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radiation because the exposures are so small. The issue of this scientific
dispute'may never be resolved--it may be beyond the abilities of science and

mathematics to decipher (4).

What are some of the radiation doses from'common X-ray procedures7

The rad1at1on doses from X- ray examinations are 11m1ted to def1ned regions
of the body, the rad1ant energy absorbed by the tissues is generally much the
same wherever the procedure is done in the Un1ted States (5) For a chest
X-ray exam1nat1on, the dose to the bone marrow in the thorax--the 1mportant
target tissue--is about 10-20 mrad (0.1-0.2 mGy)] per prOJect1on. For the

hip and upper femur, the dose is about 75 mrad (0.75 mGy). And for denta]
| rad1ography, a complete mouth examination may 1nvo]ve 10 mrad (0.1 mGy) to the
bone marrow. Mammography today ranges about ] -5 rad (0. 01 -0. 05 Gy), but new
techn1ques perm1t thxs to be reduced to on]y half-a-rad to the breast per.
exam1nat1on. A barlum enema is a "h1gh -dose" exam1nat1on--the average is close
to 1 rad (0 01 Gy), but 1t cou]d be as h1gh as 3 rad (0. 03 Gy) Spec1a]
rad1o]og1ca1 procedures, such as ang1ography of the abdomen may be as low as
400 mrads (0.04 mGy), but could be much h1gher. CT scans of the brain may be
as hlgh as 4 rads to the portlon of the brain exposed but the new CT units
have decreased this to the range of about 1 rad or 0.0] Gy. X-ray pe1v1metry

to the pregnant mother ranges from 600 mrad to (6 mGy) about 1 rad (0.01 Gy); "
£

Z’

the fetus receives a dose of about half this amount.

In the new system of internationa]Iunits, 1 Gy (gray) = 100 rad, and 1 Sv

(sievert) = 100 rems.



{«\

Are the epidemiological studies on radiation carcinogenesis in human

populations valid?

The epidemiological evidence is compelling--cancers arising in a vareity
of ofgans and tissues and transmitted genetic effects are the~princ1ﬁal late
effects in poplations of exposure to low levels of ionizing radiation (2,3,6-8)..
Since the late 1940s and early 1950s, it has been péstu]ated that there may be
no threshold level of exposure to ionizing radiation Below which risks of -

injury are entirely lacking. At the same time, however, it has been recognized

“that the risks of exposure at levels of natura]vbackgrOUnd can be estimated at

the present time only by‘interpolation between levels of health'effects
observed at high doses and dose rates and spontaneous levels of the same
effect. The assumption of a linear, no-threshold dose-response relationship
(1inear hypothesis) -has generally been conside}éd to provide a conservative
approach to_risk estimation for low dose and low dose rate exposure, because .
the effect per unit dose for low-LET radiations (e;gJ,“X;rayS and gamma rays)
has usually been observed in biology and medicine to decrease with decreasing
dose and dose rate (7). | |

There are several reports that have been published, some recently, seeming
to indicate degrees of carcinogenic radiation effects at low doses in man that.
would be incompatible‘with the linear hypothesis’being conservative. This =
would lead’tq claims that low-level exposure, in fact, may be more hazardous -
per unit of absorbed dose that at high doses and dose rates. ‘These data and -
claims, therefore, suggest that this dose-response relatiohship at low doses
does not Tead to conservatism,vbut may even underestimate the effécts of Tow

doses and low dose rates. However, each of these epidemiological studies



provide data which have been heayi]y criticized for serious statistical.and
methodological difficﬁities and, individua]]y or collectively, are hot

scientifically convincing enough to argue against either the conservatism of u
the Tlinear hypothesis or the present estimation of risk of cancer-induction in { |
human populations exposed to low levels of ionizing radiation (3,7). They
stand apart from, and in disagreement with, the large body of epidemiological
evidence that.convincingly demonstrate the carcinogenic and_hereditary'effects‘

that might occur in man after exposure to low doses and low_dose rates.

Are there any:contraindications,to diagnostic,x-ray_exaﬁinations?
There . are no. contraindications to any‘medical examination; réther, there
are indicatibns-for.a clinical examination. X-ray procedures, however, have
an unwanted byproduct of the examination that is of no benefit to the patient,
viz., .ionizing radiation which is absorbed by the cells and tissues of the
body.._A:good_rUTe, ;herefore, is never to éxpose'a.bétient_to unnecessary
radiation,_and to expose the patient only to that amount of radiation which
provides the diagnostic radiological 1nformatioh. o
There are, however, special circumstances“to.consider, since there is a
benefit to be géined for the patient's health, and this is invariably
associated with fhe risk of radiation injury resu]ting in an increase
probability of delayed or late health effects occurring in that patient. &
Probability is the mathematical chance of something occurring; risk is when J
that probability is associated with a detriment, such as ill-health. When the
benefit strong]y'outweighs the risk, then we are not as concerned--as for
example, radiation exposures attendant in specia]ized procedures, such as

examination of the coronary arteries in a patient with cardiovascular disease,
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or comphterized tomography of the‘prainlin a patient with a suspected cerebral
hemorrhage. In these cases, the benefit/risk ratio iguhigh.

On the other hand, there aré océésibns whénvthe benefit to the patient of
a diagnostic radiological procedure is sma]]-br even negligible, and the
attendant risk of radiation exposure, tﬁohgh equally sma]],_may relatively
become high,:that is, the benefit/risk ratio is 16w or the risk may even be
greater than the potential bengfit. The best examp]esihere are the mass .
screening X-ray examinations,:e.g,, chest photof]uorogfﬁphy for tuberculosis
or lung cancer in asymptomatic populations, and 5creening mammography in
females with extremely low breast cancer risk, such as women under 35 years of
age without a history of‘bnggst‘cancef risk factors. That is why the American
College of Radiology recommends.that_Such mass X—ray screening programé of

asymptomatic populations which result in 1ow-diagno$fic_yié1ds should be -

~ discouraged.

Is there potential harm from diagnostic radiation exposure in medicine?
There is always potential harm that can result from exposure to ionizing

radiation such as X-rays. Ionizing radiation has several injurious effects,

- such as cataracts of the lens of the eye and impairment of fertiTity, but three

late or delayed health effects stand out as those of greatest concern--

carcinogenesis, or cancer induction; teratogenesis, or developmental

abnormality of fhevnewborn; and.mutégenesis, or genética]]y—related ill1-health
occurring in descendants of exﬁbsed individua]s (9). Scientists now believe
that exposure to ionizing radiation--because of the structure and function of
the important living molecu]es,:tﬁe DNAimolecu]es wjthin the cell, and the

manner in which energy is deposited in the molecular structure--increases the
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probability of such deleterious health effects. - And further, as the'dase of
radiation increases abovg.low levels, the risks of these deleterious effect§
.increases'in exposed humap populations.' However, these évents at the
biophysical level of the cell are extremely rare, due primarily to the .
efficiency of repair of radiation:injury (7)._ Even when they do occur, and a
- lesion results in the DNA mo]ecu]ér structure,'the cells and tissues have an
enorhOus capaéity to repair the radiation damage, so that no-residua]-injury'
results (7). ance such health effeéts,iif~any, are so rarely seen under
low-level radiation, -and since the hea]th éffects induced by radiation are
indistinguishable from those_occurrihg natUra1]y, it follows that their.
~existence can be inférred only on the:basis'of a,statistica]lexceSS'abovevthat
natural incidence in the*exposed‘pdpu]atidns-(3). Thus, at the dose levels of
‘diagnostic radiologicaf expoSUrelnormaliy encountéred in radiological
procedures in the United States, it follows that there is only a very S]ight
probability of increased deleterious health effect reéu]ting from diagnostic

radiation exposure of abbut,lOO.millibn Americans each year.

Is X—ray exposure during pregnancy especially dangerous? -

~If there are indications for examination of. the fetus or pelvis, where
pelvimetry or’obstetrical‘abdoménal examination will provide the diagnostic
:information,vthen X-ray examination can be éarried out safé]y.(lo). vHowever, o
circumstances exist where a series of X-rays are.obtained for diagnosihg
i11-health in the mother and, on occasion, there is no knowledge that a
pregnancy exists, then each situation is weighed according to the benefits and

risks, inevitably, thé risk to the fetus. There are two delayed health
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effects of concern. The first is developmental abnormality in the newborn, -
resulting from radiation_teratogeneSis-during the first trimester when the
fetus is unusually susceptible to radiation injury (8). Here, tekatogenesis
is strongly dependent on the stage of gestation :at which exposure occurs.
Evidence from the Japanese atomic‘bomb'survivOrsvsuggests.decrease in head
size assdciated with mental retardation has occurred from exposure in utero to
dose levels below 10 fads (0.],Gy)f(3)} The second delayed health effect is
cancer-induction,“notab1y leukemia, resu]ting from X-ray doses in the_range of
1-2 rads:(0.01-0,02 Gy), following exposure in utero during the last trimester
(3). One study (11) strongly suggests this conclusion, with another .10 or so
which tend to'subport the findings of this study. However,~evidence is
mounting that suggests too many biases exist in the one positive study and, in
fact, certain of the findihgs on-chi}dhdod cancers might prove to belspurjous
(12). The controvefsy is not settled, but the introduction of u]trasdund -
pe]v1metry as the pr1mary method of examination of the fetus and the pregnant
abdomen is making the conclusion of the controversial study somewhat academic.

The “ten-day rule" is.a recommendation that.X-ray examination of the
female abdomen be taken only during the ten- day interval ‘between the onset of .
the patient's menstrua]-per1od.and‘the‘tenth dayfthereafter. It is based on
the fact that the woman cannot reasonably be pregnant during that interval.
This(“rule" is only a,suggestion to decrease the probability of exposing a
developing embryo or fetus unsuspectiné]y. The idea has been popular in some
medical centers in Great Britain but not in the United States, although it has
been recommended in clinical radiology.

However, the evidenee that radiation exposures at levels df'diagnostic

radiology can induce cancer.in the developing fetus, particularly the findings
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among the;atohic bomb survivors (13), remains somewhat controversial. There
are a number of arguments for and against the conclusion that such low doses
are carcinogenic in the fetus. However, there has been some reticence to
accept a “ten-day rule" in clinical practice. Some radiologists have argued
that such a requirement wbuld disrupt the patient scheduling in a large, busy
X-ray department. Others have argued that ten days is not precise--it may be
necessary to cover a fourtebh;day period,'sincé ovulation occurs in thev
-majority of women during the 14-day interval. Perhaps the‘moét compeTling'
arguheht against deferring an X-ray examination of the abdomen for a period of
time until the woman is not pregnant is that the conditibn that warranted the
examination may no longer exist. It is good practice not to expose the
pregnant hterus’to X-rays unknowiﬁg]y or unnecessarily--but if the patient is
acutely i11, the benefits of the examination may far outweigh the very small

potential risk to theiembryo. -

What can we conclude?

In the evaluation of epidemiological surveys and laboratory animal data,
nationélvand international advisory committees on radiation and health:
carefully review and assess'thevvalué of the available scientific evidence for
estimating the risks of the health effects in human populations exposed to
lTow-1evel radiatibni(449). The present sciehtific evidence and the interpreta- - v
tion of available epidemiological data can draw those necessary conclusions on o
which to base scientific public health policy for radiation protection
standards (14). Based on the radiation risk estimates derived, any lack of
precision does not minimize either the need for setting responsible public:

health policies, or the conclusion that such risks are extremely small when



compared with available alternative options, and those normally accepted by
society as the hazards of everyday life. When compared with the behefits that
society has established as goals derived from the necessary aétiyities of
medical .care, -it is apparent that society must establish .appropriate standards
and seek appropriate controlling procedures which continue to assure that its
health needs and Services are being met with the lowest possible risks.

In one-third cgngury of inquiry, embodying among the most extensive and
comprehensive scientific efforts on the health effects of any environmental
agent, much of the important .information necessary for determination of
radiation protection standards'is now aVai]ab]e;tO'decision-makers for .
practical aﬁd-responsib]e pub}i;.hea]th policy. It is now assumed that any
exposure to radiation at low levels of dose carries some risk of deleterious
,hea]th effects. However, how low this.]eve]-may‘be, or the probability or
‘magnitude of the risk at very 1ow.1ev¢1540f dose, still are factors which are
not known and may remain so. Radiation and the pUb]ic,hea]th; when it 1nyo]ves
the public health, becomes a broag'societal problem and not solely a scientific
one, -and to be decided by society, most often by men and .women of law and
government. Our best scieﬁtific know]edge and advice are essential for the
vprotection of the pgb]ic health and for the effective application of new
technologies in medicine. Un]éss man wishes to dispense with those activities
which inevitably {nvolve exposure to Tow levels of iohizing radiations in
medicine, he must recognize-that some degree of risk-to-health, however small,

exists.
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