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Abstract
Objectives-To evaluate the risk of having
a child with a congenital anomaly in rela-
tion to occupational exposure to low level
ionising radiation in the pre-conception
period.
Methods-A case-control study based on
the Canadian congenital anomalies regis-
try used record linkage techniques to
identify congenital anomalies among male
and female workers in Canada's largest
electric company. Cases were defined as
parents of a child with a congenital
anomaly born between April 1979 and
December 1986 who had a congenital
anomaly diagnosed within the first year of
life. Controls were an individually
matched sample of parents of a liveborn
child without an anomaly. Risk ofcongeni-
tal anomaly was assessed in relation to
parental exposure to ionising radiation
acquired through work within a nuclear
generating station of an electric power
company. Exposure was assessed accord-
ing to employment, whether or not the
worker was monitored for radiation expo-
sure, and quantitative estimates of radia-
tion dose.
Results-Employment within the electric
power industry was not associated with an
increased risk of congenital anomalies in
the offspring of mothers or fathers. Risk
estimates for workers monitored (those
who are likely to be exposed to ionising
radiation) were 1.75 (95% confidence
interval (95% CI) 0.86 to 3.55) for mothers
and 0.84 (95% CI 0.68 to 1.05) for fathers.
Exposure for fathers before conception,
defined cumulatively and for six months
before conception, was not associated with
increased risk of anomalies in their off-
spring. There were no significant in-
creases in risk found between type of
anomaly and any measure of exposure,
although the statistical power in these
groups was limited. The study had insuffi-
cient numbers to evaluate the effects of
ionising radiation in mothers as only three
mothers had recorded doses >0 mSv.
Conclusions-Overall, workers in a nu-
clear power industry, and specifically
those exposed before conception to low
levels of ionising radiation, do not appear
to be at an increased risk of having a live-
born child with a congenital anomaly.

(Occup Environ Med 1997;54:629-635)
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The cause of most congenital anomalies is
unknown and their pathogenesis is not well
understood.' Those factors which have been
established as causing congenital anomalies
include: single gene disorders, chromosomal
aberrations, multifactorial causes, and discrete
environmental teratogens.' Occupational or
environmental exposures might be implicated
in any of these causal roles.
The possibility that hazardous exposures

which parents may receive at work could cause
adverse reproductive outcomes is a topic of
growing interest. Increasingly there are de-
mands on the part of both the public and
workers to know whether reproductive risks
exist and to assess their impact. Concerted
efforts are being made in many countries to
ensure that occupational health policies for
workers consider possible risks for their
offspring.3
Although earlier research was primarily lim-

ited to prenatal exposures in the mother, there
has been increasing focus in the epidemiologi-
cal literature on exposures received in the
period before conception, and especially to
those of the father.4' Evidence from laboratory
studies indicates that defects in offspring can
arise from mutagenic exposure of the
father.'1" Paternal contributions to birth
defects can occur as a result of direct gene
mutation and chromosomal mutation, or
through alterations in the seminal fluid trans-
mitted to the mother.'2 It is known that
radiation has the potential to adversely affect
cells, particularly the DNA.'3 Damage to the
DNA is more likely to occur during periods of
meiotic division than during periods of inactiv-
ity. It has therefore been suggested that men
may be at higher risk than women for germ cell
damage from radiation as spermatogonia
undergo multiple mitotic divisions from the
time of sexual maturity.'4

Studies evaluating the effects of exposures to
ionising radiation and reproductive outcomes
in humans, specifically congenital anomalies,
are very limited. Congenital anomalies consid-
ered together are an indication of underlying
genetic defects. About half of congenital
anomalies in a population based registry were
found to have a genetic aetiology."5 For the past
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50 years, considerable effort has been made to
identify genetic effects of the atomic bombs by
studying chromosomal abnormalities, germi-
nal mutations altering protein electrophoresis,
and more recently germinal mutations de-
tected at the DNA level.'6 17 These studies have
failed to show an increase in germinal muta-
tions in atomic bomb survivors.'8
However, it has been reported that children

born to atomic bomb survivors, conceived on
average about five years after the bombings,
had an increased, but not significant, risk of a
major congenital malformation, stillbirth, and
neonatal death with increasing levels of paren-
tal exposure to ionising radiation.'

Recently an increased germinal mutation
rate was found at the DNA level in families
exposed to caesium-137 surface contamination
after the Chernobyl nuclear power station
accident.20 Although differences between the
types of radiation exposure from the atomic
bomb and Chernobyl accidents and the appro-
priateness of the selected group for comparison
may account for the conflicting results, such
data suggest a reconsideration of the genetic
effects of ionising radiation.2
On the other hand, little information is avail-

able for chronic low level exposures, which are
more representative of contemporary expo-
sures. Few studies have used direct quantitative
measures of exposure to radiation. Sever et a12'
examined the risk of congenital malformations
and exposure to radiation before conception
among employees in a plutonium and electrical
energy production plant. Although no associ-
ation was found between maternal exposure
before conception and the different birth
defects, paternal exposure before conception
was significantly related to risk of neural tube
defects.
An increased prevalence at birth of central

nervous system defects and Down syndrome
was found to be associated with the highest
concentrations of airborne tritium released in
the vicinity of one nuclear plant in southern
Ontario.23 Inconsistencies related to the expo-
sure data, testing for multiple hypotheses, and
the ecological design of the study were cited by
the authors as reasons for cautious
interpretation of the findings.23 The possibility
of an association between chromosomal non-
disjunction and maternal radiation before con-
ception has been studied for decades with over
a dozen studies showing a positive association
but most failing to reach significance.24
The present case-control study was carried

out to evaluate the risk of congenital anomalies
in the offspring of parents employed within an
electric power company (Ontario Hydro). This
company has been responsible for nuclear
power generation for the province of Ontario
since 1962. Risk of congenital anomalies was
assessed from radiation exposure derived from
dosimetric measurements and surrogates of
this exposure. The case-control design was
used as this enabled the same information to be
assessed as in a cohort design, but with greater
economy of effort.

Methods
Cases and controls were identified as part of a
previously completed study by Dodds et al.25
The figure shows the data sources for this
study. Cases were ascertained from the Cana-
dian congenital anomalies surveillance system.
This is a population based registry of all
congenital anomalies diagnosed during the first
year of life. In Ontario, the congenital anomaly
diagnoses were based on discharge reports
from hospital admissions, reports of birth, and
death certificates for children under one year of
age. The selection of case parents was accord-
ing to the criteria: child born in Ontario
between 1 April 1979 and 31 December 1986,
mother resident in Ontario at time of birth of
the child, child was liveborn, child had at least
one diagnosis with international classification
of diseases (ICD-9) congenital anomalies
rubrics 740.0-759.9.26 A maximum of 15
separate diagnoses of congenital anomalies are
recorded for each child. One control parent per
case was randomly selected from Ontario birth
registrations and matched according to the cri-
teria: year of birth of the child, birth order of
the child (first, second to third, and fourth or
greater), exact maternal age (according to birth
year), marital status of mother (single versus
not single), and birthplace ofeach parent (born
in Ontario versus not born in Ontario). Parents
who were resident outside of Ontario at the
time of the index birth and adoptive parents
were excluded. To avoid the problem of corre-
lated exposure information among the sub-
jects, parents were only included once even if
they had more than one child during the study
period. Information from the first birth which
occurred during the study period was used,
regardless of whether a case or control.
A total of 45 200 case-control sets were

identified for the mothers and 41 158 case-
control sets were identified for the fathers.
There are about 9% fewer fathers than mothers
because fathers are not always named on the
birth certificates-for example, in the case of a
single mother.
The case and control parents were then

linked with a stepwise set of computer linkages
based on a probabilistic linking model27 28 with
a cohort of 32 975 men and 9507 women who
worked for Ontario Hydro. This cohort repre-
sented employees with at least 12 consecutive
months of employment at Ontario Hydro dur-
ing the period 1978-86 inclusive. The inclu-
sion criterion of 12 consecutive months of
employment was imposed because the com-
pany did not require complete retention of
records for employees who worked less than 12
months. As the accuracy and completeness of
the record linkage process depended on
personal identifiers being present, the group
where these identifiers might be incomplete
was excluded. To resolve any uncertainties on
possible matches between the case-control sets
and the employee cohort, additional personal
identifiers were obtained from company
records.
For men, the period of aetiological interest is

before conception. The date of conception was
determined by subtracting gestational age from

630

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.54.9.629 on 1 S

eptem
ber 1997. D

ow
nloaded from

 

http://oem.bmj.com/


Risk of congenital anomalies in children ofparents occupationally exposed to low level ionising radiation

the date of birth for the child of the case or
control parent. A comparison was made
between date of hire with the company and
date of conception. If the date of conception
preceded the date of employment, these
parents were excluded. For women, the periods
of interest included employment before con-
ception as well as employment during preg-
nancy.

In accordance with legislative requirements
for regulatory control,29 all workers whose
exposures to ionising radiation may exceed the
dose limits for the members of the general
public are monitored and dose records are
retained. Radiation doses acquired before
employment with Ontario Hydro are collected
and are added to those doses received during
employment with Ontario Hydro.'0 Doses were
estimated by methods and measuring devices
used for personal monitoring calibrated in
accordance with the specifications of the
Atomic Energy Control Board of Canada.

Detailed dose information is kept for exter-
nal whole body dose (which includes any neu-
tron dose), external skin dose, and internal
dose (primarily from uptakes of tritium) which
are the most common exposures associated
with work in the nuclear power generation sec-
tor. For the years 1962-76, radiation doses
from x rays, y rays, and fi rays were monitored
with a film badge. From 1976 to the present,
doses of x rays, y rays, and fi rays were
monitored with a thermoluminescent dosim-
eter. Internal dose, reflecting the internal
uptake of radionuclides, mainly tritium, was
measured with urinary bioassay.
The risk of congenital anomalies was deter-

mined for three main types of exposure:
employment with Ontario Hydro, monitoring
status (those employees monitored in accord-
ance with regulatory requirements), and quan-

titative estimates for radiation dose. For the
quantitative estimates, three periods of aetio-
logical interest were evaluated: total whole
body dose before conception, whole body dose
six months before conception, and tritium dose
60 days before conception. The six month
period allowed comparability with the study of
Gardner et aPl' in which an excess risk of child-
hood cancer was found among offspring of
parents occupationally exposed to ionising
radiation and which was more pronounced in
the period six months before conception. The
60 day period corresponded with the period of
human spermatogenesis."

Congenital anomalies may be multiple in
expression and may have diverse aetiologies. As
many as 15 anomalies per child coded to
ICD-9 were recorded. A child with more than
one anomaly was counted in more than one
ICD group in the analyses according to ICD
category.
To categorise anomalies according to their

possible aetiology, a hierarchical system devel-
oped by Baird et atP5 was used to establish
aetiological groupings. The assignment of
aetiological groupings based on ICD codes was
carried out by a geneticist (DMT) who was not
aware of the employment or exposure status of
the parent. Each child was assigned to one of
the aetiological groups in the following hierar-
chy: single gene disorders (autosomal domi-
nant, autosomal recessive, X linked), chromo-
somal (autosomal and X chromosomal),
multifactorial, genetic (unspecified), and un-
known. This hierarchical system ensured that
cases were not counted more than once and
also permitted comparisons with other
work.'5 25

Because the mechanisms by which ionising
radiation might affect the risk of congenital
anomalies is different for offspring of men and

Identification of children in Ontario with a congenital
anomaly diagnosed before age 1 year, from Canadian congenital

anomalies surveillance system

Computerised record linkage between anomalies registry and Ontario
birth certificates

Cases: parents of children with a
congenital anomaly identified from child's

birth certificate
I

Controls: parents of children without a
congenital anomaly selected from

birth certificate file

Additional identifying data on parents abstracted from
original birth certificates and added to case control file

Computerised record linkage between
case-control file and Ontario Hydro cohort

Case and control parents with Ontario Hydro employment

Occupational exposure to ionising radiation determined from
Ontario Hydro radiation dose information system

Sources of data.

r-

I~~ -.
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Table 1 Exposure informationforfaes* according toperiod before conception

Exposure Cases Controls

Employed but not monitored for radiation exposure 189 247
Monitored for radiation exposure, recorded dose = Ot 63 53
Monitored for radiation exposure, recorded dose > 0 (mSv)t:

Cumulative whole body dose before conception:
Number of employees 89 126
Mean (SD) dose 39.9 (64.4) 38.7 (58.9)
Dose range 0.04-262.1 0.10-307.0

Whole body dose six months before conception:
Number of employees 65 73
Mean (SD) dose 3.6 (4.5) 3.6 (4.1)
Dose range 0.05-18.2 0.01-17.4

Cumulative tritium dose before conception:
Number of employees 74 97
Mean (SD) dose 16.9 (27.2) 14.4 (23.9)
Dose range 0.02-107.2 0.03-137.9

Tritium dose received 60 days before conception:
Number of employees 51 53
Mean (SD) dose 0.4 (0.5) 0.5 (0.6)
Dose range 0.01-2.8 0.02-2.8

*Only three mothers had a non-zero dose.
tDose refers to that received at Ontario Hydro from date of hire to date of conception including any dose reported at the time of
hire by Ontario Hydro.

women, fathers and mothers were analysed
separately. The closeness of the matching
together with the type of records (birth
registrations) from which the data for this study
were gathered limited the number of variables
available for evaluation as possible risk factors
or confounders. Other than the matching vari-
ables, history of stillbirth" and paternal age'4
were the only available variables which might
be predictive of risk of congenital anomaly. As
the data were collected with a matched
case-control design, the standard McNemar
test" and conditional logistic regression" were
used for the analysis. Maximum likelihood
estimates for odds ratios (ORs) were calculated
with SAS for matched pairs that were discord-
ant for the exposure of interest in the parent.
The method ofMiettinen was used to calculate
the 95% confidence interval (95% CI).`7

Results
A total of 763 pairs of case-control fathers and
165 pairs of case-control mothers were identi-
fied in which at least one parent had employ-
ment at Ontario Hydro. For fathers, four pairs
were concordant for employment with Ontario
Hydro-for example, both case and control
had been employed with Ontario Hydro.
Analysis of all anomalies combined showed no
evidence of increased risk in relation to
employment of the parents at Ontario Hydro
(for men, OR 0.79, 95% CI 0.69 to 0.92; for
women, OR 0.94, 95% CI 0.69 to 1.28).
As a surrogate of exposure to ionising radia-

tion, monitoring status was examined in
relation to congenital anomalies in the off-
spring. A monitored worker may be expected to
have exposure to ionising radiation greater than
that which would normally be experienced by
members of the general public. A monitored
worker is not necessarily synonymous with an
exposed worker. There were 149 pairs where
the case father was monitored for exposure to
radiation and the control father was not and
177 pairs where the case father was not moni-
tored and the control father was. The analysis
of these discordant pairs gave an OR of 0.84
(0.68 to 1.05). For mothers, the corresponding
OR was 1.75 (0.85 to 3.55) which was based

on substantially fewer discordant pairs, 21
pairs where the case mother was monitored
and the control mother was not and 12 pairs
where the case mother was not monitored and
the control mother was.
For fathers, more detailed analyses were car-

ried out according to radiation dose and period
before conception. Table 1 shows exposure
information relating to dose and period before
conception. Of the 331 workers who were
monitored for exposure to radiation, 35% had
a recorded dose of zero mSv. The categories of
zero dose and no exposure opportunity were
combined to form the control exposure vari-
able in the conditional logistic regression mod-
els. Regulations in effect during the study
period were such that few women worked in
areas where radiation exposure would be
expected. It was not possible to conduct this
level of analysis for the mothers because only
three mothers (two cases, one control) had
recorded radiation exposure >0 mSv.

Table 2 shows adjusted ORs, according to
aetiological subgroups, and father's whole
body dose, and tritium dose for specified peri-
ods before conception. With the exception of
the risk estimate for anomalies classified as
having a multifactorial aetiology, which did
attain significance for cumulative exposure
only (OR 0.61, 95% CI 0.42 to 0.90), the ORs
for specific aetiological groups were not signifi-
cantly different from unity. Risk estimates for
chromosomal anomalies were above unity, but
wide CIs indicate the instability of the
estimates which are based on few discordant
pairs.

Adjusted ORs, ICD groupings, father's
whole body dose, and tritium dose (table 3),
were also not significantly increased or re-
duced, with the exception of anomalies of the
circulatory system which showed a significantly
reduced OR for cumulative exposure only
(0.51, 95% CI 0.27 to 0.95) and musculo-
skeletal anomalies which showed a reduced OR
of borderline significance (0.62, 95% CI 0.38
to 1.01). Odds ratios above unity (not signifi-
cant) were found for chromosomal anomalies
for fathers who had a recorded dose greater
than zero either six months or 60 days before
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Table 2 Adjusted ORs (95% CIs) for aetiological groups of congenital anomalies according to dose* and radiation exposure offathers during the period
before conception

Cumulative whole body dose before
conception Whole body dose 6 months before conception Tritium dose 60 days before conception

Aetiological group Discordant pairst OR (95% CI) Discordant pairs OR (95% CI) Discordant pairs OR (95% CI)

Single gene disorders 0/3 - 0/0 - 0/0
Chromosomal disorders 4/4 0.97 (0.24 to 3.91) 3/2 1.46 (0.24 to 8.80) 3/2 1.46 (0.24 to 8.80)
Multifactorial§ 43/70 0.61 (0.42 to 0.90) 31/37 0.92 (0.56 to 1.50) 28/28 1.13 (0.66 to 1.94)
Genetic, unspecified 13/14 0.93 (0.44 to 1.98) 8/10 0.83 (0.33 to 2.12) 6/8 0.80 (0.27 to 2.32)
Unknown§ 28/34 0.80 (0.48 to 1.32) 22/23 0.91 (0.50 to 1.65) 14/15 0.84 (0.40 to 1.76)
Total 88/125 0.72 (0.55 to 0.95) 64/72 0.90 (0.60 to 1.27) 51/53 0.99 (0.67 to 1.47)

* Dose >0 v dose = 0 or not exposed.
tCase exposed, control not exposed, or case not exposed, control exposed.
jAdjusted for father's age only.
§Adjusted for father's age and history of stillbirths.
-Could not be calculated.

conception, but the estimates were based on

small numbers with wide 95% CIs (table 3).
There was a tendency in several ICD groups of
anomalies for the ORs to increase for the
period closest to the date of conception but all
were accompanied by wide 95% CIs, of which
none were significant at the 5% level.

Discussion
We found no evidence of a significantly
increased risk for fathers having a liveborn
child with a congenital anomaly after occupa-

tional exposure to radiation in the period
before conception. Congenital anomalies do
not all share the same aetiological factors and
combining all anomalies together may dilute
the risk that ionising radiation may have on

some specific anomalies. However, analyses
according to subgroups, defined by possible
aetiology or by anatomical ICD rubrics, also
showed no evidence that fathers with exposure
to ionising radiation were more likely to have a

child with a birth defect. There is not sufficient
evidence from this study to suggest whether
this relation is causal or not. Further studies
with larger numbers are required to confirm or

rule out this relation.
For mothers, the opportunities for exposure

during the study period were minimal as

dictated by regulatory requirements, and
hence, the data for mothers were limited. The
available data indicated, as was shown for
fathers, no significantly increased risks of hav-
ing a child with a congenital anomaly relative to
employment or monitoring status. The non-

significant increase in risk for mothers who
were monitored might be explained by chance
alone. In this study we did not have the power
to fully explore the relation between exposure

to ionising radiation in mothers and congenital
anomalies in their offspring, but the suggestion
of an increased risk among those who were

monitored may warrant further study.
Calculations carried out at the end of the

work38 indicated a statistical power of over 80%
to detect a 1.5 increase in risk for all anomalies
combined among fathers relative to their expo-
sure before conception. However, the statistical
power was greatly reduced in the analyses for
mothers and by aetiological subgroups for off-
spring of fathers and hence a true association
might have been missed because of this.
The design of this study provided distinct

strengths in the evaluation of risks of congeni-
tal anomaly potentially associated with expo-
sure to ionising radiation. There is no known
reporting bias in the population based registry
from which the cases were ascertained. The

acquisition of dosimetric measurements of
exposure to radiation with record linkage tech-
niques and no direct contact with study
participants, obviated any possibility of recall
bias, which can compromise the validity of
studies examining a health outcome of rela-
tively high emotion and an earnest desire to
understand the cause.

The measurement of exposure to ionising
radiation was blind to case-control status and
thereby avoided any possible bias in exposure
assessment. Quantitative dose estimates were

Table 3 Adjusted ORs (95% CIs) for ICD groupings of congenital anomalies according to dosed and radiation exposure offathers during the period
before conception

Cumulative whole body dose before
conception Whole body dose 6 months before conception Tritium dose 60 days before conception

ICD group Discordant pairs OR (95% CI) Discordant pairs OR (95% CI) Discordant pairs OR (95% CI)

Nervous system 6/7 0.99 (0.32 to 3.08) 5/5 1.23 (0.33 to 4.63) 5/4 1.65 (0.39 to 6.94)
Facialregion§ 4/3 1.43 (0.29 to 7.04) 3/2 1.74 (0.24 to 12.65) 3/2 1.74 (0.24 to 12.65)
Circulatory system* 15/30 0.51 (0.27 to 0.95) 11/12 0.86 (0.38 to 1.98) 11/9 1.14 (0.47 to 2.81)
Respiratory system 6/5 1.38 (0.37 to 5.07) 4/3 1.20 (0.26 to 5.59) 3/1 2.71 (0.27 to 27.05)
Cleft palate or lip* 4/3 1.17 (0.25 to 5.57) 2/2 0.93 (0.13 to 6.82) 1/1 0.96 (0.06 to 15.42)
Digestive system 12/16 0.78 (0.36 to 1.67) 10/3 0.80 (0.34 to 1.88) 6/9 0.74 (0.26 to 2.17)
Genitourinaryt 16/17 0.91 (0.38 to 2.20) 12/11 0.95 (0.34 to 2.64) 10/9 1.04 (0.32 to 3.36)
Musculoskeletal§ 28/46 0.62 (0.38 to 1.01) 21/24 0.88 (0.48 to 1.61) 16/18 0.90 (0.45 to 1.80)
Integumentt 8/12 0.65 (0.26 to 1.61) 5/11 0.46 (0.16 to 1.35) 4/8 0.52 (0.16 to 1.75)
Chromosomal anomaliest 4/4 0.97 (0.24 to 3.91) 3/2 1.46 (0.24 to 8.80) 3/2 1.46 (0.24 to 8.80)

*Dose >0 v dose = 0 or not exposed.
tCase exposed, control not exposed, or case not exposed, control exposed.
4Adjusted for father's age.
§Adjusted for father's age and history of stillbirths.
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assigned in advance of the outcome occur-
rence, having been previously documented in
accordance with independently determined
regulatory guidelines and controls which estab-
lish standards of accuracy.

In this study, it was expected that availability
of personal identifiers from employment
records would contribute to the accuracy of
case and control ascertainment through the
population based records as record linkage
techniques were used. Whether this accuracy
has indeed been optimised might be ques-
tioned in the light of several estimates of risk
which were below unity. There was, at the start
of the study, no reason why exposure to ionis-
ing radiation should be associated with a
reduced risk of anomalies, unless this exposure
selectively decreased fertility (reduced ability
to conceive among parents who would have
been more likely to have a fetus with a
congenital anomaly or increased spontaneous
abortions or stillbirths among fetuses with an
anomaly). Therefore, it is possible that the
stringent criteria used for linkages might have
contributed to an underascertainment of a few
cases although it would not likely be differential
to case-control status.

Limitations of the study relate to incomplete
control for possible confounders. However, the
closeness of the matching in the study design
did control for several possible confounders.
Information relating to medical history of the
parents was not available and therefore, we
were unable to account for the possible role of
maternal illnesses before and during preg-
nancy, relevant family medical history, repro-
ductive history, or socioeconomic status. The
analyses pertaining to aetiological subgroups
were further limited by the availability of only
four digit ICD-9 codes making it difficult to
assign aetiology with certainty. For this reason,
many anomalies had unknown aetiology or
unspecified genetic aetiology. However, in
studies of congenital anomalies, it is important
to group together anomalies with common
aetiology. Seldom will studies be large enough
to have the power to analyse any single
anomaly.
This study is confined to those congenital

anomalies in liveborn infants resulting from
"successful conceptions" and pregnancies and
therefore, is restricted to a subset of fertile
mothers and fathers. It was not possible for this
study to consider if ionising radiation compro-
mises fertility in any way. The lack of an effect
in liveborn children may be the result of
increased effects of other adverse reproductive
outcomes. However, because the selection of
controls took parity into account, and by doing
so provided some control for fertility, it is
unlikely that this factor constitutes a major
limitation.
The epidemiological evidence to which these

findings could be related is sparse. The findings
reported here do not correspond with those
reported by Sever etal,22 one of the few studies
that used quantitative individual measure-
ments of exposure to radiation. They found an
increase in neural tube defects related to expo-
sure of fathers to ionising radiation before con-

ception. The ecological design of the study by
Johnson and Rouleau," who found an increase
in Down's syndrome relative to tritium releases
from nuclear power generating stations causes
difficulties in interpretation of the results at the
individual level, and in relating the findings to
those from studies such as this one.
The present study is unique in its examin-

ation of the possible role of exposure to
ionising radiation before conception as we used
existing individual dosimetric exposure records
and a population based birth defects registry.
Although workers involved in the generation of
nuclear power receive higher exposures of ion-
ising radiation than environmental exposures
which might be received by members of the
public, the absence of a significantly increased
risk of having a child with a congenital anomaly
in fathers exposed to radiation within an occu-
pational setting suggests that a public health
risk is unlikely.
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