dose
figures to use. A panel of 3 health physicists arbitrated in particularly difficult
imstances. In a few cases where the dose records were particularly deficient, eg where
there were unexplainéd gaps or where notional doses had been ascribed, imputation
rules were developed (see Appendix 2).



Internal radiation doses
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In addition to exposure to external radiation, workers in the nuclear industry.
particularly in some locations at Sellafield, have the potential to inhale or ingest

radioactive substances which give rise o additional radiation doses,

Access was provided by BNFL and AEA to the records of each individual’s radioactive
intake. This information was sent to the National Radiological Protection Board

(NRPB), after anonymisation, for an estimate of internal radiation dose to be made.

Taking into account the objectives of the study and the range of radionuclides 1o be

considered, it was decided to make the following assezssments:

¥ integrated dose from the date of start of work to the date of conception;

W dose in the 64 days prior to conception (in the subsequent analysis this was

extrapolated wo B4 days: see Appendix 2);

W dose in 365 davs prior to conception;

¥ dose in each calendar vear from the start of work to the vear before date of

concepLion.

The results of the assessments carried out by NRPD for cach subject for whom there
was any record of intake of radioactive material were provided to HSE. In addition,
NRPB prepared a full report of its work® which also summarised the main findings for
the internal dose distribution within the study population,

Potential for exposure to chemicals

fil

Information on the potential exposure of case and control fathers to selected
chemicals was obtained by Team C. The list of relevant chemicals was derived from 3
sources. BMFL had provided for review by the Department of Health’s Advisory
Committee on Mutagenicity of Chemicals in Food, Consumer Products and the
Environment {(COM), a list of chemicals used in bulk in the site processes and a list of
those used in smaller guantities in the laboratories, together with their International
Agency for Research on Cancer (IARC) classifications”. This was supplemented by
information provided by inspectors with experience of the site and by the results of an
in-house review of the scientific literature on occupational exposures associated with
cancers in the offspring. Interviews were then held with BNFL and AEA personnel
who had experience of jobs comparable to those held by the case and control fathers.
This provided information on whether or not a chemical had been in use at a given

time, and how it was handied. From this qualitative data it was possible to produce







(d) details of involvement in ‘incidents’ as recorded in the Sellafield incident

database; and,

fe} a record of any medical restrictions on work in active arcas.

Fathers' place of birth

65 Since information on the fathers' birthplaces was available, and to investigate further
the Kinlen hypothesis, it was decided to construct a “migration index™ as an indicator of
population mixing. This was the ratio of the number of children of non-Cumbrian born

fathers to the number of children of Cumbrian born fathers.

Coding of the data

(133 The data supplied for analysis to Team D was abstracted from the dossiers, keyed and
then checked back against the original source to clear errors. The dossiers were also
reviewed a second time to ensure that all relevant information had been abstracted.
Throughout this stage, all of those invelved in the encoding process were unaware of
whether the dossiers being handled referred to cases or controls. The information thus

input to the computer formed the basic data set for the statistical analysis,

Statistical methods

67 The details of the statstical methods used in this report are given in Appendix 3. Two
kinds of analysis have been made, the first being “internal”™ comparisons in which the
characteristics of the cases are compared with those of controls within the study
population (for example, the proportion of cases resident in Seascale at birth compared
with the proportion of controls resident in Seascale at birth). The results of these
internal comparisons are reporied as “odds ratios” (ORs). An OR is calculated as the
ratio of the odds that a case will occur in one group compared o another., The second
kind of analysis used takes advantage of the fact that the controls represent a known
proportion of the total population of children whose fathers worked ar Sellafield.
Because of this, the control numbers, together with known national rates for the cancers
of interest, can be used to estimate the number of cases that would be expected to occur
in this population. The number of cases observed can then be compared with the
number expected, to give a direct measure of the relative incidence in the study
population compared to the national average. The comparison of observed and

expected cases 18 measured by their ratio, referred to as the O/E ratio.

68 The calculation of expected cases needs to take account of the varyving length of follow-
up of individuals covered by the study. For example, a child born in 1950 will have had
a full 25 yvears potential follow-up, while one born in 1980 will have had around 10. The
calculation also has to take account of the fact that while the NHS Central Register




{which was the source for case ascertainment) records deaths for the entire study period,
cancer registrations are only recorded from 1971. When the NHS Central Register was
searched to ascertain the cases for this study, cancer registrations for 1987 were not
complete, and registrations for subsequent years had not been recorded. The probability
of becoming a case is higher for those subjects whose follow-up includes time after 1970
than for those with earlier follow-up. Expected case numbers were calculated using
national cancer death rates for the periods 1950 to 1970 and 19858 o 1990, and national

cancer registration rates for the period 1971 to 1987,

Confidence intervals and p-values
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Both ORs and (WE ratios are measures of the underlving risk of discase in the study
population relative to a comparison group. Odds ratios always compare 2 sub-groups of
the study population - for example, Seascale residents to non-Seascale residents, or
children born after 1970 with children born before that date. The (/E ratios compare the
study population (or its sub-groups} with the national average. Both types of estimate of
relative risk are subject to statistical uncertainty, and the exvent of this uncertainty can
be indicated by a “confidence interval” or by a “p-value”. A 95% confidence interval
indicates the range of values for a risk estimate which has a 95% chance of containing the
true value; it provides an indication of the precision of the estimate. A p-value gives a
measure of the probability of the observed results occurring if the “true™ relative risk

were one, ie if there were no difference between the compared groups.

It should be remembered that confidence intervals and p-values are themselves
estimates, subject to uncertainty, and dependent on the choice of an underlying statistical
model. These measures should be seen as giving general guidance to the understanding
of the data, by distinguishing those contrasts which are statistically more or less extreme.
The convention used in this report 15 that of denoting associations with p-values of 0.05 or
less as “statistically significant”, and those for which p-value is greater than 0.05 as not
“statistically =significant”. (This wording should be regarded as convention only. In
reality, a result for which p = 0,051 has the same implications as one for which
p = 0.049.)

Continuous variables, such as external radiation dose, can be treated either continuously
or in a grouped fashion. Treating these variables as cunrinu:lmu:; clearly uses the most
detailed available information. When this information is accurate, the form of the
relationship between the variable and the outcome can be accurately specified. This
provides the most powerful treatment of the available information. When these
conditions are not fulfilled however, treatment as a continuous variable may be
misleading. In particular, individuals with extreme values of the variable may have an
undue influence on Ats assessed significance. For this reason, all continuous variables

have also been analysed as grouped forms in two wavs:












Grouping of cancer types
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A COMARE working group'™ " proposed the following classification for childhood

cancer cases for use in studies relating to the issue of radiation and childhood cancers.

A - Lymphatic leukaemia and non-Hodgkin's lymphoma
B - Other leukaemias

C - Hodgkin's disecase

D - Brain and spinal tumours

E - Other cancers

Professor Gardner's West Cumbria case-control study covered cases in groups A and B
combined. The numbers of cases in the present study broken down by the full
categorisation above are 12, 4, 3, 4, 9 respectively. In the results reported here 3 case
groups have been used: group A of the above categorisation (sometimes abbreviated in
what follows o LLNH); the combined groups A and B (abbreviated LNHL); and all
other cancers (OCAN). Table 7 in Appendix 1 gives details of the different diagnoses

within each of these categories A to E.

Findings of the case-control study
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The full results of the analyses are given in the tables in Appendix 3. The tables
provide information on the statistical importance of the association between the
occurrence of childhood cancers and the variables of interest. The main findings of
interest arising from this study have been extracted from the tables in Appendix 3 and
are presented in the following paragraphs. It should be noted that in all of the analyses,
the date of conception has been taken to be 266 days prior to the date of birth.

Exposure to external radiation

[

Extracts from Tables A-5 to A-7, and A-56 to A-58 are given in Table 6. Table 6 shows
the statistical associations for radiation doses to the fathers and the occurrence in the

case children of:

(@) Iymphatic lcukaemia and non-Hodgkin’s lymphoma (LLNH);
(b) all leukaemia and non-Hodgkin's lymphoma (LNHL) and
{c) other cancers (OCAN).

Table 6 includes results for both the cumulative pre-conception radiation dose and the

12 week pre-concepgion dose. Table 7 provides typical details of the grouped analyses
for LLNH.



Table 6
Statistreal sigrmificance and sign of essociation between the various cancers (LINH, LHNL and CAN)
and external pencirating radiation (XG): rexults are shown for both the cumulative pre-conception dose

and the dose in the 1 2-week pre-concepiion period.

Cancer lype Conlinuous Three group Two group
analysis analysis analysiz
B sign p* sign p sign
Lymphatic leukaemia & MHL (LLNH)
Cumulative dose 0.01 + 0.17 0.29
12 weeks pre-conception dose 0.96 0.34 0.20 +

All leukaemias & NHL (LNHL)
Cumulative dose 0.0 + 0.28 0.683
12 weeks pre-concaplion dose 0.58 0.31 0.32

Other cancers (OCAN)
Cumulative dose 0.05 - 0.08 - 0.67
12 waeaks pre-concaplion dose 0.34 Q.35 0.14 -

This table contains extracts from Tables A-5 o A-T in Appendix 3. The sign of associations is only
indicated if p = 0.2,
.. In the three group analysis, values shown are p for trend (see Tables A-56 1o A-58 in Appendix 3},

76 Radiation dose (XG) is significantly associated (p = 0.01) with LNHL and LLNH when
fitted as a continuous variable but not when grouped. The significance when analvsed
as a continuous variable is produced by a single case father who had a dose in excess
of 500 mSv. Without this individual, this significance disappears (p = 0L38). This
suggests that in the study population as a whaole, there is only fragile evidence that
dose is associated with an increased risk of these cancers. A different picture emerges,

however, when Seascale is examined separately.

77 For other cancers (OCAN) there iz a significant negative association in both the
continuous {p = 0.05) and 3 group analyzis (p = 0.02), ie the risk decreases with
inereasing dose (see Tables A-7, A-29 and A-58 in Appendix 3).

78 For radiation dose in the 12 week pre-conception period, there are no statistically
significant associations for the study population as a whole for any of the cancer types.

This finding eontrasts with Professor Gardner's observation of an association with







Table 8

Lyrmphatic leukaerra & NHEL (TINH): Observed and expected nurebers with relative visk by vesidenice

in Seascale (SEAS)

Seascale residence Conirols Cases Expecled ovVE R 5% Confidance intarval
p= 0.008

Mo 140 B8 3.73 2.15

Yes 39 4 0.28 1444 6497 1.98 - 24.59

This Table contains extracts from Table A-12 in Appendix 3.

Table 9
All leukaermiaz & NHE (ENHE): Observed and expecied mumbers with velatroe vizsk by ressdence in
Seascale (SEAS).

Seascale residence Conirols Cases Expecled ovE oF 95% Confidence intarval
p= 0.0005

Mo 140 10 5.358 1.86

Yes 39 & 041 14.81 B.EY 2.89-25.91

This Table contains extracrs from Table A-57 in Appendix 3.
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In Tables 8, 9 and 10, the expected numbers of cases have been estimated on the basis
of national incidence rates for the relevant disease groups. The observed w expected
ratios therefore indicate the relative freguency of the illnesses compared to the
national average. For children born to families resident in Seascale at the time of the
birth, the rates of both LLNH and LNHL of the study are some fourteen times the
national average (p = 0.00046 and p = 0.000013 respectively). For non-Seascale
residents the corresponding rates are around twice the national average but this
excess is not statistically significant (p = 0.078 for LLNH and p = 0.10 for LNHL).
Part of the excess outside Seascale is due to cases arising in children conceived before
the father started work at Sellafield (O/E ratio 3/1.43). For Seascale there was one

other cancer (OCAN) case, compared with 0,85 expected.

A joint analysis of the effects of cumulative pre-conception external radiation dose
({XG) and Seascale residence is given in Table 11 for LLNH. The full details are given
in Table A-35 in Appendix 3. There is a clear difference between the association with

external radiation dose for Seascale and non-Seascale subjects. The statistical test of







Table 12

Joint analvsiz af birih vesidence and father’s | 2-week pro-concepition radiatron dose

Casze growp LLNH (veaphatic leukasria & non-Hodghin's vmphorna)

EXTERMAL RADIATION DOSE IN THE

SEASCALE RESIDENT AT BIRTH

12 WEEKS BEFORE COMNCEPTION (mSwv) NGO YES

o = VE o E ovE
a 3 1.68 1.78 1] 0040 O
0.1 -24 2 0.99 2.03 07 11.4
25-49 1 0.42 2.36 1 0.042 240
5+ 2 0uE3 315 1 0020 4849
p for trend: =05 0.18
This table contains extracts from Table A-52 in Appendix 3,
Table 13
Joint analyziz of birth residence and father’s 12 week pre-concepiion radiation dose
Case group INHE fall leukaermia & non-Hodghin's vmphornal
EXTERMAL RADIATION DOSE IN THE SEASCALE RESIDEMNT AT BIRTH
12 WEEKS BEFORE CONCEPTION (mSv ) NO YES

o E ovE o = Ve
a 5 2.51 2.0 0 0.054 0O
01-24 2 1.35 1.6 2 0.26 7.8
25-49 1 063 1.6 1 0.062 16.0
5+ 2 089 22 3 0033 897
p for rend: =0.5 0.005

This table contains extracts from Table A-52 in Appendix 3.

B4 When Seascale residence is considered in combination with external radiation dose

received over the 12-week pre-conception period, there is a consistent positive trend in
the O/E ratio with dose category for both LLNH and LNHL: for the latter, this trend is
statistically sipnificant (p = 0.005). This is shown in Tables 12 and 13 respectively.




Table 14
Jofnt arnalysiz of all leukaomia & NHL cases (LNHL) by cumulative and 12 week pre-concepiion

radiation dose, for Seascale subpects only

EXTERMAL RADIATION IN THE CUMULATIVE PRE-CONCEPTION DOSE
12 WEEKS BEFORE COMNCEPTIOM (mSwv) <50 mSv 50+ mSv

o E OvE o E VE
=2 5 mSv 0 0230 0O 2 0080 251
=2 5 mSv 1] Qo088 0O | 0027 1483
All 12 week doses 1] 0288 O ] 0.107 5B.1
p for trend. =0.5 0.033

This table contains extracts from Table A-54 in Appendix 3.

Figure 3 - Observed/fexpectied case ratio for LNHL by distance of birth

residence from plant and main population centre
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The data for this Figure are shown in Table A-13 in Appendix 3.
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Table 14 shows a joint analysis of the O/E ratio for cumulative and 12-week dose
categories for the Seascale subjects only. In this sub-group, the positive associations for
these two variables are independent. In other words the O/E ratio for all Seascale
subjects with greater than 50 mSv cumulative pre-conception dose is 56: when this
group is sub-divided by 12-week pre-conception dose, those with less than 2.5 mSv have

an O/E ratio of 25, whereas those with more than 2.5 mSv have an O/E ratio of 146.

Locations other than Seascale
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The observed to expected (O/E) ratios of LNHL cases at various distances from
Sellafield were calculated both for population centres which include Seascale,
Egremont, Cleator Moor, Frizington and Whitehaven, and for the more rural sectors

between these centres.

The O/E ratios derived from the data are shown in Figure 3. Individually considered,
only Seascale shows a significant excess of cases. There are only 2 cases in the
generally less populated bands between the main centres of population; one case
in band 2 (3-7 km) and another in band 6 (greater than 15 km). If the bands and the
population centres arce ranked by OVE ratio, the 5 population centres take the first 4 and
the 6th positions. Even allowing for the fact that the expected numbers are generally
higher for the population centres, this conirast is statistically significant (p = 0.03).
If the observed and expected numbers are totalled separately for population centres
{excluding Seascale), and for intermediate bands, the resulting O/E ratios are 2.6 (8/3.1)

for population centres and 0.9 (2/2.3) for the intermediate bands,

The data in Figure 3 show some suggestion of a gradient by distance from the plant,
with a high O/E ratio in Seascale close to the plant, and the most distant band having
an O/E ratio of almost exactly unity. The apparent association with distance is solely

dependent on the data for Seascale.

The incidence of other cancers (OCAN) by arca shows some similarity with the pattern
for leukaemia and NHIL. The rates for population centres are generally higher, bur
Seascale is not exceptional, in contrast to the findings for leukaemia and NHL. The
combined OVE ratio for the population centres was 1.9 (14/7.3) and for the intermediate

bands was 0.4 (2/4.8) (see Table A-30 in Appendix 3).

Population mixing

o0

Figure 4 shows the relationship of O/E ratio to migration index for the 11 population
bands. The population cenires have JE ratios that seem to fall in a very convincing
linear relationship, and the zero values for the other bands have particularly wide
confidence intervals. However, with Seascale omitted from the 11 population bands,

the correlation with O/E ratio and migration index is not significant (p = 0.44).




It remains non-significant if the analysis i1s restricted to the population centres other

than Seascale (p= 0.48). With Secascale included there is a strong association

{p = 0.0005).

Time distribution of cases

a1 The pattern of risk by child's date of birth in Table A-8 of Appendix 3 shows some
tendency towards higher risk in the early periods, but without any strong trend. The
maost significant dichotomy of the 8 periods is at 1970, the risk in the carlier yvears
being about double that since 1970, In terms of absolute risk however, both periods
show an excess when compared to the national incidence of childhood cancers; for
LLNH the observed/expected ratios are 3.86 before 1970, and 1.80 after, and for LNHL
the corresponding ratios are 3.25 and 1.91. The difference between these periods is,

however, not statistically significant {p>0.2).

92 In relation to diagnosis date, the highest rates are seen in the 1960s and 1970s: there

were no cases diagnosed before 1960. Berween 1960 and 1979, the O/E ratio was

Figure 4 - Observed/expected case ratio for LNHL by migration index of
birth residence
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The data for this Figure are shown in Table A-13 in Appendix 3.




Table 15
Lymphatic leukaeria & NHL (LLNH): Obsevved and expected numbers with velative rishs by father's
date of start at Sellafield (DO

Grouped analysis Conirols Cases Expactad ovE OR 5% Confidence interval
(8 groups) p=0.12

1950-54 43 3 1.11 2.70

1955-59 29 3 072 4.15 1.66 0.30-9.11
1960-64 13 4 0.42 9.60 5.05 0.93-27.54
1965-69 12 4] 0.25 0 4] 0.00 - 552
1970-74 22 0 0.56 0 0 000 - 2.44
1975-79 3a 2 0.74 2.7 103 016- B78
1980-84 1 0 012 o 0 0.00 - 11.06
1985+ 11 i 0.08 o (1] 0.00 - 18.19
Grouped analysis

(2 Groups) p=0.038

1950-64 a5 10 2.25 4.44

1965+ B4 2 1.75 1.14 023 005-082

This Table is also shown in Table A-9 (upper half) in Appendix 3.
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around 4 for LLNH and around 3.5 for LNHL. From 1980, the O/E rato has been

around 2. The contrast between these time periods is not statistically significant.

There are stronger patterns for risk in relation to the father's start date ar Sellafield.
This is shown in Tables 15 and 16 for LLNH and LNHL respectivelv. Again, the
higher risks are in the earlier period. The most significant cut point is at 1965 and the
comparison of the periods before and after this date is significant for LLNH
(p = 0.038)., The excess risk is almost entirely concentrated in the period from 1950 to
1964, with the observed to expected case ratio being 10/2.25 for LLNH, and 13/3.56 for
LNHIL.

For other cancers ((DCAN) in relation to child’s date of birth and father’s date of start
at Sellaficld, there is a hint of the pattern seen for leukaemias, with slightly higher
rates for subjects with earlier dates on both variables (Table A-28 in Appendix 3).
However, the strongest two-group contrasts for OCAN do not have the same cut-off as
for the leukaemias, Also, for OCAN it is the two-group contrast for child’s date of
birth which is (just) significant while the father's date of start comtrast is far from













Table 20
Lymphatic leukaeria & NHE (LNHL): joint analysiz of father's date of stavt and external radiation dose

EXTERMAL RADIATION FATHER'S DATE OF START
EXPOSURE GROUP (mSwv) before 1965 from 1865

o E CVE ratio o E OVE ratio

il 1 0.54 1.84 i 0.68 1.46
1-49 3 0.75 4.03 1 073 1.3r7
50 - 99 3 043 611 0 020 0O
100+ 3 047 B35 0 014 0O

This table contains extracts from Table A-43 in Appendix 3.

Table 21
Al leukaernias & NHL (LNHL): foimnt analvsis of father's date of start and external radiation dose

EXTERMAL RADIATION FATHER'S DATE OF START
EXPOSURE GROUP (mSw) before 1965 from 1965

o E OVE ratio [ E CVE ralio

il 2 096 2.09 2 g1 2.2
1-48 3 1.15 261 1 091 1.1
50 -89 4 0.76 527 0 024 0O
100+ 4 0.68 6.77 0 017 0

This table contains extracts from Table A-43 in Appendix 3.

Work areas and jobs
99 Only one work area variable showed a significant effect when analysed for the

cumulative pre-conception period: working in the Calder area of the site is significantly
and positively associated with both LLNH and LNHL (see Tables 22 and 23
respectively). All five cases are of lymphatic leukaemia and the odds ratio for

this diagnosis is 12.6 (95% confidence inverval 3.24 to 49.2).




Table 22
Lymphatic lewkaeria & NHEL (LENH): Observed and expected mamibors with relattve risks by father's

waorkig i the Calder area of the site prior fo cluld’s concefion,

Grouped analysis Controls Cases Expected ovE oF 85% Configence interval
(2 groups) p= 0.0007

<B% of tima in job 164 7 3.68 1.9
=5% of timea in job 15 E 0.32 1548 1263 3.24-4023

This table contains extracts from Table A-12 in Appendix 3.

Table 23
Al levukoermias & NHL (LNHL); Obzerved and expected nurmbers with relative risks by father's workimg

i the Calder area of the site prior to child's conception.

Grouped analysis Conirols Cases Expecied ovE oF 895% Caonfidence interval
(2 groups) p= 0.003

<5% of time in job 164 11 5.34 2.06

=5% of time in job 15 5 0.45 11.0 7.92 2.20-285

This table contains extracts from Table A-57 in Appendix 3 (see PJ3).

Exposure to chemicals

100  Examination of potential for chemical exposure in the eumulative pre-conception
period showed significant positive associations for some chemicals (tritium,
chromates/di-chromates, formaldehyde/formalin, hydrofluorie acid, pierie acid and
trichlorethylene). Chromates and di-chromates are mutagens in animals. Of the 4
cases potentially exposed to chromates/di-chromates, 3 were resident in Seascale at
birth, and the association with Seascale accounts for the association with
chromates/di-chromates but not vice versa. Of the rumainingl associations, only those

for tritium and trichloroethylene are strong enough to merit detailed consideration.

Exposure to tritium

101 The association for LLNH and LNHL with the potential for exposure to tritium is
shown in Tables 24 and 25 respectively. There is a strong positive relationship for the
comtinuous measure (p<0.00001) and for both grouped measures with a positive trend
in risk for the 3 group analyses.




Table 24
Lymphatic leukaemia & NHL (LLNHE Obsevved and expocted mombers with velatfve risks by father's

assessed exposure to tritium prerar (o cfuld's conception,

Grouped analysis Conirols Cases  Expected aE o8 5% Confidence interval
p for trend = 0.00718

Unexposed 87 5 213 2.35

Exposed-low half* 8 0.13 1497 B.29 1.26-54.7

Exposed-top hail* 7 3 0.15 2028 158 252-1006

Grouped analysis

(2 groups) p=0.0059

Unexposad 87 ] 213 2.35

Exposed (=0) 15 ] 0.37 13.54 777 1.81-31.5

Median weighted days exposed 136.4 days
Exposed - low half, weighted davs less than 136.4 davs
Exposed - top half, weighted days greater than 136.4 days,

This table contains extracts from Table A-20 in Appendix 3,

Exposure to trichloroethylene

102

The associations between LLNH and LNHL and potential exposure to
trichloroethylene are shown in Tables 26 and 27 respectively. All but 2 of the cases fall
in the highest of the 3 exposure groups, and for LWNHL the contrast of this group with

the other 2 groups is stavistically significant (p = 0.011).

Owverlap of tritium and trichloroethylene exposure potential

103

Table 28 shows a joint analysis of LNHL cases by potential exposure to tritium
{ever/never exposed) and trichloroethylene (highest groupfothers). All the cases with
potential tritium exposure also lic in the highest trichloroethylene exposure group.
The associations of these two exposures cannot therefore be statistically separated

with any certainty.

Potential for contamination

104

No consistent pattern emerged from the analysis of variables related to potential or
actual pre-conception exposure to radiation contamination incidents. For the study

population as a whole, children of fathers with at least one recorded beta/gamma




Table 25
Al lewkaemias & NHL (INHL): Observed and expected wurmbers with relative rishs by father’s assessed

gxposure (o Wiliurrn prior fo child's conception.

Grouped analysis Conlrols Cases Expecied E OR 95% Confidance Imtanval
p for trend = 0.026

Unaxposed 128 11 4.15 2.65

Exposed-iow half* 11 2 0.27 740 317 0.57 - 17.63
Exposed-top half* 11 3 0.28 10.77 5.81 1.18 - 26.66
Grouped analysis

i groups) p=0.0714

Linexposed 128 10 415 2.4
Exposed (=0) 25 G 0.g7 H.93 4.M 1.46 - 15.13
= Median weighted days exposed 136.4 days

Exposed - low half, weighred days less than 136.4 days
Exposed - top half, weighted days greater than 136.4 days.

This table contains extracts from Table A-57 in Appendix 3 (see TRI 2 and TEN 2).

contamination incident have an odds ratio of 3.2 for LNHL compared to fathers with
ne such contaminations (p = 0.04), but no trend is seen in the three-group analysis,
nor is there a positive association with “heavy” contamination. A significant
association between LNHL cases and failure to completely clear the contamination
before discharge from the Medical Centre is based on two cases only. “Time in any
contaminating job™ i1s significantly associated with LNHL in the continuous analysis,
but there is no consistent trend and “Time in most contaminating jobs™ does not show
any positive assaciatl&p. ({Tables A-21 to A-23 in Appendix 3 illustrate these points.)
No strong interpretation can be placed on these patterns. Within the Seascale subset,
statistically significant associations were found for LNHL and the number of visits to
the Medical Centre for decontamination in the continuous (p=0.0002, Table A-55) and
grouped analysis (p = 0.0071, Table A-53). No other cnnﬁiste'nt findings were evident
for the Secascale subset. There are no positive findings for other cancers (OCAN) in

relation to invelvement in contamination incidents.

Cancers other than leukaemia or NHL
105 The associations for other cancers (OCAN) with work areas, chemicals and
contamination potential are given in detail in Appendix 3. None were strongly

significant, or involved more than a small number of cases. Making allowance for the




Table 26
Lymphatic leukaermio and NHEL (LLNH): Obzerved and expected cases with relative risks jor poteniial

exposture (o trichlorocthiylene,

Grouped analysis Controls Cases Expected Ve oR 85% Confidence intarval
p for trend = 0.15

Unexposad 13 1 0.21 4.71
Exposed - low half* a7 1 082 1.22 0.24 0.01-4.29
Exposed - top half* a7 & 0.78 7.63 1.83 018 -17.5
Grouped analysis
{2 groups) p=0.055
Unexposed and

axposad - low hall 50 2 1.03 1.94
Exposad - 1op half a7 (3 0.79 7.60 465 086- 251
® Median weighted days exposed 450.5 days

Exposed - low half, weighted days less than 450.5 days
Exposed - top half, weighted davs greater than 450.5 days.

Thiz table contains extracts from Table A-56 in Appendix 3.

large number of variables examined. none of these associations were judged swrong

enough to merit detailed consideration.

Post-conception period

106 A number of contamination incident variables are associated with leukaemia and NHL.,
and with other cancers, but there is no asseciation with the variables of most interest in
this coniext, ie that relating o whether the contamination had been cleared at the time
of discharge from the Medical Centre (see Tables A-59 o A-61 in Appendix 3). None

of the other variables studied show a significant association with any cancer grouping.

Age distribution of cases

107 Examination of the LNHL cases shows that all were diagnosed either before reaching
7', years old or after reaching the age of 17", five of the cases being in the older group.
The small number of cases limits the scope for separate analyses of the older group,
Comparison of analyses using all cases with those for the young cases only, showed that
the older case group contributed to the Seascale and writium associations (mainly

through a single case) but not to the external radiation and Calder associations.







DISCUSSION

108

HSE’s interests in having these investigations carried out centred on answering the
question of whether the observed excess of leukaemia among young people in Seascale
arose from an occupational cause, such as that sugezested by Professor Gardner. If
this were found to be the case then further measures to protect the health and safery
at work of the population at risk would have to be considered. The 3 parts of HSE's
investigation were devised to contribute to the knowledge required to answer this

question.

The Case-only Study

109

110
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It was recognised that without controls for comparison, the Case-only Study would be
unlikely to provide strong grounds for action unless there were obvious common

factors. None of the areas investigated showed such obvious factors.

Examination of the radiation dose histories of the case fathers generally confirmed the
data used by Professor Gardner, but at the time the Case-only Study was completed,
the evidence was not clear enough as to the connection between the fathers’ pre-
conception radiation doses and risk of leukaemia and NHL in their children.
However, it was noted at the time that the majority of the cases (10 of 11) had
occurred prior to 1974 and that there had been substantial reductions in average and

peak radiation doses at Sellafield since that date.

In addition to looking at the radiation dose records of the case fathers, work location,
job type and the potential for exposure to certain chemicals was also examined.
MNothing was identified which could have been regarded with any confidence as being a
common factor. Some of the fathers could have been exposed to a varicty of
chemicals, but the evidence was insufficient to indicate possible exposure levels or,
indeed, whether exposure occurred at all. The observations were merely that they had
worked in locations or jobs where such chemicals were, or might have been expected

to be in use.

The Radiation Dose Study and the main Case-control Study

External pre-conception radiation doses

112

Both the Radiation Dose Study and the Case-control Study provided an opportunity
to examine the suggestion that there is an association between a father's curmnulative
and short-term pre-conception external penetrating whaole body radiation dose and the

chance of his child contracting leukacmia or NHL.
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The Radiation Dose Study showed that the Gardner case fathers as a group had
incurred a relatively high average cumulative radiation dose compared with groups of
Sellafield men of similar ages. There also appeared to be a trend of increasing risk
with radiation dose. The wide confidence intervals relating to these analvses indicated

that the results should be treated with caution.

The Case-control Smdy only showed a significant association with cumulative pre-
conception external radiation dose when it was wreated as a continuous variable, but
not when relative risks were analvsed in terms of exposure groups. However, the
continuous variable association was solely dependent on one case father who had a
very high dose: the significance of the association is removed if the data is analysed
without that case. When the findings for exposure to external radiation and those for
residence in Seascale (see below) are taken together, coupled with the strong influence
which the Seascale cases had in the radiation dose study, the evidence that cumulative
paternal pre-conception radiation exposure alone is linked to an increased risk of

leukaemia and NHL in the children is fragile.

In the Radiation Dose Study the short-term pre-conception external radiation dose
wias taken as the dose in the yvear of conception. In this study there was a suggestion
of a raised risk of a child developing leukaemia or NHL for fathers with radiation
doses of over 20 mSv in the vear of conception. Again the wide confidence intervals
associated with the findings mean they should be treated cautously. For the Case-
control Study no association was found for external radiation dose in the 12 week pre-
conception period for the study population as a whole. But there was a positive
association for the Seascale subjects. Furthermore, this association was statistically
independent of that for cumulative pre-conception dose. These findings resemble
those of Professor Gardner, but on the basis of our data, apply only to the Seascale
subset. In considering the possibility of any short term pre-conception effect, a
12 week period is biologically more appropriate than the & months used by Gardner,
since this is the likely time span in which a specific effect on spermatozoa as opposed
to germ cells could occur. However, a dircct effect on spermatozoa was perhaps the
least plausible component of Professor Gardner’s hypothesis based on current

understanding of radiobiology.

Although there is an excess of other cancers in the children of the fathers studied, the
excess is small and not statistically significant. The only significant associations with
radiation related variables are a negative association with paternal pre-conception
radiation dose and a positive association with post-conception contamination
incidents. The positive association for post-conception contamination incidents is not
thought to be important in the context of the possibility of direct contamination of the
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child, since there is no positive association for incidents “not cleared of contamination

on discharge from the Medical Centre”, and because there is no association with work

in areas with higher contamination potential.

It is clear that the pattern of associations for other cancers is quite distinet from that
seen for leukaemias and NHL. There is no evidence of excess associated with Seascale
or with father's pre-conception radiation dose. Indeed, the other cancer case fathers
had significantly lower average pre-conception radiation dose than control fathers.
This means that if there iz a real effect for leukaemias and NHL involving Seascale
and paternal pre-conception radiation, it must be due to mechanisms specific for these
cancers, or for these cancers and a limited range of other cancer tvpes ococurring in
this age group (too few in number for this study to detect). There is no evidence of

any effect across all cancer types.
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Residence of the family in Seascale at the date of the child's birth appears from this
study to be important for leukaemia and NHL. (Only one case of a cancer other than
leukaemia or NHL was born in Seascale.) Over the whole study period, the ratio of
observed to expected cases of LLNH and LNHL in the children of the Sellafield
workforce born in Seascale was about fourteen whilst for the children of the workforce
with non-Seascale residence the ratio was about two. The latter ratio is not
statistically sipnificant and is partly based on 3 cases born before their fathers started
work at Sellafield.

A further peculiarity of these Seascale cases is that they have strikingly higher
radiation doses than other Seascale subjects. In other words, the data support the
*“Gardner” association within the Seascale-resident part of the Sellafield workforce. In
addition, the Seascale cas¢ fathers were more likely to have been involved in
contamination incidents than Seascale control fathers. The relationship with radiation
in the non-Seascale part of the study population is at best weak, and arguably non-
existent, and there are no consistent relationships with contamination incidents

involving fathers resident outside Seascale.

The hypothesis put forward by Kinlen that the incidence of childhood leukacmia may
be raised in areas where there has been a recent inflow of non-local people may be
relevant here. It is certainly the case that Seascale has an unusually high immigrant
(non-Cumbrian born) proportion of fathers. Estimated from present data, the ratio of
non-Cumbrian born to Cumbrian born fathers is 4.5 among the Seascale fathers and
0.24 in the rest of the population on which the study is based. If Kinlen’s hypothesis is

correct, it could explain why the leukaemia rate at Seascale is raised.
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It is not clear whether the non-significant excess of leukaemia and NHL identified in
those Sellafield workers' children not born in Seascale could be taken as evidence of
an effect of population mixing (at a lower level) in the other population centres. The
association between leukaemin rate and migration index is not statistically significant
without the Seascale data, Furthermore, the published evidence suggests that the
effeet on childhood leukaemia rates iz expressed guite rapidly after the relevant
poepulation movements® ¥, whereas the excesses seen in this study persist over at least
20 years. The concentration of cases in the population centres may be consistent with
an infective process but it should be noted that the higher rates of cancer in these
centres were also seen in this data for cancers other than leukaemia and NHL, for

which no link with population movements has been suggested.

Time distribution of cases
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The analvses of father’'s date of start and child’s date of birth show similar patterns,
with the higher risks in the earlier periods (before 1965 for father's date of start, before
1970 for child’'s date of birth). Taken individually, .famcr‘s dare of start shows the
stronger contrast between its two periods. Thirteen out of the 16 case children were
born to fathers who started work ar the site before 1965. The absolute excess risk is

almost entirely concentrated in this group.

This observation has two implications. Firstly, the fact that the strongest time
comparison is based on a measure of the fathers' employment timing (rather than the
child’s diagnosis, or birth date, for example), provides some evidence for a paternally
mediated effect of some kind. Secondly, the absence of any apparent excess AMong
the children of fathers first employed at Sellafield since 1965 suggests that if workplace
factors are involved, they relate 1o conditions that no longer apply (and, indeed, have

not applied for over 25 years).

In relation to diagnosis date, no cases of leukaemia or NHL were diagnosed in the
1950s. The excess appears in the 1960s and 1970s, and is slightly higher in the lawer
period. This pattern does not seem to be consistent with a population mixing effect,
at least in its simplest form, since the initdal influx into the area (and especially
Seascale), took place in the 1950s. It is difficult o see h'.:'w an unusual infecrive

environment could persist - and remain isolated - through a twenty-year period.

In considering the evidence for a population mixing effect, it should also be noted that
the children of Cumbrian born fathers and of non-Cumbrian born fathers shared the

excess risk of leukaemia and NHL about equally.

It seems difficult ty attach a substantive interpretation to the significant association of

leukaemia and NHL rates with fathers’ date of leaving Sellafield (with the excess



limited to children of fathers leaving the workforce from 1975 onwards - including
men still employved there). The numbers of expected cases for children born to fathers
with early leaving dates are low, and evidence from the matching process (sce
Appendix 1) suggests that fathers who left the workforce in the 19305 are under-
represented in the study, but there is no reason for this under-representation to affect

cases and controls differently.

Work areas and jobs

127

The analyses of work areas were based on the assignments of individuals whoe had
spent more than 5% of their time in a particular work area prior to the conception of
their children. From this type of analysis, work in the Calder group of buildings is
significantly and positively related to the incidence of LNHL and LLNH. A total of

five cases of lymphatic leukaemia were associated with this work area. Although two

of the cases also had mothers resident in Seascale, the Calder and Seascale

associations are independent and the Calder workplace association iz difficult to

explain on the basis of present knowledge.

Exposure to chemicals

128

In considering the potential for exposure to chemicals it was recognised that the
quality of the data was unavoidably weaker than those data which could be guantified,
such as recorded radiation doses, or those which could be considered as factual, such
as places of residence and dates. Consequently, the statistical power to detect any real
effects of chemical exposures is less than it would be if accurate measurement of these
factors was available. However the data were gathered in a syvstematic and consistent
fashion, and assessments were made without knowledge of the case/control status of

the subjects involved.

Potential exposure to tritium
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Assessment of potential exposure to tritium was carried out in the same manner as
for the other chemicals considered in the study. Strong positive statistical associations
are shown with work where exposure to tritium might have occurred, both when

analysed as a continuous variable and when analysed by exposure group.

This might imply that paternal pre-conception exposure to high levels of tritium could
be associated with the incidence of childhood leukaemin. However the data on which
the analyses are based suffer from the weaknesses already described. Further, if
paternal exposure to tritium were to be taken as a strong candidate for a cause of
some of the cases, it would imply that the emplovers at the time were unaware of
tritium's importance as a radioclogical hazard, and that they were not monitoring
either the workplace or the workers who could have been exposed, ie that substantial

individual exposures could have passed unnoticed. The evidence available for




Sellafield suggests that this was not the case - with records showing both environmental

and biological monitoring taking place as far back as the mid-1950s,

131  The Canadian study" of the occupational exposure of fathers to ionising radiation
included reference to exposure to tritium. The number of fathers in that study with a
recorded non-zero pré-conception exposure to tritium was 14, none of whom was a
case. There is no suggestion in the Canadian work that pre-conception tritium
exposure (at the levels experienced in that study population) was associated with
childhood leukaemia.

Potential exposure to trichloroethylene [TCE)

132 Variables assessing potential exposure toe chlorinated solvents were included in the
study because these substances had been widely used at Sellafield and because of
limited evidence in the literature of an association between paternal exposure to them
and childhood leukaemia. A non-significant positive association with TCE has been
reported™. The positive association between leukaemia and NHIL and some measures
of potential TCE exposure in this study cannot be separated siatistically from potential
exposure to tritium. In view of this and in the absence of strong independent

supporting data, the evidence of an effect of TCE in this study is considered weak.

133 It is possible that the potential for exposure to tritium, work in the Calder area, and
potential for exposure to TCE are markers for some other, more relevant exposure that
was not assessed in this study, If that is so, then it remains the case that if such a
workplace cause contributes to the excess of leukaemia and NHL in Seascale, it

appears to be no longer exerting an effect.

Other chamicals

134 TPositive associations for pre-conception exposure to chromates/di-chromates,
formaldehyde/formalin, hydrofluoric acid and picric acid with one or both of the
leukaemia/NHL case groups are identified in this study. These associations are not as
strong as those for tritium and wrichloroethylene and are not generally consistent in the
various analyses done. They become non-significant when allowance is made for the
multiple comparisons undertaken. Chromates and di-chromartes are recognised animal
mutagens, but in this study the association with chromates/di-chromates is accounted

for when the analysis is controlled for residence in Seascale at birth.

Implications for workplace regulation

135  Since publication of Professor Gardner's report, the nuclear industry, in consultation
with the workforce, has increased its efforts to restrict whole body radiation doses to
less than 15 mSv. Also, in April 1991, HSC issued the 4th Part to its Approved Code of

Practice’ supporting the Ionising Radiations Regulations 1985, This came into effect







COMNMCLUSIONS
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The first two parts of this HSE investigation, the Case-only Study and the Radiation
Dose Study, were concerned with the 11 case fathers who had worked at Sellaficld
identificd by Professor Gardner. These studies were associated with children born,
and diagnosed as suffering from leukaemia or NHL, in West Cumbria. The third part,
the main Case-control Study, was a full epidemiological study which sought to identify
all cases of cancer diagnosed before the age of 25 and where the children concerned
had been born in West Cumbria to fathers who had been directly employed at
Sellafield. The search for diagnosed cases included the whole country and the period
covered was from January 1950 to September 1989, In all, 16 cases of leukaemia and

MNHL, and 16 cases of other cancers were identified.

The purpose of the first two parts was to determine whether any of the information
available at an carly stage suggested a need to take action to further protect the health
and safety of Sellafield employees in particular, or radiation workers in general.
Nothing e¢merged from these parts to suggest such a need although the results of the
Radiation [Dose Study did provide some weak support for the associations found by
Professor Gardner between pre-conception radiation dose to the fathers and the risk

of lenkaemia and NHL in their children.

This result was nol surprising since the fathers of the cases identified by Professor
Gardner were merely being re-examined against a different set of controls. It was
considered that more reliable findings would emerge from the Case-control Study,
which would include additional cases, more comprehensive radiation dose data, a
study of the potential exposure te other substances and an enhanced statistical

analysis,

From the Case-control Study, the main conclusion is that there was a clear distinction
between the risk of leukaemia and NHL for the children of Sellafield workers resident
in Seascale when the child was born, compared with those resident elsewhere. The
rate of leukaemia and NHL was about 14 times the national average for the Seascale
children born to Sellafield fathers, and about twice the national average for the

children of Sellaficld fathers resident in locations other than Seascale.

Thirteen out of the sixteen leukaemia and NHL case children were born to fathers who
started work at Sellafield before 1963, whilst only 3 were born to fathers who started
work at Sellafield after that date. The excess in these illnesses is almost entirely
concentrated in children whose fathers started work in the period from 1950 to 1964,
with the observed t expected ratios being 10/2.25 for lymphatic leukaemia and NHL,

and 13/3.56 when considering all leukaemias and NHL. If there was a workplace-



145

146

147

148

related cause contributing to the observed incidence, the indications are that since

about the middle 19605, it has either ceased or has very substantially reduced.

The association of all leukaemias and NHL, (and more specifically lymphatic
leukaemia and NHL) with cumulative pre-conception external radiation dose to the
fathers identified in the main Case-control Study is weak. The estimates are
associated with wide confidence intervals and are strongly influenced by the Seascale
cases. Consequently it is concluded that there is only fragile evidence that cumulative
pre-conception external radiation dose alone is linked to an increased risk of
leukaemia and NHL among young people. The present study also considered other
forms of cancer, ie those other than leukaemia and NHL, and identified 16 cascs:
there was no association between these other forms of cancer and the father's

exposure to radiation.

In considering the immediate pre-conception external radiation dose, and the
possibility of a direct effect on the father's sperm, the important period is the 12-wecks
prior to conception. It is concluded that for the study population as a whole, there is
no statistical significance for any of the cancer types when examined against the
radiation dose received during this 12 week pre-conception period, or any other of the
variables studied. This finding contrasts with Professor Gardner's observation of an
agsociation between paternal external penetrating radiation doses in the six months

prior to conception and leukaemia and NHIL.

An important finding in considering potential mechanisms for inducing these illnesses
is the absence of an effect on other cancers. Had excesses of other cancers been
found, showing the same pattern of associations as seen for the leukacmias and NHL,
this would have provided strong evidence for a hereditable effect of the type
hypothesised by Professor Gardner. No such patern was seen and the fathers of cases
of other cancers actuallv had lower than average paternal pre-conception radiation
doses. This implies that any genetic mechanism involving radiation that might be
postulated for the excess of leukaemia and NHL in children born in Seascale would

have to be specific for these, and conceivably a limited range of other cancers,

For the Seascale cases, there is a strong association with fathers’ cumulative pre-
conception radiation dose, and a weaker association in the 12-week period before
conception. Because these observations are linked with residence as stated on the
children’s birth certificates, and thus with the assumed early residence of the children
in Seascale, it is possible that they can be explained by a combination of causes,
including paternal radiation exposure prior to conception and population mixing. In
this respect the observation of a high degree of population mixing in Scascale may be

important.
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For the other factors examined in the Case-control Study, it is concluded that fathers’
assessed pre-conception internal radiation doses, potential neutron and alpha exposures,
exposure o chemicals of various kinds and involvement in radiological incidents do not
seem 1o have been important, though the latter factor did show some statistical

association for the Seascale cases.

Three factors which did produce significant associations, independently of external
radiation and residence in Seascale, were potential exposure to tritium, potential
exposure to trichloroethylene and employment in the Calder part of the site. In these
cases the associations are strong, but for potential exposure to tritium and
trichloroethvlene, the associations are largely based on non-numerical data and the same
cases are invoalved in both associations. Thus the two relationships cannot be separated.
As far as trittum is concerned, we understand that the emplovers at the time were aware
of the hazards and carried out monitoring both of the workplace and of individuals.
Also, there is no suggestion in the Canadian study that pre-conception tritium exposure
was associated with childhood leukaemia. Independent evidence of a paternally
mediated risk from trichloroethylene is weak, We conclude, therefore, that both these

associations should be treated with cantion.

The association found for Calder is difficult to explain. There is some overlap of cases in
that 2 of the Seascale case [athers worked in the Calder part of the plant. However, the
cumulative pre-concepiion radiation doses received by the Calder case fathers were not
unusual relative to their controls. Neither can the Calder association be explained by
exposure to tritium. In conclusion, no convincing explanation for this association can be

found.

Mo single factor so far advanced seems capable of explaining all the features of these
cases. It seems difficult te deny some role for population mixing, even if the precise way
this operates is still unclear, (and the present data suggests that its effect bears equally
on the native and incoming populations). Population mixing alone, would not explain the
strong correlation within Seascale between father’s cumulative pre-conception radiation
dose and leukaemia/™NHL in his children. On the other hand, evidence has recently been
published®, showing that for cases diagnosed while resident in Seascale, there is an excess

even if all cases whose fathers had known pre-conception radiation doses are excluded.

The main interest of the Health and Safety Executive in having this work carried out has
been to determine whether there is any evidence from a study of the Sellafield c
to suggest that further preventative action is required to protect the health and safety of
radiation workers in general and those at Sellafield in particular. It is concluded that the

evidence ahtaincd_‘;mm the work suggests that none is necessary other than that already
taken.

































APPENDIX 1
Case-control study - identification of cases and controls

Stage 1: Identification of “candidate” Case and Control children

1 The source population from which the candidate case and control children were
drawn, and therefore for whom fathers were to be sought, consisted of all children
born and therefore emtered in the birth registers covering the present geographical
areas of Allerdale and Copeland in West Cumbria between 1 January 1950 and
30 Seprember 1989. Although cases were sought among births registered up to 31
May 1990, the quarter from July to September 1989 was the last for which draft
entries on microfiche were available at the time of the extraction of the control series.
No candidate cases were in fact identified amongst the registrations from October
1989 to May 1990, so the observation period for the study was taken as January 1950
to September 19589,

2 A search was made on the National Health Service Central Register (NHSCR) for all
deaths and cancer registrations recorded against this cohort of births. The main part
of this search was completed in July/August 1991 with checks in some of the small
closed registers continuing through to January 1992, Copics of the draft death
registration entries and details of cancer registrations (available from 1971 up to 1986,
with some, but not all, recorded for 1987 at the date of search) were supplied by the
Office of Population Censuses and Surveys (OPCS) and the General Register Offices
in Scotland and Northern Ireland where appropriate. 2057 deaths, 176 cancer
registrations and 78 with both a death certuficate and cancer registration were notified
in total. A count of numbers emigrated was also supplied: there were 1103 in all, for
whom no death or cancer registrations would be available. 351 children had been
adopted: although death and cancer notifications were obtained for this group, the
candidate cases identified were not included in the study as no original birth

registration details could be supplicd.

3 The certificates were reviewed by two members of Team Al independently, and all
cancers occurring in children and young people up to the age of 25 were noted. Any
cancer mentioned on the death certificate as the underlyving or associated cause of
death was included. Copies of draft birth registrations were obtained for this group
from OPCS. After exclusion of adoptees (there were 2), this group was accepted as the
get of candidate cases, 203 in all. Independent confirmation of cancer type or of cause
of death was obtained from the appropriate cancer registry for successfully matched

cases at a later date (see paragrgraphs 41 - 46 of this Appendix).




10

The candidate control children were identified as a randomly sceded systematic
sample of births drawn from the same birth registers, covering the same time period
as the case children. These were identified at OPCS by entry number in the registry
books., A 2% sample was estimated o be sufficient to yield about 150 matched control
fathers; this number of controls was considered adequate to optimise the statistical

power of the study at reasonable cost.

The nominal 2% sample consisted of all entry numbers ending in a 53 or 63 for
registrations after March 1969, which were supplied by OPCS as photocopies of the
single sheet microfiche entries. For the earlier period where 5 registrations in general
appeared per sheet, sheets containing an eniry number ending in 53 were extracted.
The first and last entries on each of these sheets, usually (but not always) ending in a

51 or 55, were actually used to make up the 2% sample.

An additional nominal 15% sample, consisting of registrations with an entry number
ending in the digits 11 to 25 and with a mention of Seascale anywhere on the entry
was also obtained. This sample was drawn from the same registers, covering the same
observation period as the 2% sample extraction. From this sample, births to families

resident in Seascale parish were identified.

Information from the birth registration photocopies was entered onto computer fles.
Data was keyed through a double entry system for validation purposes, and a further

thorough check was made of all fields entered against the photocopied originals.

A nominal 2% syvstematic sample had also been drawn at the outset from the birth
registries in Carlisle and Barrow-in-Furness. One quarter of these (604) were
submitted for matching, resulting in a single successful identification of a father
employed at Sellaficld (of a child registered in Barrow). This control father was
excluded from the study, as no attempt had been made to identify candidate cases
from these two registration districts in the light of the very low success rate of the

matching of birth certificate fathers from these more distant registries.

After exclusion of duplicates and entrics with incomplete information, a total of 4025
candidate controls were available for matching from the 2% sample series (including
one duplicate of a case, and two re-registrations of pre-1950 births). 2389 of these
were from the Barrow and Carlisle registries. 174 additional registrations were

available from the Seascale 15% *boost’ sample (one again a case duplicate).

Registrations cancelled due to adoption were excluded from the candidate control
series. There had hf':“ a total of 14 adoptions amongst the 2% sample extraction from

the Allerdale and Copeland area registries. Where a cancelled birth registration had
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which had been allocated to the various birth registries, and missing birth sub-
registration districts where these had ceased to exist before the end of the study period
were identified and the missing registrations were obtained. Lists of sub-registries and
books which had been a source for the control series and for potential cases were
eross-checked with one another to ensure that all had been searched for both

candidate cases and controls.

As a further check, numbers in the 2% main series and 15% Seascale boost control
groups were compared to numbers of births counted to mothers resident in the
Allerdale and Copeland areas and in Seascale for the relevant period. These numbers
would not be expected to be exacily the same, since births are registered in the area in
which the birth takes place, while the published birth statistics are based om the
mother's residence. The main point of this comparison was to see if there was any
evidence of sampling variation over time. The number of registrations in the 2%
candidate contrel series was about 20% less than the number of birthe to mothers
resident in the area, consistently for all time periods. There was no overall deficit of
births in the 15% Seascale boost (see Table 2), but the data shows an upward trend in
the proportion sampled from about 12% in the 19505 to about 18% in 1975-83 (the
comparison for 1984-89, 21%, is based on a different daia source from the earlier

years, and may differ for other reasons).

Four sources of ‘leakage’ or loss of births could be identified which were due to the
choice of birth registries as a source of births to Sellafield fathers and to sample

selection within these registries'. These were:

(a) a family resident in the Allerdale and Copeland area but the birth registered
clsewhere;

() registrations missed in the OPCS search:

{c) choice of entry number for the svstematic samples, with short, and early

closure of, registration books;
() cancellation of registrations, particularly due to adoption.

There was a clear pattern suggesting a consistent proportion of births to residents
being registered outside the study area in all periods, mostly from the Wigton and
Millom registration districts, presumably to the Carlisle and Barrow registries
respectively because of the siting of the relevant maternity hospitals. However, all but
one of the registrations successfully matched to a Sellafield father were from the inner

area registries, namely Whitehaven and Cockermouth, for which this leakage factor






was of no importance. Seascale births were also not affected. The loss of births due
to missed registrations and to adoptions was also negligible. Although assessed on the
basis of the candidate control data, all these factors would affect case and control
births equally. The comparisons did not therefore indicate that adjustments to any of
the sampling fractions would be necessary for different years or areas covered in the
study. The early closure of registration books could also operate in either direction on
the real sampling fractions, assuming that the point of closure would occur at random,

and therefore this factor was not adjusted for either.

However, the choice of entry number did have an effect on the nominal sampling
fractions for Seascale births, leading to a need o adjust the probabilities of selection of
these candidate control children in the study. Where a registration book contained
only 250, instead of the usual 500 or 1000 entries, the choice of entry number for the
2% sample (51,53,55 or 63) would result in the sampling fraction being 1.6% for these
short books, and for the 15% sample (11-25) 18%. Nearly half (44%) of the Seascale
births were registered in the Egremont, then Ennerdale sub-registries whilst these
operated; they closed on 30 September 1957 and 31 March 1974 respectively.
Thirteen of 14 books covering the period from 1950 to closure in these registries
contained 250 entries, the 14th contained 300, representing a 1.65% nominal sampling
fraction for these registries for the main series (17.6% for the Seascale boost) and
therefore a true sample fraction {ignoring the effects of cancellations and adoptions)
for the period up to 31 March 1974 of 1.85% for the main series and 16.14% for the
Seascale boost, The sampling fractions for Seascale births up to 1 April 1974 were
adjusted accordingly and are given in Table 4 of the main report. Full details of the
calculation of the selection probabilities is given elsewhere?. The effect of short books
on the sampling fractions for non-Seascale residents in the main sample series was

negligible, and no adjustment to selection probabilities was therefore necessary.

Stage 2: Matching to the Sellafield workforce files

16

The following details were extracted from the birth registrations for use in matching

to the Sellafield workforee file:

(a) child’s date of birth;
child’s forenames;
child's surname (available after March 1969 only);

child's sex;

(b} father's forenames and surname;

(c) father's place of birth (available after March 1969 only);
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(d) father's job:

(el mother's forenames;

(f) mother's surname;

() mother's maiden name;

i(h) Mother’s address (available after March 1969), or informant’s address and

relationship to child (available up to March 1969).

The above details for the candidate case and control children were supplied
electronically in a series of mixed batches to Team A2, for the second stage of the case
and control identification process. No indication of status as a case or control was
given in the batches. Controls and cases were allocated an identifving code and
sequential number as they became available for batching, They were then allocated to
the batches in a8 randomly seeded systematic fashion, so that each batch contained
sufficient numbers and birth date spread of controls and cases to obscure the
identities of both. [t was also possible to identify which of four original notional
batches the contrel and case candidates would have been allocated to had all
registrations been available at the outset of the matching procedure, by the sequential
numbering system. In rthis way it was possible o restrict the matching process for an
identifiable subset of the registrations submitted for matching when new rules were
applied (see paragraphs 23 and 25 of this Appendix), while ensuring that all such
subsets formed a sample representative of and based on similar selection methodology

as the original birth register extractions.

The fathers' and other details from the birth registrations were maiched to Sellafield
employees on the computerised databases maintained by the BNFL and AEA
personnel departments. These records contain the employment details of over 20 000
workers employved by BNFL, AEA and UKAEA Constabulary. They do not however
cover workers emploved by outside contractors, who were therefore excluded from the
study. If a potential match or matches was identified on one of these databases, iec a
man between the ages of 16 and 65 at the time of the child’s birth with the correct
surname and at least one maiching forename, the man’s paper personnel records
would also be consulted. Should the man have transferred to another site this would
also be noted ar this stage. A match was considered to be successful if the sum of the
scores awarded for each matching criterion (father’s name, wife's details, address, job
information) exceeded a pre-determined threshold, which had been fixed (av 12) so
that the theoretical chance' of a single mistaken match occurring (over the entire

matching process) would be limited to the order of 1 in about & 000,
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The scores for father's surname and mother's maiden name were based on the
relative frequency of occurrence of those names in the local telephone directory.
Forename and initial scores were based on national frequencies. Scores for an exact
match on job were based on national frequencies of occurrence of occupations (at
chapter level of the Standard Occupational Classification), with an additional score
awarded for mention on the birth registration of Sellafield employment. Scores were
also allocated for an exact or close match on mother’s (or pre-April 1969, father’s)
address. Items (a), (b) and (¢) listed in paragraph 16 were not scored in the matching

ProCCss.

Cognisance was also taken of any contradictory evidence against a match. Evidence
which might suggest a family relationship other than as father of the child would alsa
be an indication of mismatch, in spite of a high score. For example, a brother or
grandfather of the birth certificate child sharing a common family name and a
common address would present a situation where the independence assumption used

in the probability calculation for determining the cut-off score would not be valid.

The match scores were concentrated above and below a band defined by the scores of
% and 12, with very few falling within this band. All potential matches with scores
from & to 12 were re-assessed anonvmously by an independent arbitrator. Three

additional scorable criteria were as a result added o the above list. These were:

(a) For a mention of Sellafield work on the birth registration, plus a contemporary
job record matching that on the birth certificate and no other potential matches

in the database - include in matched set;

(b For a "spread’ of at least two independent scorable items in addition to name -

score additional 0.5;

(c)  For a close similarity of job descriptions from different time periods - score
additional 0.5;

One Gardner case scored 10.8 after taking account of all mtlahuw: criteria. However
in the original study by Gardner, fathers' dates of birth had been known, and were
used o identify which case fathers had worked at Sellafield. Because of this, it had
been decided (before any matching had been attempted) that an additional score of
four* should be counted for each of the 11 Gardner cases. The case was therefore
retained in the study.

Based on there being approximately 10* possible birth dates in the 40-year span covered by the
stuacly
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It will be noted from Table 3 that the numbers of candidate case children fall from
1965 onwards. After this date the length of follow-up during which a child could
become a case, a maximum of 25 years, was shortened, so progressively reducing the

pool of candidate case children born in these vears.

As explained in the main report, case fathers whose children were born before the
father's date of start at Sellafield, but diagnosed of their cancer afier that date, were
included in the study in order to contribute to the assessment of the possible effect of
post-conception factors. The corresponding control fathers (fathers with a child aged
under 25 on the father's Sellaficld start date), were under-sampled in relation to other
controls in the ratio 1:4. This was done by including all matched control fathers in the
first two of the 0.25% batches, and in subseguent batches excluding control fathers
whose date of start post-dated the relevant child’s date of birth. Since the allocation
of the control series to batches was done randomly, this control sub-group iz a 1 in 4
sample of such control fathers in the full 2% sample amongst the additional Seascale

controls.

In Table 4 of the main report are summarised the final sampling fractions achieved
for the different population groups in the study. The probability of selection of each

candidate matched for the study is derived directly from these sampling fractions.

Thirty-nine candidate cases and 182 controls, including 36 from the supplementary
Seascale boost {one also a case) and one from the Barrow-in-Furness registry, were
successfully matched to fathers who had at some time been employed on the Sellafield
site. Table 4 in this Appendix shows the numbers successfully matched, by time
period of the child’s birth, address (Seascale or otherwise) and pre-birth exposure
(PBE) status,

As noted earlier, separate probabilities of selection (sampling fractions) were
applicable to those resident in Seascale or elsewhere, and to fathers who had worked
on the Sellafield site before their child's birth as opposed to those who had not. In
Tables 4 and 5, residence in Secascale implies a father of a child whose birth
registration indicated a home address within Seascale parish, whether that registration
came from the 2% or 15% boost control serics or from thlu candidate cases. This
classification and that of PBE status in tables 4 and 5 determines the allocation of
selection probabilities to the study subjects. Those fathers classified as having no pre-
birth exposure have been allocated to this category according to the decision made at
the time of first matching of the birth registration to the workforce computerised
database, At this time potential matches to candidate registrations were not followed
up (whatever score was achieved) if the potential match father had a date of start

after the child’s birth and the registration was not part of the pre-defined subset of
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All the matched control children were successfully traced on the NHSCR. Five were
found to have died before the age of 25 (no cancers), of which one, who died very
shortly after birth was excluded entirely from all further analyses. Dates of death of
the others were noted. Two candidate control births were of siblings, matched
successfully to one Sellafield father. One candidate birth which was successfully
matched had been selected as a control in the Seasecale boost but was also a case,
Two successfully matched control fathers and one case father had worked on site for

just two, three and five days respectively. These were retained in the study.

Checks on the representativeness of the matched controls

32
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Numbers matched by date of child’s birth and by father’s start and leaving dates and
staff category (staff or industrial) were monitored during the matching process. No
major deficits in any of the strata were apparent. A further comparison was made of
matched numbers from the main series 2% control sample against numbers of births
which might have been expected amongst this workforce., Expected births for the
study observation period were estimated from national (England and Wales) birth
rates, for births with father recorded on the birth registration and adjusted for the
slight excess of births in the Northern region, applied to various subsets of the total of
men emploved at any time on the Sellafield site up to 1991, Expected numbers of

births were calculated separately for the periods before, during and after employrment.

Best matching rates were achieved for fathers emploved at the time of the birth of the
child to whose registration they were to be matched. For these men, numbers
successfully matched represented 70% of the expected numbers, based on the 1.75%
sample of local births which were submitted for matching. For fathers starting at
Sellafield only after the birth of their child, 40% were matched (based on 0.5% of local
births submitted for matching), while only 12% were matched for births to fathers who
had left their employment at Sellafield. The main explanation of these last two rather
poor rates of matching is likely to be that many of these (expected) births will have
oceurred outside the Allerdale and Copeland districts and therefore would not have
been available for matching in this study. In additien, even when the child was born
in the area, matching information - wife's names, address at child’s birth and
occupation at that time, would also be less likely o match to the BNFL records when

the father was not an employee at the time.

An explanation for the 30% deficit of births to fathers during their employment can be
sought in the guality of the BNFL/AEA personnel records among different groups.
Matching rates were less good for fathers who had left Sellaficld employment before

1970, than for those leaving after this date or those still employed.
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Various categories of missing data in the BNFL personnel records could be identified
which would be responsible for this early period deficit. A very few (4 out of the 136
candidate case and control children, mostly from births registered in the early period
of the study, who had a mention of Sellaficld work on the birth certificate - 3%) had no
potential match on the BNFL or AEA computerised databases. This suggests that
only a very small loss of potential matches in this early period was due to

incompleteness of the computerised records - the first step in the matching process.

A higher proportion of potential matches with early leaving dates had missing paper
archive records - about 28% of the pre-1960 leavers, or nearly seven times as many as
those with later dates of leaving or the still employed, had no archive personnel

records at Sellafield or at other sites operated by BNFL or AEA,

Partly as a result of the absence of paper personnel records, a higher proportion of the
ecarly (especially pre-1960) leavers had missing data items from their records, which
would have been used for matching. To alleviate this problem, other record sources
in other archives (including AEA) and at other nuclear sites to which records had been
transferred were also searched for information on potential matches, and a number of
those with missing paper archive records were in fact successfully matched. All
available employment and radiation exposure history was included in the subject’s

dossier.

However it was not possible to adjust the candidate control mix to overcome the
deficit of pre-1970 leavers which remained. Some consideration was given to
increasing the numbers of control fathers who had left the workforce at an early date.
This could have been accomplished by submitting additional candidate control births
from all time periods and registries for matching, subject to a restriction that only
potential matches among pre-1970 leavers would be included in the study. However
the distribution of matched cases across leaver categories was similar to that of
controls, as would be expected, and as no such enrichment of the matched set of cases

was possible, the enrichment of the controls was considered inappropriate.

It was also the case that significantly higher matching rates were achieved for
industrial than for staff worker categories, and for radiation than for non-radiation
workers (defined as ever or never a radiation worker respectively). However there
were few (only & matched) non-radiation workers included in this analysis. The
availability of matching information in the personnel records was not better for
industrial than for staff employvees. Radiation dose records were available for the
radiation workers, but matching information obtainable from this source was not

scored in the matching process.
























External radiation doses

4

The remit of Team B was to select relevant information from anonymised copies of
the original external dose records (provided by Team AZ) to convert the dose dara
into modern dosimetry units, and to transfer the converted dose information
to Team D statisticians in a suitable form for input to their computer. The tearn was
required to operate within a procedure designed to preserve appropriate standards of
security and confidentiality and to ensure that its members did not know the
identitics of the individuals concerned nor whether they were Cases or Controls.
Some preliminary work was done to establish the extent and difficulty of the task and
to ensure that the team understood the conventions used in the past for recording
doses on the site. To this end, relevant scientific papers on dosimetry were sought
and studied and discussions were held with the Approved Dosimetry Service used by
BNFL Sellaficld, to gain historical information on dose monitoring and record
keeping on the site. An examination was undertaken of copies of a few external dose
records provided by Team A2 to determine the quality and quantity of information
likely to be available, and the difficulties likely to be met in interpreting and analysing

the data.

It was established that the film badge was the main device used at Sellafield for
demonstrating compliance with dose limits and had evolved from a crude unscreened
dental X-ray film (in the early 1950's) incapable of discriminating between radiation
of different types and energies, through a simple badge where half of the film was
sereened with lead, to the multifilter badge currently used. This has good radiation

type and energy discrimination features.

Nowadays radiation is characterised as either “weakly penetrating” or “strongly
penetrating”, a concept reflected in current arrangements for personal dose
monitoring and in the terminology used. X-, gamma, neutron, and high energy beta
radiation are normally considered as components of the latter group which irradiates

deep organs including male and female gonads,

There was only a limited amount of neutron dose information in the records. Indeed,
there seem to have been no measurements of personal neuiron dose prior to 1960,
although some measurements were taken on plants to determine whether neutrons
posed a significant problem with respect to worker exposure. At one stage, personal
neutron doses were estimated by applying neutron to gamma dose rate ratios from
instrument measurements, o gamma doses measured with film badges. Although
neutron dose records were not as comprehensive as those for X- and gamma
radiation, Team B decided to include neutron doses in the extraction and translation

work where they were available.
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With regard to beta radiation, again the records were less comprehensive than those for
X- and gamma radiation. Discussion with dosimetry staff at Sellafield, however,
indicated that beta radiation was unlikely to make a significant contribution to the dose
of interest so Team B decided thar little would be lost by not including it. Only those
recorded doses from X-, gamma, and neutron radiation therefore were extracted from
the records and translated, and for the most part these were doses measured by the
statutory film badges. However, the dose records were not perfect and at times
technical judgement had to be applied to decide on the dose figures to use, These
technical judgements were supported by decisions made by a panel of three health

physicists,

From the preliminary work it was clear that interpretation of the earlier external dose
records would give problems. There would be the obvious difficulty of deciphering the
numbers in the records, difficulties in determining which doses to include in the
“strongly penetrating” group, determining which radiation dose units had been used and
deciding which factors Team B should employ when converting the numbers to doses in
milliSieverts, It was also clear that uncertainties from, for example, incorrect
recording of results, the leaving of gaps, or the use of mofional doses for lost and
damaged films, would have a bearing on confidence limits in the statistical analysis.
Guidance for the statisticians would have to be developed. It was evident too that the
early dose records would be more difficult to translate than later ones, and that dossiers
would differ in ways which would have implications for the translation work and
resources. It was observed, for example, that some dossiers contained 20 years of dose
records while in others there were only 3 to 4 vears. It was clear that a pilot
programme would be needed to properly identify the likely difficulties and for this
purpose 5 typical dossiers covering size and temporal variations were selected, and

considered in detail.

The pilot programme confirmed the difficulties suggested by the preliminary work,
allowed resource needs to be established and led the way to the development of
technical and administrative arrangements and procedures for the dose data extraction
and translation work of Team B. An important feature of the arrangements was the
communications interface with Team A2 so that additional information relating to the
copies of the dose records could be acquired without compromising the anonyvmity
requirements. The pilot programme allowed the foundations to be built for a guality
assurance system which would ensure that the dose records in the dossiers were worked
upon in a controlled way, and the ourput properly checked. These QA arrangements

were refined as the main translation work proceeded.

The pilot programme also confirmed that Team D would need to be given clear

indications of, and advice about, the uncertainties in the data', established the Team D
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preference for receiving translated information on a “badge-by-badge™ basis, and
allowed development of the pro forma for the “translation sheets” by means of which
the dose data and the other information would be passed to Team D. It also allowed a
start to be made on the setting of criteria for converting recorded doses (some of which

were in units as imprecise as “fractions of a weekly tolerance dose™) into modern units.

The main data exteaction and translation work was performed “badge-by-badge™ in
two stages., The first siage dealt with the two years immediately prior to the end of the
yvear of conception, and the second stage with the remainder of the period before then.
Team A2 provided, for each dossier of dose records, information on the year in which

conception occurred.

Some 40 000 dose record entries were extracted, translated and recorded during this
part of the work, Reference 2 describes in detail how Team B carried out itz work and
highlights the uncertaintics, the shortcomings and other points of interest related to the

data.

To indicate to the HSE siatisticians where there was portential for uncertainty in the
dose values, additional to the inherent measurement errors, Team B "annotated” the
information provided to Team D and during the statistical analysis provided
supplementary advice on dealing with the annotated entries eg gaps and motional
doses. A data review group was formed with health physicist representation from
Team B and statistician representation from Team D to consider the issues and to

decide on the numbers which should be entered into the database.

The outcome of the discussions within this group was the development of a set of
"imputation rules" which allowed Team IJ to enter numbers into its database where
neither the dose record nor the judgements of the panel referred to in paragraph 8
could provide dose values. Most of the rules use the concept of neighbouring dose
where the numbers entered into the database are based on the dose record information
for the periods shortly before, or shortly after, the period of interest. Compromises
were made between using information relating to the periods closest in time to the

period of interest, and casting the net wider.

The algorithmic definition adopted was thar for a piece of dose information to be
included in the neighbouring dose calculation, it must relate to a period between 5 and
31 days in length, and which had a start date within 180 days of the start or end of the
period of interest.  Furthermore, in deriving the neighbouring dose, the pieces of dose
information were taken in order (starting with that nearest to the period of interest)
from the immediately preceding period, until at least 3 pieces of dose information had
been found with a total coverage of at least 3 times the duration of the period of









Short (less than 30 days) unexplained gaps

The meaning of wnexplained in this context is that the documents produced by
Team B contained no explanation for the missing data. The low and central values
were taken to be zero and the high value was taken to be the neighbouwring dose as

described in paragraph 16.

Long unexplained gaps

Again the meaning of unexplaimed in this context is that the documents produced by
Team B contained no explanaton for the missing data. An individual review was
made of the personnel and dose records for the period surrounding the gap. On the

basis of this, one of three decisions was taken by the data review group:

{a) there was probably no dose received during the period. so zero should be

entered on the database for the central value and for the high and low variants;

{a) it was reasonably plausible that there could have been no dose received during

the period, and the rule applying to short gaps should be applied, or

{c) it was unlikely that no dose had been received, so the central value should be
taken to be the neighbouring dose and the low and high variants should be
derived separately from the dose rates in the 6 months before and the 6 months

after the gap.

Two special cases did not fit these general rules. In one, for the period following the
gap, there were a few very large recorded doses. The central value for this instance
was taken as the neighbowring dose calculated with the high values removed, the low
variant was zero and the high variant was the neighbouring dose including the high
doses. In the second case there was strong evidence, from detailed descriptions of the
work undertaken, to support the view that the neighbouring dose was a good basis for
the database numbers covering the period of the gap. The neighbouring dose was

entered on the database for the central value and the high and low variants,

Notional doses [see Glossary)

The central value was taken as the smaller of the neighbouring dose and the notional
dose. Almost always this was the neighbouring dose, and reflects the site practice of
overestimating where there was doubt, since the purpose of personal dose monitoring
was to demonstrate compliance with dose limits, The low variant was taken as zero

and the high variant as the larger of the notfonal and neighbouring doses.




Estimated record entries

For other entries in the dose record where the dose had been estimated, the low
variant was taken as the smaller of the neighbouring dose and the recorded dose
estimate, the central value was taken as the recorded dose estimate and the high

variant as the larger of the nesgghbouring dose and the recorded dose estimate.

Entries relating to lost/damaged film badges

These were treated differently according to date. It was known from the preliminary
work of Team B that up to 1958, zero was generally entered on to the dose record in
such cases. Where the dose record prior to 1958 showed a zero dose for a
lost/damaged film badge, the central value was taken as the neighbouring dose, the
low variant as zero and the high variant as the larger of the neighbouring dose and the
pro rata nodonal dose, All other dose entries relating to lost/damaged film badges

were treated in the same way as for estimated record entries.

Zero entries {where replacemeant film badges had been issued)

In a number of instances where a routine film badge had been replaced, the dose for
the period prior to the replacement had been recorded as zero. In the absence of
explanation in the documents produced by Team B, the low variant and central value
were taken as zero in such instances: a high variant was calculated by applyving the
dose rate for the replacement film badge to the period from the date of issue of the

original film badge to the date of issue of the replacement.

Blank entries (ie where there were only one or two

consecutive missing entries) +

These were treated in the same way as the sfrort unexplaimed gap, the low variant and
central values being taken as zero and the high variant as the neighbouring dose.
However, where some special film badges had been worn during a period where there
was a gap in the routine film badge record, the values taken were not less than the

doses recorded by the special badges (see Table 2).

Overlapping entries

When special film badges had been worn during a period, the recorded doses were
sometimes different from those measured by the routine film badge for the same
period. The data review group discussed at great length the reasons for this and

decided to adopt imputation rules based on;
ia)  the recorded dose on the routine issue badge (X);

(b)  the duration of the routine badge (D);
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{c) the total overlap period for all special issue badges (n);

{d) the total dose recorded on all special issue badges (P - the “parallel dose™).

The calculation depends on the relationship of these four guantities as illustrated in
Figure 1. Where the period covered by special badges was short in relation to the
routine issue badge, and where the dose on the special issue badge was substantially
less than that recorded on the routine issue badge (this situation corresponds to point
“a"” on the figure), no adjustment was made. Where the period covered by the special
badge or badges was short, but the dose recorded by them was greater than that
recorded by the routineg badge (*“b" on the figure) then it was decided to use the sum
of the P and X. Where the total period covered by special badge or badges was the
same as that covered by the routine badge (“c” on the figure), it was decided to use

the larger of P and X. There were relatively few instances of this type.

Somewhat arbitrarily, it was decided to extend the application of the adjustments
described above to the shaded areas shown on the figure and to make a linear
interpolation for badge combinations whose parameters fell in the unshaded area of

the figure.

Figure 2 illustrates the effect of these adjustments on all total pre-conception doses in
the study. In this figure the adjusted dose totals are plotted against the dose totals
that would be reached by simply adding up the whole body doses from the Team B
translation of the original records. The figure also indicates the area in which the
adjusted dose total lies within 20% of the dose as recorded. The adjustments produced
no major changes in the dose ranking. No subjects change dose category on a
grouping with cut-points at 50 and 100 mSv. The 4 subjects with the largest absolute
change are marked by a leiter on the figure: the dose estimates for subjects A, B and
C are raized because they wore large numbers of special badges; subject D because
there were three long gaps in his dose record totalling 5.3 yvears, and a value of 53 mSv

was imputed for these missing periods.

Figure 3 shows a similar plot for doses received in the 12 wecks prior to conception.
Here the relative changes in dose estimate are greater, and 4 subjects change dose
category (with cut-points at 5 and 10 m3v). The reasons for the largest absolute
changes are as follows: subject A had a two-week routine film badge which recorded
7.26 mSv, and in 2 days in the same period wore 2 special badges which recorded a
total dose of 9.68 mSv. For subject B there was a similar situation with a single
special badge recording 9.22 mSv. Subject C had a 9 day gap in his routine dose
record during which he wore a special badge which recorded a dose of 3.6 mSv.

Subject ID had a 6 month gap in his dose record, but other available information
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implied that his work in this period was similar to that in preceding and following
periods. The 6 mSv is an imputed value. Subject E also had a 5 month gap partly
overlapping with the 12 pre-conception weeks, leading to an impuited 0.27 mSv
contribution to his 12 week pre-conception dose. For subject F the dose record
included a two-week notional dose of 2 mSv, so his adjusted dose is lower than that

recorded in the dose records.

Internal radiation doses
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In his study Professor Gardner considered only the external component of radiation
dose. However workers in the nuclear industry, particularly Sellafield, can receive
additional dose from radioactive material taken into the bodyv. Team AZ was given
access to BNFL and AEA records which contained biological monitoring information.
From this information it was possible to calculate the internal dose received by the
individuals for inclusion in the study.

While BNFL and AEA have records of biological monitoring, and in some cases have
assessed internal dose, until 1986 when the lonising Radiations Regulations (1983)
came into force, there was no legal requirement to undertake such asscssments.
Consequently, assessments of internal radiation doses were not available for most of

the subjects in the study.

Aszessment of internal dose is not straightforward and iz dependent on features
associated with the metabolism in the human body of the radionuclide in question.
The biological monitoring results have to be interpreted. The assessment of internal
dose iz based on the fraction of the radionuclide retained in each organ and the energy
deposited. There are no simple straightforward formulae and assessments have to be
case-specific and undertaken for each nuclide for which there is biological monitoring
data. In view of the magnitude of the task and the need to obtain the best available
independent assessment, the National Radiological Protection Board (NRPB) was
asked to undertake internal dose assessments for all subjects with a record of an

intake of radioactivity.

Since Professor Gardner had suggested that possible mutation of the sperm hefore
conception could be important, it was decided that the dose to the testes should be
assessed: to a first approximation this corresponds to dose to the gonads. NRPB was
consulted on this aspect and provided advice on the deposition of radionuclides in the
testes, suggesting thar the development time of the sperm was 64 days. Taking into
account the objectives of the study and the range of radionuclides to be considered, it

was agreed that the following assessments would be made.

{a) integrated dose from the date of start of work to the date of conception;
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(b}  dose in the 64 davs prior to conception;
el dose in 365 days prior to conception;

{d) dose in each calendar year from the start of work to the year before date of

COnCcepLion.

The results of the assessments carried out by NREPB for each subject for whom there
was any record of radicactive intake were provided to HSE. In addition NRPB
prepared a full report of their work® which also summarised the main findings for dose
distribution within the study population. In general the main contributor was

plutonium.

In addition to the derivation of a numerical value of dose, work was undertaken to
look at the range of uncertainties within the dose assessment. One particular aspect
which was examined in some detail was variation in dose within the “sensitive™ period

prior to conceplion.

In order to define this period during which developing sperm may be exposed to
internal ionising radiation prior to conception, it is necessary to have an estimate of
the time taken for the process of spermatogenesis in the body of the testes and for the

transport, maturation and storage of sperm in the epididymis.

Based on the work of other researchers,™* % the range for the period of interest varies
from 71 days at one extreme to 99 days at the other. On the basis of advice from a
reproductive physiologist, a period of 84 days was chosen as the best estimarte of the
average duration. This is in the mid-point of the range and is equivalent to a period
of 10 weeks for spermatogenesis and 2 weeks for epididymal transit. There will be
uncertaintics involved in the use of any single figure, and for practical purposes there
will be no significant difference between the 84 days which we have selected and that

of 90 days used in another similar study.

In view of the decision to use 84 days as the immediate pre-conception period of
interest, the results for each of the study population were examined and the 64 day to
365 day ratio determined. This analysis indicated that the variation in dose for
periods between these limits could, in all but one subject, he assumed as linear. The
subject in question had been exposed to tritium, and for him, NRPB recalculated the
dose for the 84 days prior to conception. For all other subjects, the 64 day dose was
extrapolated linearly to caleulate the 84 day dose.

i



Potential for exposure to chemicals
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In addition to the main study of radiation doses to members of the workforce, HSE
had alzo planned to undertake a study of chemicals in use on the site in the past. This
was to see whether any of therm might be related to the incidence of the observed
cancers. This study covered both the BNFL and AEA areas of the Sellafield site. To
undertake this work a separate team, Team C, was established: none of the members

of this team had been involved in any other work associated with the studies.

The first task was to compile a list of appropriate chemieals, where they had been
used, and to devise a ranking scheme to classify different levels of potential exposure to
each chemical. A job history for each of the anonymous subjects was supplied by
Team A2.

A starting point in identifying the chemicals was a list, provided in 1989 by BNFL 1o
COMARE, of all chemicals present at Sellafield together with their International
Agency for Research on Cancer (IARC) classifications. From this list were selected
those substances with classifications 1, 2A, 2B and 3, ie ranging from “known
carcinogen” to “suspect carcinogen”. This selection was reviewed by an HSE

toxicologist who added a number of chemicals used on site which had been either;

{a) identified as being worth further investigation by the members of Team A2 who

had conducted the original Case-only Study; or

(b) identified by THSI? as meriting further examination.

To be able to link a potential for exposure to chemicalg 1o any individual in the study,
the team needed to determine, as a function of time, between 1949 and 1991, the
locations and methods of usage of each of the chemicals on the final list. Records

which were searched in an artempt to build up this complex picture included:

{a)  site archives - these held some data relating o radioactivity levels, but there was

little information of use to this study:

(b} a manual of hazardous materials used ar site, compiled in 1961, which gave
some useful historical information about where various substances were used in

the late 1950’s;

{c) site incident database - by using as keywords the list of chemicals, approximately
100 incident reports were extracted. These were used to supplement
information on the location of chemicals, and they also provided some indication

of the method of usage.
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Records of the location of chemicals, and method statements of how they were handled
and used, from the mid 1970°s 1o the present time were available. However the further
back in time, the less daia was available, other than those sources noted in the previous
paragraph. Since its inception, the nuclear industry has monitored and recorded
radiation doses and levels of radicactivity in working areas: in common with other
industries, however, there has been little or no guantitarive monitoring of the levels of

chemicals in the working environment.

This general lack of gquantitarive data on chemical exposures restricted the exXposure
classification scheme which was finally arrived at. In deriving the ranking system,
assistance was provided by Mr B Pannett, a member of the MRC Epidemiology Unit at
the University of Southampton, who has had extensive experience of conducting siudies
into exposure to substances in the environment. Since prediction or knowledge of
absolute exposure levels was going to be impossible, the ranking system concentrated

on patterns of exposure for groups of workers doing a similar range of jobs,

A sct of definitions was generated 1o enable job types to be ranked in probable exposure

order,
Code Description
1 Unexposed
Some potential exposure with:
2.1 up to Y, of such workers exposed;
2.2 Y, to %, of such workers exposed;
23 more than */, of such workers exposed
3 All such workers exposed
4 All such workers heavily exposed
9 Exposure status unknown

The codes were assigned taking into account exposure control measures, such as the

use of local extract ventilation or respirators.

It was decided that the most effective use of resources would be to identify each job
type represented in the study and then to derive exposure rankings specific to that joh.
In addition to the original list of chemicals, it was decided to treat a number of other
factors which were not readily quantifiable in the same manner. These were neutrons,
alpha-in-air, tritium, polonium and beta/gamma-in-air. The objective was to include a
judgement of exposure to these factors for which there was only sparse dara in the
records for the 195805 and 1960s. The overall list of chemicals and radiological factors is

shown in Table 3.
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personnel and retirees, who were doing or had done similar jobs. Through their

recollections it was possible to:

(a) obtain positive confirmation of whether or not a particular chemical had been in

use at that tme;

{b)  determine the method and frequency of using/handling the chemical, and thus
deduce the potential for exposure and the proportion of the worker group

exposed at any one time;
ic)  explore the likely radiological environment/s pertaining at that time; and

(d) clarify the unresolved cost centre numbers. by interpolation between confirmed

jobs.

To reduce the amount of data which had to be collected and processed, it was decided
to limit consideration of chemical factors to employvment prior to the date of birth of

each case child.

To set the study in motion, letters were sent to management and union representatives

of both BNFL and UKAEA at Sellafield. These set out a number of reassurances:

(a) none of NII personnel involved in this phase of the work was aware of the names

of any of the cases or controls;

(b} it was not the aim to criticise, or pass judgement on, working methods present or
past, but rather to find out what potential there had been on site for exposure to

certain chemicals and other factors;

{c) neither was it the aim to focus on particular individuals; volunteers were sought

from the various job groups through line management;

(d) individuals who felt they had any knowledge of use to this study were invited to

contact NI,

In addition it was agreed that contacts with ex-employees would be made only through
BNFL/AEA management.

In some areas of the site where highly specialised or unigue work took place, such as in
some of the Research and Development laboratories, there was a strong likelihood that

very few people had performed that task, even during a long period of time. Thus
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during an interview with a representative jobholder, it was not possible to rule out the
fact that the interviewee either knew or even was the case or control father. In order
to cater for that eventuality, a cautionary statement was read out before undertaking

an interview where such a discovery was deemed credible.

This cautionary statement was as follows:

“The objective of this part of HSE's Post Gardner Study is the investigation of
environmental factors in the workplace (eg potential exposure to chemicals) since
operations began on the Scllafield site. We are gathering information by conducting
informal interviews with a number of current and previous emplovees who have
personal knowledge of past working practices. The people we are talking to have been
selected because of their knowledge of work in particular areas of the plant, regardless
of whether they are among the 200 or so individuals covered by the study. The

interviews are voluntary and confidential.

The HSE inspectors conducting the interview do not know the identity of the men
included in the study. Nor do they know which individuals are “cases™ and which are
“controls”. You have been selected for interview because of yvour knowledge of past

working practices, and for no other reason.

During this interview it is possible that you may recognise someone in the study. You
may even be that person yourself. If you do think vou recognise someone, please do
not reveal their identity to me or anyone else.

We appreciate that for some people this may be a very personal and sensitive issue,
and we do not wish to cause offence to any member of staff. We would welcome yvour
assistance in the interview, but if vou do not wish to participate please feel free o
withdraw at anv time.”

For each case or control father, and for each of his separately identifiable periods on a
job, an exposure profile sheet was completed on the basis of information obtained by
interview. These were conducted at Sellafield during September and October 1992,
The sheets were separately checked to identify:

(a) any time-period gaps in the data;

(b) any overlapping data which was inconsistent and needed resolution and;

(c) any misinterpretation of the job histories supplied to the interviewers.
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A series of meetings were held between Teams C and D to resolve such problems.
This resulted in a more coherent and consistent ranking of all job tvpes and exposure
levels. No attempt was made, however, to guantify any of the exposure levels so

ranked.

Because of the lack of any direct measurement of individual neutron doses in the
19505, and because of doubts about the completeness and consistency of such
measurements across individuals in later periods, it was decided to combine this
information with job history information to produce a gualitative classification of an

individuals® job spells into one of 3 groups:

(a) Group 1: no exposure to neutrons, or where the information from Team B

showed that neutron dose was a very small percentage of the X + gamma dose;

(b} Uroup 2@ neutron exposure above group 1 levels, bur below these where there

was a potential for high neutron exposure;

(c) Group 3: high potential neutron exposure.

All individual job spells in the study were reviewed by a group drawn from Teams C
and 1), Team B providing some technical support for the group. The following

information was considered:

(a) the period covered by the spell;

(b) the existence of recorded neutron monitoring for the individual during the spell;

(el the total X+gamma and neutron doses recorded during the spell, and their

ratio;

() the job codes assigned to the spell (see Table 5 in the main report);

(e} the job title which the man held during this period.

The potential neutron exposure coding was primarily determined by the job code.
Spells with job code 16 (fuel plants) were coded as potentially highly exposed to
neutrons, Group 3, with 11 exceptions where the job title suggested that neutron
exposure potential was low. Job spells coded 7 (Windscale piles), 8 (Calder) or 18
(AGR-Advanced Gas-cooled Reactor) were coded to Group 2, with some 18 exceptions
based on job descriptions. All other spells were coded as unexposed to neutrons

Group 1 above, with the following exceptions:









APPENDIX 3
Statistical methods, definition of variables and detailed results

Explanatory variables
1 Table Al lists all the potential explanatory variables available within the study. The
following paragraphs set out the underlving definitions and explain how the variables

were constructed.

Demographic details

2 SEAS - Seascale resident at birth: this varinble was assessed from the mother's (or,
before April 1969 sometimes the father’s) address as reported on the child's birth
certificate. Having a Seascale resident family means that the address recorded on the

hirth certificate lay within the civil parish of Scascale.

3 JOBC - Job Class: records whether the father’s occupation at the assumed conception

date was industrial or non-industrial.

4 PCE - (Pre Conception Exposure). In workforce before child's conception: records
whether the child’s father had started work at Sellafield before the conception date of

the child (assumed to be 266 days before the date of birth).

Factors related to child’s and father’s birthplace

5 The distance of the child's family residence at time of birth from the Sellafield plant
was recorded by measuring distances from the centre of the Sellafield site to the birth
residence. For this purpose birthplace was not identified to street level but to the next
level up the postal address hierarchy. Thus all residence in, for example, Seascale or
Cleator Moor, were assigned the same distance from the plant, measured to the
centre of the place in guestion {as judged by eye) on the Ordnance Survey Map

(1:50,000 scale).

L In order to examine the suggestion by Kinlen®", that population mixing can cause or
promote the occurrence of childhood leukaemia, we recorded whether each father in
the study was born in Cumbria or not (variable FBTH). This data was taken from
birth certificates and from personnel records, and was available for all but 15 of the

study subjects.

7 This classification of fathers was also used to construct a measure of the level of
“immigration” in different groups of study population fathers. For this purpose the
population was divided into 11 groups: 5 of these groups were the 5 main
concentrations of birth residences (each represented by more than 10 study subjects):

Seascale, Egremont, Cleator Moor, Frizington and Whitehaven. The other 6 groups
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are made up of subjects with birth residences outside those 5 centres, divided into
distance bands with cut points at the distances defined by the 5 main places
previously named (3, 7, 11, 13.5 and 15 km respectively). The index of migration
levels (variable MIGR) in these 11 areas was computed by taking the ratio of births

to non-Cumbrian born fathers to those to Cumbrian-born fathers within each area.

The variables listed above do not depend on any choice of a relevant pre-conception
period. All other variables in the study are time dependent in this sense, and have
been evaluated either on the total pre-conception period, or in the 12 weeks prior to

conception.

Measured or assessed radiation dose

XG - External Radiation (X- and Gamma): father’s external radiation CXPOSUre as
recorded in the workplace records of film badge monitoring. The dose estimates
used in this study were compiled by going back to the original film badge records.

See Appendix 2 for further details.

Variables HIDA and RMAX: were calculated from the film badge monitoring data
to examine the possible effect of dose rate on the outcomes of interest. HIDA
records the number of days covered by badges which recorded a dose rate of
0.5 mSv/day or more. This dose rate represents the 97th percentile of the dose rate
distribution for the totality of badges worn (pre-conception) by the study population
fathers and is over three times the rate corresponding to the current statutory annual
dose limit (50 mSv). While HIDA measures extended exposure to high dose rates,
RMAX records the single highest dose rate (mSv/day) on any badge worn by each

subject.

NEUT and NHI - exposure to neutrons. Individual subjects’ work histories were split
into spells during which their job and work area were unchanged. A categorisation of
work areas and jobs was developed (see below), and work spells were coded
according to this breakdown. Four work areas were regarded as potentially giving
rise to significant neutron dose: the Fuel plants; the Windscale Piles; the Calder
reactors; and the Advanced Gas-cooled Reactor (AGR). Of these, the highest

neutron doses would be expected in association with Fuel plants.

Taking account of this information, and of measured neutron exposure available on
some individuals from the early 1960s, job spells were eategorised as having none,
some, or high potential neutron exposure. The variables NEUT and NHI, record the
number of days spent by study subjects, in any job with potential neutron exposure
(NEUT), or in a high potential neutron job (NHI). A fuller account of this coding is
given in Appendix 2,
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(b)  An assessment of individuals' exposure potential to a list of 35 exposure factors

(paragraphs 20 to 22).

Work arealjob

A categorisation of the main areas of the Scllafield site, and of the principal multi-area
job functions was set up. The categories are listed in the final section of Table A-1,
Individual job spells were coded to this categorisation. Wherever possible a unigue
work area code was assigned, but some work patterns imply presence in several areas,
or the performance of certain general functions across most areas of the site.
Depending on the kind of job, and the amount of detail available on the individual
subject’s work history, several work areafjob codes might be applied to any job history

spell.

When considered within the total pre-conception period, individuals were categorised
according to whether more than 5% of their time (prior to the child’s conception), was
in spells coded to the area/job in gquestion (variables PJ1 - P]J33). Owver the shorter 12
week pre-conception period the variables JB1 to JB33 record the number of days

(within the 12 week period) each subject was coded to the corresponding areafjob.

Chernical and other exposure factors

Table A-1 also lists the chemicals and other exposure factors which were zelected for
assessment in the study. Appendix 2 gives the reasons for the choice of chemicals,
and explains how these assessments were made. Potential exposure to these 35

chosen substances was rated on a seven-point scale:

1 = Unexposed

Some potential exposure with:

2.1 - Up to 1/3 of such workers exposed;

2.2 = 1/3 to 2/3 of such workers exposcd;

23 - More than 2/3 of such workers exposed

3 = All such workers exposed

4 = All such workers heavily exposed

9 =  Exposure status unknown i

Each job history spell for each subject was separately scored according to this scheme.
A cumulative exposure index was then computed by weighting the number of days
with the “natural” weighting scheme: zero, 1/6, 1/2, 5/6, 1, 2 for categories 1 through 4
respectively. If any relevant part of a worker’s history was scored 9 for some
substance, then his exposure was regarded as unknown. Variables C1 to ©35 record
the weighted daye exposure for each subject. Variables C29 and C30, recording

assessments of potential neutron exposure were not used directly, but combined with
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the available neutron monitoring data as described in paragraphs 11 and 12 above,
For beryllium (C6), tetrabromoethane (C19) and polonium (C35), no subject was given
a positive assessment. The number of informative exposure factors hased purely on

assessed potential for exposure is thus reduced to 30,

Extended assessment of potential tritium exposure

In the original assessment of chemical and other exposure factors, job spells were
coded to unknown unless the assessor was confident that potential exposure to the
substance in gquestion would or would not occur. The nature of the available
information on job histories meant that a relatively high proportion of job spells were
coded unknown. For tritium, a total of 85 subjects (8 cases) had ar least one job spell
for which the potential tritium exposure was unknown. Although this data provides
the best basis for an assessment of the possible effects of tritium considered on its
own, it presents difficulties for the analysis of joint or modified effects of tritium and
other factors. After assessed tritium exposure was found to show a significant positive
association, a further assessment was therefore made of those spells that had been
coded as unknown potential tritium exposure, to identify any such spells for which
tritium exposure - although not ruled out by the available information - was much
more likely to be absent than present. The number of subjects with unknown tritinm
exposure potential was reduced to 35 (6 cases). This second assessment was, of
course, made blind to casefcontrol status. The variables TRI! and TRIZ? record the

original and extended assessment of potential tritium exposure.

Contamination incidernis

If a worker becomes contaminated with radioactive material, they should attend the
Medical Centre for decontamination procedures., Records of these decontaminations
are kept, and record the levels of contamination found on different parts of the body,
the kind of radicactive material involved, and details of the decontamination process,
including information on whether the man in question was discharged completely

clear of residual contamination or not.

The units in which these contamination levels were recorded were not alwavs made
explicit in the records. However, examination of the patterns of usage of the
alternative units revealed a clear pattern: up to the end of 1958 39% of entries showed
no units, and of those entries with units 94% uged cpm (counts per minute); from 1959
only 4% of entrics had missing units, and of entries with units 87% used cps (counts
per second). This strongly implied a change in record keeping practices introduced in
1959, with cpm the standard wunit up to that point and eps thereafter. We have
therefore assumed that the units applicable to readings where the count unmit is not

explicitly stated are cpm up to the end of 1958, cps thercafter.
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Information on these decontamination episodes for the study subjects was extracted

and vused to construct the following variables.

NDCHM - the number of decontaminations,

NALP - the number of contaminations involving alpha emitters.
NBEG - the number of contaminations not involving alpha emitters.

HEAV - the number of “heavy” contaminations. A “heavy” contamination was
defined as one for which the maximum activity count was more than 500 cps. This
cut-off is arbitrary, and merely serves to divide the contamination incidents into a
heavier and not so heavy group. The cut-off was determined by examining the data

for a natural break point. This was done blind to case-control status.

CLEA - the number of incidents where the man was discharged with some residual
contamination. Such incidents are rare: only 16 of the 323 recorded
decontaminations in the study fell into this category. All but 3 of these occurred in the

1950s. None of them was associated with the Windscale fire.

Contaminating jobs

Workers will only visit the Medical Centre for decontamination when they know or
suspect they have become contaminated, and although there are numerous safeguards
to prevent a contaminated individual from leaving the site, some contaminations may
go unnoticed. To assess whether men who have worked in jobs where contamination
was most likely were more likely to father a leukaemic child, the frequency of
contaminating incidents recorded in different job types was caleulated and three
categories of job were distinguished (see Table A-2). From this job categorisation two

variables were computed:

CONI1 - The number of days in a job in the highest contamination potential

ETOup;

CON2 - The number of days in the top or middle group of potentially

contaminating jobs.

Windscale five

FIRE - records whether an individual was noted in the Sellafield incident database (or
elsewhere in available records), as having been directly involved in the Windscale fire
or the ensuing cléan-up operations. The variable IN57 records simply whether the
individual was in the workforce on the date of the fire - 10/10/1957.



Grouping of cancer types

28 A COMARE working group proposed the following classification for childhood cancer
cases for use in studies relating to the issue of radiation and childhood cancers.
A - Lymphatic leukaemia and non-Hodgkin's lvmphoma
B = Other leukacmias
C - Hodgkin's disease
(] =  Brain and spinal tumours
E = Other cancers
Professor Gardner’s West Cumbria case-control study covered cases in groups A and
B combined. The numbers of cases in the present study broken down by the full
categorisation above are 12, 4, 3, 4 and 9 respectively. In the results reported here
three case groups have been used: group A of the above categorisation (sometimes
abbreviated in what follows to LLNH); the combined groups A and B (abbreviated
LNHL); and all other cancers (OCAN),

Statistical methods
Pre-conception variables

29 Analytical methods appropriate for study groups selected with different sampling

fractions for chosen sub-groups have been described by Weinberg and Wacholder
{The design and analysis of case-contrpl siudies with biased sampling. 1990,
Biometrics 46, 963-75). Essentially, the method invoelves defining an additional
variable which takes a value for each study subject which reflects the (relative)
probability of their selection into the study group. This variable is then included a
priori into all statistical modelling of the data. An adjustment of this kind is
described as an “offset™. The analysis of this data also needs to take account of the
varving length of follow-up of individuals covered by the study. For example, a child
born in 1950 will have had a full 25 yvears potential follow up, while one born in 1980
will have had around 10. A further complication is that for the period up to 1970
cancer registrations were not recorded on the NHS Central Register (which was the
source for case ascertainment). Thus the probability of becoming a case is higher for
those subjects whose follow up includes time after 1970 than for those with earlier
follow up. These differences can be adjusted for in a similar way to the differences in
selection probabilities, by defining a second offser reflecting, for each subject, the
probability of their becoming a case (as defined for this study) during their period of
follow up. These probabilities were caleulated using national cancer death rates for
the periods 1950 to 1970 and 1988 to 1990, and national cancer registration rates for
the period 1971 to 1987, (When the NHS Central Register was searched to ascertain
the cases for this study, cancer registrations for vears later than 1987 had not been

recorded). Follow-up for subjects whose fathers did not start work at Sellafield until
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after their (the child’s) date of conception, is only counted from their father's start

date,

Although the details of the way the study population was selected are somewhart
complicated, the basic structure is simple. The study population consists of all cases
plus a known proportion of controls from the population of interest subject to two

constraints:

{a) For cases the case details had to appear on the NHS Central Register; and,

() For cases and controls, there had to be sufficient detail in the surviving and
locatable personnel records for fathers to be securely matched to the candidate

subject children.

The study can be pictured either as a case-control study, or as a cohort study. The
method of analysis used for all pre-conception variables was unconditional logistic

regression. The GLIM computer package was used for this.

Accuracy of p-values

The p-values and parameter estimate standard errors calculated by the GLIM
program depend on distributional assumptions which may not be accurate for very
sparse data. In order to assess the extent to which the statistical measures produced
on this data might be inaccurate we tested the accuracy of the GLIM assumptions by
generating 1,000 replicate datasets for each of the main variables of interest, and
compared the distribution of the 1,000 GLIM p-values produced with the distribution

these p-values would take if the GLIM assumptions were correct.

The detail of these comparisons is given in the Technical Note at the end of this
Appendix. The general outcome was that p-values for positive associations calculated

on standard assumptions are not materially biased.

Expected caze monbers

Since the control series for this study is sampled from the population of Sellafield-
fathered children (subject to constraint (b), in paragraph 30 above) using a known
sampling fraction, the comparison of cases and controls can be expressed in absolute
as well as relative terms. That is, the control numbers, together with the known
national rates, can be used to estimate an “expected” number of cases. Comparison
of the observed number of cases with the number expected gives a direct measure of
the absolute risk in the study population. The statistical significance of these
comparisons havé been calculated assuming that the expected case numbers are

distributed proportionately to a Poisson variable with mean equal to the number of
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controls, and that the case numbers follow an independent Poisson distribution with

mean equal to the expected case numbers.

Analysis of post-conception variables

Different analytical methods are required for the analysis of post-conception exposure.
This is because the exposures of interest - for example, father’s involvement in
contamination incidents - is changing through the observation period, so that without
adjustment for differences in follow-up time, subjects with longer follow-up will have
higher values for their workplace exposure measures than subjects whose follow-up is
shorter. To adjust for these differences, each case needs to be compared to controls
assessed at the same - or closely similar - age as the case at diagnosis. In this study,
the post-conception exposures were examined by conditional logistic regression in 10

age-matched strata using the EGRET computer package.

As for the pre-conception analyses, an offset was fitted corresponding to the different
selection probabilities across different control series categories. The offset reflecting
the accrual of expected cases over time was not applied since in these analyses the age

maiching makes the equivalent adjustment.

The age-matched strata were created by examining the ordered ages of the cases at
their first diagnosis and seeking groups within which the oldest and youngest case ages
were within 10% of their average age. This led to 10 age strata with mid-points and

case numbers as shown in Table A-3.

Stratification of controfl daia

Control data was assembled within each stratum, for all the controls who had reached
the mid-point diagnosis-age of the cases in the stratum set before the end of the
follow-up period. Under this method a single control subject will usually contribute
data to several strata, for example, the controls in set 10 will also be controls in sets 1-
9, Conseguently, the control data in different strata are not independent. This non-
independence has no effect on the point estimates of logistic regression coefficients,
but does affect the calculation of the standard errors of these estimates. There is no
straightforward way of adjusting the standard error estimates for the non-indepence of
the control data, bur a comparison of the estimates and standard errors for pre-
conception variables derived from the unconditional logistic regression (using GLIM]),
with those derived from the EGRET analyses, suggests that the impact of non-
independence in this data is rather small. Table A-4 shows the ratio of GLIM and
EGRET estimates and of their standard errors for six pre-conception variables. The
average ratio of regression coefficients is close to unity (1.02), consistent with there
being no effect on point estimates. The ratios of standard errors show a consistent

tendency for the EGRET standard errors to be smaller than those from GLIM, on
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average by 11%, with a range from 1% more to 25% less. In other words, the impact
of the non-independence on the control data has been to lead to underestimates of the
standard errors and thus to overestimates of the significance of any associations. We
have not made any adjustment to the results reported below on account of this bias,
but this tendency slightly to overestimate the statistical significance of associations has

been taken into account in the interpretation of the data.

The variables examined in the post-conception analyses are those based on subjects’
job histories and records of decontamination. In addition, the main pre-conception
variables, which had shown significant effects in the GLIM analyses, were included, so
that the estimates for these from the two analytical methods could be compared, and

the joint effects of pre- and post-conception variables could be examined.

All the post-conception variables were evaluated from the child’s conception to, either
the date of diagnosis if the child was a case, or, if the child waz a control, to the date

the child reached the mid-point diagnosis-age of the cases in the matched set.

Results - univariate analyses
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Tables A-5 to A-7 summarise the statistical strength of association between the three
outcome measures LLNH, LNHL, and OCAN, and all potential explanatory variables,
taken one by one. (Variables listed in Table A-1 for which no cases - of any diagnosis -
had non-zero exposure are not shown). In these tables the strength of association is
measured by the reduction in “deviance” achieved when firting the variable in
question to the data. When a fitted variable is treated as a continuous measure, this
involves the estimation of one parameter: the increase (or decrease) in risk per unit
increase in the listed variable. This is deseribed as a reduction of 1 in the “degrees of
freedom” of the data. When an explanatory variable is treated “categorically™, as a
grouping of the data, firting this variable involves the estimation of a separate
parameter for all but the first of the groups of the categorisation (the first group being
taken as a baseline relative to which the increase or decrease of risk in the other
groups is measured). Fitting an eight level factor thus entails the estimation of seven

parameters, and a reduction of seven in the degrees of freedom.

Any variable fitted to data will reduce the deviance (and the degrees of freedom). The
explanatory power of variable is judged by the extent to which the reduction of
deviance for each parameter exceeds the reduction that would be produced by fitting
an unrelated variable. This is measured by the p-value - also shown in Tables A-5 to
A=T7 - which records the theoretical probability that an unrelated variable would
produce a deviance reduction as great or greater than that seen for the variable in
question. Wherethe p-value is 0.05 or lower (the conventional boundary of “statistical

significance™) the entries are marked by a ‘+' (for positive associations), or a *-' (for
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negative associations). A positive association is one in which a higher risk of being a
case is associated with higher values of the explanatory variable. For grouped
variables, significant differences among the sub-groups are indicated by a %" unless
there is also a significant trend across the groups, in which case they are marked ‘+°
or ‘-’ depending on the sign of the trend.

Continuous variables - such as external radiation dose - can be treated either
continuously or in a grouped fashion., Treating these variables as continuous clearly
uses the most detailed available information; and when this information is accurate,
and the form of the relationzship between the variable and the outcome can be
accurately specified, this provides the mosi powerful ireatment of the available
information. When these conditions are not fulfilled however, treatment as a
continuous variable mav be misleading. In particular, individuals with extreme
values of the variable may have an undue influence on the assessed significance of the
variable. For this reason, all continuous variables have also been analysed in two

grouped forms:

{a) in three groups: unexposed/exposed below average/exposed above average; (the
two exposed groups made up of subjects with values above and below the
median of all non-zero values on control subjects for the variable in guestion):
and

(k) a vwo group version simply comparing the zero value subjects with positive
value subjects.

The three main date variables, child’s date of birth and father's dates of start and
guit, were originally grouped in cight S-vear categories. These were also reduced to a
2-group version by secking the most signifieant dichotomy of the original

categorisation.

For all variables where any version showed a conventionally significant fit, and for
other variables of particular interest, the fitted cocflicients and their standard errors
are shown in Tables A=-% to A-31. These are discussed in turn below, first for the two
leukaemia end points, then for other cancers. A complete summary of the most
detailed grouped analysis for each pre-conception variable is shown in Tables A-56 to
A-38 for case groups LLNH, LNHL and OCAN respectively. Summaries of the post-
conception variables are shown in Tables A-59 to A-61.

Leukaemia and non-Hodgkin's lymphoma
There is an overall statistically significant excess of leukacmia and NHL. The O/E
ratio is 12/4.0 for LLNH (p = 0.0021), 16/5.8 for LNHL (p = 0.00092).
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Patterns in time

The pattern of risk by child’s date of birth (Table A-%) shows some tendency towards
higher risk in the earlier periods, but without any strong trend. The most significant
dichotomy of the eight time periods is at 1970, the risk in the earlier period being
about double that for the period from 1970, In terms of the estimated absolute risk
however, both periods show an excess: for LLNH, O/E = 3.86 before 1970, 1.80 after.
This difference is not significant (p = 0.20). The pattern is similar for the wider

leukaemia™HL group,

There are stronger patterns for risk in relation to father's date of start at Sellafield
(Table A-9). Again, the higher risks are in the earlier period. The most significant
cut point is at 1965, and the comparison of the periods before and after this date is
significant for LLNH (p = 0.038). The absolute excess risk is entirely concentrated in
the period from 1950 to 1964: OVE = 10/2.25 for LLNH, 13/3.56 for LNHL.

A strong pattern is also seen for father's date of leaving Sellafield (Table A-10). Here
the risk is seen in subjects who left the work force most recently (from 1975, or who

are still employed). This comparison is significant (p < 0.038).

In relation to diagnosis date the highest rates are seen in the 1960 and 1970s. No
LNHL cases were diagnosed before 1960 (Table A-11). Between 1960 and 1979 the
O/E ratio was around 4 for LLNH and around 3.5 for LNHL. From 1980 the O/E
ratio has been around 2. The variation between time periods is not statistically
significant (p = 0.32 for LLNH, p = 0.39 for LNHL).

Father's age and bivthplace

Father's age (Table A-12) shows a significant effect, due mainly to the fact that there
are no cases among children born to fathers under 25, The risks for the two older
fathers’ age groups (25-34 and 35+) are similar. Father's own birthplace - a proxy
marker of families who had moved into area from elsewhere - has no significant
association . The excess of LLNH cases is very cvenly shared between children of
Cumbrian born and non-Cumbrian born fathers. Three of the four non-lvmphatic
leukaemia cases were children of non-Cumbrian fathers, and the odds ratie for
LNHL in children of fathers born outside Cumbria is raised (1.87) but not

significantly so (p = 0.26).

Seascale

Being a Seascale resident at birth  is strongly related to the two leukaemian™NHL end
points (Table A-12). The O/E ratio for Seascale births is over 14, significantly
different from the rest of the population. This is not surprising, since part of the

motivation for this study was a known cluster of cases at Seascale. An excess of
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cases outside Scascale has not previously been suggested. The non-Seascale excess
does not guite reach statistical significance: for LLNH the OVE ratio is 2,15 (95% CI
0.91 to 4.3, p = 0.078); for the wider case group LNHL the (OWE ratio is 1.86 (95% 1
0.88 to 3.5, p = 0.10).

svance from plant

Table A-13 and Figure 3 {in the main report) show the O/E rato for LNHL cases for
the 5 main population centres near the plant and the intermediate distance bands.
Individually considered, only Seascale shows a significant excess. There are onlv 2
cases in the generally more sparsely populated bands between the main centres of
population: one case in band 2 (3-7 km) and another in band 6 (greater than 15 km).
If the bands and the population centres are ranked by OFE ratio the 5 population
centres take the first 4 and the 6th positions. Ewven allowing for the fact that the
expected numbers are generally higher for the population centres, and setting aside
the very different figures for Scascale, this is statistically significant {(p = 0.03 -
assessed by comparing the observed data, excluding Seascale, with 1.000 random
assignments of 10 cases to the 10 centres/bands with probabilities proportional to the
expected numbers for the centres/bands). Aggregating observed and expected cases
over the population centres other than Scascale gives an OVE ratio of 8/3.1 (2.56, 95%

CI 1.08 to 5.3); in the intermediate bands combined, the O/E ratio is 2/2.3.

The darta in Figure 3 shows some suggestion of a gradient by distance from plant, with
the high value in Seascale close to the plant, and the most distant band having a ratio
almost exactly unity. Figure A-1 accumulates the OVE ratios from the furthest bands
inwards. The pattern now shown is of 2 step changes, first when the Whitehaven data
is aggregated with band 6, the next when Seascale is reached. The successive values
from Whitchaven (at 15 km) down to (but not including} Seascale (3 km) shows no

real trend, though if there is a pattern it is one of decrease rather than increase.

Population miixing

Figure 4 (main report) shows the relationship of (VE ratio to migration index for the
11 population centres/bands. In Seascale there are 4, times as many births to non-
Cumbrian born fathers as to Cumbrian born fathers. Ouiside Seascale the average
ratio is 1:4 (in the other direction). The population centres seem to fall in a very
convinecing linear relationship, but the wide confidence intervals mean that, if Seascale
is omitted, the correlation between OVE ratio and migration index is not significant.
It remains non-significant if the analysis is restricted to the 4 population centres (other
than Seascale). With Seascale included there is of course a strong association,
effectively identical to that for residence in Seascale (since the migration index

distinguishes Seascale from other places so distinctly).
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Dwration of pre-conception emplovment

The duration of the period from father's start at Sellafield to conception darte (or his
leaving Sellafield if this was earlier), is guite strongly related to outcome when
measured as a continuous variable, but not in either grouped form (Table A-14,
variable TIME). Subjects with zero TIME are those whose conception dates pre-dated
their father’s start at Sellafield. A total of 3 leukaemia/NHL cases fell in this category.
None of these fathers were emploved in the nuclear industry prior to their work at
Scllafield. These 3 cases represent a 2-fold excess. This excess is not statistically
significant - nor is it significantly different from the 3-fold excess for the 13 cases
conceived after their fathers started work at Sellafield. Among those with some pre-
conception TIME, the O/E ratio is about 2 for those conceived within 4 years of their
father’s start date, and rises to nearly 5 for those conceived more than 4 years from

this date. These differences are not significant.

Variables relating to total pre-conception period

Meastured radiation dose

Father's pre-conception radiation dose {Table A-15, variable XG) shows a rather
similar pattern to the previous variable, and is in fact quite highly correlated with it.
It is significant fitted as a continuous variable, but not grouped, and the three group
version presents a non-significant J-shaped pattern for LNHL, and a non-significant
positive trend for LLNH. For comparison with the Gardner report, Table A-15 also

shows the data grouped by the exposure categories used in that report.

One of the two variables measuring subjects’ exposure to high dose rates (HIDA - the
total monitored days covered by film badges showing an average dose rate greater
than 0.5 mSv/day) shows a just significant positive association in its continuous
analysis (Tables A-5 and A-6). This variable is strongly correlated with total radiation
dose (XG), and this association disappears after controlling for XG. No other measure

of radiation dose shows significant effects.

Cherrnrcals

Exposure to used/degraded butex (Table A-16) shows a significant effect in its three
group version for LNHL, with three cases in the highest exposure group, though there
is no significant or consistent trend. The comparison of the highest exposure group

against the lower two is not quite significant (p = 0.064).

Exposure to chromates and di-chromates (Table A-17) is significant as a continuous
variable (and in the three group version for LNHL., but not for LLNH). Examination
of the details of the three group model shows that for LNHL there are four cases in

the top half of the exposure distribution, giving a significant odds ratio of 5.34, Two of
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these cases are non-lymphatic leukaemias and this exposure does not show a

significantly raised risk for the more restricted diagnostie group LLNH.

Fomaldehyde/formalin exposure shows a strong effect treated as a continuous
variable, burt this is due entirely to one case with an extreme value on this variable.
Hydrofluoric acid is significant as a continuous variable for both leukaemia end
points, but this association disappears when the data are grouped. The three group
data does not show a consistent trend for either cancer type. Exposure to picric acid
is positively and significantly related to the leukaemia end points but only in its
continuous analysis. Only one case has non-zero exposure to this substance. The just
significant association shown for exposure to zinc and its compounds is a negative

one.

Exposure to trichloroethylene is significant for LNHL only, in its three grouped
version (Table A-18) and shows a significant positive trend (p=0.035). This
association is produced by the presence of eight of the 10 cases in the top half of the
exposure distribution. The pattern of risk across the three categories does not show a
consistent trend but the comparison of the top half group against the two other

groups is significant (p = 0.011).

Exposure to TTA (Thiophenyl-trifluoro-acetone) shows a significant effect in its three
group version for LNHL (Table A-19). This is produced by the three cases in the
highest exposure group for which there is a significant 10-fold OR.

For tritium (Table A-20) there is a strong positive relationship both for the continuous
measure and both grouped measures, and there is a highly significant positive trend

(p=0.0018) in risk for the three group analysis.

Aetual and potential contarmination

There is some indication of a positive association with numbers of contamination
incidents (Table A-21). Children of fathers with at least one betafgamma
contamination have an odds ratio of 3.2 for LNHL (combining the two positive groups
shown in the table) compared to children of fathers with no such contaminations (p =
0.04), and there is a weak positive trend in the three-group analysis of total
decontamination visits, though this is not significant (p = 0.08 for LNHL). The
gignificant (p = 0.02) positive trend for LNHL cases with numbers of “not clear”

contaminations is based on only 2 cases,

The variables related to time spent in contaminating jobs also show no consistently
significant effects (Tables A-22 and A-23). The three group version of CON2 (Time in
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any contaminating job) is similar for both leukaemia diagnoses, with the strongest
effects seen for LNHL (p = 0.026). However the OR estimates do not show a
consistent trend: the middle exposure group having a very low OR, and the highest
exposed group a moderately raised OR. The fact that the two group version for this
variable shows no effect whatever, and that CON1 (Time in most contaminating jobs),
also shows no effect, suggests that no strong interpretation can be placed on these

patterns.

Job history

Only one work area variable showed a significant eifect: working in the Calder area is
significantly and positively related to both leukaemia end points (Table A-12). All five
cases are of lymphatic leukaemia and the odds ratio for this diagnosiz is 12.6 (95% CI
3.24 to 49.2).

Twelve weeks pre-conception exposures

Many of the variables considered have a little discrimination when assessed over the
12 weeks pre-conception exposure period: the range of possible values for cl:-ntinuqus
variables is restricted, and most exposure factors become rare. None of the positive
associations that appear are based on more than two cases. Measured internal dose
from tritium (Table A-24) shows a positive association (p = 0.005) based on one non-
lymphatic leukaemia case. The corresponding grouped analyses do not show
significant effects. In the two-group analysis the odds ratio for exposure to tritium is
6.76 (95% CI 0.41 to 110). Exposure to hydrofluoric acid shows a positive association
(p = 0.051), and the two cases exposed show a significant positive trend over the three
exposure groups (p = 0.046). Both these cases are lymphatic leukaemias (Table A-25).
The high p value for the three-group analysis of picric acid (p = 0.0001 for LILNH) is
generated by a single ecase in the top half of the exposure distribution with no
corresponding controls. When the two positive exposure groups are combined the
comparison is non-significant (p = 0.28) (Table A-26). Exposure to TTA also shows a
signficant result in its continuous version based on one lymphatic leukaemia and one
non-lymphatic leukaemia. The three-group analysis, its trend, and the two-group
analysis are all non-significant (Table A-27). Exposures to graphite dust and zine
show nearly significant negative associations for both leukaemia end points, as does

exposure to mercury for LNHL.

Posr conception exposures

The data for leukacemia/NHL cases and post conception exposures are shown in Tables
A-59 and A-60. For LLNH cases the number of decontaminations involving alpha
emitters shows significant association with risk (p = 0.019) (in the post conception
period). This result is based on a single case who had 6 decontamination incidents, all

of them involving alpha emitters. Working in the high level waste area (PJ4) gives a
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close to significant result for LLNH (p = 0.053), but not for LNHL (p = 0.11). Twao
LLNH cases worked in this area. There is a nearly significant association for total
decontaminations with LLNH cases, and the crude ORs (not age-matched), show a
consistent trend to 3.7 for subjects with 1 to 5 decontaminations, and 19.8 for subjects
with more than 5 decontaminations (one case and one control). The tendency for
over-estimation of significance levels in these analyses (paragraph 37) should be borne

in mind here.

Other cancers

In contrast to the leukaemia/MNHIL analvses, the associations scen for other cancers are
fewer and generally less marked. Owverall, in absolute terms, there is a slight excess of
observed over expected cases (16/12.1 p = 0.34). In relation to child’s date of birth and
father’s date of start at Sellafield, there is a hint of the pattern seen for leukaemias,
with slightly higher rates for subjects with earlier dates on both variables (Table A-28).
However the strongest two-group contrasts for OCAN do not have the same cut-off as
for the leukaemias. Also, for OCAN it iz the two-group contrast for child's date of
birth which is (just) significant while the father’s date of start contrast is far from
being statistically significant. For leukaemias the situation was reversed. There is no

indication of any syvstematic variation in risk by diagnosis date.

Table A-29 shows the data for selected variables of interest. For sex there is a slight,
non-significant excess of female cases. Father's age shows no particular relationship.
Only one OCAN case had a Seascale resident family. Father's birthplace gives a near
significant association (p = 0L053), with a raised OR for children of non-Cumbrian

born fathers (3.0; 95% CI 0.94 to 9.33).

Table A-30 shows the data for other cancers by place of birth. None of the individual
population centres or the intermediate bands stands out. In particular, there is no
excess for Scascale: one case, 0.85 expected, No trend in relation to distance from
the plant is shown. A comparison of population centres with the intermediate bands
shows that for the population centres together there is a just significant excess O/E =
1.92 (95% CI 1.03 1o 3.4, p = 0.042). There is a non-significant deficit of cases in the
intermediate bands O/E = 0.42 (95% CI 0,05 to 1.6, p = 0.31).

Cumulative pre-conception exposures

External radiation shows a significant (p = 0.022) J-shaped relation for other cancers
with raised rates for those exposed below the median (33 m5v), and low rates for the
highest exposure group (Table A-29). The two OQOCAN cases whose fathers had Calder
jobs represent a slight excess, but this is far from being significant. No OCAN case

father was assessed as having exposure 1o tritium.
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The two variables measuring father's time in contaminating jobs (CON1 and CON2)
are negatively associated with OCAN, significantly (p = 0.015 for continuous analysis
= Table A-T) for CON2 (Time in any contaminating job).

One job variable - PJ17, work in Windscale Nuclear Laboratories - is significantly
(p = 0.024) and positively associated with outcome OCAN. The two cases represent
an OR of 13.0 (95% CI 1.84 to 92.1).

Twelve week pre-conceplion exposures

Among the 12-week pre-conception exposures, benzene shows a nearly significant
positive association. There are 2 exposed cases. Exposure to graphite dust also
shows a significant relationship (Table A-31). Two cases have this exposure and the
two-group analysis shows an OR of 10.3 (95% CI 0.82 to 129). The three-group

analysis shows an increasing trend (p = 0.02) across the three groups.

Post-conception exposures

Both total decontamination incidents (p = 0.025) and the number of contaminations
involving beta/gamma emitters (p = 0.003) are positively associated with the
occurrence of cancers other than leukaemia and NHL (Table A-32). No father of an
“other” cancer case was involved in contamination incidents with alpha emitters.
Five fathers of children with “other™ cancers had at at least one contamination
incident, and three of these had more than five. Ignoring the age matching, the
crude odds ratie for subjects with 1-5 and more than 5 contaminations are 0.82 and
17.2 respectively. The association is entirely due to the three cases with more than 5

contamination incidents.

The number of “heavy” contaminations also shows a nominally significant
association (p = 0.046), though allowing for the slight overesdmation ‘of significance
levels in the post-conception analyses referred to above (paragraph 37), this would

not be a significant association. This association depends on the same 3 cases,

at diagnosis

Table A-33 shows a breakdown of each case group by age at diagnosis (up to/from
age 15). The leukaemia/NHL cases fell very distinetly into two groups by age. The
oldest case diagnosed before age 15 was aged 7%,. For these cancers, the O/E ratio is
very similar for the younger and older cases. For other cancers, the OVE ratio is

somewhat raised for the older age group, but not significantly so (p = 0.18).

Table A-34 shows a breakdown of the older LNHL cases by selected variables, The
patterns are similar to those seen for all cases in respect of Seascale residence,

Father’s pre-conception radiation dose, date of start, potential tritium exposure and
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child's date of birth, though the small number of cases means that none of these
associations are significant on the older cases alone. The older cases do not contribute

to the association with Calder.

Multiple comparisons
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In a study of this kind, where many possible explanatory variables are examined, it is
to be expecied that some of these variables will show positive (or negative)
associations simply by chance. Under these conditions the statistical associations
which emerge cannot be interpreted as they would be in an experimental or strictly
confirmatory study examining a single a prrori hypothesis. Some assessment has to
be made to decide whether the stronger associations observed reflect real associations
for which further explanation should be sought, or simply happen to be the strongest

associations among the large number of variables examined.

The data shown in Figure A-2 compare the p-values arising from fits of the 31 areafjob
factors to the 3 outcome variables LLNH, LNHL and OCAN with the 31 p-values that
would be expected to arise from fitting 31 randomly generated variables with no
association to each outcome. The guantities plotted are the logits of the p-values,
since this transformation spreads out small p-values and enables differences at the
ends of the p-scale to be seen. There are 31 informative job factors since for two job

codes - THORP and Changerooms - no subject had any pre-conception job spells.

If all the exposure factors examined were unrelated o outcome the 31 plotted points
should lie close to the straight line shown on each graph. The p-values in these graphs
represent, for each variable, the probability that a truly unrelated variable would
generate a more negative association than that observed for the variable in guestion.
Thus variables for which the observed relationship is stromgly negative produce p-
values close to zero (because it is very unlikely that an unrelated variable would
produce a more negative effect), and the corresponding logits are negative.
Conversely, variables with strong positive relationships have p-values close to 1, and

large positive logits.

Only one observation falls well away from the expected line on the positive half of the
scale. This is the Calder job factor, which is, by a considerable margin, the most
significant positive area/job association both for LLNH and LNHL. The observed

point for other cancers (OCAN), all lie quite close to the expected line.

Figure A-3 shows similar plots for fits of the 30 assessed exposure factors to case type
LLNH. The 4 charts in this figzure show the results for 4 alternative measures of these
factors: the continuous measure (weighted days exposed); the 3-level factor; the

trend across these 3 groups; and the 2-group dichotomy (ever/never exposed). The
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most extreme positive pointgs in all these charts relates to assessed tritium eXpOsure,
and 2 alternative positions are shown for this depending on whether the original or

extended assessment of potential tritium exposure is used (see paragraph 22).

The tritiom point lics fairly clearly away from the expected line on all 4 measures.
Four other exposure factors (formaldehyde, chromates, hydrofluoric acid, picric acid),
also lie well away from the line for their continuous measure, but not on any other

IMCARUre.,

Considered as the maximum of around 30 similar variables examined, the l-sided
Calder p-value increases from 0.0003 to 0.001. The eguivalent adjustment on the
tritium- associations bring the p-value for the continuous measure up from 100* to 3 x°
10%, and for the trend and the 2-group measures from 0.001 to 0.03. Seen thus in the
context of the many potential explanatory variables that have been examined, these
two factors still appear statistically significant by conventional criteria, though
arguably only marginally so for tritium on the more robust group measures of
association. Nevertheless, it is clear from Figures A-2 and A-3 that these two factors

stand out from all the other job and exposure variable examined,

Multivariate analyses

86

The small numbers of cases available for analysis restricts the extent to which the
many possible patterns of association between the outcome variables and the potential
explanatory variables can be distinguished statistically. The discussion in the previous
section identified Calder and potential for witium exposure as showing particularly
strong associations. One other chemical exposure factor also seems worthy of closer
examination: exposure to trichloroethylene, when expressed as a contrast between
subjects exposed above and below the median (450 weighted days). Tabled A-35 o
A-49 show the results of joint analysis of the leukaemia/NHL cases with all possible

pairs of the following variables:

SEAS - Seascale residence at birth:
XG4V - Father’s pre-conception radiation dose (four groups, scored 0, 20, 70, 175 for
groups with zero, 0.1 to 49, 50-99 and 100+ mSv respectively);

TEN2 - Ever/never potentially exposed to tritium (extended AsRessSTEnt);

PI8 - Working on Calder (more than 5% of tme):
LDOS - Father's date of start (up to/from 1965):
Cc23 - Potential exposure to trichloroethylene (<=/>450 weighted days)

The modified version of the external dose variable was chosen to reduce the effect of
the single case fatbier with a pre-conception dose of over 500 mSv, who otherwise

determines the analysis. The group scores are the mean control values for cach Eroup.
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Each table shows first the extent to which the explanatory power of cach variable
overlaps with the other. Where this is the case, the Likelihood Ratio (LR) test for each
variable will be lower (and the corresponding p-value higher), when the variable is
fitted after controlling for the other variable in the pair. For each pair of variables the
significance of their interaction term is also tested. A significant interaction implies
that the effect when the factors measured by each variable both apply is significantly
different from that predicted by a simple addition of the two cffects. The sccond
section of each table shows the parameter estimates and standard errors for the
models of interest. The parameter shown is the log of the odds rato (for XG4V this
is the average increment in the log odds for each mSv increase). The third section of
each table tabulates the observed and expected cases and their ratio, jointly for the
two variables. These tabulations show the numbers of subjects whose status was
unknown on either variable. The fitted models are based on those subjects who had
non-missing values for both variables of the pair. The data described above is shown

separately for case types LLNH and LNHL.

Table A-35 shows the joint analysis of Seascale and external radiation. The fit of each
variable is unaffected by the presence of the other variable in the model, but there is a
significant interaction term (p = 0.009). Examination of the parameter estimates and
standard errors for the full two variable model (model no. 4) shows that the
interaction term is the only significant term in the model. The data for observed and
expected cases by Seascale residence and external dose in the final secrion of Table
A-35 shows why this is so. For the non-Seascale subjects there is no apparent effect of
external radiation (if external radiation is analvsed as a continuous variable, a single
non-Seascale case father with an XG value over 500 mSv generates a just significant
positive association). In contrast, for Seascale subjects, the four cases all fall in the
upper two exposure groups, and are greatly in excess of the expected numbers. The
data for the wider case definition LNHL are very similar, all six Secascale cases have

XG values over 50 mSvy, generating an even stronger interaction (p = (L0004},

The joint analyses of the Seascale variable with the Calder, tritium and
trichloroethyvlene variables are shown in Tables A-36 to A-38. These all show
independent effects, and no interactions, The cross tabulation of data by Seascale
birth and fathers date of start (Table A-39), shows that there are no Seascale cases

whose fathers started work in 1965 or later.

The joint data for Calder and external radiation are shown in Table A-40. The Calder
factor has a strong effect, not greatly influenced by the presence or absence of external
radiation in the model. There is a nearly significant interaction (p = 0.071 for LLNH,
0.059 for LNHL) reflecting a positive association between XG and leukaemia for non-

Calder subjects, in contrast to a negative association for Calder subjects.
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Table A-41 shows some overlap between the external radiation and tritium effects.
For LLNH the p-value for an XG4V effect is 0,17 on its own, 0.51 after adjusting for

potential tritium exposure,

Table A-42 shows the joint analysis of external radiation and potential
trichloroethylene exposure. The stronger associations are seen for case group LNHILI.
There is some overlap of effect between these variables, with the p-value for XG4V
rising from 0.19 on its own to 0.57 after adjusting for potential trichloroethylene
exposure.  There is also a nearly significant interaction (p = 0.08), reflecting a weak
negative association between XG and leukaemia for subjects with the longest periods
of potential trichloroethylene exposure, compared with a weak positive association for
other subjects. A similar pattern is seen for the analyses of the more restricted case
group LLNH, for which the main effects of these two variables are less marked, and

their interaction stronger (p = 0.046).

Table A-43 shows the joint analysis for external radiation and father's date of start.
There is no evidence of any positive association with external dose for cases whose
fathers started in 1965 or later. If an interaction term is fitted, the XG4V coefficient
for the later period is negative, though not significantly different from zero. The
picture is similar for both case groups, though the associations are stronger for the

wider (LWNHL) group.

Table A-44 shows the joint analysis of Calder and tritium. The effects are
independently significant, and there is a strong interaction due to the very high O/E
ratio (2/0.01 for LLNH) for subjects who are positive on both factors.

Table A-45 shows the joint analysis of Calder and potential trichloroethylene exposure,
The enhancement of the significance of each variable in the presence of the other is
due to the fact that when both variables are fitted, the baseline cell (not exposed to
trichloroethylene and not working on Calder) contains no cases, and the odds ratios in

other cells in relation to this are therefore theoretically infinite.

The data in Table A-46 shows that the Calder and father's date of start cffects are
completely independent.

The data in Table A-47 shows that there is substantial overlap between the effects of
potential exposures to tritium and trichloroethylene. For case group LLNH the
tritium effect is the stronger of the two, taken singly (p = 0,009, compared with

p = 0.026 for trichloroethylene). The significance of each variable is removed by the
presence of the other in the model - marginally for tritium (p = 0.053, controlling for

trichloroethylene), clearly for trichloroethylene (p = 0.17, controlling for tritium).
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A similar picture is scen for case group LNHL, though here trichloroethviene gives a
slightly stronger association which remains significant after controlling for tritiom.
The reason for this sirong overlap is clear from the tabulated data. All the positive
tritium cases lie in the group with longer periods of potential trichloroethvlene

EXpOosure.

Examination of the joint effects of tritium and father’s date of start (Table A-48),
shows the effects o be independent. The tabulated data shows that there are no
positive tritium cases among the subjects whose fathers started work in 1965 or later.
The tritium association is therefore expressed entirely in the subjects whose fathers
started before 1965, The small numbers in the later period mean that an eguivalent
tritium effect in this group c¢an not be ruled out, but if the {(non-significant)
interaction term 15 included in this model, the tritium effect for later starters is, of

course, negative.

The determining feature of the joint analysis of trichloroethylene and father’s date of
start is that there are no cases with known trichloroethylene exposure status and with
fathers who started in 19635 or later (Table A-49). Consequently the father’s daie of
start variable shows a spuriously strong effect in these analvses (spurious, because it
is produced by the implied zero risk for subjects with father’s start date in 1965 or

later).

The cross tabulation of data by father’s date of start and child’s darte of birth {Table
A-50) shows, as might be expected, a substantial overlap between these factors.  All
but three of the cases are either “early” on both variables or “late” on both variables.
More than 90% of the expected cases fall into these catcpories also, so there is very
little basis for diseriminating between the two effects. Taken singly, father’'s date of
atart gives the stronger association, and this difference is due to the two cases with
dates of birth before 1970 and fathers’ dates of start after 1965, Both these cases are
lymphatic leukacmias and give an O/E ratio of 14.8 for this cell of the cross-

tabulation.

Table A-51 shows a cross tabulation of Seascale residence at birth by father's place of
birth. For the wider case group there is some suggestion that, within Scascale, there
are higher rates for the children of non-Cumbrian born fathers than for Cumbrian
born fathers, though the rate for the later are still substantially raised (based on a
single case). For subjects not resident at birth in Seascale, the rates are - very
slightly - higher for the children of Cumbrian born fathers. However, these contrasts
are very far from statistical significance (p = 0.5 for the interaction term in the full
maodel for SEAS and FBTH).
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Because of the distinct nature of the results for Seascale, all the univariate analyses
were repeated on the Seascale-born sub-set of the data alone. None of the variables
explained or materially reduced the strong association with cumulative pre-conception
dose. Two variables did show independently significant effects afier controlling for
cumulative dose: the 12-week pre-conception dose, and the number of pre-conception
decontamination visits. For both variables the associations are significant only for the

wider case group (LNHL).

Table A-52 shows the joint analysis of 12-week pre-conception dose and Seascale
residence at birth for the whole population. For LLNH, 12-week pre-conception dose
does not show a significant association, and although the O/E ratos for Seascale
subjects by 12-week dose category show a consistent upward trend, this is not
statistically significant (p = 0.18). For the wider case group (LNHL) the pattern is
generally similar, but with two additional Seascale cases in the top 12-week dose
group, the positive tremd with 12-week dose for Seascale subjects is now significant
(p = 0.005). There is no such trend for the non-Seascale subjects, and the difference
between Seascale and non-Seascale subjects is clearly significant (interaction
P = 0L.0059). It should be noted that one of the case fathers in the top 12-week dose
group has all his 12-week dose imputed (see Appendix 2, paragraph 23). Without this
case the 4-group trend for Seascale subjects is not significant (p = 0.31), and the

interaction term is just significant (p = 0.044).

Table A-53 shows a similar analysis for Seascale and decontamination visits., For
LLNH the number of decontaminations (measured as a continuous variable), is only
significant in interaction with Seascale (p = 0.031). The grouped dara shows a J-
shaped pattern for non-Seascale births, and an upward trend for Seascale (though
with no cases or controls in the top group - more than two contaminations). The
trends for this grouped data are non-significant. For the wider case group (LNHL),
the association with number of decontaminations is strengthened for the Seascale
subjects. The interaction term is now highly significant (p = 0.00046). and the
difference between the O/E ratio for Seascale subjects with and without

decontamination incidents is significant (p = 0.0071).

Table A-34 shows the analysis of leukaemia/NHL cases in Seascale subjects alone,
jointly by father's cumulative and 12-week pre-conception dose. For LLNH cases only
cumulative dose shows a significant association. For the wider case group (LNHL),
cumulative dose gives much the strongest association (p < 0.00001), but the 12-week
dose is also (just) statistically significant (p = 0.047) with or without controlling for
cumulative dose. Both measures of dose show a positive association. If the data for
both variables ar¢ dichotomised (cumulative at 30 mSv, 12-weeks at 2.5 mSv) all the

cases have cumulative dose above 50 mSwv, and within this higher cumulative dose






Technical Note: Accuracy of p-values
The accuracy of the standard distributional assumptions underlyving the caleulation of
p-values and standard errors from the GLIM logistic regression analysis was assessed
as follows, taking the external radiation variable (XG) as an example. 1,000 replicates
of the data were randomly generated. For each of the 1,000 replicates, XG values for
the 12 LLNH cases were chosen at random from the 191 study population values (179
controls plus 12 cases), with probability proportonal to the expected cases generated
by each subject (that is, the subjects were weighted inversely by their selection
probabilities, and proportionately to the expected case incidence over their follow-up
time). The association between the probability of being a case and XG was then
estimated for each replicate using GLIM, and the deviance change, sign of association,
and p-value (assuming a chi-sguare distribution for the deviance change) were
recorded.  The replicates were then ranked from the most significant negative
association, through non-significant associations to the most significant positive

association. For each replicate a quantity P, was calculated as follows:

1= P, /2 for positive associations

P for negative associations

In words, P"“ is the probability of that unrelated variable would produce a more
negative association than the one being tested. The P_ . value is halved in these
formulae since deviance changes do not distinguish between positive and negative
associations, and in this analysis they are treated separately. If the chi-square
distribution assumption holds P . will be uniformly distributed on (0,1), and the
expected value for the r-th P value will be r/1001. Since we are primarily interested
in the ends of this distribution, we use the logit transformation and plot logit Bl
against logit r/1001 for the 1000 replicates. Figure A-4(a) shows this plot. For all but
the most extreme replicates there is very close agreement between the theoretical and
empirical distributions. At the lower end the plot starts to turn downwards from the
theoretical line at about logit = -4 (corresponding to negative associations with p = .02
and lower). At logit p = -5 (p about 0.007) the observed points depart very distinetly
from the theoretical line, indicating that with the distribution of XG values in this
population - and with 12 cases - negative associations producing large deviance shifts
are less rare than predicted by the chi-square distribution. At the upper end of the
plot the observations also drift away from the theoretical line, though much less
markedly. The implication here is that large deviance changes for positive

associations are léss easily achieved than predicted by the chi-square distribution.




In other words, the p-values derived fromm GLIM under standard assumptions will
slightly understate the significance of positive relationships with p-values less than
about 0.01.

Figure A-4(b) shows a similar plot for the 3-group measures generated from the
replicates analysed az continuous variables in Figure A-4{a). Since for a grouped
analyziz the concept of positive and negative association is not automatically
meaningful, this plot shows only positive logit values. The values plotted are -logit
(P 020 and -logit (r/2002). This plot suggests that the GLIM p-valucs (2-tailed) in the
range 0.04 to 0.001 are too small, but this does not affect the interpretation of the
present data as there was nothing approaching a significant relationship for XG in its
grouped version. Figure A-4(c) shows the results for tests for trend on the 3-group
data. The theoretical and empirical values are in good agreement except for the most
extreme negative associations. Figure A-4(d) shows the corresponding data for
Everfmever exposed categories for XG. The theoretical values fall in blocks, since the
analysizs iz determined by the mumber of cases ever exposed and there are only 13
distinct outcomes for this. The plot shows that the theoretical p-values will slightly

exaggerate significance in the tails of the distribution.

Figure A-5 shows the results of replicating on the Seascale variable. This shows a
similar general pattern to the 2-group XG data - and for the same reason, since the
analyses is determined by the number of cases assigned to Seascale. Within the limits
imposed by the grouping there is guite close agreement with theory. The study data
falls in the second most extreme positive group and the GLIM p-value of 0.08 is in

close agreement with the empirical value,

The data for Calder in Figure A-6 is very similar to that for Seascale but here the study
data falls in the highest positive group for which the theoretical p-value 0.0007 appears

to exaggerate the significance in relation to the empirical p-value of about 0.002.

Figure A-7 shows the replicate data for the variable TRI1. The lower end of this plot
shows that for negative associations large deviance changes cannot be gencrated
anything like as frequently as implied by the standard chi-square assumption. The
standard assumptions work reasonably well for positive relationships down to p-values
of about 0.002, but from here large deviance changes are more frequent that predicted.
The GLIM p-value for the study data (10®) is therefore too small, though the true value
is likely o be well below 0.001. Figure A-T(b) suggests that the GLIM p-value may
understate the significance of the 3-group data for TRI1, the p-value being about 0.002,
The plots for the 3-group linear trend and the Ever/mever exposed dichotomy show very
similar patterns, both suggesting that the GLIM p-values arc about right.







Table A-1: List of potential explanatory variables

Variable Variable name Factor
code Ivariate
y Level definitionsivariate units
DOBQ Child's date of birth f S-year periods (8)
DoOsQ Date of start at Sellafield f S-year periods (8)
QUi Sellafield quit date f S-year periods (8)
DODX Date of diagnosis f 10-year periods (4)
SEX Sex f MalefFemale
FAGE Father's age at child's conception | =25/25-34/>35
SEAS Seascale resident at birth f Molfes
JOBC Job class f Industrial/non-industrial
PCE Employed at Sellafield before child's conception Yes/No
TIME Years from start at Sellafield to child's (" YEars
conception (or Sellafield quit, if earlier)
FBTH Father’s birthplace f Cumbria/Elsewhere
DIST Distance of residence at birth from Sellafild site v km
MIGR Migration index for place/area of birth v ratio of control subjects born to
non-Cumbrian fathers to those
born to Cumbrian fathers
Measured and assessed radiation exposure
XG External radiation (x & gamma) v m3v
HIDA Total monitored days on dosemeters recording
a dose rate > 0.5 mSwv/day v  days
RMAX Highest dose rate for any dosemeter worn ¥ mSviday
NEUT Days in any neutron job v days
NHI Days in high neutron job v days
IT Internal radiation (all nuclides) ] mSy
1A Internal radiation (alpha emitters) v mSv
ITRI Imternal radiation (tritium) v  mSw
TEM1 Assessed or measured Iritium exposure f neverfever exposed
(based on [TRI and TRI1)
TENZ Assessed or measured tritium exposure f neverfever exposed

{based on ITRI and TRIZ)

Assessed exposure to chemicals and other workplace exposures

c1
cz2
c3
C4
C5
C6
c7
ce
ce
c10
C11
c12
c13
C14
C15
C16
c17
c18
18
c20
21
c22

Anilene

Anthracene

Arsenic & compounds
Benzene

Benzidine(& compounds)
Beryllium (dust)

Butex (di-n-butyl ether) (used/degraded)
Chromates/di-chromates
Formaldehyde/formalin
Graphite dust

Hydrazine

Hydrofluoric acid
Kerosene (used/degraded)
Lead & compounds
Mercury

Phosphoric acids

Picric acid

SDGI #
Tetrabromoethane
Chloroform
Tetrachloroethane
Dichloroethane

LB - - - - - - N - R N S R - R -

weighted days exposed

continued..

# a proprietary decontaminant, main constituents sodium sulphate, citric acid, detergent and
EDTA (ethylene diamine tetra-acetic acid).






Table A-2: Arealjob groups ranked by all-incidents rate

Arealjob Man days Cum. % — Incidents
in study man day No.  Rate per 10 man-years
Central 95% ClI

SR Low High
High incident rates:
Decontamination 12657 1.0 18 518 3.07 8.19
Fuel plants 118939 10.8 130 398 331 474
High level waste 32228 134 28 3.16. 210 457
North group 13669 145 11 293 146 524
Ponds West 75233 20.7 57 278 208 359
Windscale piles & B29 15767 219 10 2310 S 11 425
Reprocessing (old) 27176 242 17 228 133 365
TOTAL - high rate areas 295669 271 334 295 2375
Intermediate incident rates:
R&DD 209895 41.3 80 139 110 1.73
Reprocessing (new) 55937 459 19 1.24 0.74 1.93
Maintenance - sep area 83930 52.7 23 1.00 083 1.50
TOTAL - intermediate rate areas 349762 122 1.27 1.06
Low incident rates:
Site Transport 4932 53.1 1 0.74 002 4.11
Effluent plants 6451 83.7 1 056 001 3.15
Waste management 6577 54.2 1 0.55 0.01 3.08
Training 40718 57.5 6 054 020 117
Maintenance - electrical/instruments 28116 59.8 4 052 014 133
Windscale Nuclear Labs 49557 63.9 7 051 0.21 1.06
Chemical plumbers 10584 64.8 1 034 001 1.92
Advanced Gas Reactor 38484 67.9 3 028 006 083
Calder 94653 756 4 015 004 039
Main workshop 46199 79.4 1 008 000 044
Unknown/other sites 85487 86.4 1 004 000 024
Draughtsmen & other office workers 85383 93.4 0 000 000 O0.186
Police 28877 957 0 0.00 0.00 0.47
Graphite workshop 16806 97.1 0 000 000 080
Maintenance - painters 13476 98.2 0 000 000 1.00
Pond 5/SIXEP 5130 98.6 0 000 000 2862
Stores 4963 99.0 0 000 000 271
Health Physics monitors 3149 99,3 0 0.00 000 4.27
Changerooms 2756 99.5 0 000 000 488
THORP 2049 2 f s 0 0.00 0.00 E. 56
Maintenance - plumbers 1916 98.8 0 000 000 7.02
Maintenance - non active 1639  100.0 0 000 000 820
Oxide ponds 365 100.0 0 0.00 000 3682
TOTAL - low rate areas 578267 30 019 013 0.26
GRAND TOTAL 1223698 423 1.26 1.14 1.38










Table A-5: Summary of the strength of statistical association between outcome variabla LLNH

{Lymphatic leukasmla & NHL) and potential explanatory variables.

'lu"arlq._‘nde

Centinuous analysis

Emupnd analysos

A: Varlables not dependant on cholca
of pre-concaption exposurea window

DOBQ Child's date of birth

DOSQ Date of start at Sellafield

QUG Sellafield quit date

DODX Date of diagnosis

SEX Sax

FAGE Father's age at child's conception
FBTH Father's place of birth

SEAS GSeascale resident at birth

JOBC Job class

FCE  In workforce before child's concaplion
TIME Years from start at Sellafield to child's

DIST Distance from Sellafield site to
child's residence at birth
MIGR  Migrant index for place/area of birth

B: Wariables evaluated over total
pre-conceplion pariod

B1: Measured radiation exposure
XG External radiation (x & gamma)
HIDA  Total monitored days covered by

RMAX  Maximum monilored dose rate
MEUT Days in any neutron job

MHI  Days in high neutron job

iT Internal radiation (all nuclides)
1A Internal radiation (alpha emitters)
ITRI  Internal radiation (tritium)

B Assessed exposure to chemicals and
olher workplace exposuras

c2 Anthracene

3 Arsenic & compounds

4 Benzana

C7 Butex (used/degraded)

c8 Chromates/di-chromatas
ca Formaldehyda/formalin
C10  Graphite dust

c11 Hydrazine

C12  Hydrofluoric acid

C13  Kerosene (usedidegraded)
Ci14  Lead & compounds

C15  Mercury

C18  Phosphoric acids

CAT  Picric acid

C20 Chiloroform

C23  Trichloroathylena

C2d  Carbon tetrachloride

C2% TTA

C28  Zinc and compaunds

C31  Alphain air (Pu)

C32  Alpha in air (U)

C33  Bala/gamma (only) in air
TRINVTEN1 Tritium (15t assessmont)

{varlatas only, all Three or more Two groups
deviance changes groups (all deviance
___onidf changes on 1 df)
dav p_sign  dev df p_sign  dev p _sign
127 T 0.080 18 0.20
114 7 012 43 0038 -
101 T 0.18 43 0038 +
35 3 0.32
0.3 0.58
64 2 0042 +
0.0 0.88
70 0008 +
0.0 0.90
0.3 0.60
6.2 QO3 + 26 2 0.28 0.3 0.60
canceplion (or Sellafield quit If earlier)
3.9 0050 - 0.5 0.46
7.3 00007 + 27 Z 0.28 0.4 0.92
75 0006 + 19 2 0.38 11 0.29
44 0040 + 01 2 0.54 0.0 0.85
badges with dose rate > 0.SmSv/day
0.0 0.97 1.5 2 0.47 1.1 0.28
34  0.060 3.2 0.21 23 0.13
0.1 0.82 08 2 0.88 0.0 0.80
0.3 0.e1 142 0.56 0.0 0.92
0.1 077 0z 2 0.91 0.2 0.69
0.3 0.61 08 2 0,83 0.9 0.34
18 0.16 1902 0.38 1.9 0.16
21 0.15 18 2 0.38 0.8 0.36
26 0.10 28 2 0.24 29 0.089
0.1 0,73 26 2 0.28 0.5 0.48
63 0.012 + a5 2 0.18 0.0 0.88
11.2  0.0008 + ag 2 0.14 22 0.13
0.8 0.37 31 2 0.21 0.1 0.71
0.0 0.95 02 2 0.92 0.1 0.7
7.9 0005 + 29 2 0.23 27 0.10
0.6 0.45 02 2 092 0.1 0.70
1.5 0.21 44 2 0.1 21 0078
0.7 0.41 26 2 0.28 0.1 0.74
1.8 017 28 2 0.24 1.8 0.17
6.8 0,009 + 15 2 0.46 0.4 0.55
0.3 0.58 20 2 0.38 0.6 0.44
1.9 017 46 2 0.10 0.0 0.97
13 0.26 1.7 2 0.42 1.1 0.30
0.0 0.88 18 2 0.39 0.0 0.92
42 0040 - 31 2 0.21 1.8 0.18
0.5 0.49 oF 2 0.71 0.5 0.50
1.6 0.20 or 2 0.71 0.2 0.68
1.9 0.17 19 2 0.48 0.0 0.83
229 2E-08 + 10,3 2 0.0057 + 7.6 00050 +
231 2E-08 + 81 2 0.0018 + 60 0014 +

TRIZTENZ Tritium (extended assessmant)

i




Table A-5 (cont.) Confinuous analysis Grouped analyses
Threa or more Two groups
groups
VYariabla dev p sign dev df p sign  dev p
B3: Actual and potentlal contamination
MDCN Total decontamination visits 0.6 0.42 321 2 021 1.6 021
MALP Number of alpha contaminations 4.2 0.040 + 26 2 0.27 2.1 0.15
MBEG Mumber of beta/gamma conlaminations 0.1 0.75 24 1 031 2.3 0.13
HEAV Mumber of "heavy” contaminations 0.0 0.85 18 2 0.40 0.1 0.75
CLEA Mumber of “not clear” contaminations 0.6 0.44 08 2 0.64 0.8 0.38
CON1  Time in most contaminating jobs 0.3 0.58 06 2 0.73 0.2 0.57
CON2 Time in any contaminating job 35 0.081 42 2 0,12 0.0 0.88
FIRE Inwvolved in Windscale fire 1.2 0.27
IN5T  Inworkforce on 10110157 14 0.23
B4: Work areafjob (if more than %5 of period)
P R&DD - chemical 0.2 0.65
PJ2  R&DD - mechanical 2.0 0.15
FJ4 High lavel waste 2.2 0.14
PJE Effluent plant 0.5 0.46
PJT  Windscale piles & B29 2.0 0.16
PJ8  Calder 116 00007
FJO  Ponds Wes! 21 0.15
PJ12 Reprocessing (old) 0.0 0.98
PJ16 Fuel plants 0.1 0.70
PNT  Windscale Nuclear Labs 1.7 0.19
PJ18  Advanced Gas Reactor 27 0.10
PJ18  Main workshop 1.1 0.31
PJ20 Graphite workshop 0.9 0.35
PJ21 Maintenance - sep area 0.0 0.B7
PJ22 Maintenance - non active 0.4 0.53
PJ25 Changercoms 0.1 0.76
PJ29 Training 4.1 0.043 -
PJ31  Police 0.3 0.60
C: Variables evaluated over 12 weeks
pre-conception period
C1: Maasured radiation axposura
XG External radiation (x & gamma) 0.0 0.96 1.7 2 0.42 16 0.20
HIDA Total monitored days covered by badge 2.0 0.16 20 2 038 20 016
with dosza rate > 0.5mSviday
RMAX Maximum monitored dose rate 0.7 0.41 7 2 0.26 22 014
NEUT Days in any neutron job 24 0.12 2z 1 0.14 22 0.14
NHI  Days in high neutron job 01 072 e g 0.72 01 072
IT Internal radiation (all nuclides) 0.9 0.4 0z 2 0.92 0.1 071
1A Intemal radiation (alpha emitters) 0.9 0.33 02 2 0.90 0.2 0.66
ITRI Internal radiation (tritium) 0.4 0.53 04 2 0.82 0.4 0.53
C2: Assassed exposure to chemicals and
other workplace exposuras
c2 Anthracens 1.3 0.25 i3 2 0.52 1.2 0.25
c3 Arsenic & compounds 0.8 0.37 08 2 0.67 0.8 0.37
C4 Benzena Z.5 0.11 59 2 0.053 0.0 0.85
C7  Butex (used/degraded) 1.8 018 1.8 1 0.18 18 018
ce Chromates/di-chromates 11 0.30 08 2 0.76 0.0 0.92
co Formaldehyda/formalin 0.3 0.57 03 2 0.85 0.3 0.57
C10  Graphite dust 37 0.054 - a7 2 0.1 a7 0053
C11  Hydrazine 0.4 0.50 0og 2 0.66 0.0 0.82
ci2 Hydrofluoric acid 38 0051 + 40 2 0.13 a6 0.058
C13  Kerosene (used'degraded) 0.7 0.41 11 2 0.56 1.1 0.30
C14  Lead & compounds 27 0.10 a0 z 0.22 1.9 0.16
C15  Mercury 29 0088 29 2 0.23 29 0088
C16  Phosphoric acids 0.2 0.65 04 2 0.83 0.4 0.55
c17 Picric acid 52 0.022 + 7.7 2 0.0002 11 0.28
C20  Chioroform 05 0.48 i1 2 0.57 0.0 0.85
C23  Trichloroathylana 0.6 0.44 1.7 2 0.44 0.2 0.66
C24  Carbon tetrachioride 0.8 0.3r 16 2 0.45 14 0.24
C26 TTA 37 0054 + 28 2 0.25 0.6 0.43
continued..




Table A-5 (cont.) Conlinuous analysls Grouped analyses

Threa or more Two groups
groups

Variable e dev p_sign dev df p_sign  dew p_sign
C28  Zinc and compounds 64 0011 - 64 2 0040 - €4 0011 -
C31  Alpha in air (Pu) 01 081 05 2 078 o1 077
£32  Alpha in air (U) 1.7 0.19 28 2 0.25 04 0.52
C33  Beta/gamma (only) in air 29  0.080 43 2 012 04 050
TRIMTENA Tritium (15t assessment) 0.4 0.52 25 2 0.29 1.0 0.3
TRIZTENZ Tritium (extended assessment) 0.8 0.45 27 2 0,25 1.3 0,26
C3: Actual and potential contamination
NDCH Total decontamination visils 0.8 0.37 0g 2 0.66 0.8 0.36
NALF Number of alpha contaminations 0.2 0.63 02 1 0.63 0.2 0.63
NBEG MNumber of batalgamma contaminations 0.6 0.44 06 2 0.75 0.6 0.44
HEANW  Number of “heavy™ contaminations 0.3 0.59 03 1 0.59 0.3 0.59
COMN1  Time in most contaminating jobs 0.2 0.64 03 2 0.88 0.2 0.64
CONZ Time in any contaminating job 0.0 0.83 02 2 0.88 0.0 0.98
C4: Work areafob (weighted days In 12 waak
pre-conceplion period)
JE1 RADD - chamical 0.1 0.76 02 2 0.90 01 0.74
JB2  R&DD - mechanical 24 012 25 2 0.28 20 0.15
JB4 High level waste # 21 0.15
JBG Effluent plant # 03 0.61
JBT Windscale piles & B29 # 0.6 0.43
JBE  Calder # 1.5 0.22
JBED Ponds West 1.5 0.22 1.5 2 047 1.5 0.22
JB12 Reprocessing (old) # 14 0.24
JB16  Fuel plants # 0.0 0.54
JB1T  Windscale Nuclear Labs # 1.7 0.19
JBE18 Advanced Gas Reactor # 141 0.30
JBE19  Main workshop # 0.8 0.37
JB20  Graphite workshop # 0.2 0.63
JB21 Maintenance - sep area 0.2 0.65 03 2 0.88 0.2 0.66
JEZZ2 Maintenance - non active # 0.2 0.63
JBE2S Changerooms 0.3 0.59 06 2 0.75 0.3 0.59
JB28  Training # 0.1 0.73
JB31  Police # 0.3 0.60

# All non-zero case and control values egual; the continuous, 3 group and 2 group analyses are identical.
D: Variables avaluated batwean concaption and diagnoals

D1: Actual and potential contamination

MOCH Tolal decontamination visits T 0.06
MALP  Mumber of alpha contaminations 5.5 0.02 +
MBEG Mumber of bata‘gamma contaminations 1.7 0.19
HEAY Mumber of “heavy” contaminations 0.9 0.34
CLEA Number of “not clear™ contaminations 1.8 0.18
COMN1  Time in most contaminating jobs 29 0.09
CONZ  Time in any contaminating job 16 021

DZ: Work areafjob

PJ1 R&DD - chamical 0.0 0.497
PJ2  RADD - mechanical 0.8 0.37
PJ4  High level waste i ar 0.05
PJs Caldar 0.5 0.47
PJ12 Reprocessing (old) 0.0 0.83
PJ16  Fuel plants 0.1 0.82
PJ1T  Windscale Nuclear Labs 13 0.25
PJ18  Advanced Gas Reaclor 0.2 0.64
PJ18  Main workshop 0.7 038
PJ20  Graphite workshop 0.7 0.40
PJ21  Maintenance - sep area 11 0.30
FJ25 Changerooms 0.1 077

PJ32 Draughtsmen & other office workers 0.2 0.68




Table A-8; Summary of the statistical assoclations between outcome variable LMHL
(Leukaemia & non-Hodgkins lymphoma) and potential explanatory variables.

Continuous analysis

Grouped analyses

(varlates only, all Threa or mora Two groups
deviance changes groups {all deviance
en 1 df) __ changes on 1 df)
Variabla - dov p sign  dev df p sign  dev p sign
A Variables not depandant on cholca
of pre-conception exposure window
DOBCQ Child's date of birlth as 7 0.79 1.2 027
DOSQ Date of start at Sellafield 108 7 015 a5 0083
QUG Sellafield quit date 113 7 013 44 0037 -
DODX Date of diagnosis a0 a 0.38
SEX  Sex 0.0 0.83
FAGE Father's age al child's concaption g4 2 0015 +
FETH Father's place of birth 1.3 0.26
SEAS Seascale resident motherfather 11.8 0.0005 +
JOBC Job class 0.6 0.44
PCE Inworkforce before child's conception 0.2 0.68
TIME Days from Sellafield start 1o child's 51 0023 + 3z 2 0.20 0.2 0.69
conception (or quit if earlier)
DIST Distance from Sellafield site to 38 0050 - 14 0.23
child’s residence at birth
MIGR Migrant index for placelarea of birth 125 0.0004 + 5§ 2 0.080 0.8 0.78
B: Variablas evaluated over total
pre-conception period
1!-1, Measured radiation exposura
External radiation (x & gamma) €6 0010 + 20 2 0.37 0.2 0.63
HIDA. Tolal monitored days coverad by 37 0050 + 05 2 0.78 01 0.71
badges with dose rate > 0.5mSviday
RMAX Maximum monitored dose rate 0.2 0.65 02 2 0.87 0.2 063
NEUT Days in any neutron job 2.0 0.15 16 2 0.48 0.8 0.35
HHI Days in high neutron job 0.2 0.65 0 2 0.62 0.2 067
IT Internal radiation (all nuclides) 0.3 0.58 e T e 0.26 0.1 0.75
14 Internal radiation (alpha emitters) 01 0.74 1.1 2 0.59 0.4 0.51
ITRI  Internal radiation (tritium) 0.7 0.42 1.8 2 0.40 0.3 0.57
B2: Assessed exposure to chemicals and
other workplace exposures
c2 Anthracens 25 011 252 0.28 25 0.11
c3 Arsenic & compounds 1.3 0.26 14 2 Q.51 04 0.55
C4 Benzena 0.z 0.68 44 2 0.11 0.0 0.88
c? Bulex (used/degraded) 2.5 011 66 2 0038 * 0.0 0.85
Ccé Chromates/di-chromates B.2 0.0043 + B2 2 00i6* 06 0.42
Cco Formaldehydaformalin 106 0.,0011 + 36 2 017 1.8 0.18
C10  Graphite dust 1.5 0.22 29 2 0.23 0.0 0.95
c11 Hydrazine 0.1 0.74 02 2 0.82 0.1 077
C12  Hydrofluoric acid 60 0014 + 15 2 047 1.3 0.25
C13  Kerosene (used/degraded) 0.1 0.72 03 2 0.85 0.1 0.74
C14  Lead & compounds 0.0 0.94 48 2 0089 0.6 0.44
C15  Mercury 0.3 0.59 07 2 0.68 0.6 045
C16  Phosphoric acids 1.0 0.32 a2 2 0.21 0.1 07
C17  Pieric acid 56 0.018 + 13 2 053 0.2 0.70
C20 Chioroform 0.3 0.60 02 2 0.80 0.2 064
C23  Trichloroathylena 32 0.074 7.2 2 0027 + 01 0.73
C24  Carbon tetrachloride 0.7 0.39 i 0.3 1.8 018
CX¥ TTA 0.5 0.47 a2 2 o017 13 ; n”ﬁﬁ;
C28  Zinc and compounds 61 0013 - 48 2 0.092 . ;
CHM  Alphain air (Pu) 0.0 0.99 19 2 0.38 0.2 0.62
Ci2  Alphain air (U) 0.0 0.51 g.‘l g gg? gg gg;
C33  Beta'gamma (only) in air 0.3 0.62 .1 ; I
TRIW/TEN1 Tritium {1st assessmant) 183 2E-05 + 63 2 0042 + 7.1 0.0076 +
TRIZTENZ Tritiumn {extended assessment) 191  1E-05 + 50 2 0.081 61 0014 +

conlinued..




Table A-6 (cont.) Conlinuous analysis Grouped analyses
Three or more groups
groups
Variable i dev p_sign  dev df p_sign  dev p_sign
B3: Actual and potential contamination
MDCN Total decontamination visits 07 0,42 32 2 0.20 29 0,000
HALP  Number of alpha contaminations 30 0.081 1.8 2 0.41 11 0.29
NEEG Mumber of beta/gamma contaminations 0.2 0.67 41 2 0.13 4.0 0.040 +
HEAY Mumber of "heavy” contaminations oA 0.72 1[5 0.42 0.0 0.92
CLEA  Number of "nol clear” contaminations 54 0021 + 68 2 0.033 + 30 0083
CON1  Time in most contaminating jobs 132 028 20 2 097 1.7 020
CONZ Time in any contaminating job 4.7  0.031 + 73 2 0026 ° 0.0 0.85
FIRE Involved in Windscala fire 0.8 0.38
INST  In workforce on 10V10/57 1.8 0.18
B4: Work area/Job (if more than %5 of perlod)
FJ1  RA&DD - chemical 22 0.14
PJ2 R&DD - mechanical 1.5 0.22
FJ4  High level waste 1.5 0.22
FJE  Effluent plant 0.8 0.37
PJT  Windscale piles & B29 1.0 0.31
F.J8 Calder 8.6 00034 +
FJ3  Ponds Wast 25 0.1
PJ12 Reprocessing (old) 0.2 0.85
PJ16  Fuel plants s 0.48
PJIT  Windscale Muclear Labs 1.2 0.28
PJ18 Advanced Gas Reactor 21 0.15
PJ18  Main workshop 14 0.23
PJ20  Graphite workshop 04 055
PJ21  Maintenance - sep araa 0.1 0.80
PJ22 Maintenance - non active 0.6 0.45
PJ25 Changerooms 0.4 0.53
PJ23 Training 51  0.024 -
PJ31 Police 0.3 0.56
C: Varlables evaluated ovar 12 weeks
pre-conception pariod
C1: Measurad radiation exposure
XG External radiation (x & gamma) 0.3 0.58 10 2 0.58 1.0 032
HIDA  Tolal menilored days covered by 29  0.080 29 2 0.23 29  0.080
badges with dose rate > 0.5mSv/day
RMAX Maximum monitored dose rate 1.1 0.30 06 2 0.87 0.5 0.49
NEUT Days in any neutron job 1.0 0.31 08 1 0.36 0.8 0.36
HHI Days in high neutron job: 0.0 0.91 00 1 0.9 0.0 0.91
IT Internal radiation (all nuclides) 1.4 0.24 04 2 0.82 0.4 0.53
& Internal radiation (alpha emitters) 0.7 042 05 2 0.78 0.5 0.49
ITRI  Internal radiation (tritium) 7.9 0.0050 + &5 0 0.7 1.6 0.21
C2: Assessed exposure to chemicals and
other workplace exposures
c2 Anthracena 1.7 0.20 1.7 2 0.44 1.7 0.20
C3 Arsenic & compounds 1.1 0.30 11 2 0.58 1.1 0.30
4 Benzena 25 0.11 24 2 0.30 14 0.23
cT Butex (used/degraded) 00 082 08 1 0.43 0.6 0.43
c8 Chromates/di-chromates 09 0.24 01 2 0.94 0.0 0.88
ca Formaldehydaformalin 0.4 0.52 04 2 0.81 0.4 0.52
C10  Graphite dust 48 0029 - 48 2 0001 48 0020 -
C11  Hydrazine 11 0.30 134 2 .52 0.4 0.52
ci12 Hydrefluoric acid 32  0.076 a0 2 022 25 0.11
C13  Kerosens (used/degraded) 05 050 34 2 018 23 013
C14  Lead & compounds 1.1 0.30 13 2 0.53 1.2 0.27
C15  Mercury a7 0054 - 2 2 0.186 37 0.054 -
C18  Phosphoric acids 05 046 04 2 084 0.2 062
C1T  Picric acid 43 0037 + 169 2 0.0002 + 0.8 0.26
C20  Chioroform 0.4 051 03 2 0.87 0.2 0.69
€23 Trichioroathylene 0.0 086 07 2 070 00 096
C24  Carbon tetrachloride 11 0.20 2z 2 0.34 21 0.15
CX TTA 40 0.045 + 286 2 0.27 2.4 0.12
€28  Zinc and compounds 8.7 0.0032 - BT 2 0013 8.7 0.0032 -
€31 Alpha in air (Pu) : 01 080 01 2 094 01 074




Takle A-6 (cont.) Confinucus analysls Grouped analysas

Thras or more Twao groups

— groups
Variable dev _ p sign dev df  p sign dev p_sign
C32  Alpha in air (L)) 0.8 0.36 05 2 0.79 0.3 0.60
C33 Beta'gamma (only) in air 24 0.12 16 2 0.48 0.6 0.43
TRIH/TEM1 Tritium (15t assessmant) 0.1 0.75 16 2 0.45 21 Q.15
TRIZITEMZ Tritium (extended assessment) 0.2 0.63 19 2 0.39 2.6 0.11
C3: Actual and potential contamination
NDCHN Total decontamination visits 2.0 016 58 2 0.052 0.4 0.51
MALP MNumber of alpha contaminations # 0.3 0.56
NEBEG Mumber of bata/gamma contaminations 2.7 0.10 56 2 0.062 1.0 0.33
HEAV Number of "heavy” contaminations # 0.4 0.53
CLEA Number of "not clear” contaminations # (1 case, 0 controls; Fisher exact p=0.082)
CON1  Time in most contaminating jobs 14 0.29 114 2 0.57 11 0.29
CONZ Time in any contaminating job 0.1 0.77 04 2 0.84 0.1 0.82
INST  In workforce on 1010757 # {1 case, 0 controls; Fisher exact p=0.082)
C4: Work areafjob (days in 12 weak
pre-conception pariod)
JB1  R&DD - chemical 1.0 0.21 12 2 0.54 0.9 0.33
JBz2 R&DD - mechanical 1.8 018 19 2 0.38 1.5 0.22
JB4  High level waste # 1.4 0.23
JBE6  Effluent plant # 0.4 0.54
JBT Windscale piles & B29 # 0.9 0.33
JBB Caldar # 0.8 0.37
JBS Ponds Wast 1.8 0.18 18 2 0.41 1.8 0.18
JB12 Reprocessing (old) # 21 0.15
JB16 Fuel plants & 0.1 0.80
JB1T  Windscale Muclear Labs # 1.2 0.28
JB18  Advanced Gas Reactor # 0.8 0.36
JB18  Main workshop # 11 0.29
JB20 Graphita workshop & 0.3 0.56
JB21  Maintenance - sep area 0.0 087 01 2 0,97 0.0 0.9
JB22 Maintenance - non active # 0.3 0.56
JB25 Changercom 0.1 0.76 03 2 0.84 .1 0.75
JB29  Training # 0.1 071
JB31 Police # 0.3 0.56

# All non-zero case and conirol values equal; continuous, 2 group and 3 group analyses ara identical.
D: Variables evaluated betwaen conception and diagnosis
D1: Actual and potential contamination

NDCH Total decontamination visits 2.5 012

MALP Mumber of alpha contaminations 38 0082

HBEG Mumber of beta'gamma contaminations | 0.25

HEAV MNumber of “heavy™ contaminations 0.5 046

CLEA Mumber of "not clear” contaminalions 1.4 0.26

CON1  Time in mest contaminating jobs 1.1 0.29

CONZ Time in any contaminating job 23 0.13

D2: Work areafjob

PJ1  R&DD - chemical 1.6 0.21
PJ2 R&DD - machanical 0.3 0.58
PJ4  High level waste 26 0.11
PJ8  Calder 0.1 0.82
P2 Reprocessing (old) 0.2 0,80
PJ16  Fuel plants 0.3 0.57
PJT  Windscale Nuclear Labs 0.8 0.37
PJ18 Advanced Gas Reactor 0.1 0.
PJ18  Main workshop 0.4 0.55
PJ20  Graphite workshop 0.3 0.60
PJ21 Maintenance - sep area 0.3 0,58
PJ25 Changerooms 0.0 0.99
PJ27 Health Physics monitors 0.1 0.73

PJaz Draughtsmen & other office workers 0.0 (.96




Table A-T: Summary of the strangth of statistical asscciation between outcoma varlable OCAN
(Cancers other than leukaemia & NHL) and potential explanatery variablas,

Conlinuous_analysis Grouped analyses
(variates only, all Threa or more Two groups
deviance changes groups (all dnﬂm1 -
on 1 df) changes on
Variable dev p sign dev df p_sign  dev p_sign
A: Variablas not depandent on choica
of pre-concaption exposure window
DOBQ Child's date of birth 124 7 0.0889 3a 0.051
DOSQ Date of start at Sellafield 45 7 072 1.0 0.32
QuUIQ  Sellafield quit date 0.2 ¥ 0.18 3.3 0.088
DODX Date of diagnosis a5 3 0,32
SEX  Sex 1.2 0.28
FAGE Father's age at child's conceplion 24 2 0.30
FETH Father's place of birth ar 00s0*
SEAS Seascale resident mother 0.1 0.78
JOBC Job class 0.7 0.41
PBE Inworkforce before child's birth 0.0 1.00
TIME Days from start Lo quit at Sellafield as  0.0e2 §2 2 0.07¢ 0.0 0.99
DIST Distance from Sellafield site to 0.4 0.52 1.0 0.30
child’s residence at birth
MIGR Migrant index for placefarea of birth 0.0 0.88 14 2 0,49 0.6 0.45
B: Variables avaluated over total
pre-conception period
B1: Maasured radiation exposure
XG External radialion (x & gamma) 38 0.052 - 7T 2 o0022* 0.2 0.67
HIDA  Tolal monitored days coverad by 34 0.080 27 2 0.27 1.7 0.18
badges with dosae rate > 0.5mSviday
EMAX Maximum monitored dose rate 49 0.030 - 24 2 030 0.2 0.67
NEUT Days in any neutron job 0.8 0.36 24 2 0.29 1.1 0.30
NHI  Days in high neutron job 16 0.20 20 2 037 04 053
IT Internal radiation (all nuclidas) 0.3 0.57 100 2 0.60 0.4 0.53
& Internal radiation (alpha emitters) 0.1 0.78 11 2 0.58 0.8 0.38
ITRI  Internal radiation (tritiurm) 0.4 0.54 1.2 2 0.54 1.2 0.26
BZ: Assessed exposure o chamicals and
other workplace exposures
C2 Anthracena 0.2 0.69 1.7 2 0.43 0.6 0.42
C3 Arsenic & compounds 0.4 0.50 04 2 0.80 0.4 0.50
c4 Banzona 0.1 0.81 06 2 0.73 0.5 0.46
cT Butex (usedidegraded) 0.2 0.62 43 2 0,12 0.7 0.39
C8 Chromates/di-chromates 2.0 0.16 28 2 0.25 04 0.55
ca Formaldehydefarmalin 0.3 0.56 03 2 0.85 0.3 0.56
C10  Graphite dust 0.8 0.38 13 2 0.53 0.0 0.9
C11 Hydrazina 14 0.24 [ 0.56 0.1 0.78
c12 Hydrofluoric acid 0.5 0.48 12 2 0.56 0.1 0.75
C13  Kerosena (usedidegraded) 0.7 0.42 el [ 0.32 0.9 034
C14  Lead & compounds 0.7 0.39 5r 2 0DaT 0.8 0.38
C15  Mercury 0.1 070 18 2 0.46 0.0 0.95
C16 Phosphoric acids 0.8 0.36 01 2 0.54 0.1 0.72
C1T  Picric acid 0.8 0.38 08 2 0.68 0.8 0.38
C20 Chiaroform 0.8 0.38 2T 2 0.26 0.0 0.88
C23  Trichloroathylena 28 0.093 a4 2 0,19 33 0.067
C24  Carbon tetrachloride 23 0.13 BN 0.28 0.0 0.85
C26 TTA 0.6 0.45 1512 0.58 01 0.79
C28  Zincand COMpounds 1.5 0.21 by [ 0,34 0.9 0.34
C31 Alpha in air (Pu) 0.3 0.57 1210 2 0.58 03 0.57
€32  Alphain air (U) 1.7 019 22 2 033 21 014
C33  Beta/gamma (only) in air 30  0.080 14 2 0.49 1.0 0.33
TRIVTEN1 Tritium (1st assessment) 25 0,090 30 2 0.23 g 0052
TRIZTENZ Tritium (extended assessment) a7 0.10 28 2 0.25 34 0.066
continued




Yable A-7 (cont.) Continuous analysis Grouped analysas

Threa or mora Two groups

— LMV GEALS groups [l 3
Variable dev p sign dev df p_sign  dev p_sign
B3: Actual and potential contamination
NDCN Total decontamination visits 0.1 0.80 05 2 080 0.4 0.50
MALP Mumber of alpha contaminations 2.2 0.14 22 2 0.33 22 0.14
MBEG Mumber of beta/gamma contaminaiions 0.0 0.09 02 2 0.91 0.1 0,70
HEAY HNumber of "heavy” conlaminations 0.0 0.85 1.7 =2 0.42 0.1 0.78
CLEA Mumber of "not clear” contaminations 0.1 0.72 04 2 0.82 0.2 0.64
CON1  Time in most contaminating jobs 1.9 0.18 6.2 2 0046 * 1.3 0.25
CON2 Time in any contaminating job 59 0.015 - g9 2 0012 - 29 0.090
FIRE Involved in Windscale fire 0.7 0.41
INST  In workforce on 10010/57 1.4 0.23
B4: Work arealjob (If more than %5 of period)
FJ1 RE&DD - chamical 0.0 0.590
PJZ2 RA&DD - machanical 1.4 0.24
PJ4  High level wasla 1.3 0.26
PJE  Effluent plant 0.0 0.33
PJT  Windscale piles & B29 24 0.12
PJg Calder 0.4 0.54
PJ9  Ponds West 0.0 0.85
PJ12 Reprocessing (old) 02 070
PJ18 Fuel plants 0.4 0,54
PJ1T Windscale Muclear Labs 51 0.024 +
PJ18 Advanced Gas Reactor 1.1 0.30
FJ19  Main workshop 0.3 0.62
PJ20 Graphite workshop 0.2 0.62
PJ21 Maintenance - sep area 0.0 0.52
PJZZ Maintenance - non aclive 1.3 0.28
PJ25 Changerooms 0.3 0.57
PJ28  Training 0.6 0.43
PJ31 Police 28 0.10
C: Variables evaluated over 12 woaks
pre-conception perlod
C1: Measured ralation exposure
XG External radiation (x & gamma) 0.9 0.34 3g 2 0.17 2.1 0.14
HIDA  Total monitored days covered by 32 0070 32 2 0.2 32 0070

badges with dose rate > 0.5mSv/day
RMAX Maximum monitored dose rate 2T 0.10 386 2 0.17 1.5 0.22
MEUT Days in any neutron job 0.0 0.91 0.1 1 0,76 0.1 0.76
MHI  Days in high neutron job 0.0 0.85 o1 0.82 0.1 0.82
IT Internal radiation (all nuclides) 0.1 0.82 01 2 0.95 0.1 0.75
1A Internal radiation (alpha emitters) 0.1 0.79 10 2 0.50 07 0.39
ITRI  Internal radiation (tritium) 0.7 0.41 T 2 0.71 0.7 0.41
C2: Assessed exposure to chemicals and
other workplace exposuras
c2 Anthracena 23 0.13 2T 2 0.26 1.2 0.28
c3 Arsenic & compounds 0.4 0.51 04 2 0.80 0.4 0.51
C4 Banzene 38 0053 + 2 2 0074 4.9 0.027 +
cr Butex (used'dagraded) 04 0.53 185 1 0.17 1.8 0.17
c8 Chromates/di-chromates 0.8 0.37 1.0 2 0.81 0.4 0.51
ca Formaldehydeformalin 0.3 0.60 03 2 0.87 0.3 0.60
C10  Graphite dust 54 0,020 + 57 2 D.059 34 0.064
C11  Hydrazina 0.2 0.66 .0 2 0.60 0.0 0.87
c12 Hydrofluoric achd 0.1 0.7 1.8 2 0.40 1.3 0.26
C13  Kerosene (used/degraded) 01 0.75 24 2 0.30 0.1 0.73
C14  Lead & compounds 0.1 0.78 08 2 0.64 0.8 0.37
C15  Mercury 0.6 0.45 16 2 0.45 0.2 0.64
C16  Phosphoric acids 0.0 0.95 04 2 0.83 0.3 0.57
C17  Picric acid 0.4 0.54 04 1 0.54 0.4 0.54
C20  Chloroform 0.1 0.77 28 2 0.25 0.6 0.43
C23  Trichloroelhylens 0.6 0.46 34 2 0.18 0.9 0.35
C24  Carbon tetrachloride 23 0.13 49 2 0.088 0.6 0.44
C2 TTA 0.0 0.85 =5 2 0.28 1.4 0.24
C28  Zinc and compounds 0.9 0.35 11 2 0.59 0.3 0.55
continued. .




Table A-T (conl.) Confinuous analysis Grouped analyses
of more Two groups

groups
Variable dav _p sign  dev df p sign dav p_sign
C31  Alpha in alr (Pu) 0.0 0.92 33 2 019 0.7 0.41
C32  Alpha in air (L) 0.2 0.68 33 2 0.20 0.2 0.65
C33  Betalgamma (only) in air 1.3 0.25 1.0 2 0.62 1.0 032
TRIVTENT Tritium (15t assassment) 1.8 0.18 18 2 041 22 014
TRIZTEMNZ Tritium (extended assessment) 1.6 0.20 16 2 0.44 26 0.1
C3: Actual and potentlal contamination
MOCH Total decontamination visits 240 0.12 g5 2 0040 0.6 0.46
MALP Mumber of alpha contaminations 0.3 0.57 0.3 1 0.57 0.3 0.57
MEBEG Number of beta’gamma contaminations 31 0.080 61 2 0050* 1.1 0.29
HEAV Mumber of "heavy™ contaminations 0.4 0.53 04 1 0.53 0.4 0.53
CLEA Mumber of “not clear” contaminations 0.0 1.00 0.0 0 1.00 0.0 1.00
CON1  Time in most contaminating jobs a1 0077 145 2 0.0007 * 32 0075
COMZ Time in any contaminating job 3.3 0.068 86 2 0014°* 35  0.062
C4: Work areafjob (walghted days in 12 week
pre-concaption pariod)
JB1 R&DD - chemical 0.3 0.58 04 2 0.82 0.4 0.55
JB2 R&DD - mechanical 1.4 0.24 14 2 0.51 1.4 0.24
JB4  High level waste # or 0.41
JB& Effluent plant 2.80 0.080 154 2 0.0005 + 27 0.10
JBT Windscale pile & B29 # 1.0 0.3
JBS Calder # 0.0 0.90
JBS  Ponds Wasl 1.3 0.25 1.3 2 0.52 13 0.25
JB12 Reprocessing (old) # 2.2 0.14
JB16 Fual plants 0.0 0.88 174 2 0.0002 * 0.0 0.88
JB17  Windscale Muclear Labs # 1.1 0.30
JB18 Advanced Gas Reaclor # 0.6 0.44
JBE18  Main workshop # 0.4 0.50
JB20 Graphite workshop # 32 0076
JBZ21  Maintenance - sep area 0.0 0.83 72 2 0028 * 0.0 0.86
JB22  Maintenance - non active # 0.3 0.56
JB25 Changerooms 0.1 0.7 03 2 0.86 01 0.70
JB29  Training # 56 0.020 +
JBI  Polica # 2.8 0.10

# All non-zero case and control values equal: continuous, 2 group and 3 group analyses are identical,

D: Variablas evaluated batwesn conception and diagnaosis

D1: Actual and potentlal contamination
NOCN Tetal decontamination visits

MBEG Mumber of beta/gamma contaminations
HEAV Number of "heavy” conlaminations
CLEA  Mumber of "net clear® contaminations
CONT Time in most contaminating jobs

CONZ Time in any contaminating job

D2: Work arealjob

5.0
81
4.0
1.0
0.1
0.7

0.025 +
0.003 +
0.046 +
0.33
[ |
042

PJ1 R&DD - chamical 0.1 0.70
PJ6  Efffuent plani 31 0081
PJ7T  Windscale piles & B29 02 083
PJ8  Calder 0.0 0.90
PJ9  Ponds West o7 0.40
PJ12  Reprocessing (old) 02 067
PJ13  Reprocessing (new) 0.1 [
PJ18  Fuel plants 286 0.1
PJ17  Windscale Nuclear Labs 0.5 0.49
PJ19  Main workshop 21 0.15
PJ20 Graphite workshop 0.0 0.a7
PJ21  Maintenance - sep area 0.0 0.85
PJ25 Changercoms 0.0 0.97
PJ31  Polica 1.8 0.18




Table A-8: Leukaemia & NHL cases by child's date of birth

Lymphatic leukaemia & WAL LR test
_____Cases __95% Cl Change in:
Date of birth  Controls bs Exp OIE OR  from to deviance df p
1850-54 14 2 0.44 4,58 =S
1855-59 25 o 0.58 0.00 0.00 000 118
1960-64 29 4 0.73 5.45 1.12 lr 738
1865-69 18 3 0.48 6.18 1.42 0.19 10.60
1870-74 21 1 0.75 1.34 0.25 poz 322 127 7 0.08
1875-79 20 1] 0.47 0.00 0.00 000 172
1980-84 23 2 0.35 5.78 1.4 0.13 932
1885 + 28 0 0.11 0.00 0,00 000 T.41
Maost significant 2-group split
1650-69 87 g 2.33 386
1870+ a2 3 1.67 1.80 0.43 011 168 16 1 0.20
All leukaemias & NHL — LR test
__Cases . 95%Cl Change in:
Date of birth  Controls Jbs Exp __OE OR from to deviance df p
1850-54 14 2 0.76 263
1855-59 25 3 1.13 265 0.95 013 687
1960-64 28 4 1.12 3.56 1.28 0.20 B840
1965-69 19 3 068 441 1.74 023 1289 39 7 0.79
1870-74 21 1 0.95 1.05 0.34 003 4.4
1975-79 20 1 0.57 1.74 0.57 004 729
1580-84 Z3 2 042 474 1.58 019 1332
1985 + 28 0 0.15 0.00 0.01 0.00 936
Mest significant 2-group spltt
1650-69 12 3.70 3.25
1670+ 92 4 2.10 1.91 0.52 0.16  1.74 1.2 1 0.27
Table A-9: Leukaemia & NHL cases by father's date of start at Sellafield
Lymphatic leukaemia & NHL LR test
Cases 895% Cli Change in:
Dateof start Controls  Obs Exp QE  OR  from to deviance df = p
1850-54 43 3 144 270
1855-59 29 3 0.72 415 1.66 030 8911
1860-64 13 4 0.42 8.60 5.05 093 27.54
1985-69 12 0 0.25 0.00 0.00 000 552
1970-74 22 0 0.56 0.00 0.00 0.00 244 i14 7 0.12
1875-79 38 2 0.74 271 1.03 018 B.76
1980-84 11 0 012 0.00 0.00 0.00 11.06
1985 + 11 1} 0.08 0.00 0.00 0.00 18.18
Meost significant 2-group spiit
1850-64 85 10 225 4.44
1865+ 94 2 1.75 114 0.23 Dos 082 43 1 0.038
All leukaemias & NHL LR test
Cases o= 5% Cl Change in:
Date of start  Controls Obs Exp OIE __OR from to deviance df P
1850-54 43 [ 1.82 330
1955-59 28 3 1.14 262 0.78 gty 353
1960-54 13 4 050 6.66 263 0.59 11.82
196560 12 0 0.31 0.00 0.00 0.00 361
1970-74 22 (1] 0.72 0.00 0.00 0.00 1.55 108 7 0.15
1975-78 38 2 0.62 218 0.61 1 G I |
1880-84 1 1 017 588 212 018 2511
1985 + 11 0 0.12 0.00 0.00 0.00 965
Most significant 2-group spi't
1950-54 13 358 365
1865+ 94 3 2.23 1.34 0,32 008 1.18 35 1 0.063




Table A-10; Leukaemia & NHL cases by father's date of leaving Sellafield

Lymphatic leukaemia & NHL LR test
__ Cases _ 95% CI Change in:
Quit date Controls  Obs_ Exp ____OE OR from to deviance df P
1950-54 1] 0.13 0.00 0.002 000 B04
1955.59 5 0 0.16 0.00 0.0008 000 B53
1960464 12 0 0.44 0.00 0.0008 000 238
1965-69 10 1 0.26 3.86 1.08 012 1014 01 7 0.18
1870-74 B (4] 032 0,00 0.0005 000 327
1875-79 13 3 0.32 926 338 071 1623
1880-84 20 1 0.38 280 0.69 o088 610
1985 + 105 T 1.98 3.53
Maost significant 2-group splrt
1850-74 1 1.31 0.76
1675+ 138 11 269 4.09 597 108 112 43 1 0038
e All leukaemias & NHL LR test
Cases il 85% CI Change in
Quit date Controls Obs Exp OIE OR from to deviance df p
1950-54 (5] 1 021 466 1.32 013 1307
1855-58 5 i 028 0.00 Q0008 000 345
1960-64 12 0 069 0.00 Q0009 000 145
1965-69 10 1 0.38 254 0.65 007 580 M3 7 0.13
1870-74 B 0 043 0.00 QL0008 ooo 233
1975-79 12 | 0.51 593 2.03 044 832
1980-84 20 1 0.56 1.78 0.43 0.05 369
1G85 + 105 10 271 3.69
Most significant 2-group spiit
1950-74 41 2 2.02 0.99
1875+ 138 14 378 a1 4.18 1.11 27 1 44 1 0.037
Note: ©dds ratios calculated relative to the final (1985+) sub-group
Table A-11: Leukaemia & NHL cases by date of diagnosis
Lymphatic leukaemia & NHL
_ Cases 85% Cl

Date of diagnosis Obs  Exp OE ~— from to

1850-59 [ 0.22 - 0.00 000 176 Confidence intervals

1860-689 3 073 4.1 084 124 for O/E ratios.

1870-79 6 1.33 4.51 164 101 Test for equal
1980+ 3 1.71 1[5 SR 038 521  OFE ratios, p=0.32

All leukaemia & NHL
Cases 95% ClI

Date of diagnosis _Obs Exp OIE from to

1950-59 0 0.38 0.00 000 102 Confidence intervals

1860-69 4 1.26 317 0.86 B.43 for OVE ratios.

1870-79 7 1.85 378 150 BO03 Test for equal

1880+ 5 2.30 217 070 517  OVE ratios, p=0.39

Note: Since controls do not have a diagnosis date, there is no comresponding contrel distribution by this factor.
The expected case numbers in each period are calculated from the number and age distribution of all controls
alive and under observation in that period.









Table A-14: Leukaemia & NHL cases by time from father's start date to child's conception
date (or quit date if earlier) (variable TIME)

Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses.
Full up data for all leukaemia & NHL shown in Table A-57.

ntinuous analysis increment per unit LR test
8%l Change in:
Coeff. Estimate se Estimate from te deviance df p
Mean 0.408  0.494 e '
TIME 0.162 0.061 1.176 1.043 1.326 6.2 1 0.013
Grouped analyses Cases B 25% ClI p for
___ Controls  _Obs _Exp _OE _ OR  from to P trend
3 groups
TIME=0 24 2 (1) 0.96 207
TIME 0.1 tom T8 3(1) 1.60 1.87 0.83 013 549 0.28 0.18
TIME > m 77 71(2) 1.43 4,88 238 044 1273
2 groups
TME =0 24 2 (1) 0.96 2.07
=) 155 10 (3} 3.04 3.28 1.53 0.31 7.65 0.60
n non-zero |IME value for controls (m) = 4.01 years
Table A-15; Leukaemia & MHL cases by father's cumulative recorded external
radiation exposure prior to child’'s conception [variable XG)
Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses
Full 3-group data for all leukaemia & NHL shown in Table A-57.
ontinuous analys - OR increment per unit LR test
95%Cl  Changein:
Coeff. Estimate se¢  Estimate from to deviance df p
Mean 0526 0443
xXG 0.010 0.004 1.010 1.003 1.018 1.5 1 00083
Grouped analyses Cases _ as% Cl . p for
Controls _ Obs Exp OIE OR from to P trend
4 groups
0 35 2{2) 1.23 162 0.58 017
0.1-49 mSv 8g 4 1.48 2.7 1.64 0.28 966
50-99 mSv 27 3 0.68 4.37 284 043 1888
100+ mSv 28 3N 061 493 319 048 21.24
3 groups
(4] as 2(2) 1.23 162
0.1-33.2 mSv T2 3 1.18 252 1.52 024 9B3 0.28 0.17
33.3+ mSv T2 7{2) 1.58 4.43 2.84 054 14.84
2 groups
0 35 2(2) 123 162
=() 144 10 (2 277 361 2.25 0.47 10.72 0.29

an non-Zero wvalue for controls (m) = 33.2 mSv



Table A-16: Leukaemia & NHL cases by duration of father's assessed potential exposure to
butex during the total pre-conception period (varlable CT)

Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses.

Full 3-greup data for lymphatic leukaemia & MHL shown in Table A-56.
EﬂﬂtliﬂHDUE analysis OR increment per unit LR test

95% Cl Change in:
Coeff. Estimate =~ se Estimate =~ from o deviance df P
Mean 1220 0429
2 g 0.001 0.001 1.001 1.000 1.002 25 1 011
Grouped analyses — HGRe. P ___85% Cl pfor
~_ Controls Obs  Exp O/E OR from to ] trend
3 groups
Linexposed 65 G (5) 1.63 368
Cr01tom 12 (1] 0.45 0.00 0.00 000 224 0.037 0.29
C7=m 11 3{1) 0.28 10.77 4.00 077 2082
2 groups
Unexposed B85 G (5) 1.63 368

Exposed (=0) 23 3 (1) 0.73 4.14 1.16 026 5276 >0.5
Median non-zero C7 value for controls (m) = 570.4 weighted days

Table A-17: Leukaemia & NHL cases by duration of father's assessed potential exposure to
chromates/di-chromates during the total pre-conception period (variable CB)

Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses.
Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56.

Continuous analysis OR increment per unit LR test
95% CI Change in:
Coefl. Estimate se Estimate from to  deviance df p
Mean 0672 0479
ca 0.003 0.001 1.003 1.001 1.004 82 1 0.0043
Grouped analyses ___Cases %R C p for
L Controls Obs Exp OIE OR from to p trend
3 groups
Unexpozed 50 4 163 246
CBO1tam 16 0 0.54 0.00 0.00 000 278 0.018 0.079
CB>m 16 4 (2) 0.41 980 5.34 111 2569
Z groups
LUnexposed 59 4 163 2.48
Exposed (>0 32 4 4.20 1.84 042 810 0.42

0.895
Median non-zero CB value for controls (m) = J00.2 weighted days



Table A-18: Leukaemia & NHL cases by duration of father's assessed potential exposure to
trichloroethylene during the total pre-conception period (variable C23)

Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses

Full 3-greup data for atic leukaemia & NHL shown in Table A-56.
ontinuous analys ncrement per un LR test
95% Cl Change in:
Coeff. Estimate  se Estimate from to deviance df p
Mean 0877 0552 e R
c23 0001 0.000 1.001 1.000 1.002 32 1 0.074
Grouped analyses Cases =i ~ 95%Cl p for
Controls  Obs Exp OJ/E OR from to p trend
e 1] MmN
Unexposed 13 1(1) 0.34 288
C230.1tom ar 1(1) 1.11 0.80 0.28 002 494 0.027 0.035
C23=m ar B(8) 1.12 T.16 2497 032 27.54
2 groups
C23==m 50 2(2) 1.45 1.38
C23>m a7 B (6) 1.12 7.16 6.75 137 334 0.011
2 groups
Linexposed 13 1(1) 0.34 2.89

Eﬁnﬂ (=0} 7d 8 (7} 2.23 4.03 1.45 0.16 12.86 0.73
an Non-zero C23 value for controls (m) = 450.5 werghted days

Table A-19; Leukaemia & NHL cases by duration of father's assessed potential exposure to
TTA during the total pre-conception period (variable C28)

Data in table is for all leukaemia & NHL, numbers of ymphatic leukaemias (included in total) are shown in parentheses

Full 3-group data for atic leukaemia & NHL shown in Table A-58.
E%HNI analysis _E___ﬁ_ increment per unit LR test

~ 95%CI  Change in:
Coeff. Estimate @ se Estimate from to deviance df p
Mean 1605 0331
C26 0.001 0.001 1.001 0.899 1.003 0.5 1 0.47
Grouped analyses Cases 95% CI p for
Controls ©Obs  Exp OIE OR  from to P trend
3 groups
Unexposed 84 9 (8) 233 3.86
C2601tom 8 a 0.22 0.00 0.00 000 437 0.017 0.050
C28=m T a (1) 0.15 20.68 10.29 1.83 57.80
2 groups
Unexposed 94 9(8) 233 386

% (=0) 15 3 (1) 0.36 8.25 2.58 0.58 11.52 0.24
lan non-zero value for controls (m) = 329.3 weighted days















Table A-24; Leukaemia & NHL cases by duration of father's monitored exposure to
tritium during the 12 weeks before conception (variable ITRI)

Data in table is for all leukaemia & MHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses.

Full 3-group data for ymphatic leukaemia & NHL shown in Table A-S6.
entinucus analysis DR increment per un LR test

95% CI ~ Change in:
Coeff. Estimate _se Estimate from  to  deviance df P
Mean 1072 0281 — EOR,
ITRI 11.158 3328 0160 103 4.BE+O7 B 1 0.0051
Grouped analyses Cases 95% ClI p for
________ Controls Obs Exp OIE OR from to [+] trend
3 groups
Unexposed 177 15 (12 5.70 283
MRIO.Tto m 1 1] 0.038 0.00 0.033 000 3698 017 011
ITRI=>m 1 1 0.057 1741 47.1 052 4250
2 groups
Unexposed 177 16 (12) &70 263
Exposed (>0) 2 1 0.10 10.48 8.76 0.41 110 0.21

Medan non-zeroe ITRI value for controlz (m) = 0.175 mSv.

Table A-25: Leukaemia & NHL cases by duration of father's assessed potential exposure to
hydrofluoric acid during the 12 weeks before conception (variable C12)

Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses.
Full 3-group data for all leukaemia & NHL shown in Table A-57.

Continuous analysis OR increment per unit LR test
95%Cl  Changein:
Coeff. Estimate se Estimate  from to deviance df p
Mean 1110 0.438 : R e S T
c12 0042 0019 1.044 1.006 1.085 38 1 0.051
Grouped analyses __ Cases 95% CI pfor
Controls Obs Exp _ QIE OR from to ] trend
3 groups
Unexposed a8 5(2) 1.84 257
C1201tom 7 1 0.09 11.10 4.80 046 497 0.13 0.046
Ci2>m 4 1 0.04 268 1421 1.12 180
2 groups
Unexposed a8 5(2) 1.94 2.57
Exposed (>0) 11 2 0.13 15.70 7.27 0485 404 0.058

Median non-zero C12 value for controls im} = 14 weighted days



Table A-26: Leukaemia & NHL cases by duration of father's assessed potential exposure to
picric acid during the 12 weeks before conception (variable C17)

Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses,

Full ¥mug data for all leukaemia & NHL shown in Table A-57.
nuous analysis ncrement per unit LR test

95% Cl Change in:

Coeff. Estimate se Estimate from to deviance df p
Mean 1308 0382
cA7 0074 0.025 1.077 1.017 1.140 52 1 D.022
Grouped analyses Cases N 85% Cl p for

Controls _ Obs Exp OE OR™ fom b  p trend
3 groups
Unexposed 111 B(2) 2.18 366
C170.1tom 4 0 0.08 0.00 0.00 000 1250 0.00015 0.018
Ci7>m 0 1 0.00 -

(Fisher exact test C17>m va. C17<=m, p=0.073)

2 groups
Unexposed 111 8(2) 218 366
Exposed (>0} 4 1 0.08 12 42 4 48 0.38 5%3 CI'EB

n non-zero C17 value for controls (m) = 42 weighted days

Table A-27: Leukaemia & NHL cases by duration of father's assessed potential exposure to
TTA during the 12 weeks before conception (variable C26)

Data in table is for all leukaemia & NMHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses.
Full pup data for ymphatic leukaemia & MHL shown in Table A-56.

ntinuous analysis — OR increment perunit LR test
95%CI  Changein:
Coeff. Estimate s& Estimate from to  deviance  df p
Mean 1419  0.350
Cc28 0.050 0.023 1.052 1.005 1.101 4.0 1 0.045
Grouped analyses R T S S S -, L L pfor
Controls Obs Exp [o]] 3 OR from to p trend
3 groups
Unexposed 95 9(8) 2.56 3.50
C260.1tom 6 1 0.081 1237 362 038 3483 0.27 0.11
C26>m 2 1{1) 0.071 1417 B.68 043 1738
Z groups
Unexposed 96 9 (8) 2.56 3.50
Ex >0 8 2(1) 0015 13.21 4.81 080 290 0.12

an non-zero C26 value for controls (m) = 14 weighted days









Table A-30: Observed and expected cancers other than leukaemia & NHL cases by residence
at birth, distance from plant and migration index of birth place/area.

Birth place/Band _ Distance (Km) Migration Cases (LNHL) OIE 95% CI
_______ from plant index Controls Observed Expected ratio  from to
Band 1 =3 1.00 2 0 016  0.00 0.00 49
Seascale 3 4,49 3g 1 0.8s 1.18 0.03 7.0
Band 2 < 0.23 13 1 146 069 0.02 4.7
Egremaont T 0.56 14 3 0.8 308 0.60 11.2
Band 3 7-11 0.33 12 0 070  0.00 0.00 6.2
Cleator Moor 1 0.26 18 1 1.78 057 0.01 e
Band 4 11-13.5 0.15 o 1 028 234 0.09 aF
Frizington 13.5 0.43 10 2 0.88 228 0.27 11.0
Band 5 13.5-15 0.00 2 0 0.20 0.00 0.00 39
Whitehaven 15 0.28 35 7 285 246 0.95 5.8
Band 6 =15 0.15 25 0 1.85 0.00 0.00 20
Totals: population centres 116 14 730 1,92 1.03 34
ather 63 2 475 042 0.05 1.6

Table A-31: Cases of cancer other than leukaemia & NHL by duration of father's assessed potential
to graphite dust during the 12 weeks before conception (variable C10)

Continuous analysis B ___pﬁ___ln_i_:_!ﬂ__un_tf-_nﬂﬂi LR test
895% Cl Change in:
Coeff. Estimate se Estimate from to  deviance df p
Mean -0.741 0.772
C10 0.062 0.028 1.064 1.007 1.125 5.4 1 0020
Grouped analyses Cases ___Hﬁ'ijgjﬁ = o p for
i Controls  Obs Exp OfE OR from to p_ trend
3 groups
Unexposed 63 1 2.B8 0.35
C10 0.1 tom 11 1 0.58 1.71 5.50 031 9889 0.058 0020
C10=m 2 1 0.12 840 143 181 11317
2 groups
Unexposed 63 2.88 0.35

q
ExEc-seé (>0) 13 2 0.70 285 1028 082 129 0.064
lan non-zero C10 value for controls (m) = 14 weighted days

Table A-32: Cases of cancer other than leukaemia & NHL by father's recorded and potential
invalvement in contamination incidents after child's conception.

Contamination variables Increase in OR for unit
__increase in variable

Crude 1
Variable S Controls Cases OR Estimate from to ]
Taotal decontamination 0 126 11 0.025
visits 1-5 28 2 0.8 1.24 1.05 1.46

=5 2 3 17.2

Number of beta/gamma 1] 131 11 0.003
cantaminations =0 25 ) 2.4 1.41 1.15 1.74
Mumber of “heavy” 1] 149 13 0.046
contaminations =0 T 3 4.8 217 A2 3.87
Mumber of "not clear” 0 153 15 0.327
contaminations =0 3 1 34 342 04 28 81
Years in most 1] 106 11 0.708
contaminating jobs =0 &0 ] 1.0 102 0892 1.12
‘Years in any T 55 a 0.415

contaminating job =0 a1 a8 0.7 1.03 0.86 1.10




Table A-33: Observed and expected cases by age at

diagnosis and case group

Case Age at “Cases P
group diagnosis Obs Exp O  (O=E)
LLNH 0-14 9 302 298 0.0087
15+ 4 1.00 300 0.16
LNHL 0-14 11 423 260 0.0096
15+ = JA.57 318 0.046
OCAN 014 8 530 094 >0.5
15+ 11 6.80 1.62 0.18

Table A-34: Observed and expected LNHL cases
diagnosed at ages 15+, by selected explanatory variables

Cases P P lequal
Variable Obs Exp OIE (O=E) O/Es)
Seascale resident at birth
No 4 147 272 0.13
Yes 1 0.1 100 0.19 0.33
Father's pre-conception
radiation dose (mSv)
0 3 065 462 0.061
0.1-49 1 042 238 >0.5
50-99 0 028 - >0.5 0.50
100+ 1 021 476 0.38
Father's date of start
1950-64 45 125 320 0.08
1965+ 1 032 313 >0.5 >0.5
Child's date of birth
1950-69 5 143 350 0.034
1970+ 0 0.14 - >0.5 0.33
Working on Calder
<5% 5 146 342 0.035
>=5% o 011 - >0.5 0.39
Potential tritium exposure
0 3 1.4 213 0.34
=0 2 016 125 0.024 0.074




Table A-35: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's

pre-conception radiation dose (XG4V)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

 Analysis of deviance

Model Variable Controlling LR test
No. added  for deviance df p
RS SEAS 7.0 1 0.0080
2 XG4y SEAS 1.8 1 0.18
. SEAS XG4V 74 1 0.0066
3 XG4V 14 1 0.23
4 Interaction SEAS XG4V 6.8 1 0.0094
Details of selected models: e - gkl R Ll S R
Model Variable Estimate se Model  Variable Estimate se
No. (logodds) _ No. ~ (log odds)
2 const. 0.4838 04877 4 const. 0.9468 0.461
SEAS 2.008 06548 SEAS 0.1226 1.169
XG4V 0.006259 0.0045 XG4V -0.002 0.006568
Interaction 0.0272 0.01131
Cross-tabulation of grouped data
e Seascale resident at birth
No_S=aum . .2 o [ S
Obs Exp O/E Obs Exp O/E
External
radiation (mSv) = _ == T
2 1.22 1.65 0 0.02 0.00
149 4 1.29 3.11 ] 0.19 0.00
50-99 1 064 1.55 2 0.04 47.3
100+ 1 058 1.72 2 0.03 716
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
___Analysis of deviance ) y
Model Variable Controlling LR test
No. added for deviance df [
1 SEAS 119 1 0.00055
2 XG4V SEAS 2.2 1 0.14
2 SEAS XG4V 124 1 0.00043
3 AG4V 18 1 018
4 Interaction SEAS XG4V 12.7 1 0.00037
__Details of selected models:
Model Variable Estimate se Model  Variable Estimate se
No. ___ (wgodds) . No. ~ T flogjods)
2 const. 0.3672 04295 4 const. 0.941 0.4088
SEAS 2222 0564 SEAS 0.0178 1.007
XG4V 0.006273 0.004 XG4V -0.005 0.006755
Interaction 0.0348 0.01099
Cross-tabulation of grouped data S
= _ Seascale residentatbirth
No_ : Yes L
Obs Exp OIE Obs Exp OlE
External
radiation(mSv) == = e
0 4 1.85 217 0 0.02 0.00
148 4 1.79 2.24 1] 0.28 0.00
50-99 1 0.94 1.07 3 0.07 448
100+ 1 0.82 1.22 3 0.04 75.0




Table A-36: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and
pre-conception Calder work (PJ8)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling ~ LRtest
No. added  for deviance _df
1 SEAS 7.0 1 0.0080
2 PJ8 SEAS 123 1 0.00044
2 SEAS PJ8 7.8 1 0.0052
3 PJ8 11.6 1 0.00067
4 Interaction SEAS PJB 1.9 1 0.17
Details of selected models:
Model Variable Estimate 58
No. (logodds)
2 const. 0.2671 04754
SEAS 2192 0.7108
PJ8 2663 0712
Cross-tabulation of grouped data
Seascale resident at birth b
No Yes
Obs Exp O/E Obs Exp O/E
Calder i 2 SRl
<5% of time 5 3.42 1.46 2 0.26 7.74
>=5% oftime 3 - 0.30 9.85 2 0.02 107
B: Case group LNHL {al-l leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance el
Model Variable Controlling LR test
No. ~ added for deviance df p
1 SEAS 11.9 1 0.00055
2 PJ8 SEAS 9.5 1 0.0021
2 SEAS FPJa 12.9 1 0.00024
3 PJ8 B.6 1 0.0024
4 Interaction SEAS PJ8 1.4 1 0.25
Details of selected models: i
Model Variable Estimate se
No. (log odds)
£ const. 0.3234 0.4001
SEAS 2.249 0.5988
FJ8 2232 06769
Cross-tabulation of grouped data _ .
Seascale resident at birth
N o
Obs Exp QJ/E Obs Exp O/E
Calder A, s 2.
<5% of time 7 4.96 1.41 4 0.38 1086
>=5% of time 3 0.43 7.02 2 0.03 73.5




Table A-37: Leukasmia/NHL cases by Seascale residence at birth (SEAS) and

pre-conception potential tritium exposure (TENZ2)

A: Case group LLNH [-Iymphatit: leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling @ LRtest
No.  added for ~ deviance df p
1 SEAS 6.4 1 0.011
2 TEN2 SEAS 4.9 1 0.027
3 TENZ 5.3 1 0.021
2 SEAS TENZ 6.0 1 0.014
4 Interaction SEAS TENZ2 0.0 1 1.00
~_ Details of selected models:
Maodel Variable Estimate se
No. AR (logodds)
2 const. 0.7008 0.4281
SEAS 1.708 0.6679
TEN2 1.514 0.6442
Cross-tabulation of grouped data
Seascale resident at birth
e O i ~ Yes SEfs
Obs Exp Q/E Obs Exp O/E
Tritium e
0 5 2.70 1.85 2 0.20 10.2
>0 3 0.41 7.28 2 0.06 356
Unknown 0 0.81 0.00 0 0.03 0.00
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
____Analysis of deviance =~ === e bt
Model Variable Controlling LR test
No. _ added  for A ___deviance df p
1 SEAS 108 1 0.0010
2 TEN2 SEAS 4.6 1 0.031
3 TEN2 9.4 1 0.0021
2 SEAS TEM2 6.1 1 0.014
4 Interaction SEAS TENZ 0.2 1 0.69
___ Details of selected models: :
Model Variable Estimate se
No. __{logodds) Sies
2 const 0.6587 0.382
SEAS 1.855 0.5806
TEN2 1.336 0.5909
Cross-tabulation of grouped data
Seascale resident at birth
_ENe e e (L
Obs Exp O/E Obs Exp O/E
Tritiom ]
0 7 3.87 181 L 0.28 106
>0 3 0.59 5.08 3 0.08 36.2
Unknown 0 0.93 0.00 0 0.04 0.00

.



Table A-38: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and
pre-conception potential exposure to trichloroethylene (C23)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

___Analysis of deviance
Model Variable Controlling LR test
No. added for deviance df p
1 SEAS 4.3 1 0.028
2 c23 SEAS 36 1 0.058
2 SEAS c23 4.2 1 0.041
3 C23 .7 1 0.054
4 Interaction SEAS c23 0.2 1 0.66
Details of selected models:
Model Variable Estimate se
e (wgouds)
const. 0.3436 0.7602
SEAS 1.78 0.7961
cz23 1.499 0.8356
~ Cross-tabulation of grouped data
Seascale resident at birth
Hn ___.—Tes T = -
Obs Exp O/E Obs Exp O/E
c23 e
<=median 1 0.93 1.07 1 0.09 10.6
>median 4 0.71 5.66 2 0.08 252
unknown 3 2.08 1.44 1 0.10 9.71
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance
Model Variable Controlling LR test
No. added for. deviance df P
= 360 | SEAS 10.1 1 0.0015
2 c23 SEAS 6.5 1 0.011
2 SEAS cz23 10.2 1 0.0014
3 c23 8.5 1 0.011
4 Interaction SEAS c23 0.0 1 0.88
Details of selected models:
Model Variable Estimate se
No. : (logodds)
2 const. -0.3274 0.8262
SEAS 2.443 0.7348
c23 1.93 0.8445
Cross-tabulation of grouped data :
Seascale resident at birth
___No 3 SCYes
Obs Exp OlE Obs Exp O/E
Ciz e — —— .
<=median 1 1.31 0.77 1 0.14 6.99
>median 4 1.00 3.0 4 0.12 34.7
unknown 5 3.08 1.62 1 0.15 6.81




Table A-39: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and

father's date of start at Sellafield (LDOS)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling LR test
No. added for deviance df P
1 SEAS 7.0 1 0.0080
2 LDOS SEAS 3.7 1 0.053
2 SEAS LDOS 6.5 1 0.011
3 LDOS 4.3 1 0.028
4 Interaction SEAS LDOS 1.5 1 0.22
_Details of selected models:
Model Variable Estimate se
No. (logodds)
2 const. 1.276 0.4032
SEAS 1.872 0.6578
LDOS -1.371  0.7829
Cross-tabulation of grouped data Lol e
: _Seascale resident at birth
~__No _ Yes
Obs Exp O/E Obs Exp O/E
Father's start e
before 1965 6 2.07 2.89 4 0.18 224
after1966 2 165 121 0 0.10 0.00
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance
Model Variable Controlling LR test
No. o ~ added  for = deviance df p
1 SEAS 11.9 1 0.00055
2 LDOS SEAS 2.8 1 0,095
2 SEAS LDOS 11.3 1 0.00080
3 LDOS 35 1 0.062
4 Interaction SEAS LDOS 2.8 1 0.082
~ Details of selected models: g
Model Variable Estimate se
No. (logodds)
2 consl. 1.045 0.368
SEAS 2119 05714
LDOS -1.032 0.6659
Cross-tabulation of grouped data T
Seascale resident at birth
o0 SN J sy e
Obs Exp O/E Obs Exp O/E
Father's start . LT
before 1965 7 3.28 213 6 0.28 21.4
after 1965 3 2.11 1.42 0 0.12 0.00




Table A-40: Leukaemia/NHL cases by falher's pre-conception radiation dose (XG4V) and
Calder work (PJ8)

A: Case group LLNH (lymphalic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance
Modal Variabla Controlling LR test
No. added for daviance df p
1 XG4V 1.4 1 023
2 PJa AG4V 10.1 1 0.0015
2 XG4V PJa 0.0 1 1.00
3 PJ8 1.6 1 0.00067
4 Interaction PJ8 XG4V 33 1 00M
Details of selected models:
Model Variable Estimate se Model Variable  Estimate ]
MNo. (log odds) No. (log odds) e
2 cons. 0.7279 0.4479 4 const 0.3630 0.5366
XG4V -0.00022 0.0053 XG4V 0.0068 0.005751
FJ8 2.55 07716 PJg 4.0110 1.112
Interaction -0.018 0.01019
Cross-tabulation of grouped data
Calder =
<5% of tima »>=5% of tima
Obs Exp O/E Obs Exp O/E
External
radiation (mSv)
0 2 1.23 1.62 0 0.00 0.00
1-48 2 1.36 147 2 0.1 18.0
50-89 1 0.64 1.55 2 0.04 476
100+ 2 0.44 4.57 1 0AT 5.87
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance e - .
Model Variable  Controlling LR test
No. added for = deviance df p
1 XG4V 1.8 1 0.18
2 PJ8 XG4V 6.9 1 0.0085
2 XGay PJ8 0.1 1 072
3 PJ8 8.6 1 0.0034
4 Interaction PJ8 XG4V 36 1 0058
Details of selected models: il il
Modal Variable Estimate 1) Model Variable Eslimate 88
No. (log odds) No. (log odds)
2 const. 07718 0.376 4 const 0.4977 0.4255
XG4V 0001626 0.0044 XGav 0.0067 0.004731
PJB 1.968 0.7088 PJB 3.4970 1.081
Interaction  -0.018 0.008645
Cross-tabulation of grouped data
Calder =
=5% of time ~ >=5% of time -
Obs Exp OlE Obs Exp O/E
External
radiation (mSv) i o o A el
0 4 1.87 214 0 0.00 0.00
1-48 2 1.90 1.05 2 016 12.6
50-89 2 0.94 213 2 0.06 31.8
100+ 3 0.63 4.78 1 D22 4.30




Tabla A-41: Leukaamla/NHL cases by father's pre-conception radiation dose (XG4V) and

: Case group
Analysis of deviance

ymphatic leu a

potential tritium exposure (TENZ)

nen-Hodgkin's lymphoma)

Madel Variable Controlliing LR test
No. added for deviance df P
1 XEay 1.9 1 017
2 TENZ NGAY 46 1 0.0a2
Z XG4V TEN2 0.4 1 0.51
3 TENZ 6.0 1 0014
4 Interaction XG4V TENZ 1.7 1 013
~ Datails of selacted modals:
Model Varlable Estimate L]
Ma. (log odds)
2 consl 0.847T 0456
XG4V 0.0033 0.0049
TENZ 1.547 0684
Cross-tabulation of grouped data
== Tritium
L : = Unknown
Obs Exp a7/ Obs Exp (57 Obs Exp OIE
External
radiation (m3v)
2 1.23 1.62 0 0.00 0.00 0 0.00 0.60
1-48 2 101 1.98 2 0.18 11.0 0 0.28 0.00
20-88 1 0.32 312 2 0.11 17.7 1] 0.25 0.00
o+ 2 0.33 =3 1 0.17 5.78 1] 0.10 0.00
B Case group LNAL (all leukaemia & non-Hodgkin's lymphoma)
____Analysis of deviance
Modal Variable Controlling LR test
No. added __for . deviance dt p

i XGaV - 24 1 0.12

F TENZ XG4V 44 1 0.037

2 X4y TENZ 0.7 1 0.41

3 TENZ 6.1 1 0.014

4 Interaction XG4V TEM2 0.4 1 0.52

Details of salected modals:
Model ~ Variable Estimate 50
Ne. (log odds)
2 const, 0877 0390
XG4 0.0037 0.0043
TENZ 1.377 0632
Cross-labulation of grouped data
B i O . Tritium
[1] =0 Unknown
Obs Exp Ok Obs Exp O/E Obs Exp O/E
External
radiation (mSv)

1] 4 1.87 2.14 (1] 0.00 0.00 0 0.00 0.00
1-48 2 1.38 1.45 2 0.25 7.05 a 0.43 0.00
50-00 2 0.45 4.41 2 0.16 128 0 0.39 0.00
100+ 2 0.44 4.50 2 02 7.56 0 0.15 0.00




Table A-42: Leukaemia/MHL cases by father's pre-conception radlation dose (XG4V) and
potential trichloroathylene exposure (C23)

A Case group LLNH (lymphalic leukaemla & non-Hodgkin's lymphoma)

Analysis of deviance ..
Model ‘Warlable Confrolling LRtest
Ne. added for daviance . p

1 XG4V 0.5 1 0.47

2 C23 XG4V 3.2 1 0.073

2 XG4y C23 0.0 1 0.88

a C23 ar 1 0.054

4 Interaction XG4y c23 4.0 1 0.046

Details of selected modals: .. i)
Modal Variable Estimata T Maodal Variable Estimata sa
Mo (lag odds) MNo. = {log odds)
2 const, 0682 0.7 4 const. -0.7033 1.41
XG4V 0.0010 0.0083 XG4V 0.0186 0.0107
C23 1.502 0.893 c23 35470 1.581
Interaction -0.026 0.01361
Cross-tabulation of grouped data e ]
e _Trichlororethylene
<=madian Py >median  Unknown §
Obs Exp o/E Obs Exp OrE Obs Exp Q/E
External
radiation (mSv)

0 i} 0.10 0.00 1] 0.00 0.00 2 1.13 1.77
1-49 (1] 0.65 0.00 3 0.25 11.9 1 0.58 1.74
50-09 1 0.15 6.88 2 0.3 6.53 0 0.24 0.00
100+ 1 0.14 7.30 1 0.23 4.38 1 0.24 4.09
B Case group Lm leukaamia & non-Hodgkin's lymphoma)

Analysls of devianca : :
Variable  Coniroliing LR test
Ne. added for daviance i ——

1 XG4V 1.8 1 0.19

2 c23 XG4V 5.1 1 0.024

2 XG4V c23 0.3 1 0.57

2 C23 6.5 1 0011

4 Interaction XG4V C23 3.0 1 0.083

Datails of selected modals: oo e
Modal Variable Estimate sa Model Variable Estimate 88
No. (log odds) . No. (log odds)
2 canst, 0226 0.785 4 const. -1.0630 1.41
XG4y 0.0033 0.0057 HE4V 0.01%0 0.01072
Cz3 1.782 0.844 C23 3.5650 1.561
Interaction  -0.022 0.01265
Cross-labulation of grouped datla 3
Trichlerorethylana 4 S
<zmadian J >meadian Uﬂkﬂﬁ"ﬁ"l'l__ ’
Obs ~ Exp O/E Obs Exp OIE Obs O/E
External
radiation (m3v) o =
0 t 0 0.17 0.00 0 0.00 0.00 4 1.70 2.35
1-49 i} 0.89 0.00 3 0.35 8.52 1 0.82 1.22
50-99 1 0.21 4.85 3 0.44 6.688 0 0.36 0.00
100+ 1 0.18 5.50 2 0.33 .08 1 (.35 286




Table A-43: Leukaemia/NHL cases by father's pre-conception radiation
dose (XG4V) and date of start at Sellafield (LDOS)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphomal)

Analysis of deviance

Model Variable  Controlling LR test
No. added o] P AT o __ deviance df p
1 XG4V 14 1 0.23
2 LDOS XG4V A5 1 0.062
2 XG4V LDOS 0.8 1 0.44
3 LDOS 43 1 0.038
4 Interaction XG4V LDos 11 1 0.29
_Details of selected models:
Model Variable Estimate se
No. - (log odds)
2 const. 1.416 0.4761
XG4V 0.003647 0.0045
LDOS -1.362 0.7982
~ Cross-tabulation of grouped data
_____Father's date of start
_ before 1965 . since 1965
Obs Exp OlE Obs Exp O/E
External
radiation (mSv)
1] 1 0.54 1.84 1 0.689 1.46
1-49 3 0.75 4.03 1 0.73 1.37
50-99 3 0.48 6.11 0 0.20 0.00
100+ 3 - 0.47 6.35 0 0.14 0.00
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
~ Analysis of deviance e
Model Variable Controlling LR test
No. added for deviance df P
1 XG4V 1.8 1 0.18
2 LDOS XG4V 27 1 0.10
2 XG4V LDOS 1.0 1 0.33
3 LDOS i 1 0.082
4 Interaction XG4V LDOsS 286 1 0.11
____Details of selected models: < cabo it L5
Model Variable Estimate se
No. ~ (log odds)
2 const. 1.253 0.4233
el AT 0.0041 0.0041
LDOS -1.031 06788
Cross-tabulation of grouped data s B
o Father's date of start
_before 1965 since 1965
Obs Exp O/E Obs Exp Q/E
External
radiation (mSv) &
0 2 0.96 2.09 E 2 0.91 2.20
1-49 3 1.15 261 1 0.91 1.10
50-99 4 0.78 527 0 0.24 0.00
100+ ) 0.69 577 0 017 0.00




Table A-44: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8) and
potential tritium exosure (TEN2)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling LR test
No. added for ) P deviance df p
1 PJg g9 1 0.0017
2 TENZ PJ8 a5 1 0.0021
3 TEN2 13.3 1 0.00026
2 PJE TEMZ 6.0 1 0.014
4 Interaction PJ8 TEMNZ 7.5 1 0.00632
Details of selected models: e P R L L
Model Variable Estimate se Model Variable Estimate 58
No. » (log odds) _ No. _  (logodds) st
2 const 0.1151 05857 4 const 0.5035 0.5168
PJ8 2949 0.7965 PJ8 2.065 0.8462
TENZ 2.385 0.7688 TENZ 1.567 0.8175
interaction 5.297 1.759
Cross-tabulation of grouped data
Calder R RN
__ <5% oftime ____ ==5% of time
Obs Exp (8] 3 Obs Exp OE
Tritium
1] 7 259 1.55 3 0.31 8964
>0 3 0.46 6.57 2 0.01 170
Unknown 0 0.64 ghoi =Y T g 0.00 0.00
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance
Model Variable Controlling LR test
No. added for deviance df p
1 PJ8 i 6.9 1 0.0087
2 TENZ FJB 84 1 0.0037
3 TEN2 9.2 1 0.0024
2 PJ8 TEN2 6.1 1 0.014
4 Interaction P.J8 TENZ 8.4 1 0.0039
Details of selected models:
Model Variable Estimate se Model Variable Estimate se
No. ~ (log odds) No. (log odds)
2 const 0.5202 0.431 4 const 0.7551 0.4005
PJg 2238 0.7008 PJ8 1.471 0.7805
TENZ2 1.832 0643 TEN2 1.31 06942
Interaction 5521 1.71

____Cross-tabulation of grouped data

Calder R -]
<5% of time s S >=5% of time
Obs Exp OIE Obs Exp O/E
Tritium ;
D 7 202020 371 1.89 3 0.44 6.84
=0 4 0.66 6.10 2 0.02 123
Unknown 1] 0.97 0.00 0 0.00 0.00




Table A-45: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8)
and potential trichloroethylene exposure (C23)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling LR test
No. ~ added  for deviance df p
1 PJa 1.3 1 0.0070
2 Cc23 PJ8 T 1 0.0057
2 PJ8 c23 11.2 1 0.00081
3 c23 3.7 1 0.054
4 Interaclion PJB Cc23 0.9 1 0.34
_ Details of selected models: oy
Model Variable Estimate se
No. At e (B kit
2 const. -0.8817  1.114
PJ& 3.273 1.008
c23 2633 1.087
Cross-tabulation of grouped data il
Calder
~<5% of time g >=5% of time
Obs Exp O/E Obs Exp O/E
c23 : e
<=median 0 0.83 0.00 2 0.20 9.89
>median 4 0.74 5.40 = 0.05 43.4
unknowm 3 2,11 1.42 1 0.07 13.4
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
_Analysis of deviance
Model Variable Controlling LR test
No. added for Eis deviance df P
1 PJ8 51 1 0.023
2 c23 PJB 106 1 0.0012
2 PJ8 c23 9.2 1 0.0024
3 c23 8.5 1 0.01
4 Interaction PJ8 c23 1.4 1 0.24
Details of selected models:
Model Variable Estimate se
No. {log odds)
2 const. -0.9161  1.042
PJB 2856 0.9642
C23 2825 1.036
Cross-tabulation of grouped data
L scCaNe A S
) <5% of time . - >=5% of time
Obs Exp O/E Obs Exp O/E
ca3 sl
<=median 0 1.16 0.00 2 0.29 6.94
>median 6 1.05 5.73 2 0.07 28.6
unknowm 5 3.13 1.60 1 0.10 10.4




Table A-46: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8)
and date of start at Sellafield (LDOS)

A: Case group LLNH (lymphatic

leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance
Model Variable Controlling LR test
No. added  for deviance df P
1 PJ8 118 1 0.00067
2 LDOS FJ8 3.7 1 0.054
2 PJ8 LDOS 11.0 1 0.00093
3 LDOS 43 1 0.038
4 Interaction PJ8 LDOS 0.1 1 0.74
____Details of selected models: L
Model Variable Estimate se
No. i (log odds )
2 const. 1.155 0.4221
PJ8 2.522 0.7157
LDOS -1.44 0.8106
Cross-tabulation of grouped data
Calder 5
<% of time >=5% of time
Obs Exp O/E Obs Exp O/E
Father's start I ol e _ _ SO S NI e X
before 1965 & 2.04 2.95 4 0.22 18.5
after 1965 1 164 081 1 011 939
B: Case group LNHL taﬁ leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance e
Model Variable Controlling LR test
No. added for . v deviance adl  p
1 PJ8 8.6 1 0.0034
2 LDOS PJB 3.0 1 0.081
2 PJ8 LDOS 8.1 1 0.0043
3 LDOS 3.5 1 0.062
4 Interaction PJ8 LDOS 0.0 1 0.84
Details of selected models:
Model Variable Estimate se
No. _(log odds)
2 const. 1177 03545
PJB 2.059 08789
LDOS -1.109 0.6834
Cross-tabulation of grouped data ek o sl B
e - Calder e sy b i =
<5%oftime ____>=b%oftime
Obs Exp O/E Obs Exp O/E
Father's start 5 !
before 1965 9 3.24 2.78 4 0.32 12.3
after 1965 _ 2 2.10 0.85 1 0.13 7.67







Table A-48: Leukaemia/NHL cases by father's date of start at Sellafield (LDOS)

and pre-conception potential exposure to tritium (TEN2)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

Model Variable Controlling ~ LRtest
No. added for ___deviance  df p
1 LDOS B.5 1 0.011
2 TEN2 LDOS 4.8 1 0.028
2 LDOS TENZ2 5.3 1 0.021
3 TENZ 6.0 1 0.014
4 Interaction LDOS TEN2 1.9 1 0.17
Details of selected models: : _
Model Variable Estimate se
No. ___(log odds) .
2 const 1.578 0.4388
LDOS -1.661 0.8009
TENZ2 1.549 0.6745
Cross-tabulation of grouped data
Father's date of start _
—_ before 1965 ) ~since 1965 i
Obs Exp QJ/E Obs Exp O/E
Tritium Dot FaRhnr's Sfie o . 40 1 i
0 3 1.38 363 2 1.52 1.31
=0 -] 0.30 168.7 0 0.17 0.00
unknown 0 058 0.00 0 0.06 0.00
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphomal)
Analysis of deviance
Model Variable Controlling LR test
No. added for Saghe? ~ deviance df p
1 LDOS 59 1 0.015
2 TEN2 LDOS 4.9 1 0.027
2 LDOS TENZ 4.7 1 0.030
3 TEN2 6.1 1 0.014
4 Interaction LDOS TEN2 26 1 0.11
Details of selected models:
Model Variable Estimate se
No. _ (log odds)
2 const 1.515 0.385
LDOS -1.364 0.683
TEN2 1431 06191
Cross-tabulation of grouped data e e s
~ Father's date of start I
before 1965 since 1965
Obs Exp O/E Obs Exp O/E
Tritium Poattab- Gk o it bl R o
0 T 2.20 318 3 1.95 1.54
>0 8 0.47 12.9 0 0.21 0.00

unknown 1] 0.89 0.00 0 0.08 0.00




Table A-49: Leukaemia/NHL cases by father's date of start at Sellafield (LDOS)

and pre-conception potential exposure to frichloroethylene (C23)

A: Case group LLNH (lymphatic leukaemia & non-HodgKin's lymphoma)

Analysis of deviance

Model Variable Controlling LR test
[ added  for deviance af
1 C23 3.7 1  0.054
2 LDOS c23 8.6 1 0.0033
2 C23 LDOS 34 1 0079
3 LDOS 9.3 1 0.0023
4 Interaction C23 LDOS 0.0 1 1.00
____Details of selectedmodels: =~ =
Model Variable Estimate se
No. (log odds) -
2 const 1.393 0.7466
LDOS -8.484 16.3
23 1.476  0.897
Cross-tabulation of grouped data
e Father's date of start
before 1965 . _ since 1965
Obs Exp O/E Obs Exp O/E
c23
<=median 2 0.55 3.61 TpT AT 0.00
>median 3] 0.51 11.7 0 0.27 0.00
unknown 2 2 118 168 = 0 02 100 1988
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
____Analysis of deviance
Model Variable Controlling LR test
No. = added for deviance adE =
1 c23 6.5 1 0.011
2 LDOS C23 8.6 1 0.0019
2 c23 LDOS 6.0 1 0.014
3 LDOS 10.2 1 00014
4 Interaction C23 LDOS 0.0 1 1.00
_ Details of selected models:
Model Variable Estimate 5@
D8 (logodds)
2 canst 0.9496 0.7447
LDOS -7.588 a7s
CZ23 1954 048772
Cross-tabulation of grouped data e 2 e o
o __Father's date of start
before 1965 ___since 1965
Obs Exp O/E Obs Exp O/E
ca3 f ]
<=median 2 T 0.86 233 0 0.59 0.00
>median 8 0.78 10.2 0 0.24 0.00
unknown 3 1.927 1.56 3 1.30 2.30




Table A-50: Leukaemia/NHL cases by father's date of start at Sellafield (LDOS)
and child's date of birth (LDOB)

A: Case group LLNH (lymphatic leukaemia & non-HodgKkin's lymphoma)

Analysis of deviance

|

Model Variable Controlling LR test
No. _added  for deviance gt s ap
1 LDOS 43 1 0.038
2 LDOB LDOS 0.6 1 0.46
3 LDOB a2 1 0072
2 LDOS LDOB 16 1 0.20
4 Interaction LDOS LDOB 43 1 0.039
Details of selected models: R T L g %o
Model Variable Estimate se Model Variable Estimate se
No. (log odds) No. ___ (log odds)
1 const 1.656 0.3428 3 const 1.504 0.3589
LDOS -1473 0.7859 LDOB -0.649 0.6926
2 const 1581 03598 4 const 147 0.3787
LDOS -2.175 1.21 LDOS 1.882 1.043
LDOB 0.828 1.088 LDOB 0.2863 1.207
Interaction -4.142 1.848
Cross-tabulation of grouped data
~ Father's date of start .
~ before 1965 D since 1965
Obs Exp OIE Obs Exp OIE
Date of birth o
before 1970 8 212 3.78 1 0.21 468
since 1970 2 0.14 148 1 1.54 0.65
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Analysis of deviance el 2
Model Variable Controlling LR test
No. added  for : deviance @ df
1 - LDOs 3.9 1 0.062
2 LDOBE LDOS 0.6 1 043
3 LDOB 28 1 0.089
2 LDOS LDOB 1.2 1 027
4 Interaction LDOS LDOB 28 1 0.092
Details of selected models: £ N T g
Model Variable Estimate se Model Variable Estimate se
No. (log odds) No. ~ (logodds)
1 const 1.517 0.3086 3 const 1.382 0.3184
LDOS -1.15 0.6694 LDOB -0.645 0.6108
2 const 1462 0.3202 < const 1.376 0.3318
LDOS -1.846 1.097 LDOS 0.0888 1.181
LDOB 0.8301 1.02 LDOB 1.737 1.025

Interaction  -3.113 1.686
Cross-tabulation of grouped data

......

Father's date of start _
before 1965 » since 1965 S,
©Obs  Exp O/E Obs Exp OIE
Date of birth _ 2 )
before 1970 11 339 324 1 0.31 327

since 1970 2 0147 11.7 2 1.92 1.04




Table A-51: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and

father's birthplace (FBTH)

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Analysis of deviance

——— ——

Model Variable Controlling ~ LR test
No. PP ... e | [ g S S _deviance df P
1 SEAS 7.7 1 0.0054
2 FBTH SEAS 1.0 1 0.33
3 FBTH 8.7 1 0.0033
2 SEAS FBTH 00 1 0.85
4 Interaction SEAS FBTH 0.2 1 0.83
____Details of selected models:
Model Variable Estimate se
No. _ = logudds) .~ S
2 const 1.086 0.3935
SEAS 2445 0.7718
FBTH -0.7208 0.7592
Cross-tabulation of grouped data
Seascale resident at birth o
VT Yes
Obs Exp OIE Obs Exp 0/E
Father's birthplace
Cumbria ¥ 278 2.52 1 0.10 10.5
Elsewhere 1 0.94 1.06 3 0.18 16.5
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
____Analysis of deviance o o oot
Model Variable Controlling LR test
No. gt 4 added for ___deviance df
1 SEAS 13.0 1 0.00030
2 FBTH SEAS 0.1 1 0.74
3 FBTH 11.8 1 0.00057
2 SEAS FBTH 1.2 1 0.26
4 Interaction SEAS FBTH 0.2 1 0.59
Details of selected models: ;
Model Variable Estimate 58
No. (log odds)
2 const 0.884% 0.36T1
SEAS 2.404 0.66
FBTH -0.2105 0.6338
Cross-tabulation of grouped data F—
j 4 Seascale resident at birth
iy s P mies il
Obs Exp 0lE Obs Exp O/E
Father's birthplace : e 2 Tk S
Cumbria 8 4.05 1.88 1 0.14 7.08
Elsewhere 2 1.34 1.49 5 0.26 19.0




T

Table A-52: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's
radiation dose in the 12 weeks before conception

A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma)

Model Variable Controlling LR test
No. ______added _ for ~deviance df
1 SEAS 7.036 1 0.0080
2 XT SEAS 1.55 1 0.21
2 SEAS XT T4 1 0.0085
3 xT 1.186 1 0.28
4 Interaction SEAS XT 0.9 1 0.34
Details of selected models: s
Model Variable Estimate se Model Variable Estimate = se
No. = [ogiodas)ry -o. se- N ___ |(log odds) :
2 const. 0.5347 04746 4 const. 0.6802 0.4749
SEAS 2.013 06552 SEAS 1.453 0.9127
XT 0.1123 0.0865 xXT 0.08865 0.1019
Interaction 0.1899 0.1981
Cross-tabulation of grouped data T80 5 e e e A
Seascale resident at birth
Eoe—No _ e cut WOty ey serdl
Obs Exp OfE Obs Exp (o]] =
External
radiation (mSv) . e
(1] 3 168 1.78 0 0.040 0.0
0.1-2.4 2 0.89 2.03 P 017 11.4
2.54.9 1 0.42 2.36 1 0.042 24.0
5+ 2 063 3.15 1 0.020 489
p for trend >0.5 0.18
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Model Variable Controlling LR test
No. added  for deviance df p
1 SEAS 11.9335 1 0.00055
2 XT SEAS 3.46 1 0.063
2 SEAS KT 12.54 1 0.00040
3 XT 2.8535 1 0.081
4 Interaction SEAS XT 7.582 1 0.0059
Details of selected models: =
Model Variable Estimate se Model Variable Estimate se
No. (log odds) ___No. (logodds)
2 const. 0.2995 04298 const. 0.6933 0.4064
SEAS 2.248 0.5678 SEAS 0.6285 0.9169
T 0.1466 0.0754 XT 0.0162 0.09885
Interaction 0.5139 0.1999
____Cross-tabulation of groupeddata e
~ Seascale resident at birth i
R AR e Yes = v el
Obs Exp O/E Obs Exp O/E
External
radiation (mSv) = S o el
0 5 2.51 1.99 1] 0.054 0.0
0.1-2.4 2 1.35 1.48 2 0.26 7.8
2.5-4.9 1 0.63 1.589 1 0.062 16.0
5+ 2 0.89 2.24 3 0.033 89.7
p for trend >0.5 0.005




Table A-53: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's
total recorded pre-conception contaminations (MDCN)

A: Case group LLNH (lymphalic leukaemia & non-Hodgkin's lymphoma)

Model ~ Variable  Controlling LR test
No. added for deviance  df p
1 SEAS 7.0 1 0.0080
2 NDCN SEAS 1.3 1 0.26
2 SEAS NDCN 7.6 1 0.0057
3 NDCH 0.7 1 0.42
4 Interaction SEAS NDCN 4.7 1 0.031
Details of selected models:
Model Variable Estimate -1 Model Varlable Estimate se
No. (logodds) No. (log odds)
2 const. 0.6908 04101 4 const. 0.7493 0.4039
SEAS 2.068 0.6649 SEAS 1.264 0.8766
NDCN 0.1438 0.1161 NDCN 0.1015 0.1273
Interaction 1.541 0.72
_Cross-tabulation of grouped data s
Seascale resident at birth
s MO s ik VOB Ss
Obs Exp O/E Obs Exp QIE
Number of
decontaminations 08,
0 5 2.75 1.82 2 0.23 8.67
1-2 0 0.62 0.00 2 0.046 43.21
>2 3 0.36 8.40 0 0.00 -
Eﬂcr trand 0.13 0.14
: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma)
Model Variable Controlling LR test
No. added for - deviance df
1 SEAS 11.9335 1 0.00055
2 NDCHN SEAS 15 1 0.22
2 SEAS NDCN 12.77 1 0.00035
3 NDCN 0.6635 1 0.42
4 Interaction SEAS NDCHN 12.272 1 0.00046
___ Detalls of selected models:
Model Varlable Eslimate se Model  Variable Estimate se
No. < __f{logodds) __ No. (log odds) s
2 const. 0.573 0.3649 4 const. 0.6644 0.3577
SEAS 2.27T9 05727 SEAS 1.079 0.8133
NDCH 0.1481 0.1103 NDCHN 0.0736 0.1295
interaction  2.396 0.7439
Cross-tabulation of grouped data
Seascale resident at birth [ o
- No Yes
Obs Exp O/E Obs Exp OI/E
Number of
decontaminations
0 i 3.99 1.75 2 0.34 5.96
1-2 0 0.91 0.00 4 0.069 57.70
>2 3 0.45 6.15 0 0.00 -
p for trend 0.26 0.0071







Table A-55: Joint analysis of all leukaemia & NHL cases by cumulative pre-conception radiation
dose (XG) and number of pre-conception decontaminations (NDCN) for Seascale subjects only

K Lymphatic leukaemia & WAL (LLNH)

Analysis of deviance

Model Variable Controlling LR test
NOD-_ - added  for deviance df p
1 xG 2378 1 1E-06
2 MNDCN G 6.54 1 0.011
2 XG NDCN 2494 1 6E-O7
3 MOCHN 5.38 1 0.02
Details of salacted modals:
Model Variable Eslimale 88
No. (log odds)
2 const 8273 61431
xG 0.1011 0.0443
NDCN 3257 1.802
T Cross-tabulation of grouped data
Number of ; Cumulative pre-conception dose
decontaminations . ket <50 mSv 50+ mSv
5 Obs Exp [o]] Obs Exp O/E
0 0 0.186 0.0 2 0.045 443
=0 0 0.021 0.0 2 0.025 799
Total 0 0.207 0.0 4 0.070 570
p for trend: =0.5 >0.5
B: AllTeukaemia & NHL [LNHL)
Analysis of deviance
Modal Variable Controlling LR test
MNo. added for deviance df p
1 XG 31.14 1 2E-08
2 NOCN nG 16.31 1 5E-05
2 xE MOCN 3388 1 2E-08
2 NOCN 1349 1 0.0002
Datails of salected modals:
Model Variable Estimata 58
No. (log odds)
2 const -1324 5784
xG 0.1356 0.041
NOCHN 4008 1483
 Cross-tabulation of grouped data
Number of =it Cumulative pre-conception dose
decontaminations <50 mSv 50+ mSv
Obs Exp O Obs Ex
0 0 0268 0.0 2 0.068 285
>0 0 0.030 0.0 4 '0.039 1023
Total Q 0.298 0.0 (] 0.107 56.1

p for trend: 0.5 0.13




Table A-56: Observed and expected cases, and odds ratio’s for lymphatic leukaemia and non-Hedgkin's
lymphoma (LLNH)

A: Variablas not dependant on choice
of pre-concaption sxposure window

Cases 856% CI p for
Controla Obs  Exp O/E OR_from to _p_ trend
DOBQ 1960-88 87 g8 233 3.B6 0.20
1870+ a2 3 1.87 1.80 0.43 0.11 1.88
Dosa 1850-84 85 10 2.25 4. 44 0.028
1965 + 24 2 1.75 1.14 0.23 0.056 0.92
aua 18560-74 41 1 1.31 0.76 0.038
1975 + 138 11 (2.70 4.08 5497 1.09 112
DODX 1950-58 = Q 022 0.00 - 000 17.68 85% confidence
1960-68 . A4 073 4.11 - 0.84 12.4 Ilimits for O/E.
1970-79 & 1.33 4,61 1.4 10.1 Tast for aqual
1980 + a 1M 1.75 - 0368 5.21 O/E ratios, p=0.32
SEX Mala 23 8 233 2.58 0.68
Fermala 86 8 1.88 3.58 1.40 0.43 4.6
FAGE <25 268 0 0.85 0.00 0.0007 0 0.9, 0.042
25-34 109 8 230 3.48 Q.70 0.19 2.56
35 + 33 4 .84 4.79
FBTH Cumbria 103 84 2.b8 3.13 0.8B8
Elsewhera 82 4 1.12 3.68 1.12 Q.32 3.95
SEAS Born alsawhera 140 a 373 215 0.0080
Seascale bomn 3s 4 0,28 14.44 6.97 1.98 24.8
|
i JOBC Industrial 118 8 310 2.9 0.90
Mon-industrial a1 a o a.a 1.08 0.29 4.18
| PCE Yes 16856 10 3.04 3.29 0.80
i Mo 24 2 0.98 2.07 0.85 0.13 3.28
|
TIME Q0 24 2 0497 2,07 0.28 0.18
0.1 to 4 years 78 3 1.80 1.87 0.83 0.13 B5.49
> 4 years T7 7 143 4. 88 2.38 044 127
DIST <= 11.5km 28 7 1.80 3.89 0.48
> 11.5 km 81 B 21 2.37 0.64 019 212
MIGR <= 0,28 102 & 273 2.18 0.82
> 0.28 77 a2 1.2 4.95 1.02 0,85 1.08
B: Variablas evaluated over total I 3 »
pre-conception period
B1: Measured radiation exposure Cases 85% CI p for
Controls Obs Exp OJ/E OR from to p  trend
XG Unexposed s 2 1.23 1.682 0.38 0.17
Exposed - low half T2 34 1.8 2.52 1.2 0.24 89.83
Exposed - top half 72 7 1.68 4,43 2.84 0,54 148
HIDA Unexposed 114 7 ZAT 2.84 0.94 0.88
Exposed - low half 37 3 082 3.66 1.27 0.31 B.25
Exposed - top half 28 2 oMn 2.81 0.96 0.19 4.84
RMAX Unexposad 35 2 1.23 1.82 0.47 0.59
Exposed - low half 72 E 1.09 4.53 2.82 052 15.3
Exposed - top half 71 B 1.88 2.98 1.87 0.35 1

continuad. .




Tabla A-56 (cont.)

NEUT

MNHI

ITRI

c2

c3

ca

c7

c8

ca

c10

C11

ci12

c13

ci14

Cases 95% CI p for
Controls Obs  Exp O/E OR _from to p_ trend

Unexposed 133 7 310 2.28 0.21 0.080
Exposed - low half 23 2 0.54 3.73 1.74 0.33 9.28
Exposed - top half 23 a 037 B. 4.08 0.94 17.8

Unexposed 162 11 3.83 3.03 0.58 0.71
Exposed - low half o 1 0.28 3.89 1.38 ¢.15 124
Exposed - top half 8 o 0.2 0.00 0.01 0.00 10.6

Unexposad 108 T 241 2.81 0.58 0.64
Exposed - low half 37 1 0.68 1.61 0,48 0.06 4.08
Exposed - top half a7 4 0.83 4,30 1.51 0.41 B5.81

Unexposed 113 7 2BT 2.73 Q.91 0.68
Exposed - low half 33 2 0.83 3.17 1.18 0.22 8.11
Exposad - top half 33 2 0.80 3.74 1.38 0.33 B.8

Unexposed 174 12 3.88 311 0.83 0.34
Exposad - low half 3 o0 0.07 0.00 0.01 0.00 18.3
Exposed - top half 2 0 0.08 0.00 0.00 0.00 1556

B2: Assessed exposure to chemicals and
other workplace exposures

Unexposed 77 8 1.45 5.50 0.38 0.18
Exposed - low half 4 o 008 0.00 0.00 0.00 B8.53
Exposed - top half 4 0 008 000 0.00 0.00 712

Unexposed a9 g 1488 4,25 0.29 0.25
Exposed - low half 3 0 0.03 0.00 0.04 0.00 34.7
Exposed - top half a 1 0.08 18,16 8.71 0.48 540

Unexposed 43 4 0.74 5.43 0.24 0,088
Exposad - low half 10 0 0.19 0.00 0.00 0.00 3.58
Exposed - top half 9 O 0.1 0.00 0.00 0.00 8.42

Unaxposaed B5 5 1.18 4.23 0.28 0.82
Exposed - low half 12 0 0.30 0.00 0.00 0.00 2.98
Exposed - top half 11 1 0.7 5.78 1.38 0.14 13.8

Unexposed 659 4 117 3.43 0.18 0.63
Exposed - low half 16 o Q.37 0.00 0.00 0.00 2,94
Exposed - top half 18 2 0.29 8.90 2.18 0.36 13.8

Unexposed 119 8 2.40 3.76 0.14 0.070
Exposad - low half 2 0 0.02 Q.00 0.04 0.00 B4.2
Exposad - top half 2 1 0.02 54.28 28.12 1.50 455

Unexposad 53 4 0.94 4.26 0.21 0.80
Exposad - low half 7 2 0.8 10.84 3.38 0.48 24.8
Exposad - top hall 7 0 047 0.00 0.00 0.00 5.20

LUnexposed B8 5 1.08 4.59 0.82 070
Exposed - low half 7 1 0.22 4.50 1.08 0.10 11.7
Exposed - top half <] 1 0.14 7.08 1.68 016 17.8

Unexposed B7 5 1.83 3.07 0.23 0.18
Exposed - low half B 2 0.8 1087 4.49 079 383
Exposed - top half ] 1 0.2 8.05 290 028 29.7

Unexposed 58 5 1.00 B.00 0.92 0.88
Exposed - low half 14 1 0.2 4.09 0.80 0.08 7.82
Exposed - top half 14 1 0.30 3.34 0.85 007 8.14

Urnexposed : 30 4 0.0 8.03 0.1 017
Exposed - low half 18 o 031 0.00 0.00 0.00 1.E0
Exposed - top hall 18 1 035 2.84 0.32 0.03 3.20

continuad..
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Table A-58 [cont.) Casos 95% CI p for
Controls Obs _ Exp 0OE OR from to _p_ trend
C15 Unexposed a7 5 1.08 4.70 0,28 0.45
Exposed - low half ) 0 0.3 0.00 0.00 0.00 B.87
Exposad - top half a 2 0139 10.83 2.70 0,42 17.3
C18 Unexposad 34 3 0.B3 B.18 024 o011
Exposed - low half 19 1 0.48 2.08 0.37 0.03 4.08
Exposad - top half 19 0 0.28 0.00 0.00 0.00 242
c17 Unexposed 116 8 222 3.60 0.48 0.39
Exposed - low hall 3 0 0.08 0.00 0.01 0.00 18.8
Exposed - top half 3 1 008 1094 4.42 0.33 BB.6
c20 Unexposed 84 8 1.37 4.37 0.38 0.88
Exposed - low half 13 0 0.22 0.00 0.00 0.00 3.77
Exposed - top half 12 1 0.25 4.07 0.80 0.10 8.58
c23 Unexposed 13 1 o1 4.71 0.10 0.15
Exposed - low half 37 1 082 1.22 0.24 0,01 4.239
Exposed - top half 37 8 079 7.83 1.83 019 17.56
c24 Unexposed 31 1 062 1.84 0.42 0.18
Exposed - low half 25 2 0.80 b e | 1.84 0.15 221
Exposed - top half 25 4 0,83 B8.37 3.89 0.40 38.1
c26 Unexposed 94 8 1.70 4.7 0.38 0.78
Exposad - low half 8 g 0.14 0.00 0.00 0.00 5.80
Exposed - top half 7 1 010 10.32 247 0.24 254
cz28 Unexposed 51 5 09 5.48 0.21 g.11
Exposed - low half 15 1T 032 31 0.52 0.05 5.01
Exposed - top half 14 0 030 0.00 0.00 0.00 2.25
Cc31 Unexposed 45 5 1.44 3.47 0.71 0.66
Exposad - low half a1 1 058 1.88 0.42 0.05 3.89
Exposed - top half 31 2 070 287 0.78 0.13 4.35
c3z2 Unexposed 49 5 1.B1 3.32 0.7 0.51
Exposad - low half 27 2 0.52 3.8B 1.10 .19 B8.29
Exposed - top half 27 1 0.80 1.67 0.44 0.05 4.09
[#5:  ] Unexposed 45 4 1.48 2.88 0.48 0.72
Exposed - low half aa 4 083 4.84 1.80 0.40 7.899
Exposed - top half 25 1 0.68 1.48 0.49 0.05 485
TRIN Unexposed B7 & 213 2.35 0.0067 0.001
Exposad - low half 8 2 0132 14.97 8.29 1.26 B4.7
Exposad - top half 7 3 016 20.29 16.82 2.2 100
TRIZ Unexposad 128 T 280 2.42 0.018 0.0052
Exposad - low half 11 2 0.20 10.22 5.11 0.87 30.1
Exposed - top half 11 3 0.8 18.23 8.81 1.84 48.7
TENZ Unexposad 128 7 280 2.42 0.014
Exposad 25 5 0.47 10.87 547 1.52 18.7
B3: Actual and potantisl contamination
Casas 85% Cl p for
Controls Obs  Exp O/E OR from to p trend
NDCN Unexposaed 138 7 298 2.356 0.21 0.088
Exposed - low half 28 2 0.87 3.00 1.32 0.256 6.84
Exposed - top half 14 3 0.38 8.41 4.27 0.85 198
NALP Unexposed 170 10 3.78 2.84 0.27 0.11
Exposed - low half B 1 0.18 8.38 268 0,28 255
Exposed - lop half 3 1 007 14.97 837 083 138

caontinuad. .,




Table A-56 [cont.) Cases 95% Cl p for
Controls Oba Exp OJ/E OR from to P trend
NEBEG Unexposad 143 7 3.08 2.27 0.31 .13
Exposed - low half 24 3 o8 4.89 2,40 0.658 10.4
Exposed - top half 12 2 031 8.45 J.22 0.67 181
HEAV Unexposad 168 11 3.76 2.83 0.40 0.91
Exposed - low half B S 8.20 3.88 0.38 37.3
Exposed - top half 5] 0 013 0.00 0.01 0.00 9.51
CLEA Unexposed 174 11 3.87 2.84 0.84 0.44
Exposed - low half 4 1 0.2 8.06 .42 0.32 286.3
Exposed - top half 1 o 0.0 0.00 0.07 0.00 183
CON1 Unexposed 123 8 273 3.28 0.73 0.73
Exposad - low half 2B 1 0.82 1.81 0.46 0.06 3.78
Exposed - top half 28 2 0.865 3.08 0.80 0.18 4,62
CONZ Unexposed 76 g 1.88 3.06 0.12 0.48
Exposed - low half 52 1 1.14 0.88 0.286 0.03 2.14
Exposed - top half 51 5 0.80 5.58 1.86 0.51 B.83
FIRE Mot involved 176 11 3.80 2.82 0.27
Involved 3 1 0.10 8.73 471 0.39 B89
INGT Mot in workforca 154 8 3.50 2.67 0.23
In workforce 256 3 0.60 5.88 2,60 081 103
B4: Work areafjob (if more than 5% of pariod)
Cases 895% Cl p for
= & i Controle Obs  Exp 0fE OR from  to p_ trend
PJ1 <5% of pariod 162 10 362 2.85 0.85
>=56% of pariod 27 2 0.48 415 1.47 0.30 7.23
PJ2 < 5% of pariod 185 100 3a.78 2.85 0.156
> = 5% of pariod 14 2 022 9.08 395 0.73 21.3
PJ4 < 5% of period 175 11 3.94 2.79 0.14
> = 5% of pericd 4 i 008 1817 9.93 0.84 1564
PJE < 5% of period 173 12 3.92 3.06 0.46
> = 5% of period L] 0 0.08 0.00 0.02 000 14.4
PJ7 =< 5% of period 172 10 3.78 2.66 0.16
> =5% of period 7 2 0.24 8.432 4.04 0.69 23.7
FJB < 5% of pericd 164 7 3.88 1.80 0.00067
> =5% of period 18 & 0322 15.48 12.63 3.24 432
PJa <6% of pariod 181 12 3.889 3.24 0.18
> =5% of period 18 0 0.31 0.00 .00 0.00 3.70
PJ12 < 5% of poriod 168 11 3.87 3.00 0.88
> =5% of period 1 1 0.34 2.87 0.87 0.11 8.34
PJ18 < 5% of panod 158 11 3.54 3.10 0.70
> =5% of period 21 1 048 217 0.87 0.09 531
PJ17 <5% of period 174 11 3.93 2.79 0.19
> =0b% of peniod 5 1 0.07 13.70 8.29 0.BEB &7.8
PJ18 <5% of period 170 10 381 2.82 0.10
> =5% of period a8 2 019 10.64 §.21 0.B8 30.B
PJ19 <5% of period 170 12 3.84 2.3 0.
> =5% of peried 7 ] o 0.8 0.00 0.01 0.00 7.29

confinued..



Table A-56 (cont.)

C: Variablas evaluated over 12 weak
pre-conception pariod

C1: Measured radiation axposura Casas a5% CI
Controls Obs  Exp 0/E OR from to P
PJ20 <E5% of period 174 11 3.8B8 2.84 0.35
> =5% of pariod -] 1 0.2 8.24 3.861 0.33 28.8
PJ21 <5% of period 150 10 3.42 2.93 0.87
> =56% of period 29 2 058 3.42 1.16 0.24 E.EG8
PJ22 <5% of pariod 176 12 3.94 3.06 0.63
> =5% of period a o 0.08 0.00 0.01 0.00 19.9
PJ2B < 5% of period 180 11  3.57 3.08 0.78
= =5% of period 19 1 0.43 2.34 0.72 0.08 B.79
PJ2a < 5% of period 160 12 3.42 3.51 0.043
> =m5% of period 29 O 0.58 0.00 0.00 0.00 1.81
PJ31 < 5% of period 173 12 3.98 3.03 0.60
> =5% of pariod 8 0 0.04 0.00 0.03 0,00 28.0
XG Unexposaed 80 3 1.73 0.42
Exposed - low half 80 4 0.90 4.46 2.84 066 12.7
Exposad - top half 58 E 1.38 3.84 2.18 0.48 3.78
HIDA Unexposed 188 12 3. 3.24 0.38
Exposed - low half 10 o 0.27 0.00 0.00 0.00 4.21
Exposed - top half 1 o 0.02 0.00 0.00 0.00 48.8
RMAX Unexposed 80 a 1.78 1.70 0.28
Exposed - low half 80 4 0.90 4.45 2.88 068 12.4
Exposad - top half 53 B 1.34 372 2.28 0.652 994
NEUT Unexposed 145 8 333 2.40 0.14
Exposed a4 4 087 6.98 2789 0.76 10.3
MNHI Unexposed 187 11 3.78 2.93 0.72
Exposed 12 1 0.24 4.14 1.53 0.17 14.0
IT Unexposed 113 7 2.B5 2.75 0.92
Exposed - low half a4 2 0.84 a.11 1.13 0.22 5.B2
Exposed - top half a2 3 0.81 3.70 1.38 0.22 5T
1A Unexposed 114 7 258 2.M 0.30
Exposed - low half 33 2 0.8 3.30 1.23 0.23 8.44
Exposed - top half az 3 081 a.70 1.38 0.33 L.BO
ITRI Unexposed 177 12 3.94 3.05 0.82
Exposed - low half 1 0 002 0.00 0.02 0.00 51.7
Exposed - top half 1 0 004 0.00 0.01 0.00 324
C2: Assassed exposure to chemicals and T e
other workplace exposures
Cases 85% ClI
Controls Obs Exp 0/E OR from o p
c2 Unexposed a4 8 1.58 5.02 0.62
Exposed - low half 3 0 0.08 0.00 0.00 0.00 11.4
Exposed - top half 2 0 0.08 0.00 0.00 0.00 11.7
C3 Unexposed 100 8 1.856 4.682 0.67
Exposed - low half 3 0 0.03 0.00 0.01 0.00 318
Exposed - top half 3 0 0.08 0.00 0.01 0.00 145

gontinuead.,
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Table A-56 (cont.)

c4

c7

c8

ca

cio

c12

G113

c14

G15

G116

c17

C20

C23

C24

C26

cza

Canas 5% CI p for
gty A Controls Obs  Exp 0/E OR from to p__ trend
Unexposed 53 & 0.99 5.06 0.063 0.29
Exposed - low half 13 O 0.24 0.00 0.00 0.00 3.08
Exposad - top half ;] 2 008 2183 8.31 0.84 47.4
Unaxposed 856 7 1.58 4.45 0.18 9.00
Exposed 1 o 0.20 0.00 0.00 0.00 4.09
Unaxposad 59 5 1.34 373 0.76 0.B4
Exposed - low half 19 1 0.42 2.38 0.80 0.07 b5.42
Exposed - top half 10 1 015 8.76 1.85 0.18 18.3
Unexposoed 112 8 223 404 0.85 0.567
Exposed - low half 3 o 0.03 0,00 0.01 0.00 36.4
Exposad - top half 1 o 0.0 0.00 0.01 0.00 79.2
Unexposad 83 T 107 B.55 0.18 0.063
Exposed - low half 11 o 0.28 0.00 0.00 0.00 218
Exposed - top half 2 o 0.04 0.00 0.00 0.00 15.0
Unaexposed a1l 8 1.40 4.27 0.68 0.64
Exposed - low half 8 1 0.20 5.03 1.19 012 11.8
Exposed - top half 4 o 0,08 Q.00 0.01 0.00 9,52
Unexposad a8 B 1.94 2567 0.13 0.048
Exposad - low half 7 1 ©.08 11.10 4.80 0.48 49.7
Exposed - top half 4 1 0.04 2883 14.21 1.12 180
Unexposed 75 5  1.41 3.54 058 0.38
Exposed - low half B8 1 008 1088 3.44 0.32 364
Exposed - tap half 7 1 014 7.21 2,256 0.21 238
Unaxposed 43 65 078 03B 0.22 0.1
Exposed - low half 22 1 033 3.08 0.42 0.04 3.88
Exposed - top half g o 022 0.00 0.00 0.00 2.64
Unexposed BO 8 1.44 5.58 0.23 0.088
Exposed - low half 2 o 013 0.00 0.00 0.00 5.07
Exposed - tap half B 0 013 0.00 0.00 0.00 5.02
Unexposed 48 4 0.85 4.88 0.83 0.82
Exposed - low half 22 1 0.37 2.68 0.52 0.08 4.91
Exposed - top half 12 1 0.32 3.12 0.868 0.08 B.B5
Unexposed 111 8 2.18 3.68 0.00018 0.018
Exposed - low half 4 0 0.08 0.00 0.00 0.00 12.5
Exposed - top half 0 1 0.00 0.00 (Top vs Low & Unexp, Exact p= 0.073)
Unexposed 73 68 1.53 3.83 0.57 0.63
Exposed - low half 10 1 0.18 5.688 1.45 0.15 140
Exposed - top half 7 0 012 0.00 0.00 0.00 7.78
Unexposed 18 2 0.20 8.78 0.44 0.29
Exposed - low half 52 8 0485 8.31 0.90 0.15 B.21
Exposed - top half 20 1 0.49 2.03 0.28 0.02 3.28
Unexposed 36 2 0.66 3.04 0.45 0.48
Exposed - low half 31 B 0.64 7.85 287 0.52 188
Exposed - top half 14 2 0.36 5.61 1.86 0.24 15.7
Unexposad a8 8 1.87 4,29 0.25 0.23
Exposad - low half 8 0 0.06 0.00 0.01 0.00 17.7
Exposed - top half 2 1 0.04 2342 12.17 0.80 245
Unexposad &7 8 1.04 B.77 0.040 0.011
Exposed - low half v, 21 0 0.45 0.00 0.00 0.00 1.43
Exposed - top half 4 10 a 0.22 0.00 0.00 0.00 287
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Tabls A 56 (cont.) Cases 85% CI p for
___ Controls Obs Exp O/E OR from to P trand
c31 Unaxposed 1.3 g 1.72 3.48 0.78 0.80
Exposed - low half 29 2 0.48 4.21 1.13 0.21 8.10
Exposed - top half 26 1 0.57 1.85 0.51 0.08 4.21
Cc32 Unexposed 81 T 1.81 3.87 0.258 0.28
Exposed - low half 28 2 0.43 4.62 1.10 0.21 5.86
Exposed - top half 18 o 0.34 0.00 0.00 0.00 2.83
C33 Unexposed B8 & 1.83 3.68 0.12 0.20
Exposad - low half a2 3 088 454 1.21 0.27 5.40
Exposed - top half al o 0.58 0.00 0.00 0.00 1.85
TRI1 Unexposed 100 8 2.40 3.35 0.29 0.36
Exposed - low half 12 2 018 12.23 4.40 0.74 28.3
Exposed - top half 1 0 0.04 0.00 0.03 0.00 295
TRIZ Unexposed 132 8 3.056 2.88 0.26 0.20
Exposed - low half 13 2 07 1173 4.79 083 2758
Exposed - top half 1 0 004 0.00 0.01 0.00 33.4
TENZ Unexposed 131 8 3.02 2.98 0.28
Exposed 18 2 0.28 7.79 2.87 0.3 155
C3: Actunl and potential contamination Cases 85% Cl P for
Controls Obs Exp O OR from to p  trend
NDCN Unexposed 174 12 AJ.8BB 3.10 0.88 0.37
Exposed - low half 4 g 0N 0.00 0.01 0.00 11.1
Exposed - top half 1 0 0.02 0.00 0.00 0.00 80.%
NALP Unexposed 178 12  3.97 3.03 0.83
Exposed 1 0 0.04 0.00 0.01 0.00 34.0
NEEG Unexposed 175 12 3.8 3.07 0.75 0.44
Exposad - low half 3 0 0.07 0.00 0.01 0.00 189
Exposad - top half 1 0 0.02 0.00 0.01 0.00 81.5
HEAV Unexposed 177 12 3.38 3.03 0.59
Exposad 2 0 0.06 0.00 0.02 0.00 27.0
CON1 Unexposad 142 10 3.3 3.18 0.88 0.83
Exposaed - low half 38 2 0.88 2.33 0.70 0.14 3.40
Exposed - top half 1 o 0.0 0.00 0.05 0.00 150
CON2 Unexposed 896 1228 2.33 0.88 0.98
Exposed - low half 80 5 1.58 3.7 1.04 0.31 3.51
Exposed - top half a 0 0.04 0.00 .04 000 333
INST7 Mot in workforce 179 12 4.00 3.00
In workforce 0 0 0.00 0.00
C4: Work srea/ob (weighted days in 12 waek 2 =
pre-conception period)
Controls Obs  Exp OE OR from to p__ trend
JB1 Unexposed 154 11 367 3.08 080 on
Exposad - low half 24 1 oM 2.45 0,76 0.09 B8.28
Exposed - top half 1 g 0.02 0.00 0.02 0.00 B2.1
JB2 Unexposad 188 10 3.78 2.85 0.28 0.24
Exposed - low half 12 2 020 1011 456 082 253
Exposed - top half 1 0 0.02 0.00 0.02 0.00 80.8
JB4 Unexposoed 1786 11 3.84 2.78 0.16
Exposed 3 1 ©.08 16.53 A.85 0683 125
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Tabla A-57: Observed and expectad cases, and odds ratic’s for all lauksemia and non-Hodgkin's

lymphoma (LNHL]
A: Varisbles not dependant on choica
of pre-conception axposure window
Casas 85% CI p for
Controls __ Obs  Exp OFE _ OR from to  p trend
DoBO 1950-89 B7 12 3.70 3.25 0.27
18970+ a2z 4 210 1.91 0.62 0.18 1.74
DOsa 1850-64 BE 13 3.58 3.85 0.083
18865 + 24 3 223 1.34 0,32 0.08 1.18
auvia 1850-1874 41 2 2,02 0489 0.037
1875+ 138 14 3.78 an 4.18 1.11 271
DODX 1950-58 - 0 0.38 0.00 - 0.00 10.20 Confidence intervals
1880-88 - 4 1.28 .17 - DBB 8.43 for OJE ratios.
1970-73 - 7 1.85 3.78 - 150 8.03 p forequal O/E
1980 + = & 230 217 - 070 6.7 ratios = 0.38
SEX Male 93 8 323 2.79 0.93
Femala 88 7 268 2.73 0.88 0.32 2.76
FAGE < 25 38 0 1.18 0.00 0.0030 0.00 0.72 0.015
25-34 108 10 3.24 3.08 0.82 0.20 1.84
35+ a3 g 1.38 4.42
FBETH Cumbria 103 8 3.85 2.47 0.28
Elsewhera 62 7 1.80 4.37 1.87 0.84 E.48
SEAS Born elsewhera 140 10 5.38 1.88 0.0005
Saascale barmn ag g 0.4 14.8 8.87 2,90 25.91
JOBC Industrial 118 11 4.51 2.44 0.44
Mon-industrial 81 E 1.28 3.1 1.67 0.51 4.88
FCE Yes 1585 13 4.38 2.88 0.89
Mo 24 3 1.43 2.08 0.76 0.19 3.03
TIME o 24 3 143 2.08 0.20 0.17
0.1 10 4 years 78 4 2.38 1.7 0.71 0.14 3.54
> 4 yoars 77 8 2.02 4.45 2.08 0.49 8.79
DIST <= 11.5 km a8 10 277 3.681 0,23
=11.5 km a1 a 3.02 1.99 0.52 0.18 1.54
MIGR <m0 28 102 7 4.08 1.72 0. 780
>0.28 7 a 1.1 5.28 1.04 0.87 1.12
B: Variables evaluated over total
pra-concaption period
B1: Measured radiation exposure
XG Unexposed 35 4 1.87 2.14 0.37 0.27
Exposed - low half 72 3 1.88 1.19 0.78 016 a7
Exposed - top half 72 8 227 3.898 1.82 0.60 8.682
HIDA Unaxposed 114 8 3.57 2.62 0.78 0.58
Exposed - low half a7 3 1.8 2.54 0.88 0.24 3.82
Exposad - top half 28 4 1.04 3.84 1.58 0.43 5.81
RMAX Unexposed 38 4 1.87 214 0.87 0.77
Exposed - low half 12 6 1.51 3.32 1.48 0.36 8.01
Exposed - top half 71 7 2.42 2.89 1.27 0.34 482
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Table A-57 (cont.) Cases 95% CI p for
_ Controls Obs Exp OfE OR frem to p__ trend
NEUT Unexposed 133 11 4.54 2.42 0.48 0.25
Exposed - low half 23 2 074 27 1.11 022 562
Exposed - top half 23 3 0.5 5.89 2.80 0.84 10.67
NHI Unexposad 182 15 6.28 2.84 0.62 0.62
Exposed - low half 2] 1 038 276 0.98 0.11 8.03
Exposed - top half a 0 0.6 0.00 0.012 0.00 B.52
IT Unexposed 106 8 3.B2 2.568 0.28 0.40
Exposed - low half 37 1 0.83 112 0.34 006 3.21
Exposed - top half a7 8 1.38 4.34 1.79 0.58 5.8Q
1A Unexposed 113 8 3.73 2.41 0.68 0.37
Exposed - low half 33 2 0.B8 2.32 0.93 0,18 458
Exposed - top half 33 & 1.20 4.18 1.84 0.58 B.07
ITRI Unexposed 174 16 65.63 2.88 0.40 0.38
Exposed - low half 3 0 0.088 0.00 0.018 0.00 16.83
Exposed - top half 2 il e a.78 5.45 0,34 BB.60
B2: Assassed exposure to chemicals and
other workplaca exposures
c2 Unexposad 7 o fir [ ] 5.19 0.28 0.11
Exposed - low half 4 0 0.10 0.00 0.004 0.00 7.25
Exposed - top half 4 0 0.3 0.00 0.003 0.00 5.40
C3 Unexposed g9 11 2.64 417 0.81 0.41
Exposed - low half 3 0 0.039 0.00 0.022 0.00 22.94
Exposed - top half 3 1 0.087 11.6 4.13 0.30 BB.71
c4a Unexposed 43 4 1.00 3.98 0.1 0.39
Exposed - low half 10 0 0.28 0,00 0.002 0,00 3.28
Exposed - top half 8 2 0.18 12.6 3.856 0.54 24 89
c7 Unexposed 65 & 1.83 3.68 0.038 0.29
Exposed - low half 12 0 0.45 0.00 0.001 0.00 225
Exposed - top half 11 3 0.28 10.8 4.00 0,77 20.82
ce Unexposed E9 4 1.83 2.48 0,018 0.079
Exposed - low half 18 0 054 0.00 0.002 0.00 2.78
Exposed - top half 16 4 0.4 89.80 534 1.11 25.89
C9 Unexposed 118 11 3.4 3.23 017 0.085
Exposed - low half 2 0 0.028 0.00 0.028 0.00 41.40
Exposed - top half 2 1 0.027 31.6 20.1 1.18 342.3
c10 Unexposed 53 8 1.35 4.44 0.23 054
Exposed - low half 7 2 025 7.80 2.21 0.33 14.98
Exposed - top half ¥ 0 0.22 0.00 0.002 000 3.75
C11 Unexposed 68 8 1.55 517 0.92 0.87
Exposed - low half 7 1 0.32 3.18 g2 0.08 6.21
Exposaed - top half 8 1 Q.19 5.14 1.01 0.10 10.07
c12 Unexposaed 87 g 233 3.44 0.47 037
Exposad - low half 8 2 0.28 7.83 3.28 0.51 20.80
Exposed - top half 8 1 047 8.02 1.82 0.19 17.36
c13 Unexposed 658 7 1.43 4.9 0.86 0.89
Exposed - low half 14 1 038 291 0.55 0.08 4.98
Exposed - top half 14 2 04 4.B3 1.00 0.18 b&5.72
ci14 Unexposed 30 4 072 558 0.083 0.88
Exposed - low half 18 0 0.45 0.00 0.0008 0.00 1.48B
Exposed - top half s 18 a2 0.8 5.94 1.16 0.27 &.21
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Tabis A-57 (cont.) Cases
Controls Obs _ Exp_
c15 Unexposed &7 8 1.4%
Exposed - low half 9 1 0.8
Exposed - top half 2] 2 025
C16 Unexposed 34 3 0.8
Exposed - low half 19 3 089
Exposed - top half 18 o 0.38
c17 Unexposed 1156 11 3.18
Exposed - low half 3 0 0.589
Exposed - top half a 1 012
Cc20 Unexposad 64 8 1.83
Exposad - low half 13 1 033
Exposed - top half 12 1 0.33
c23 Unexposad 13 1T 0.34
Exposed - low half 37 b
Exposed - top half a7 8 1.12
c24 Unexposad al 1 0.88
Exposad - low half 256 3 0.A87
Exposed - top half 25 & 0.9
C2e Unexposed a4 g 233
Exposad - low half 8 0 0.22
Exposed - top half 7 3 0456
c28 Unexposed 51 7 1.28
Exposaed - low half 15 1 0.48
Exposed - top half 14 0 0441
c31 Unexposad 45 R = )
Exposed - low half a1 1 0.83
Exposed - top half a 4 0.98
c32 Unexposad 43 I 223
Exposed - low half 27 2 72
Exposed - top half 27 3 087
c33 Unexposed 45 8 2.20
Exposed - low half as 4 1.16
Exposed - top half 35 3 0.99
TRIN Unexposad a7 8 3.10
Exposed - low half 8 2 0.20
Exposed - top half 7 3 0.22
TRI2 Unexposad 128 11 4.5
Exposed - low half 11 2 027
Exposed - top half 11 3 028
TENZ Unexposad 128 10 4.186
Exposed 25 8§ 0867
B3: Actual and potential contamination
NDCN Unexposad 138 8 4.33
Exposed - low half 28 4 0.98
Exposed - top half 14 3 048
NALP Unexposad 170 14 5.48
Exposed - low half 8 1 0.24
Exposed - top half 3 1 0.0M
NBEG Unexposad 143 8 4.48
Exposed - low half 24 & 0.89
Exposed - top half 12 2 0.42

_OfE

4.03
5.15
7.85

3.72
4.38
0.00

3.48
0.00
8.13

4.14
3.05
3.08

2.98
0.90
7.18

1.47
3.45
5.48

3.88
0.00
20.7

5.45
2.19
0.00

3.28
1.21
4.08

3.14
2.80
3.46

2.73
3.45
3.03

2.91
10.1
13.8

2.85
7.40
10.8

2.41
8.3

2.08
4.09
8.15

2.56
4.10
11.0

2.01
5.80
4.81

2.68
4.70

0.008
10.3

0.36
0.001

0.30
1.18

0.78
1.01

3.47

0.02
0.32

0.25
0.50

1.83

0.04
0.00

0.04
0.30

0.14
0.23

0.29
0.22

1.39

1.46

0.81
0.80

0.18
0.48

2.67 0.49

16.38
40.88

8.23
6.18

4.94
27.54

28.23
44.31

4.27
57.80

4,68
4.44

24.85
47.38

17.63
268.68

15.13

811
15.13

15.86
85.51

11.88
14.43

0.89

0.21

0.53

0.80

0.027

0.31

0.017

0.092

0.38

0.85

0.97

0.042

0.081

0.014

0.20

Q.41

0.13
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0.32

0.52

0.66

0.036

0.060

0.037

0.98

0.87

0.87

0.013

0.028

0.078

0.20

0.088




Table A-57 (cont.)

Cases 95% CI P for
2 Controls Obs  Exp 0/E OR from to p_ trand
HEAV Unexposed 168 16 5.47 2.73 0.42 0.78
Exposed - low half ;] 1 0.14 6.94 285 0.28 28.48
Exposed - top half 5 0 o018 0.00 Q.011 0.00 7.88
CLEA Unexposed 174 14 B5.80 2.60 0.032 0.021
Exposed - low half 4 1 0.18 5.39 261 0.24 28.01
Exposed - top half 1 1 0.012 B8.5 284 2.82 28568
CON1 Unexposed 123 13 3.868 3.28 0.37 0.30
Exposed - low half 28 1 0.83 1.12 0.30 0.04 240
Exposed - top half 28 2 0,84 2.13 058 012 2.82
COMN2 Unexposad 78 B 2.B8 2.80 0.028 0,33
Exposed - low half 52 1 1.84 0.81 0,18 0.02 1.48
Exposed - top half 51 7 1.29 6.42 201 0.B8 B8.19
FIRE Mot involvad 176 16 5.85 2.88 0.38
Involved 3 1 0.156 8.81 3.33 0.28 39.35
INST Mot in workforce 154 12 5.04 2.38 0.18
In workforce 25 4 0.756 5.35 248 0.71 B.81
B4: Work areafjob (if more than 5% of pariod)
PJ1 < 5% of pariod 152 12 6.1 2.36 0.14
> = 5% of pariod 27 4 0.68 5.87 2.76 0.78 8569
PJ2 = 5% of pericd 165 14 BE.51 2.54 0.22
> = 5% of period 14 2 0.28 T2 3.08 0.59 18.20
PJ4 < 5% of period 1756 16 E.89 2.63 0.22
> =5% of pariod 4 1 0.10 10.2 8.31 0.42 85.66
PJE < 5% of period 173 18 E.66 2.83 0.37
> =5% of period a8 0 013 0.00 0.011 0.00 9.898
PJ7 < 6% of period 172 14 5.43 2.58 0.31
> =5% of period F 2 0.38 5.50 258 0.46 14.82
PJB < 5% of period 164 11 5.34 2.08 0.0034
> =5% of period 16 65 045 11.0 7.92 2.20 28,52
PJ9 < 5% of pariod 181 18 5.40 2.98 0.11
> =5% of period 18 0 0.39 0.00 0.003 0.00 3.21
PJ12 < 5% of pariod 158 15 b5.28 2.85 0.85
> =5% of period 11 1 0.53 1.90 0.82 0.07 B.256
PJi& < 5% of penod 158 15 5.4 2.82 0.48
>=5% of period 21 1 0.85 1.54 0.48 0,08 3.78
PJ17 <E% of pariod 174 16 b5.BS 2.684 0.28
> =5% of pariod 5 1 o1 8.49 4.38 0.42 48.03
PJ18 < 5% of pariod 170 14 6.6BB 252 0.15
> = E5% of pariod g 2 0.28 850 4.14 0.73 23.42
PJ19 <5% of pariod 170 18 65,68 288 0.23
> =5% of pariod 3 0 0.24 0.00 0.004 0.00 5.45
PJ20 < 5% of pariod 174 156 56.53 2.68 0.55
> =5% of poriod B 1 0.20 5.02 215 0.21 22.08
PJ21 <56% of pariod 150 14 4.97 2.82 0.80
> =5% of period 29 2 0.82 2.44 0.82 0.17 3.85
PJ22 <E% ofpaicd / 178 16 570 2.81 0.45
> =5% of pariod a 0 0.10 0.00 0.009 0.00 13.71
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Table A-57 [cont.] Cases 95% CI p for

Controls Oba  Exp OfE OR from to p_ trend
PJ25 <5% of period 160 15 520 288 0.53
> =5% of period 18 17 0.68 1.70 0.54 0.07 4.23
PJ23 <5% of period 150 ¢ 5.02 3.18 0.024
= =5% of pariod 29 o o077 0.00 0.001 0.00 1.50
PJ31 <EB% of period 173 18 b5.74 2.78 0.58
>=58% of period (-] ¢ 0.088 0.00 0.027 0.00 24.25

C: Varinbles eveluated over 12 weak
pre-conception period

C1: Maasured radiation axposure

XG Unexposad a0 5 2.58 1.94 0.58 0.3
Exposoed -low half 60 4 1.26 a.zl 1.61 0.40 6.44
Exposed - top half 53 7 1.97 355 1.88 0.55 B.48
HIDA Unexposed 188 18 B.33 3.00 0.23 0.088
Exposed -low half 10 0 0.42 0.00 0.004 0.00 2.90
Exposed - top half 1 0 0.042 0.00 0.003 0.00 29.21
RMAX Unexposed 80 8 263 2.28 0.87 0.83
Exposed -low half 80 4 1.25 3.20 1.33 038 86.43
Exposed - top half 59 8 1.9 3.14 1.35 0.40 4.58
NEUT Unexposed 145 12 4.88 2.47 0.38
Exposed 34 4 0.84 4.27 1.84 0.583 B.31
NHI Unexposed 187 16 5.448 2.75 0.91
Exposed 12 1 0.33 3.04 1.14 0.13 10.22
IT Unexposad 113 8 amn 2.43 0.82 0.57
Exposed -low half 34 3 0.87 3.44 1.44 0.38 B5.85
Exposad - top half 32 4 1.21 3.31 1.28 0,328 4.94
1A Unexposed 114 g 3.76 2.40 0.78 0.56
Exposed -low half 33 3 0.B3 362 1.56 0.38 8.34
Exposad - top half iz 4 1.21 3.3 1.41 0.38 6.01
ITRI Unexposed 177 16 6.70 2.83 0.7 0.11
Exposed -low half 1 0 0.038 0.00 0.033 0.00 386.98
Exposed - top half 1 1 0.067 17.4 47.1 0.562 4260
C2: Assessed exposurae to chemicala and
other workplace exposuras
c2 Unexposed 84 10 228 4.29 0.44 0.20
Exposed -low half 3 0 0.085 0.00 0.004 0.00 98.50
Exposed - top half 2 0 0.093 0.00 0.002 0.00 9.06
c3 Unexposad 100 11 2.74 4.0 0.58 0.30
Exposed -low half 3 0 0.038 0.00 0.008 0.00 23.83
Exposed - top half 3 0 0.087 0.00 0.004 0.00 10.54
c4q Unexposed 53 B 1.32 3.77 0.30 0.13
Exposed -low half 13 2 0356 5.87 1.62 0.268 10,08
Exposed - top half 8 2 015 13.8 535 0.72 39.82
(v § Unexposed as 7 215 3.26 0.43
Exposed 11 2 5594 5.94 2.10 0.38 12.38
CB Unexposed a9 8 1.B& 3.22 0.84 0.78
Exposad -low half 18 2 0.82 an 0.89 0.18 b5.bB2
Exposed - top half 10 1 0.20 4.90 1.50 0.18 14.44
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Table A-57 (cont.) Cases 95% CI p for
Controls Obs  Exp O/E OR from to p__ trend
ca Unexposed 112 11 316 3.48 0.81 0.62
Exposed -low half 3 0 0.038 0.00 0.010 0.00 27.48
Exposaed - top half 1 0 c.016 0.00 0.008 0.00 67.38
c10 Unexposed 83 8 1.860 5.98 0.091 0.028
Exposed -low half 1 0 0.36 000 00008 000 1.77
Exposed - top half 2 0 0.059 0.00 0.002 0.00 10.43
C11 Unexposed 81 8 1.94 4,13 0.62 0.38
Exposed -low half 8 1 0.29 3.48 0.81 0.08 783
Exposed - top half 4 0 0.16 0.00 0.003 0.00 65.88
ciz Unexposed a8 7 273 2.57 0.22 0.083
Exposed -low half 7 1 0.3 7.83 3.17 0.32 31.08
Exposed - top hall 4 1 0.050 18.8 8.82 0.84 115
c13 Unexposad ] 8 1.97 3.04 0.18 0.21
Exposed -low half B 2 0.12 18.5 7.12 1.08 48,898
Exposed - top half 7 1 022 4.84 1.87 0.18 17.44
c14 Unexposad 43 g 1.1 5.42 053 038
Exposed -low half 22 1 048 218 0.23 D.04 287
Exposed - top half 8 1 032 3.08 051 0.05 5.11
C16 Unexposed 80 10 1.99 5.02 0.18 0.053
Exposed -low hall E: o 0.18 0.00 0003 0.00 4.08
Exposed - top half 5 0 0.19 0.00 0.0009 0.00 3.85
C186 Unexposed 48 5 1.18 4.24 0.84 0.58
Exposad -low half 22 2 058 3.60 0.80 014 4.82
Exposad - top half 12 1 0.43 2.31 052 0.05 5.18
c17 Unexposed 111 10 310 323 0.0002 0.031
Exposad -low half 4 0 011 0.00 0.005 0.00 10.25
Exposed - top half 4] 1 000 000 (TopvslLow & Unexp, Exact p=0.087)
C20 Unexpased 73 7 213 azs 0.87 0.82
Exposed -low half 10 1 0.28 3.82 1.14 012 10.73
Exposed - top half 7 A7 B.77 1.82 0.19 19.91
C23 Unexposed 18 2 044 4.53 0.70 0.57
Exposad -low half 52 7 1A 5.38 1.17 0.21 B.83
Expoged - top half 20 2 0.72 2.79 0.58 0.07 4.89
c24 Unexposed 38 2 0.85 2.37 0.34 0.28
Exposed -low half a 8 0.82 B.49 3.32 0.60 18.23
Exposed - top half 14 3 058 5.33 2.68 0.39 18.63
C26 Unexposed 86 8 268 3.51 0.27 0.11
Exposad -low half 8 1 0.081 12.4 3.82 0.38 34.77
Exposed - top half 2 1 0.071 14.2 8.68 043 174
c2s Unexposed 67 B 1.47 5.43 0.013 0.003
Exposod -low half 21 0 0.84 0.00 0.004% 000 1.07
Exposad - top half 10 0 0.3 0.00 0.0004 0.00 2.20
c31 Unexposed 55 g 252 318 0.94 0.74
Exposed -low half 28 Z 0.66 3.06 0.84 0.18 4.38
Exposed - top half 28 2 074 272 0.77 0.15 4.08
c32 Unexposed 61 8 284 aMn 0.78 0.52
Exposed -low half 28 2 0.53 3.3%9 0.86 0.17 4.41
Exposed - top half 18 1 0.50 1.88 0.50 0.08 417
C33 Unexposed / be 8 247 3.25 0.48 0.27
Exposed -low half az 3 092 3.25 0.89 0.21 3.78
Exposad - top half a1 i 0.83 1.21 0.30 0.04 2539













Table A-58 (cont.)

NHI

ITRI

Unexposed
Exposad - low half
Exposed - top half

Unexposed
Exposad - low half
Exposed - top half

Unexposed
Exposad - low half
Exposed - top half

Unaxposzed
Exposad - low half
Exposaed - top half

B2: Assessed exposurs to chemicals and
other workplace exposures

c2

c3a

c4

c7

ca

ca

c10

c1

ciz

13

cl4

15

Unexposed
Exposad - low half
Exposed - top half

Unexposad
Exposad - low half
Exposed - top half

Unexposaed
Exposad - low half
Exposed - top half

Unexposed
Exposed - low hall
Exposed - top half

Unexposed
Exposed - low half
Exposed - top half

Unexposod
Exposad - low half
Exposed - top half

Unexposad
Exposad - low half
Exposed - top half

Unaxposad
Exposed - low half
Exposed - top half

Unexposed
Exposed - low half
Exposed - top half

Unexposed
Exposed - low half
Exposed - top half

Unexposaed
Exposed - low half
Exposed - top half

Unexposad
Exposed - low half
Exposed - top half

Casans 95% CI p for
_ Controls Obs __ Exp O/E OR_from to p__ trend
182 14 11.08 1.28 0.37 0.85
8 2 0.89 2.89 2,82 0.49 186.3
B o 0.27 0.00 0.016 0.00 10.88
1086 110 783 1.44 0.80 0.73
37 1 1.E5 0.84 0.38 0,05 3.08
a7 4 2.B87 1.38 0.88 0.26 3.08
113 12 8.08 1.49 0.58 0.51
33 1 151 0.68 0.38 0.06 3.08
33 4 2.49 1.20 0.73 0.18 2.83
174 18 11.64 1.38 0.564 0.27
| 0 0.8 0.00 0.008 0.00 28.95
2 0 024 000 0.00268 0.00 20.88
7 4 430 083 0.43 0.30
4 o 0.16 Q.00 0.016 0.00 23.57
4 1 027 .M 5.38 0.41 70.2
89 4 b5.08 0.79 0.B0 0.50
3 a 010 000 0.007 0.00 48.73
3 0 0.8 0.00 0.0042 0.00 25.74
43 2 1.82 1.04 0.73 0.43
10 1 O0.57 1.75 1.79 0.14 231
8 1 0.37 2.73 2.77 0.22 354
65 2 3.08 0.97 0.12 0.84
12 2 0.86 3.14 4.18 0.70 249
11 0 0.86 0.00 0.0014 0.00 6558
58 5 312 1.80 0.25 0.29
16 2 1.1 1.80 1.16 0.19 8.83
18 0 084 000 0.0009 000 274
118 &8 @6.68 1.20 0.85 0.58
2 Q 0.087 0.00 0.012 0.00 48.03
2 0 0.084  0.00 0.012 0.00 48.25
53 4 273 1.10 0.563 0.80
7 1 044 228 2.30 019 27.2
7 0 0.35 .00 00017 0.00 9.50
68 4 3.08 1.31 0.58 0.58
7 1 0.84 1.87 1.32 0.12 1456
6 o 0.4 0.00 0.0021 0.00 6.88
a7 4 4860 087 0.58 0.87
{2 1 0.48 2.02 2.68 0.24 2907
B 0 030 0.00 0.008 0.00 13.89
51 B 2.485 1.78 0.32 0.56
14 Qo 0.87 0.00 0.0010 0.00 3.14
14 1 072 1.37 0.76 0.08 7.27
30 1 1.489 0.87 0.058 0.84
13 32 0.88 2.51 6.73 0.81 740
18 0 085 0.00 0.0009 0.00 65.82
67 3 282 1.08 048 0.72
a 1 0.42 2.38 2.47 0.21 28.7
y 3 0 0.45 0.00 0.0013 0.00 7.84

continuad,,




Table A-58 (cont.) Casos 95% CI o for

Controls Obs Exp OJE OR from to p  trend
cC16 Unexposed 34 3 1.62 1.88 0,84 0.74
Exposed - low half 18 2 142 1.29 .73 011 6506
Exposed - top half 18 1 0.88 1.45 0.72 0.07 7T.81
c17 Unexposed 115 7 815 1.14 0.88 0.38
Exposed - low half 3 g 010 0.00 0.0045 0.00 32.27
Exposad - top half 3 o 023 0.00 0.0021 0.00 14.28
c20 Unexposed 84 B 3N 1.36 0.28 0.88
Exposed - low half 13 2 0N 2.82 241 0.38 161
Exposed - top half 12 0 059 000 00028 0.00 4.66
c23 Unexposed 13 3 0.83 3.80 0.18 0.11
Exposed - low half a7 2 207 0897 0.18 0.03 1.41
Exposed - top hall az 2 218 001 0,18 0.03 1.32
c24 Unexposed b § | 2 1.2 1.88 0.28 0.33
Exposed - low half 25 4 1.78 2.27 1.66 026 8.87
Exposed - top half 25 1 1.80 0.53 0.30 0.03 3.39
C26 Unexposed 84 4 434 092 0.6 0.94
Exposed - low half B 1 0.51 1.97 2.37 0.22 254
Exposed - top half 7 0 0.30 0.00 0.005 0.00 13.17
c28 Unexposed E1 4 2.60 1.54 0,34 022
Exposed - low half 16 1 0.80 1.12 0.70 0.07 7.01
Exposed - top half 14 0 0.74 0.00 0.0009 0.00 3.23
c3a1 Unexposead 45 7 4.M 1.43 0.58 0.85
Exposad - low half a 1 1.B2 0.88 0.38 0.05 2.85
Exposed - top half 31 3 1.8%9 1.58 099 022 437
caz Unexposed 49 8 B.O 1.57 0.34 0.15
Exposed - low half 27 1 1.29 0.78 0.38 0.04 3.37
Exposed - top half 27 1. 377 0.57 0.28 0.03 2.42
c33 Unexposed 45 & 4.98 1.21 0.51 Q.25
Exposed - low half 38 2 208 0.8 0.87 012 388
Exposed - top half 36 1 2.14 0.47 0.32 0.04 2.79
TRIN Unexposed B7 10 6.88 1.50 0.23 0.085
Exposed - low half B 0 044 000 00020 0.00 5E.B7
Exposed - top half 7 ¢ 048 0.00 00023 0.00 B.33
TRI2 Unexposad 128 10 8.54 1.17 0.25 0.10
Exposed - low half 11 0 0,60 Q.00 0.0015 Q.00 B.32
Exposed - top half 11 0 084 000 00017 000 4.9
TENZ Unexposed 128 10 B.54 147 0.066
Exposed 25 o 1.4 0.00 0.0014 0.00 2.23
BE3: Actusl and potential contamination
NDCN Unexposed 138 13 0.09 1.43 0.80 0.55
Exposed - low half 28 2 207 097 0.82 013 208
Exposad - top half 14 1 0.80 1.11 070 0.08 65./72
NALP Unexposed 170 16 11.32 1.41 0.33 0.14
Exposed - low half (-] 0 055 0.00 00035 0.00 478
Exposed - top half 3 0 0.8 0.00 0.007 0.00 14.30
NBEG Unexposad 143 132 9.44 1.28 0.91 0.79
Exposed - low half 24 2 1. 1.08 071 016 3.42
Exposed - top half 12 R 1.42 095 0.11 B8.08

continued, .




Table A-58 (cont.) Casas 95% CI p for
Controls Obe Exp OE OR from (-] p  trend
HEAW Unexposed 168 16 11.561 1.30 0.42 0.89
Exposed - low half ] 1 0.28 3.87 3.42 0,34 349
Exposed - top half B 0 0.29 Q.00 0.094 0.00 9.83
CLEA Unexposad 174 15 11.58 1.30 0.82 0.72
Exposed - low hall 4 1 0.44 2.29 1.88 0.1 204
Exposaed - top half 1 0 0.034 0.00 0.073 0.00 B3.69
CONT Unexposed 123 13 8.48 1.63 0.048 0.078
Exposed - low half 28 2 1.88 1.78 1.12 0.28 4.47
Exposad - top half 28 o 1.89 0.00 00007 000 1.27
CON2 Unexposed 78 11 8.21 1.77 0.012 0017
Exposad - low half B2 E 3.32 1.51 0.73 0.23 234
Exposed - top half 51 o 252 Q.00 00008 0.00 0.83
FIRE Mot invelvad 178 16 11.73 1.28 0.41
Invelved 3 1 0.23 2.07 3.02 0.286 353
INET Mot in workforce 164 16 10.28 1.48 0.23
In waorkforce 25 1 1.78 0.58 0.33 0.04 2.47
B4: Work areafjob (if mora than 5% of pariod)
PJ1 <5% of paricd 152 14 10.78 1.30 0.80
> =5% of pariod 27 2 1.30 1.66 1.11 0.23 B3
PJ2 < 5% of pericd 188 18 11.81 1.38 0.24
. ==5% of period 14 ¢ 044 000 0.008 0.00 B.07
P4 < 5% of period 1756 16 11.82 1.27 0.28
> =5% of period 4 1 0,23 4.29 538 0.35 B30
PJE <5% of periad 173 16 11.78 1.27 0.33
> =5% of pariod 8 1 0.27 a.73 3.82 0.32 449
PJ7 =< 5% of paeriod 172 18 11.26 1.42 0.12
> =5% of pariod 7 0 0820 000 00028 0.00 3.23
PJ8 <5% of period 184 14 11.10 1.26 0.54
= =5% of pariod 15 2 0.95 2.11 1.71 0.34 8.73
PJa <5% of period 181 16 11.48 1.31 0.85
> =5% of period 18 1 0.E8 1.78 1.23 0.16 9.26
PJ12 < 5% of period 188 14 10.80 1.29 0.70
> =5% of period 11 Z: 1B 1.73 1.40 0.27 7.20
PJ16 <5% of period 158 15 10.84 1.38 0.54
> =5% of pariod 21 1 1.21 0.82 0.54 0.07 4.7
PJ17 =5% of period 174 14 11.83 1.18 0.024
> =5% of period 5 2 023 a.77 13.0 1.84 921
PJ1B < 5% of period 170 18 11.70 1.37 0.30
> =5% of period g 0 0.35 0.00 0.008 0.00 7.73
FJi8 < 5% of pericd 170 158 11.61 1.29 0.82
> =56% of period 9 1 0.45 2.24 1.86 0.19 17.9
PJ20 <5% of period 174 15 11.58 1.20 0.82
> =5% of period 5 1 047 2.14 1.84 0.18 18.7
PJ21 < 5% of period 160 14 10.63 1.33 0.92
> =5% of period ;29 2 1.B3 1.31 0.93 0.19 4.42

nunﬂnuud. 5



Teable A-58 (cont.) Cases 95% CI p for

Controls Obs Exp  OIE OR from to p_ trend
PJ22 =5% of pariod 178 16 11.82 1.27 0.28
>=5% of pariod 3 1 0.23 4.28 551 0.34 885
PJ2B <5% of pariod 160 15 10.88 1.38 0.57
> =05% of pariod 13 1 1.7  0.88 0.58 0.07 4.45
PJ28 <5% of period 150 16 10.72 1.40 0.43
> =5% of period 29 1 133 0.76 0.47 0.07 3.36
PJ31 <5% of period 173 16 11.88 1.26 0.10
>=56% of period L] 1 0.078 129 11.8 1.13. 128

C: Variables evaluated over 12 week
pre-conception period

C1: Measured radiation exposure

XG Unexposed 80 10 5.BB 1.71 0.17 0,38
Exposed -low half 80 1 238 0.42 0.18 0.02 1.44
Exposed - top half 59 5 3.85 1.30 0.83 0.19 2.04
HIDA Unexposed 168 18 11.00 1.45 0.20 0.073
Exposed -low half 10 o 0.94 0.00 0.0038 0.00 2T
Exposed - top half 1 o 011 0.00 0.0028 0.00 22.58B
RMAX Unexposed 80 10 65.88 1.88 0.18 0.42
Exposed -low half 80 1 2.45 0.41 0.18 0.02 1.43
Exposed - top half o8 & 2.66 1.27 0.68 0.21 2.22
NEUT Unexposed 145 13 10.20 1.27 0.78
Exposed 34 a 1.86 1.62 1,25 0.32 4.78
NHI Unexposed 187 15 11.48 1.21 0.82
Exposad 12 1 0.58 1.68 1.31 018 11.8
m Unexposed 113 11 B.03 1.37 0.856 0.74
Exposed -low half 34 2 1.53 1.21 0.88 0.18 4.25
Exposed - top half az 3 250 1.20 0.81 0.21 3.18
1A Unexposad 114 12 8.08 1.48 0.58 0.52
Exposed -low half 33 1 1.48 0.88 0.20 0.08 3.18
Exposed - top half 32 3 2.50 1.20 0.73 018 2.84
ITRI Unexposed 177 16 11.82 136 0.7 0.41
Exposed -low half 1 0 0.1 0.00 0.008 0.00 24.28
Exposed - top half 1 0 012 0.00 0.007 0.00 22.97
C2: Asssaessed exposure to chemicals and
other workplace exposures
c2 Unexposed B4 3 4.43 0.88 0.268 0.18
Exposed -low half 3 a 0.18 Q.00 0.008 0.00 30.60
Exposad - top half 2 1 0.22 4.84 128 0.84 253
c3 Unexposed 100 4 B5.23 0.77 0.80 0O0.81
Exposed -low half a 9 010 0.00 0.007 0.00 48.07
Exposed - top half <! 0 018 0.00 00043 000 25.48
c4 Unaxposaed B3 0 238 0.00 0.074 0.033
Exposed -low half 13 1 0.74 1.38 [Exposed vs Unexp, Exact p= 0.078)
Exposad - top half 8 1 0.33 3.01
c7 Unexposed 85 3 3.83 0.78 0.17
Exposed 11 2 0.78 2.83 4,232 0.58 30.1
CEB Unexposed 63 4 3.47 1.15 0.61 0.41
Exposed -low half 18 1 1.28 Q.77 .85 0.07 8.24
Exposed - top half 10 0 038 000 00042 000 B2 continued..



Table A-58 (cont.) Casos 95% Gl p for

= Contrals Obs  Exp 0J/E OR from to p_ trend

co Unexposad 112 8 B8.07 088 0.87 0.80
Exposed -low half 3 0 010 0.00 0.014 0.00 37.28
Exposed - top half 1 0 0.031 0.00 0.018 0.00 1225

C10 Unexposed 63 1 2.88 035 0.069 0.020
Exposed -low half 11 1 0.BB 1.71 §5.650 0.31 8989
Exposed - top half 2 1 0.12 B8.40 142 1.81 11317

C11 Unaxposad 21 3 3.54 0.85 0.0  0.87
Exposed -low half B 1 0.82 1.82 208 018 234
Exposed - top half 4 0 0.28 0.00 0.0024 0.00 11.58

c12 Unexposad 98 3 B.156 0.58 0.40 0.43
Exposed -low half 7 1 030 3.3 8.62 0.57 751
Exposed - top half 4 0 0.085 0.00 0.017 0.00 74.34

ci3 Unexposad Fi-] 4 3.77 1.08 0.30 0.87
Exposed -low half 8 1 0.21 478 486 045 6520
Exposed - top half 7 0 0.43 0.00 0.00356 0.00 B.156

ci14 Unexposad 43 1T 202 0.47 0.64 0.36
Exposed -low half 22 1 0.88 1.13 2,49 015 422
Exposed - top half g 1 0.82 1.81 382 0.21 BB.SB

C15 Unexposed BO 3 374 0.80 0.45 0.43
Exposed -low half g 0 0.33 0.00 0.0042 0.00 13.88
Exposed - top half B 1 0.29 2.53 3.8 0.31 4B.9

C18 Unexposad 48 2 2.2 080 083 0.88
Exposed -low half 22 2 1.24 1.62 1.88 0.24 148
Exposed - top half 12 1 0.83 1.21 1.42 0.11 182

c17 Unexposed 111 5 B.87 0.84 0.54

Exposad 4 o 0.22 .00 00042 0.00 19.88

C20 Unexposed 73 4 3.m 1.02 0.25 0.82
Exposed -low half 10 2 0.81 3.28 3.80 058 28,9
Exposad - top half 7 0 0.38 0.00 0.0038 0.00 9.48

c23 Unexposad 19 2 0.88 2,25 0.18 0.BB
Exposed -low half 52 1 241 0.42 0.15 0.01 1.83
Exposed - top half 20 2 1.51 1.89 0.80 0.12 B.69

C24 Unexposed 38 1T 1.31 0.76 0.088 0.081
Exposed -low half an 1 1.83 0.52 0.67 0.04 11.4
Exposed - top half 14 4 1.25 a 583 068 B1.41

C26 Unexposed T 3 463 084 0.28 048
Exposed -low half (] 1 019 5.27 8.29 0.81 107
Exposed - top half 2 0 015 0.00 0.012 0.00 39.21

czg Unexposed 57 3 292 1.03 0.58 042
Exposed -low half 21 1 1.28 0.78 0.74 0.07 7.81
Exposed - top half 10 0 054 0.00 00013 0.00 6.87

c31 Unexposed 55 7 B.57 1.28 018 0.756
Exposed -low half 28 0 122 0.00 0.0013 0.00 2.41
Exposed - top half 28 2 1.38 1.44 1.04 018 5.72

caz Unexposad 81 7 B.BO 1.21 0.20 0.82
Exposed -low half 28 o 1.08 0.00 0.0015 0.00 2.88B
Exposaed - top half 18 2 1.02 1.98 1.58 0.28 8.89

C33 Unexposed 1] 6 B.41 1.11 0.82 0.38
Exposed -low half az 1 1.69 0.59 0.45 005 4.03
Exposed - top half £ 31 1 1.73 0.58 0.44 0.05 3.87

confinuead..
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