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HAZARDS OF RADIATION
MEDICAL RESEARCH COUNCIL'S REPORT

The main conclusion of the Medical Research Council's
report on nuclear and allied radiations,' published this week,
is that " adequate justification should be required for the
employment of any source of ionizing radiation on howexer
small a scale." This follows a review of the effects of
radiation from such sources as nuclear weapons, medical
radiography, x-ray apparatus for shoe-fitting, luminous
watches, television sets, cosmic rays. isotopes, and industrial
x-ray machines.
On March 29, 1955, the Prime Minister requested the

Medical Research Council to appoint an independent com-
mittee to report on the medical aspects of nuclear radia-
tion, including the genetic aspects. The committee had the
following members: Sir Harold Himsworth, F.R.S. (chair-
man); Sir Ernest Rock Carling; Sir John Cockcroft, F.R.S.
Professor A. Haddow; Professor A. Bradford Hill, F.R.S.
Dr. J. F. Loutit; Professor K. Mather. F.R.S.: Professor
W. V. Mayneord; Professor P. B. Medawar, F.R.S.; Pro-
fessor J. S. Mitchell, F.R.S. ; Professor L. S. Penrose, F.R.S.;
Sir Edward Salisbury, F.R.S.; Dr. F. G. Spear; Professor
J. R. Squire; Professor C. H. Waddington, F.R.S.; Pro-
fessor Sir Lionel Whitby ; Professor B. W. Windeyer. Its
report has been accepted by the Medical Research Council.

Committee's Conclusions
The conclusions to which the committee comes on " the

use of ionizing radiations in peacetime" are as follows
verbatim:
1. Limitation of tlhe lse of all sources of radiationi
Adequate justification should be required for the employ-

ment of any source of ionizing radiation on however small
a scale.
2. Dose levels to tile itdividuial

(a) In conditions involving persistent exposure to ionizing
radiations, the present standard, recommended by the Inter-
national Commission on Radiological Protection, that the
dose received shall not exceed 0.3 r weekly, averaged over
any period of 13 consecutive weeks, should, for the present,
continue to be accepted.

(h) During his whole lifetime an individual should not be
allowed to accumulate more than 200 r of " whole-body "
radiation, in addition to that received from the natural back-
ground, and this allowance should be spread over tens of
years; but every endeavour should be made to keep the
level of exposure as low as possible.

(c) An individuial should not be allowed to accumulate
more than 50 r of radiation to the gonads, in addition to
that received from the natural background, from concep-
tion to the age of 30 years; and this allowance should not
apply to more than one-fiftieth of the total population of
this country.
3. Dose lei el to the population
Those responsible for authorizing the development and

use of sources of ionizing radiation should be advised that
the upper limit, which future knowledge may set to the
total dose of extra radiation which may be received by the
population as a whole, is not likely to be more than twice
the dose which is already received from the natural back-
ground; the recommended figuire may indeed be appreciably
lower than this.
4. Fall-ouit from test explosionis of nuiiclear weapons

(a) The present and foreseeable hazards from external
radiation due to fall-out from the test explosions of nuclear
weapons., fired at the present rate and in the present pro-
portion of the different kinds, are negligible.

(b) Account must be taken, however, of the internal radia-
tion from the radioactive strontium which is beginning to
accumulate in bone. At its present level no detectable

' The Hazards to Mast of Nuclear and Allied Radiationts, Medi-
cal Research Council, 1956, H.M.S.O.

increase in the incidence of ill effects is to be expected.
Nevertheless, recognizing all the inadequacy of our present
knowledge, we cannot ignore the possibility that, if the rate
of firing increases, and particularly if greater numbers of
thermonuclear weapons are used, we could, within the life-
time of some now living, be approaching levels at which
ill effects might be produced in a small number of the
population.
5. Recoininelidations regarding specific uses of radiationl

(a) All sources of radiation, both medical and industrial,
should be under close inspection, in order to ensure that the
high standards of protection now attainable against the
absorption of ionizing radiations, and against radioactive
materials, are generallv observed. Those using radiations
should be instructed in the precautions to be taken, and
no unnecessary or unauthorized person should be allowed
to engage in such occupations. A personal record, not only
of doses of radiation received during occupation but also
of exposures from all other sources, such as medical diag-
nostic radiology, should be kept for all persons whose
occupation exposes them to additional sources of radiation.

(b) Present practice in medical diagnostic radiology should
be reviewed, with the object of clarifying the indications for
the different special types of examination now being carried
out and defining more closely, both in relation to the patient
and to the operators, the conditions which should be
observed in their performance. -

(c) The uses of radiotherapy in non-malignant conditions
should be critically examined.

(d) The small amounts of irradiation from miscellaneous
sources, such as x-ray machines used for shoe-fitting,
luminous watches and clocks, and television apparatus.
should be reduced as far as possible.
6. Collectioni of vital statistics
As an essential basis for future studies of the genetic

effects of radiation, further data are required on the genetic
structuire of human populations; to this end, there is an
urgent need for the collection of more detailed information
when births, marriages, and deaths are registered.

Age of Nuclear Energy
The report begins bv declaring that the future develop-

ment of our civilization is closely bound up with the
exploitation of nuclear energy. Its use, like that of other
energy, entails a risk, but, savs the report, it is the scale and
not the nature of the hazard that is new, for man has always
been exposed to natural radiation. Almost all the effects of
ionizing radiat on on tissues are deleterious. Exposing the
whole body to a single 500-r dose of gamma radiation
would cause the death of about half the people so exposed;
after a single dose of 50 r acute illness would be very rare.
" With each successive and equal increment of dosage the
response increases by a progressively greater amount, at
least until very large changes have been produced."

Leukaemia
The report states that experiments on animals have shown

that the incidence of leukaemia is increased by irradiation.
Clear evidence that the same is true of man comes from
two main sources: a study bv the Atomic Bomb Casualty
Commission of the incidence of leukaemia in Hiroshima
and Nagasaki, and a survey under M.R.C. sponsorship of
the incidence of leukaemia among patients treated by radia-
tion for ankylosing spondylitis.

Ninety-one proved and 14 suspected cases of leukaemia
have been recorded in Hiroshima and Nagasaki between
1947 and 1954 among those present at the time of the
explosion and still resident in the cities ; the expected inci-
dence in an unexposed but otherwise comparable popula-
tion is 25. The difference is greater than would be attri-
buted to chance. Moreover, there was a much higher
frequency of occurrence among those who had developed
early acute radiation illness and among those who had
been nearer to the centre of the explosion. The latent
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period was about six years. The evidence suggests that
with this type of exposure to radiation the likelihood of
developing leukaemia, after its initial rise, remains approxi-
mately constant up to at least the ninth year.
The records of between 13,000 and 14,000 patients with

ankylosing spondylitis who had been treated with x rays
between 1933 and 1954 have been studied. Up to 1955,
38 of these patients developed leukaemia, an incidence
which, although only about 0.30%', is about 10 times greater
than the normal expectation. No increased incidence of
leukaemia was found among 400 patients who had not been
treated by irradiation, but the number is too small to
exclude completely the possibility that ankylosing spondy-
litis may of itself predispose its sufferers to leukaemia
nor can the possibility be excluded that these patients are
more liable than the average person to develop leukaemia
after irradiation. Nevertheless, there is clear evidence of a
correspondence between the dosage of radiation received
and the incidence of leukaemia. The average length of the
latent period between the first exposure to x rays and the
diagnosis of leukaemia was about six years.
The conditions of exposure to radiation in Hiroshima and

Nagasaki and in the treatment of ankylosing spondylitis,
the report continues, are not comparable with the irradia-
tion in small doses over long periods which might be
received by persons engaged in work with a possible
radiation hazard. Some evidence has been presented
suggesting an increased death rate due to leukaemia
among radiologists, but knowledge of the occurrence of
leukaemia under conditions of chronic exposure is too
scanty to allow any reliable conclusions to be drawn.

Cancers
Inhalation of radon may lead to cancer of the lung. The

latent period has been put at 17 years. In theory, the
inhalation of radioactive particles in the fall-out from
atomic explosions or in the vicinity of nuclear reactors
could also lead to cancer of the lung, but the former hazard
is extremely unlikely in peacetime, and steps are always
taken to ensure that the latter does not occur.
Radium, mesothoriumi, plutonium, and radioactive forms

of strontium are accumulated bv and retained in bone.
Until the enforcement of stringent controls, cancer of bone
occurred among workers in the luminizing industry as a
result of swallowing radium-containing paint. The latent
period was more than 15 years. Cancer of the skin was the
earliest form of radiation-induced tumour to be described
in man. By 1911, before the adoption of modern safe-
guards, 54 cases had been described among the pioneers of
radiologv. The doses of radiation which have led to the
formation of skin cancers must have been several thousand r.
Cancer of the thyroid gland in children has been a sequel to
irradiation of the neck for enlargement of the thymus gland.
This form of cancer is distinguished by its short latent
period (about seven years) and the comparatively low dosage
of radiation required to induce it. However, it is not un-
likely that other factors are involved here in addition to the
direct effect of irradiation.
Other delayed effects include aplastic anaemia, cataract

(caused by neutron irradiation), loss of hair, and severe and
permanent damage to skin.

Miscarriage and stillbirth may be a consequence of irradia-
tion during pregnancy, but they do not constitute a problem
unless the dose of radiation is large. A number of different
developmental abnormalities have been described in the
children of women treated by irradiation during pregnancy,
the most conspicuous defect being microcephaly. Eleven
cases so classified are recorded in children irradiated before
birth in Hiroshima and Nagasaki.

Genetic Effects of Radiation
Owing to deficiencies in present knowledge, the M.R.C.'s

conclusions " must be regarded as provisional." The fre-
quency of gene mutation is increased by radiation; there is

no evidence and little likelihood that radiation produces en-
tirely new kinds of genes. The rise in mutation rate is
probably directly proportional to the amount of additional
exposure to radiation, and any additional exposure, however
small, must be expected to raise the mutation rate. Damage
to genetic material is cumulative and irreparable. Long-
continued exposure to radiation of low intensity induces as
much gene mutation as a single exposure to an equal dosage
of radiation of higher intensity. The age-distribution of
those exposed to radiation has an important bearing on the
future consequences of its effects. The genetic consequences
of the irradiation of individuals beyond the age of reproduc-
tion are of course nil.

Achondroplasia, haemophilia, and phenylketonuria are be-
lieved to be caused by single genes. If the mutation rates of
these genes were to rise to, and remain at, twice their present
values, the incidence of the diseases for which they are
responsible would ultimately, though at very different rates,
rise to nearly twice their present frequencies. Calculations
suggest that the incidence of achondroplasia, a dominant
form of dwarfism, would rise 80% above its present value in
a single generation; haemophilia, a sex-linked disease, would
take about six generations to rise by 90°h in frequency; and
phenylketonuria, a recessive disease associated with severe
mental deficiency, would take more than fifty generations to
increase its frequency by one half.
Doubling the mutation rates of the genes concerned with

the causation of mental diseases would, in one generation, in-
crease the frequency of low-grade mental deficiency by 3%
and of schizophrenia and manic-depressive reaction by about
1 . If the mutation rates were to remain at twice their
present values, the incidence of mental diseases might on the
most pessimistic assumptions double also, but would only
attain this value after very many generations.
When all serious illnesses with a hereditary element in

their causation are taken into account, it is unlikely that the
burden put upon society by a doubling of mutation rates
would exceed by more than a few times the contribution
made by the increase of mental disease. Since a harmful
recessive gene gives no outward evidence of its presence until
chance brings it together with another of its kind, the crop
of newly mutated recessive genes caused by an increase of
mutation rates could cause suffering over many generations.

Hereditary traits showing continuous variation about the
normal, characters such as physique, intelligence, and length
of life, are believed to be due to the combined action of
many genes. The basic effect of an increase in mutation
rates upon such characters will be to increase the numbers
of the more extreme types at the expense of the more aver-
age individuals. A doubling of the mutation rates for a few
generations would be expected to have only the most trivial
effect upon their variation. The effect of a permanent doub-
ling of the mutation rate would be, at most, to double the
variation, and this would take hundreds of generations to
achieve.

The "Doubling Dose" in Man
If all mutations were due to radiation, then the dosage

which doubled their frequency would be expected to be
equal to that received from natural sources-namely, a dos-
age to the gonads of about 3 r in thirty years. The avail-
able evidence suggests, however, that the percentage of
human mutations that are caused by natural radiation might
lie between 2% and 20%, and if this is so the doubling dose
will lie between 15 r and 150 r. The best estimate in the
light of present knowledge is that the value in general lies
somewhere between 30 r and 80 r.

Sources of Radiation
"The greatest contribution in this country to the increased

exposure to radiation comes from medical diagnostic radio-
logy," states the report.

If the dose of radiation from natural sources to the gonads
of the general population is expressed as 100. then the
following percentage figures show the additional estimated
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doses that mav be expected from artificial sources: diag-
nostic radiology, at least 22; radiotherapy, unknown; shoe-
fitting, 0.1 ; luminous watches and clocks, 1.0; television
sets, much less than 1.0; high-altitude flying, insignificant;
occupational exposure to radiology, at least 1.6; Atomic
Energy Authority, 0.1 ; fall-out from test explosions, less
than 1.0.
The estimated number of diagnostic x-ray examinations

made in 1955 is 12,650.000, according to the report. An
analysis of data obtained from a number of hospitals leads
to two important general conclusions:
"It shows, first, that almost the whole population dose is

accounted for by a relatively few sites of examination, principally
the hip, the lumbar spine, the lower abdomen, and the pelvis.
The far more frequent examinations of chest, head, and limbs
make relatively unimportant contributions. Secondly, according
to the present calculations, the amount of radiation reaching the
reproductive organs of the people of this country through diag-
nostic radiology is as much as 22% of that derived from natural
sources. Indeed, in view of the minimum figures adopted in these
calculations, the contribution of diagnostic radiology may well be
very consider-ably higher than 22%. It undoubtedly forms the
most important source of man-made irradiation and its applica-
tion has been steadily increasing in recent years."
At present there is little information about the contribu-

tion to the population dose from therapeutic irradiation.
It is as yet not possible to state a figure for the population

dose to the gonads from this source. Rough assessments
would suggest that it is considerably less than the dose from
diagnostic radiology but probably greater than that from
any other source.
With modern equipment and good practi-ce, it appears that

the number of shoe-fitting machines in operation would
probably deliver not more than 0.1 °% of the dose to the
gonads received from natural radiation. As to luminous
watches and clocks, from the information given by the trade
it can be deduced that there are in use about 3,000,000 men's
watches and about 1,000,000 women's and children's watches
with luminous dials. In addition, there may be about
10,000,000 luminous alarm clocks. On this basis it can be
estimated that the population dose from this source is about
I 0 of the natural background. Cathode-ray tubes fpr tele-
vision sets are capable of causing the production of x rays.
In general, however, the operating voltages are compara-
tively low and the x rays are readily absorbed by the walls
of the tubes and by protective screens.

Fall-out From Nuclear Weapons
Continual watch is kept by the Atomic Energy Authority,

states the report, on the radioactive fall-out reaching this
country from nuclear devices exploded in other parts of the
world. From the bombs exploded up to the present time
the population of this country may expect to receive, over
the next 50 years, additional radiation amounting to between
0.0200 and 0.040%. of the radiation which will be received
over the same period from natural sources. If the firing of
bombs were to continue indefinitely at the same rate as
over the past few years, radioactivity would gradually
accumulate to a level at which an inhabitant of this country
would receive an average dose of 0.026 r over a period of 30
years, or about 1% of that which he would receive in the
same period from natural sources. The contribution to this
figure from thermonuclear explosions, relative to their num-
bers. is very great. If the rate of firing of weapons of this
type increases, exposure to radiation will be significantly
raised.

It is unlikely that the inhalation of radioactive particles
present in the air as a result of fall-out would constitute a
problem in ordinary civil life. The deposition of radio-
active strontium is probably a greater hazard, because it is
soluble and, if ingested, is deposited and retained in bone.
Measurements which have been made of radioactive
strontium in bone show that the highest levels are at pre-
sent about a thousand times less than is considered per-
missible for those who are occupationally exposed.

Dosage and the Individual.
Of the delayed effects of irradiation of the whole body,

leukaemia is probably the most easily induced, states the
report. "We consider tllat an individual could, without
feeling undue concern about developing any of the delayed
effects, accept a total dose of 200 r in his lifetime, addi-
tional to that received from the natural background, pro-
vided that this dose is distributed over tens of years and
that the maximum weekly exposure, averaged over any
period of 13 consecutive weeks, does not exceed 0.3 r. We
recommend, however, that the aim should always be to
keep the level of exposure as low as possible." And: " We
feel that an individual, considered as such, can accept a
total gonad dose of not more than 50 r, from conception
until the age of 30, additional to that received from the
natural background, without undue concern for himself or
his offspring, but that the number of such individuals should
not exceed one-fiftieth of the population as a whole."
The report also states that it is highly desirable that a

limit for the average dose of radiation which might be
received by the population as a whole should be named as
soon as possible. The International Commission on Radio-
logical Protection has this matter under consideration. " In
the meantime, we feel bound to state our opinion that it is
unlikely that any7 authoritative recommendation will name
a figure for permissible radiation dose to the whole
population, additional to that received from the natural
background, which is more than twice that of the general
value for natural background radiation. The recommended
value may, indieed, be appreciably lower than this."
The report concludes: "We consider that the time has

come for a review of present practice in diagnostic radiology,
and of certain uses of radiation in the treatment of non-
malignant conditions, particularly in children. Among the
less important sources of radiation, we hope that the use of
x rays in shoe-fitting will be abandoned except when pre-
scribed for orthopaedic reasons; that watches and clocks
with radioactively luminous dials will be confined to neces-
sary uses; and that the x-ray hazard from television tubes,
at present negligible, will be borne in mind if special types of
high-voltage equipment come to be widely used.

" The genetic effects to be expected from present or future
radioactive fall-out from bombs fired at the present rate and
in the present proportion of the different kinds are insignifi-
cant. They might not be so, if present rates of firing were
increased and particularly if a greater number of thermo-
nuclear weapons were tested. So far as radioactive fall-out
may affect the individual, we believe that immediate con-
sideration would be required if the concentration of radio-
active strontium in bone showed signs of rising greatly be-
yond that corresponding to I /I00th of the maximum per-
missible occupational level." In war, " if a sufficient number
of nuclear weapons were exploded, no part of the world
would escape biologically significant degrees of exposure or
the load of distress and suffering to individuals and society
which such exposure would entail."

RHEUMATIC FEVER
INTERNATIONAL SYMPOSIUM IN MEXICO

[FROM A SPECIAL CORRESPONDENT]
The First International S7mposium of Rheumatic Fever was
held in Mexico City from April 30 to May 3, the National
Institute of Cardiology of Mexico being the initiator. It
was a remarkable feat of organization, since it involved
discussion by six Americans, an Englishman, a Brazilian,
and 18 Mexicans in English and Spanish, with simultaneous
translation from one to the other language, individually
heard by each participant through portable receivers and
earphones.

After welcoming the participants, Dr. IGNACIO CHAVEZ,
director of this world-famous institute, outlined the epi-
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