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“"Conception, my hoy, fundamental brain work, is what
makes the difference in all art."
Dante Gabriel Rossetti

INTRODUCTION

Some may think that a lecture on “"fundamentals" is perhaps
inconsistent with the title of this course which deals with
"advances" in the areas of radiation pro%ection and dosimetry in
medicine. The Oxford English Dictionary¢ defines fundamental
as "Pertaining to the foundations or groundwork, going to the
root of the matter." The English language is so abused these
days that it may be a shock to some to learn that an equivalent
to "fundamental" is "radical." Dante Gabriel Rossetti was able
to very clearly perceive that "fundamentals" were, in fact, the
basis for all fine creativity--if I may be allowed the presump-
tion that he would have agreed that the distinction between
artistic and scientific creativity is a fine one, if indeed it
exists at all. This course will discuss advances in the
fundamental sciences which underlie that applied science which
is variously called health physics, radiological protection,
or radiation protection.

It is my hope in this lecture to lay before you, so to speak,
the menu. To continue to metaphore I will, as a good waiter
should, indicate the special virtues of each course and mention
the specialities uf the restaurant. In order to do this



effectively 1 will first discuss some of the underlying
assumptions of radiation protection and, later, describe some of
the developments in the radiological sciences—both fundamental
and administrative acts by the ICRP and ICRU--which have taken
place since the first course was given under the auspices of the
Interpational School of Radiation Damage and Protection in

1975.° These foundations and developments will then be related
to the topics to be discussed in this course.

Measuring the Risks of lonizing Radiations

1t is often claimed that more is known about the harmful
effects of ionizing radiation than about any other toxic agent, a
claim that can probably be supported by the great volume of
published literature on the subject. As Morgan has written else-
where, "Perhaps there has never before been an enterprise that
was planned so carefully for its safety and never before a risk
that has been so thoroughly studied and quarded against as has
been the case with the nuclear energy industry and its concern to
avoid unnecessary exposure to ionizing radiation."4 If this is
indeed so, we are presented with the conundrum that of all the
toxic agents, the public has the greatest fear of ijonizing radia-
tions. Perhaps we have evidence here of yet another variation of
that great universal principle known as Parkinson's Law.? In
this variation it takes the form "Public Apprehension increases
in direct proportion to the frequency with which a potential
hazard is discussed."

To the great mass of the general public the degree of
authoritive standing of the discussion does not seem to carry
much weight—it is important only that the potential hazard be
discussed. Such is the power of the producers of television news
programs that people in California requested whole-body counts
for fear that they had been contaminated by the radioactive
relezses at Three-Mile Island, some 2,500 miles away.

It is perhaps necessary from time to time to stand back and
take a broad view of toxicology and be somewhat selfcongratu-
latory in realizing that the radiation protection is quite
soundly based, Any other branch of toxicclogy that could produce
as authoritative a volume as "Sources and Effects of Ionizing
Radiations” would consider itself fortunate.b

Lawrence? suggests that there are four basic lines of
investigation to assess the risk of any hazard: "Measurements
are made to:



1. Define the conditions of exposure
2. Identify adverse effects
3. Relate exposure with effect
4, Estimate the overall risk."
It is of some interest for us to see how well our assessment of

risk measures up to these requirements.

Conditions of Exposure

It is important to remark at the onset that one of the
extremely valuable properties of ionizing radiations is that they
are readily detected, This property has led to extensive docu-
mentation of the sources of exposure to ionizing radiation.
Personal dosimetry records are extensive and--compared with esti-
mates of exposire to other toxic agents—-relatively accurate. In
most cases int:.rnal contamination is easily detected by whole
body counting Jr biocassay-techniques. By the same token, the
measurements of any releases of radioactivity to the environment
may be carried out with great sensitivity.

This ease of detection of ionizing radiation means, in the
United States at least, that we have an increasing body of data,
which is essentially public information, concerning exposures of
both radiation workers and the general public to radiation. It
is, for example, the policy of the United States Department of
Energy (DOE)} to publish annual sumaries of personal monitoring
and environmental monitoring data of all its programs. We may
conc lude, therefore, that the conditions and magnitude of
exposure are quite well known.

Figure 1 shows a summary of the major sources of human
radiation exposure at the present time, as determined by the
U. S. Environmental Protection Agency (USEPA), and the figure
also gives predictions until the year 2,000 A. D. Ionizing radi-
ation is seen to be an unusual "pollutant" in that the major
exposure to man is of nratural origin. If low levels of ionizing
radiations were dominant in their influence among environmental
toxic agents it might therefore be expected that one would be
able to observe significant correlations between the incidence of
cancer and external radiation levels.

Frigerio has in fact studied the correlation between leukemia
rates in the United States and natural radiation background.
Perhaps surprisingly, he finds a weakly negative but significant
correlation.” This is not, of course, to say that ionizing
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Figure 1. A summary of the major sources
of human radiation exposure
until 2000 A.D., prediction by
the Environmental Protection Agency.

radiation has been demonstrated to be beneficial to man; but
perhaps it does indicate that, even if ionizing radiations are
carcinogenic in man at dose rates of ~0.1 rem/yr there are
environmental agents which are of much greater importance.
Nevertheless, this has not prevented many who should know better
from making claims that we now know that a significant fraction
of cancer is caused by the natural background of ionizing radi-
ation. Thus, for example, Rowe of the USEPA has made the claim
that natural background causes 13,000 "health effects" (a
euphemism for cancers) per year in the United States.

Figure 1 shows the very important role of diagnostic
radiology as a source of radiation exposure in man. It is, and
no doubt will continue to be, thf dominant source of radiation
exposure. However, Chamberlainll has made the point that:

"Not only is this true, . . . but it would be surprising if it



were not true. Medical radiology is the only legitimate situ-
ation in which radiation exposure is purposefully given to human
beings for their own benefit. It would be more remarkable, if
not alarming, if any other man-made source exceeded it in human
exposure."

Thomas and Busick1Z have suggested that, at present
exposure levels in the United States, diagnostic radiology is at
least ten thousand times more beneficial than harmful. Neverthe-
less in the absence of a satisfactory resolution to the low dose
problem it is prudent to assume that al) radiation exposures are
harmful-—no matter how small the dose. Considerations such as
these have led to suggestions, sometimes stated in a rather
shrill fashion, that there is an urgent need t? reduce exposure
to ionizing radiation from medical sources. 13,14

Morgan supports such a view by citing five arguments:

1. Medical exposures in the United States are higher by a
factor of 2 to 10 than in most advanced countries in the
world.

2. There is no threshold to the deleterious effects of
radiation.

3. Linear extrapolations of biological effects observed
at high radiation doses may underestimate radiation
effects at low doses.

4, Despite current concern as to the somatic effects of
radiation, the genetic risks may still be the limiting
form of radiation damage.

5. Low level exposures such as those in medical diagnosis
may be harmful.

It is certainly true, as Morgan says, that medical exposures
in the United States are higher than in any advanced country in
the worid. However, the mere fact of exposure does not of itself
establish any detrimental health effects. There is much to con-
sider at a meeting such as this in what Morgan says, and 1 look
forward t? discussion of these topics particularly in the talks
by Silinil5 and Paretzke.l6

The International Commission on Radiological Protection
(ICRP) has published two rﬁgoits which are great value in
reducing patient exposure.l?»18 Both reports are currently
being revised by the ICRP, which also plans to issue a third
report dealing with the protection of patients during
radiotherapy.



There are many other pressures in the United States which
tend to reduce radiation exposures from medical sources. These
include consumer organizations, trade unions, professional
societies, the news media and federal agencies. Recent ly,
for example, the Env1ronmenta1 Protection Agency and Bureau of
Radiological HealtnZl jointly published in the Federal Register
guidelines for the use of X-rays in medicine by agencies of the
U. S. Government. These guidelines discourage the routine
rad1o]oglial examinations without symptomatic or other medical
reasons.?

These and other pressures have led to increasing efforts
to reduce radiation exposures to levels as Tow as readily
achievable?? and to the widespread use of the concept of
population dose equivalent as an index of harm resulting from _the
exposure of populations to low levels of ionizing radiations.23
While the former effort is of undoubted value, provided it is
achieved by some means of risk-benefit analysis, the widespread
use of the quantity population dose equivalent has been
questioned by some and will no doubt be discussed during this
course.

ADVERSE EFFECTS OF TONIZING RADIATION

There are basically three sources of information on the
adverse effects of ionizing radiation on humans. These are:

1. Fundamental radiobiology
2. Anima) experiments
3. Epidemiological studies.

We will hear more on these separate topics in lectures by
Silini Paretzke Rossi, Larsson, droerse, and Curtis in this
courseI 24-29 and in some of the panel discussions. Never-
theless, I wou1d like to make some comments from the empirical
point of view of the health physicist, recognizing full well my
lack of qualifications to make such comments.

It is necessary that radiation protection standards at the
present time are properly based upon the data obtained from
epidemiological studies of humans exposed to¢ ionizing radiation.
This is in no way intended to derogate fundamental radiobiology
or animal studies. However, even the extrapolation from "mice to
men" is fraught with difficulties. Evans has often alluded to
the Targe differences between rats, beagles, and man in radio-
sensitivity to radium, and_to the need to choose the correct
radiobiological end-paint.



With such difficulties evident in animal studies, it is
apparent that extrapolations from cellular radiology, or from
studies of particular tumor systems are fraught with uncer-
tainty. When Rossi and his colleagues have pointed to the
comp]exitg of tumor induction processes when hormones are
involved,31s32 when discussing the incidence of mammary
neoplasms in Sprague-Dawley rates Rossi and Kellerer
conc lude: "With the complexity of the tumor induction process
established, there remains little justification for linear
extrapolations, and this conclusion, in turn, removes apparent
inconsistences between the dose-effect relation postulates and
histological evidence to the effect that carcinogenesis requires
the transformation of several contiguous cells. There is, how-
ever, at present insufficient evidence for numerical estimation
of tumor incidence based on linear or other extrapolations."

If we are to rely upon epidemiological studies it is most
important to understand their limitations. The late Sir Ronald
Fisher always began his series of undergraduate lectures to his
students at Cambridge by demonstrating that there was a highly
significant correlation between the population density of storks
and the birth rate. He earnestly implored his students not to
draw the conclusion that a causal relationship had been
established.

Jablon33 has stated the difficulty with great clarity: "as
it happens, it is almost always possible to find flaws in surveys
(not excluding the Oxford survey*). By the very nature of the
thing we do not have experimental control in a survey. We cannot
guarantee that two groups of peoplie are wholly comparable save
with respect to the one factor that we wisn to study. We cannot
regard any single survey, no matter how carefully done, as the
equivalent of the large, well-controlled experiment that,
ideally, we would prefer. We therefore invoke what is, I
suppose, a new principle: If many surveys, none perfect but
conducted in diverse contexts, all point to the same conclusion,
then that conclusion is likely to be right. So it has been with
the issue of smoking and lung cancer; and similarly, after the
first report from the Oxford Survey,* a number of investigators,
working in differing settings and using varying materials have
studied the guestion, but here the results have not been
unanimous. "3

*The "Oxford Survey" refers to studies of the incidence of
leukemia in children irradiated in utero made by A. M. Stewart
and her colleagues.34»



Patterson and Thomas3® have shown, using a simple model,
that the number of man years, M, required to form the basis of a
study to reveal radiation induced decrease in populations chron-
ically exposed to a radiation level D rem/y greater than the
controls given by:

f
[1 +?‘ﬁ} (1

r = risk of cancer per rad
f = "natural” probability of cancer per year.

M:

Olb

where

Substitution into equation (1) gives the results shown in Table 1.

Inspection of Table 1 shows that, tak1rg thi risk of
radiation induced cancer induction as 10-% rem~l (Ref. 37),

we see that a population of radiation workers exposed to 1 rem
year of 40,000 would have to be studied for 30 years for an
effective epidemiological study! One might therefore be forgiven
for viewing with scepticism some recent studies that claim to
show significant findings with studies of populations of a few
thousand or less and with no reliable dose estimates. The ICRP
has, in its most recent recommendations, published a brief
summary of the risks of ionizing radiation and recommends risk
estimates to be used in radiation protection.

Despite the rather wide-spread unanimity of these risk
estimates upon which radiation safety standards presently rest,
there has been over the past decade a steady barrage of criticisn
from a rather small, but vocal, rump group. This group has
objected that presently accepted risk estimates are too low by at
least an order of magnitude. The literature contains many such

Table 1. Number of Man Years Needed for an Epidemiological
Study of Radiation Induced Cancer.

Dose Rate Radiation Risk Man Years
(rem/yr) (cancers/rem) M

0.1 10-2 1.6 x 104

10-3 1.2 x 106

10-4 1.2 x 108

0.1 10-2 5.2 x 102

10-3 1.6 x 104

10-4 1.2 x 106




Table 2. Risk Factors for Radiation Protection.

Tissue Risk Factor
Red bone marrow 2 x 10-3 sv-1
Bone 5 x 104 sy-1
Lung 2 x 10-3 sy-1
Thyroid 5 x 10-4 gv-l
Breast 2.5 x 10~ SY_
A1l other tissues 5 x 1072 Sv—

claims, but it is possible to mention only a few. For example,
Sternglass39 invoked the influences of radioactive fallout from
nuc lear weapons tests to explain a diminution in the rate of
decrease in infant mortality in the early 196Q's. This sugges-
tion was ably dismissed by Lindop and Rotblat40 but, neverthe-
less, there was great prominence given to the orginal suggestion
of Sternglass. Recent studies do not provide support for the
view that infant mortality in the 1960's was significantly
affected by radioactive fallout.4

Sternglass% also claimed to be able to show correlations
between nuclear power reactor operation and the incidence of
leukemia in populations close by. These claims were refuted by
Tompkins.

Of more interest are the studies by Stewart33:35 apd other
authors®,%6 of the incidence of leukemia and other cancers in
children who were irradiated in utero incidentally to diagnostic
procedures performed on the mother. For example, the Oxford
study of Stewart and Kneale3% found an increase of ~50 percent
per rad in the exposed group when compared with the non-exposed
group used for control. They also suggest their study is
consistent with a linear dose-effect relationship.

These suggestions, if confirmed, would be of great importance
in public health because they would provide evidence of deleter-
ious effects to humans at dose levels of a few tenths of a rad.
However, the conclusions drawn from these studies are not
generally agreed upon. Stewart herself hss drawn attention to
the fact that several prospective studies® do not show such an
effect. Jablon and Kato%/ have indicated inconsistencies
between the Stuwart data and those of the Atomic Bomb Casualty
Commission (ABCC) studies of the Hiroshima and Nagasaki bomb
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victims, where no elevation in leukemia or cancer in children
irradiated in utero is found. Jablon,48 in a later paper,
speculated that "some of the relationships that have been
reported reflect, in reality, selection of gravida for x-ray."
More recently Oppenhiem et al. 9 in a prospective study of 1000
children irradiated in the course of routine pelvimetry found no
conclusive radiation effect. However, they found several
possible sources of error in such studies——particularly in the
improper choice of control groups. They suggest that the
reported radiation effects on man "have been due to bases intro-
duced in the selection process, rather than to thc radiation
itse1f." In addition, Shore et al.50 have disputed Stewart and
Kneale's claim that their data are consistent with a linear dose
relationship. When the Stewart data are divided into five year
periods, the average case/control ratio fluctuates. For the most
recent period (1960-1965) the case/control ratio was -0.05 * 0.26,
indicating no significant elevation of cancer incidence.

There is, then, no general agreement as to whether irradia-
tion of the human foetus to ~1 rad does produce an elevation in
observed cancer or leukemia rates. This is due to the intrinsic
difficulty in drawing conclusions from epidemiological data.
Nevertheless, in the best interests of public health, until this
issue is resolved both the ICRP and NCRP have recommended
limiting radiation exposure to pregnant women of reproductive
capacity.>t»

In some cases incorrect conclusions are drawn which suggest
risk factor imuch higher than is likely. For example Morgan 3

has interpreted the data of Modan* and his colleagues to

suggest that exposures of a few rads to the thyroid will signifi-
cantly increase the risk of thyroid cancer. Modan et al. noted
an elevation of thyroid cancer in individuals whose heads were
irradiated in the treatment of tinea capititis. The thyroid
gland was in the radiation field and received absorbed doses of a
few rads. The pituitary gland was also in the radiation field
and the absorbed dose to the pituitary was an order of magnitude
higher than the absorbed dose to the thyroid. The most probable
cause of the elevation of thyroid cancers observed by Modan

et al. is therefore the irradiation of the pituitary and not the
thyroid.

Many other examples may be found in the literature and they
continue to appear. Recent examples are the Mancuso study, 9>
the Tri-State studies®® and the Portsmouth shipyard workers
study.57 Each must be studied on its merits. If the effects
claimed are confirmed, there will be important ramifications on
our radiation protection standards.
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DOSE EFFECT RELATIONSHIPS

Much of the present controversy concerning radiation effects
lies in the fact that we are forced to extrapolate risk estimates
obtained from epidemiclogical studies of persons exposed tr tens
or even hundreds of rads (and usually at very high dose rates)
down to the absorbed doses and absorbed doses rates of concern in
radiation protection (a few rads per year, or less). This extra-
polation has led to a y:<at deal of discussicn, and it _will be
discuss?d during this course in lectures by Partezke,

Silini, 16 and Rossi.?4 Suffice it to say at the present time
that two of the pieces of data used as a basis for present
radiation protection standards show non-linear dose-effect
relationships.

Qur protection standards for internal radiation are, in part,
founded upon the studies of the radium-dial painters. These
studies represent one of the few pieces of chronic humin exposure
data we have. Figure 2 shows the observed tumor cumulative
incidence in epidemiologically suitable cases as a function of
averagg skeletal cunulative rad dose as reported by Evans
et a1.98,99 Evans, in fact, hypothesizes that his data may show
evidence of an effective threshold. Figure 3 shows a plot of
tumor appearance time versus average skeletal cumulative rads.
There is a suggestion that the tumor appearance time increases as
the dose decreases. When the tumor appearance is longer than the
life expectancy for an individual an "effective threshold" may be
said to exist.

The concept of an "effective threshold" is of great interest
and has been invoked in other areas of toxicology. Thus, in the
analysis of data on dose of a carcinogen versus the period between
exposure and tumor appearance, Jones and Grendon®0 find that,
for all carcinogens examined including radiation and a number of
chemicals and in a variety of mammalian species including man, the
relationship between latent period, L, and dose, D, can be
expressed as: L = CDX, where x is generally close to 1/3. A
biological model has been developed to accourit for this similarity
of behavior among such divergent carcinogenic agents. if the
generalization proves valid, it will justify the use of “practical
thresholds" in estimating the effects of radiation and other
carcinogens at low levels. Dinmanbl nas persuasively argued
that stochastic determinants impose a lower limit cn the
dose-response relationship betweer cells and chemicals, and one
would assume similar arguments applied to cellular-radiation
effects.

It is of great interest whether effective thresholds of
absorbed dose or absorbed dose rate exists for all radiation
effects in man. 1t does seem clear from the data presented in
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Figure 2. The observed tumor cumulative incidence or
occurrence in an epidemiologically suitable

group of radium dial painters (Evans et al., 1972).

Fig. 2 that the dose-effect relationship is non-linear. Gofman
and Tamp1inb% have suggested that these data are consistant with
linearity but the chance that this is sc is 10° to 1 against.59

External radiations protection standards are, in part, based
upon data on the incidence of leukemia and other cancers in the
survivors of the nuclear weapons explosions at Hiroshima and
Nagasaki. Analysis of the Japanese survivor datz is difficult,
and this difficulty is compounded by the difference in radiation
fields produced by the two weapons. At Hiroshima the influence of
a substantial absorbed dose caused by neutrons has made dose
estimates and interpretation difficult. At Nagasaki, however, the
situation is somewhat simpler in that the neutron contribution to
absorbed dose was smaller and "wide ranges in the assumed neutron
potency factor cause only a small variation (+10 percent) in the
calculated risk rate coefficient for Nagasaki."

Figure 4 shows the estimated annua) leukemia deaths per 106

persons for the exposed gopu]ation at Nagasaki during the period
1950-1970. Mays et al.63 conclude:
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Figure 3. Log-log presentation of tumor appearance time versus
average skeletal cumulative rads (CR) for radiogenic
tumors (Evans et al., 1972).

“The non-linear appearance of the plotted dose-
response curve for Nagasaki raises reasonable doubt on
whether the dcse-respaonse is really linear (Fig. 4).
Among the 4931 persons exposed at Nagasaki to
10-99 rads, 7.2 total cases of leukemia are predicted
(4.7 natural plus 2.5 induced according to the
‘preferred' linear estimate), whereas only 2 jeukemia
cases were actually observed. A linear relationship
predicting 7.2 cases when only 2 were observed is
rejected significantly (P = 0.03). An excellent fit
to the Nagasaki incidence rate is made by the fitted
dose squared relationship of 0.003 induced leuk per
year/106 person rem® starting at a natural inci-
dence rate of 52 leuk per year/10° persons, and
assuming an average neutron potency factor of 9. This
dose squared relationship will be used to provide
alternative estimates of risk,

"Now, the lifetime risks will be estimated for
leukemia induced by total body x-ray irradiation at
high dose-rates (10-1000 rem/min) such as received
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Figure 4. The leukemia deaths (expressed as deaths
per million people) observed among the
Nagasaki survivors, plotted as a function
kerma equivalent (rem) (A neutron RBE of 9
has been assumed). The error bars show one
standard deviation; the darkened line, a dose
squared model (Mays et al., 1973).

received by the A-bomb survivors. Assuming the average
death rate from induced leukemia was the same in the
unobserved interval 0 to 5 years after irradiation as
in the observed 5 to 25 year interval, the total inci-
dence during the first 25 years following irradiation
based on the preferred linear model would be éZS yr)
(0.8 leuk per yr/106 person rem) = 20 Teuk/10

person rem. Based on present trends about 80 percent
of the lifetime leukemia risk should be expressed at

25 years. Therefore, the preferred linear estimate for
the lifetime risk from leukemia is (20 leuk/106

person rem)/0.8 = 25 leuk/106 person rem. The higher
and lJower linear estimates and the dose squared
estimate were calculated similarly, and are shown in
Table 3."63
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Table 3. Lifetime Risk from Leukemia at High Dose-Rates
(from a total body y-ray dose “D“?

Higher linear estimate (80 leuk/106 person rem) D

Preferred linear estimate (25 Leuk/106 person rem) D

Lower linear estimate (14 Teuk /106 person rem) D

Dose squared estimate {0.1 leuk/10% person rem) p2

Thus, in some of the better epidemiological data available,
there is strong evidence that a linear extrapolation from high
dose data to the radiation protection dose region will give
conservative risk factors. 1 would like to go further to
stimulate discussion and suggest that, at the present time, we
have no generally agreed data upon that demonstrate that exposure
to x or y-radiation below ten rads are harmful to humans.
Furthermore, even if such data are eventually forthcoming the
effect of dose-rate must be carefully studied.

On the other hand an entirely different situation may exist
with high LET radiation and I look forward to the lecture by
Silini on_the effects of radiation quality upon biological
effects.

THE BASIC ASSUMPTIONS OF CURRENT RADIATION PROTECTION STANDARDS

Despite the great increase in our understanding in the
biological effects of ionizing radiation, our present protection
standards are based upon simplying assumptions that originate
from the early 1950's. It is assumed that any radiation exposure
may carry with it some detriment.

"A linear non-threshold model was specifically
chosen on a basis of mathematical simplicity and
prudence to represent the upper limit of risk in the
low-dose domain, for somatic radiobiological effects
which had been observed only in a higher-dose domain.
The linear nonthreshold model was not based on radio-
biological data for somatic effects in the low-dose
domain,

"As originally introduced, care was always taken
in protection committee reports to point out that the
true risk in the low-dose domain would be expected
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to lie between zero and the upper limit given by the
linear non-threshold approximation."

For the purposes of radiation protection it is assumed that a
gquantity dose equivalent, H, is related to the presumed radiation
risk.

"In radiation protection it has been found con-
venient to introduce a quantity that correlates better
with the more important deleterious effects of exposure
to radiation, more particularly with the delayed
stochastic effects. This quantity, called dose equi-
valent, is the absorbed Dose, D, weighted by the
modifying factors Q and N.

"The dose equivalent, H, at a point in tissue is
given by the equation: H = DQN, where D is the
absorbed dose, Q is the quality factor and N is the
product of all other modifying factors specified by the
Commission. Such factors might take account, for
example, of absorbed dose rate and fractionation."64

The importance of dose equivalent for radiation protection is
also indicated by International Commission of Radiation Unitis and
Measurements. In ICRU Report 19A, Dose Equivalent is stated as
being "related to the presumed radiation risk."6

“The quality factor, Q, is intended to allow for
the effect on the detriment of the microscopic distri-
bution of absorbed energy. It is defined as a
function of the collision stopping power (L.} in water
at the point of interest. Interpolated values of Q as
a function of L, can be cbtained from the figure,
which is based upon the values shown in the tahle
[Table 4].v66

THIS COURSE AND RADIATION PROTECTION

We have seen in the previous sections that the present basis
of radiological protection includes many assumptions. The
fundamental assumption is that the deleterious effects to man of
ionizing radiation are directly proportional to the absorbed dose
in the irradiated tissue. This assumption may well be shown to
be false or at least an approximation under very special circum-
stances. Thus, Mole finds that a dose-response of the form
aD%e-AD fits the data for the incidence of both thyroid
cancer and breast cancer in the survivors of Hiroshima.
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Table 4. L_-Q Relationship

L, in water
(KeV/um) Q
3.5 (and less) 1
7 2
23 5
53 10
175 (and above) 20

Kellerer and Rossibf8 have proposed a theory of dual radiation
action which explains radiation effects observed at Lhe cellular
level. 1In general neither the dose-response relationships pro-
posed by Mole or by Kellerer and Rossi are linear. We mgg expect
to hear more of these topics in the lectures by Paretzke"” and
Rossi.

A second assumption used in radiation protection is that
there is no diminution in the biological effect produced by a
given absorbed dose as the absorbed dose rate is reduced. The
recent statement by the ICRP that the risk estimates contained in
Publications 26 {Ref. 70) represent best estimates {rather than
upper limits) is not universally accepted. Paretzke,_in his
lecture on "Late Effects of Low Doses and Dose Ratei“ls and
Silini on "The Estimation of Radiation Risk in Man"16 wil1
address some of ihese issues.

The third basic assumption of radiation protection which may
be challenged during this course is L.-Q relationship. This
relationship is now some twenty years o]d,71 and some redifini-
tion is perhaps overdue. There have been recent challenges of
the basic concept of this relationship. Mole has suggested that
"a question for the future is whether a single value of Q for a
given quality of radiation can continue to be used in radio-
logical protection, regardless of the particular tissues exposed
and the_nature of the biological effects which is to be mini-~
mized."7¢ Rossi has in fact proposed substantial increase in
the Quality Factor for neutrons,’3 based upon studies of the
incidencs of Teukemia in the survivors of Hiroshima and
Nagasaki 4 and other considerations, Furthermore, Rossi has
suggested that radiation quality may be better described by a
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microscopic Euantity which he terms the lineal energy, rather
than b Lm.7 Lectures by Paretzke,69 Rozsi,’6 znz

Silini¢® will discuss some of these issues. Because their is

no unanimity3gv;9egt in the literature we may expect some lively

discussions.

One of the facts that will make these discussions informative
is that we are now beginning to accumulate a great deal of
information on high LET radiation effects. Following the first
acceleration of heavy ions to high energies at Princeton82 and
a few months later at Berke1ey,8 high LET radiations have
been available which permit not only studies of cellular
radiobiology but also whole body irradiation of small mammals.
Schimmer1ing8® will discuss the new sources of radiation that
have become available in the past decade, while Curtis will
discuss their application to medicine.

Perhaps we can hope that, for this course at least, the views
of Francis Bacon will prevail: "If a man begin with certainties,
he shall end in doubts; but if he will be content to begin with
doubts, he shall end in certainties."
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