
A Review of Radiation Hazards with

Special Reference to Diagnostic Radiology

Introduction
THE QUESTION OF radiation hazards has aroused
public interest recently, as a result of publicity
in the local press and the international controversv
surrounding the French nuclear tests in the South
Pacific. In view of the increasing clinical appli-
cations of ionising radiation, it is also important
that doctors should have more than a casual know-
lcdge of its potential dangers. It is felt thercforc
that a brief review of the subject will bc timely
and of general medical interest.

Exposure to radiation is by no mcans a ncrv
environmenta'l hazard,, since man has constantly
been exposed to natural background radiation, both
from cosmic rays and from raclioactive material in
the ground. But it is with 'man-made' radiation,
and in particular medical radiation, with which we
are concerned. A survey by the Medical Research
Council of Britain (1960) revealed that the largest
contribution to man-made radiation came from
diagnostic radiology. This is not at all surprising
because of the widespread availability of diagnostic
radio-logical facilities and the frequent indications
for their use.

For many ycars it has bcen known that radiation
can produce deleterious cffects in man. In the
carly days following the discovery of x-rays, the
hazards of radiation were not appreciated and no
prccautions were taken to reduce occupation expo-
sure. For instance, it was common for radiologists
to test their x-ray beams by interposing their hands
between the tube and a fluorescent screen (Stern
and Lewis, 1970). This highly dangerous practice
sometimes led to intractable skin burns and years

by A. H. ArB
ryI.B.!.S. (S'pore), D.M.R.D.(Eng.), F.F.R. (London)
Associate Professor and Head,
Department of Radiology,
Faculty of Medicine,
University of Malaya,
Kuala Lumpur.

latcr to malignant _growths. Kerley (1961) analyscd
the causes of death amongst the early x-ray matyrs
and reported that the great majority died from
chronic radio-dermatitis and secondarv malignant
change. Other studies (Court Brown and 'boll,
1957; MacMahon, 1962) have shown that radiation
may induce leukaemia.

Biological Effects of Ionising Radiation
These may be broadly divided into: (l) somatic

effects, i.e., those which directly affect the irradiated
individual and (2) genctic cffccts, i.c., the cffects
on germ cells which may be transmitted to the
progeny of the irradiated individual.

(1) Somatic Effects
Somatic effects may be acute or delayed.

(u) Acute Effects
These follow exposure to high doses

and are manifest within a few wecks of
the exposure. The effects are dose-
dependent. The most sensitive change
is a reduction in the lymphocyte count,
which may occur with 25 rads of whole
body exposure. Symptoms of the acute
radiation syndrome become apparent with
doses above 100 rads. Other effects in-
cludc skin reactions, epilations, temporary
sterility, and depression of the bonc marrolr,.
The lethal dose for man is in the range
of 400 to 800 rads delivered to the entiie
body, death occurring from irrcvcrsible
damage to the blood-forming organs (400
to 7200 rads), intestinal gangrene (1200
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to 2000 rads) and central nervous system
injury (above 2000 rads). These acute
effects have been observed mainly in
nuclear accidents and explosions, and
will not occur with diagnostic x-ray ex-
posure, where the absorbed doses range
from a few millirads to perhaps 10 rads
limited to a small part of the body.

(b) Delayed Effects
These may occur years after a single

exposure to a large dose (as in nuclear
accidents) or after chronic exposure to
repeated smaller doses (as in occupational
exposure). Delayed somatic effects in-
clude: (i) the induction of cancer; (ii) the
production of developmental anomalies in
the foetus; (iii) a non-specific reduction in
life span; (iv) other effects, such as cataracts.

(i) (i) Induction of Cancer

A wide range of experiments
with animals and observations on
man provide convincing evidence that
ionising radiation can cause cancer
(International Commission on Radio-
logical Protection, 1966). The most
detailed studies relate to the induction
of leukaemia.

Leuhaemia
Studies of atomic bomb sur-

vivors and of patients irradiated
for ankylosing spondylitis have
shown that radiation exposure
to high doses above 100 rads
may result in leukaemia. The
induction period has varied from
about 15 months to 15 years.
Only acute leukaemia and to a
lesser extent chronic myeloid leu-
kaemia have been induced in
man. It has not been established
that leukaemia in either children
or adults can be caused through
exposure to the small doses used
in diagnostic radiology (Webster,
l97l). There is however some
evidence that leukaemia and other
malignancies may develop post-
natally after foetal exposure to
these low doses (Stewart, Webb
and Hewitt, 1958; MacMahon,
1962). The magnitude of the
increased risk from leukaemia
is indicated by the following
figures. The risk of childhood

leukaemia before age i0 is 44
per 100,000 in the absence of
pre-natal x-rays, and 62 per
100,000 following pre-natal x-ray
exposure. Thus about 30 per
cent of the childhood leukaemia
that develops in children who
have been irradiated in utero
appears to be attributable to the
radiation. A typical foetal dose
from a pelvimetric examination in
the studies just mentioned was
probably 2 to 3 rads. Hence
the number of cases of leukaemia
per million irradiated foetuses
per rad is estirnated to be 60 to 90.

There is no conclusive evi-
dence of any relationship between
current levels of occupational
exposure and leukaemia. A study
of causes of death amongst British
radiologists (Court Brown and
Doll, 1958) revealed no increased
incidence of leukaemia or other
cancers in those entering radiology
subsequent to 1920, when the
first radiation protection regula-
tions came into force.

Other Cancers
Radiation is known to cause

other malignancies in man. These
include thyroid carcinoma follow-
ing doses of over 100 rads to
the thyroids of infants and children
(Conti, Patton, Conti and Hem-
pelmann, 1960; Latourette and
Hodges, 1959; Saenger, Silver-
man, Sterling and Turner, 1960);
bone sarcoma amongst employees
in the luminising industry; bron-
chial carcinoma amongst cobalt
and radium miners who were
exposed to radioactive matter in
the form of radon; and skin
cancers in early radiation workers.
In all these instances the expo-
sures involved were well in excess
of the present-day diagnostic
range.

(ii) Deaelopmental Anomalies
The Russels (1952) have shown

that in experimental mice doses of
25 rads or more produced demon-
strable changes in the foetus. It
appears that irradiation before im-
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plantation tends to produce death of
the foetus; during the period of major
organogenesis (2 to 6 weeks in humans)
it tends to produce malformations
and neonatal death, rather than pre-
natal death. In man, different abnor-
malities have been attributed to irra-
diation. Children exposed to irra-
diation in utero from the Hiroshima
and Nagasaki bombs showed an
abnormaly high incidence of micro-
cephaly and mental retardation.
Lejeune, Turpin Rethore and Mayer
(1960) found a significant excess of
heterochromic wedges in the iris of
children who had been irradiated
in utero. Whether any abnormalities
can be produced by doses of the
order of those given in the course of
diagnostic radiography is uncertain,
but caution dictates that any radiation
exposure of the maternal abdomen
during pregnancy should as far as
possible be avoided.

(iii) Non-specific Reduction in Life-span

In addition to causing death from
cancer there is some evidence that
radiation may have a non-specific
effect in reducing the life-span of
experimental animals, exposed to large
doses. But there is conflict of opinion
about whether this effect is produced
with lower doses, given either acutely
or spread out over many weeks.
Human data bearing on the problem
are few. Court Brown and Doll
(1958) in their study of British radio-
logists found no evidence of shortening
of life span. Other studies quoted
by Henry (1969) have shown that in
fact radiologists have a somewhat
increased longevity as compared with
either physicians as a whole or the
general population. In the light of
experimental evidence, this observation
may not be entirely fortuitous a.nd
may have rather interesting impli-
cations. It has been demonstrated
in animal experiments that while
exposures of more than 10 rads per
duy resulted in shortening of life
span, smaller doses of the order of
5 rads per day led to increased longe-
vity.

(iv) Other Effects

Cataracts have been observed
following doses of x and gamma rays
above 200 rads and a latent period of
about 10 years. Interference with
skeletal development in children like-
wise requires large doses beyond'the
diagnostic range. While gonadal ex-
posures of about 200 rads may cause
temporarv sterility, those above 600
rads may lead to permanent sterility.

(2) Genetic Effects
The genetic risks of radiation, especially

from small doses, are much more difficult to
evaluate than somatic risks, and the subject is
one of great complexity.

The following is a summary of some basic
observations in the light of current knowledge.

(1) Radiation can produce rnutations in
experimental animals. However, no
new mutations have been produced.

(2) The relative frequency .of - 
various

recognised genetic lesions is the same
for radiation induced and sponte-
neously occurring mutations.

(3) 30 to 80 rads is the most probable
range of the dose which would double
the spontaneous mutation rate in
man (doubling dose). Therefore gene-
tecists recommend that the dose to
the general population from man-
made radiation should not exceed
10 rads per generation.

(4) There appears to be no threshold
for the production of mutations, i.e.
regardless of how low the exposure
level some mutations will be produced.

It is clear that any irradiation to the gonads
should be avoided wherever possible, or when
dictated by clinical necessity, kept to the absolute
mlnrmum.

Summary of Radiation Hazards from Diagnostic
Radiology

From the data we have considered, the hazards
from diagnostic radiology can be summarised as
follows:

(1) Irradiation to the unborn foetus can lead
to leukaemia and other childhood malig-
nancies.
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(2\ Foetal exposure in early pregnancy may
be associated with developmental anomalies.

(3) Pre-conceptional irradiation may produce
genetic damage in the children subsequentlv
born. Gonadal irradiation of males ma1'
also carry a very small risk of genetic
abnormalities in their progeny.

(4) There is no conclusive evidencc of a rela-
tionship between diagnostic radiation re-
ceived postnatally and development of
malignant disease or shortening of life-
span, in the irradiated individual.

Radiation Hazards in PersPective
While we should all be aware of the possible

harmful effects of radiation, any discussion of radia-
tion hazards may be misleading if due emphasis
is not also given to the beneficial effects of many
proccdures that involve radiation exposure. The
hazards of radiation should also be considercd in
relation to other man-made environmental hazards
such as atmospheric pollution, automobile accidents,
drugs, chemicals, and cigarette smoking. No one
would seriously suggest that the use of x-rays and
other ionising radiation in medicine should be banned
because of their potential dangers. For it is beyond
dispute that the appropriate medical use of radiation
in diagnosis and therapy far outweigh the hazards,
and indeed modern medical care would be incon-
ccivable without proper radiological facilities. What
is important is that there should be adequatc control
and supervision of all radiation sources, adequate
protection of staff and patients, and not least a proper
understanding on the part of doctors of the indica-
tions and limitations of various radiological pro-
cedures.

Control of Radiation Sources and Protection
of Staff

Detailed recommendations and procedures have
been laid down by international bodies such as the
International Commission for Radiological Pro-
tection, the International Atomic Dnergy Agency
and the World Health Organisation, with regard to
maximum permissible doses, safety standards for
equipment, medical surveillance of radiation workers
and other protective measures. These are mainly
of interest to those who have administrative rcspon-
sibility for radiation protection in institutions and
are beyond the scope of our discussion.

Protection of the Patient - The Role of the
Medical Practitioner

It is primarily the responsibility of doctors to
safeguard the patient from the over-enthusiastic or
inappropriate use of radiation, particularly in diag-

nostic radiology. The role of the radiologist in
education, in ensuring high standards of safety
and quality in radiological techniques, and in being
vigilant against unnecessary or ill-advised requests
for radiological investigations is obvious. But the
co-operation of his other clinical colleagues is equalll.
important, and the routinc observance of a few
elementary precautions can be of tremendous help.
It is suggested that every doctor should ask himself
the following questions before referring any patient
for an x-ray examination.

(1) Is the examination essential to the manage-
ment of the paticnt? In considering this,
special care should be exercised in the
case of pregnant patients, and in examina-
tions of the abdomen, pelvis and hips
where some gonadal irradiation is inevitable.
If thc answer to the question is no, the
examination can only rarely be justified.
Exceptions to this are: (a) chest radiographs
for routine medical examinations and
(b) skull x-rays following head injury
which may be required for medico-legal
purPoses.

(2) What is the most appropriate examination
in the light of the provisional clinical
diagnosis ? In case of doubt, one should
ncver hesitate to consult one's radiological
colleague. Providing adequate clinical in-
formation on thc request form will also
enable thc radiologist to decide whether
the procedure requested is indicated, and
if not to suggest an alternative. This inter-
departmental communication should be
encouraged and will help to ensure that
the best diagnostic information is invariably
obtained for each radiation exposure of
the patient.

(3) In the case of young female patients, is
the patient pregnant. The referring clini-
can is in the best position to ascertain
this, as inquiry into the last menstrual
period could be easily included as part of
the routine medical history. There appears
to be a case for observing the 'ten dav
rule' (Rugh, 1968; Hoare, 1968). This
states that all radiation exposures of the
pelvis of the female of reproductive capacitv
should be limited to the first 9 or 10 days
after onsct of menstruation, unless such
exposure is of immediate importance for
proper medical diagnosis or therapl'.
In this way the exposure of an unrecognised
pregnancy during the period of greatest
radiosensitivitv can be avoided.
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Conclusion
(1) The risks from diagnostic radiology are

small but it is wise to assume that any
radiation, no matter how low the dose, is
potentially harmful, especially in its possible
genetic effects.

(2) Irradiation of the unborn foetus is parti-
cularly hazardous and should be avoided
except in the presence of over-riding clinical
indications.

(3) Although all reasonable precautions should
be taken to see that patients are not un-
necessarily irradiated, one should not
forgo a radiological examination whenever
this is judged after due consideration to
be in the best interests of the patient.

Acknowledgement
I thank Nliss Janet Low for her secretarial

assistance.

References
1. Ardan, G.NI. and Crooks, H.E. (1964). The Dose

from Diagnostic X-ray Procedures. In Recent
Advances in Radiology, ed.T.Lodge. London: J. &
A. Churchill Ltd.

2. Conti, E.A., Patton, G.D., Conti, J.E. and Hempel-
mann, L.H. (1960). Present health of children given
x-ray treatment to thc anterior mcdiastinum in infancy.
Radiology, 74,386.

3. Court Brown, W.M. and Doll, R. (1957). Leukaemia
and aplastic anacmia in patients irradiated for anky-
losing spondylitis. Medical Rescarch Council Special
Report 295. London: M.H.S.O.

4. Court Brorvn, W.M. and Doll, R. (1958). Expectation
of life and mortality from cancer among British radio-
logists. Brit. Med., J.,2, 181.

5. Henry, H.I'-. (1969). Fundamentals of Radiation
Protection. Neu, York: Wiley-Interscience.

6. Hoare, R.D. (1968). Diagnostic radiology in relation
to the menstrual cycle. Brit. J. Radiol., 41, 641.

7. International Commission on Radiological Protection.
(1966). The Evaluation of Risks from Radiation.
ICRP Publication 8. London: Pergamon Press.

8. Kerley, P. (1961). The x-ray matyrs. Brt. Med.,
1.,2, 368.

9. Latourette, H.B. and Hodges, Ir.J. (1959). Incidence
of neoplasia after irradiation of thymic region. Am.
J. Roentgenol., 82, 667.

10. Lejeune, J., Turpin, R. Rethore, M.O. and Mayer,
M. (1960). Rev. Franc. Etudes Clin. Biol., 5, 982.
Results quoted by ICRP Publication 8, 1966. Lon-
don: Pergamon Press,

11. MacMahon, B. (1962). Prenatal x-ray exposure
and childhood malignancies. J. Nat. Cancer Inst',
28,1173.

12. Rugh, R. (1968). Radiation teratology in mice and
a revierv of rvhat is known in man. Brit. J. Radiol.,
41, 717 .

13. Russel, L.B. and Russel, W.L. (1952). Radiation
hazards to the embryo and fetus. Radiology, .58, 369.

14. Saenger, E.L. Silverman, F.N., Sterling, T.D. and
Turner, M.E. (1960). Neoplasia following therapeu-
tic irradiation for benign conditions in childhood.
Radiology, 74,889.

15. Stern, B.D. and Lervis, D. (1971). X-rays,248.
London : Sir Isaac Pitman and Sons Ltd.,

16. Stervart, A., Webb. J. and Hewitt, D. (1958). A
survey of childhood malignancies. Brit. Med., J',
1, 1495.

17. Wcbstcr, E.W. (1971). Radiation Dose and Pro-
tection in Diagnostic Radiology. In Principles of
I)iagnostic Radiology by Ii.J. Potchen, P.R. Kochler
and I).O. Davis. Nerv York: McGraw-Hill Book
Company.

18. World Health Organisation (1962). Radiation Ha-
zards in Perspective. 'I'c'chnical Report Series,
No. 248. Geneva: World Health Organisation.

Vor-. XXVIII No. 2, Dr,c. 1973 79

---=-----*-


