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Abstract

A decade ago the risks of leukemia from exposures to low
leveis of ionizing radiation were estimated by linear extrapolation from
data on persons exposed to much higher levels. In recent years, however,
a number of scientific studies have reported excess risks where the data
was on persons actually exposed to low-level radiation. The new findings
are incompatible with the estimates based on the linear hypothesis
although these est.r.tes continue to be used in public health.' Fifteen
studies involving low-level nuclear radiation and ten studies involving
diagnostic radiation are listed and briefly described. Most of these
studies have positive qualitative findings but a few also have quanti-
sative estimates of risk such as doubling doses. The qualitative findings
would be extremely unlikely at the estimated exposure levels (which
represent average exposures well under 5 rads or rems) if the extrapo-
lative estimate of over 100 rads of the Federal Interagency Task Force
Report were correct. The quantitative estimates from the data on persons
exposed %0 low-level radiation give doubling doses in the vicinity of 5
rads and are also incompatible with the extrapolative estimates. The
failure of the linear hypothesis to £it the new facts seems to reflect a
greater efficiency-per-rad in producing genetic damage for the low-dose

range than for the high-dose range.



1. * Introduction: The Reassessment of Nisks in 1981

In the past, the assessment of the hazards of low-level ionizing
radiation has been carried out by large, federally-sponsored committees
or task forces. Hence, this might appear tc be too formidablie a task
for one person without federal funding to carry through. However, in
1981 there are several reasons why such a reassessment is Doth feasible
and desirable. It is desirable because official panels funded Dy the
government are in a conflict of interest situation since findings on
radiation hazards would have immediate impact on federal agencies. Some
agencies have actively promoted radiation technologies and others are
involved in legal claims such as those of servicemen at the 3ig Smoky
nuclear weapons tests. Under these circumstances, some Tecent official
reports lack credibility.

While the reassessment is not an easy task for one person,
there are several factors that make such a review feasible in 1881 when
it might not have been feasible earlier. The main reason why the task
has become feasible is that there are now a series of scientific studies
which are directly relevant to the crucial public health issue, the
health effects of exposures in the vicinity of 5 rems or less. For the
first time there are facts on the occurrence of leukemia and other
diseases in populations actually exposed to these low levels of ionizing
radiation. The new facts complicate the assessment since they contradict
the earlier findings but they greatly simplify the task in other ways.

When there are reliuble facts that can give direct answers t0

questions about low-level radiation hazards without guesswork, there can



be no scientifically valid reason for bringing in obsolete, less relevant

data and for using extrapolations that are mostly guesswork. Most of

+he evidence that was the basis for the earlier assessments, the animal
data or the high-dose human data, can be omitted from a 1981 assessment
without any serious loss. While this facilitates the assessment here,
for the official panels by creating another kind
panel scientist can easily acknowledge that
1ifework has become irrelevant to a 198
reassessment of radiation hazards.
Finally, a consensus of opini large panel may be one
way of striving for objectivity when the facts are lacking, but when
ectly relevant facts at hand objectivity is achieved by
acts and by disregarding subjective opinions or
is what will be done with more than a score of
al reports of health effects in popu-
radiation or medical x-rays.
son why assessment is easier today is that
shere have heen maior scientific advances in our understancding of the
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human cancers.
gical process that ends with
a biochemical
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genetic material of a human ¢'71. This break-point may be inherited
from a parent as genetic damage, or it may be produced by radiation,
chemicals, or biological materials in the environment. We now know that
this genetic degradation is the cause of cancer and some other chronic
diseases. Hence, although the type and circumstances of the radiation
exposures are different in the score of positive reports, the underlying
process of radiogenesis is the same in all of them.

Finally, in 1981 it is possible to narrow the question to a
specific quanti:ﬁ:ive evaluation of the health hazards. The issue today
is not whether there is a hazard but how much of a hazard there is.

“hile varicus measures have been used, the technical concept that is
probably most easily grasped is the doubling dose. The health effect
that shows up most clearly is the occurrence of leukemia. Hence, the
reassessment can focus on very specific questions such as: What is the
coudbling dose for leukemia in men?

While this focus may seem overly narrow, the official position

O

0f the federal agencies stands or falls on the answer to such questions.
The doubling dose estimate is directly related to official standards
such as <h2 5 rems ner year permissible exposure to nuclear workers set
by the Nuclear Regulatory Commission. Thus if, as was claimed in recent
fadera! remorts, the doubling dose were over 120 rems, this standard is
defeﬁsiblé. On the other hand, if the doubling dose is around 5 rems
then NRC 1s permicting a dangerous exposure. No other carcinogen is

permitted at levels close to a doubling dose for cancer in humans.



2. The Rival Risk Hynotheses: Three Theories of Low-Level Risks

tting the question in the form '"What is the doubling dose
for leukemia?" allows a relatively :lear and simple statement of the
three hypotheses that are involved in the current controversy. The
doubling dose can be calcu.2ted from the relationship between, say, dose
in rems and relative risk of leukemia for a given dose, from what is

zenerally called a dosage response curve. The rival hypotheses can be

represented as three curves on the graph for the dosage response curve.

"2 three theoretical curves are shown in Figure 1,

INSERT TIGURE 1

The three rival theories are shown as curves A, B, and C in

Figure 1, They are:

fA) The original threshold hypothesis which was probably the

most popular view in 1960 and which supported the official doctrine that
"Low-level racdiation is hermless'. This curve is shown as a heavy
dotted line that goes down to the x-axis at some point, say above S5
rems, Accorcing %o this theory thers would be no risk at dosages below

the point where the curve intercepts the horizontal axis.

(3) The linear hyvothesis which was probably the most popular

view in 1970, It is the theory adopted in the 1972 2EIR report (1) and

this curve is 2 solid straight line in Figure 1. When the dosage response

curve nlots excess radiation (in addition to background) versus excess

risk of leukemia, the straight line should go through the point where



the x-axis and y-axis intercept., The linear hypothesis (or some variant)
is an irreplaceable assumption for all of the estimates in the BEIR
report since the 1ctual data used is on persons exposed to higher dosages
0f radiation, generally over 100 rads. Cxtrapolation over log orders of
magnitude must be used to estimate the risks at the low levels, generally
under 5 rads, which are the critical levels for the public health problems
from both nuclear and medical radiation.

(C) From a public health standpoint the worst possible curve

is the one which arises with what might be called a genetic degradation

hyoothesis. This curve is the light dotted line that bends off above
the straight line at the lower doses. It will be argued thac this is
the hypothesis that fits the facts that are available in 1981, We now
have information on leukemia risks in groups which were actually exposed
%o low-level radiation., Hence, estimates of risk can now be made
directly from tlie data without the strong assumption of the linear
avoothesis, |

The difference Letween the three rival hypotheses can be

ayoressed very simnly in terms of the notion of excess risk-mer-rad.

The linear hypothesis assumes that there is a constant risk-per-rad--the
risk heing the same at high doses as at low doses. The threshold
hypothesis assumes that the risk per rad is less (or vanishes entirely)
at low doses. The genetic degradation hypothesis assumes that the risk

ner rad is oreater at low doses than at high doses. One rationale for

this hypothesis is that at low doses, chances are that there will be one

“reak-noint nroduced or none at all., At high doses, however, multiple
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uced. This heavy damage blocks the cellular repro-
duce the cancer. It therefore '"wastes' the break-
a lower risk-per-rad at higher doses. Another

xnown to often be misrepair).

3. Testing the Hynotheses: Qualitative Tests

Modern science began with the Galilean Rule: A theory must
£i+ the facts. So the first step in the 1981 reassessment of radiation
»ircks is to determine how well each of the three rival theories fits the
enidemiological facts that are now available. In principle, the best
test would be a quantitative one: A dosage response curve for the range
around S i be constructed from actual data on persons exposed
%0 vadiation in this range, and this actual curve compared directly wit!
““e theoretical curve, This will be done in a later section. However,
the antitative tes%s are more comrlicated, and we may start with the

=nler gualitative tests of the three hypotheses.

The reason *hat qualitative tests are feasible here is that
there is an enormous difference Letween the estimates inear
wpothesis and the estimates from the genetic degradation hypothesis.
The latter as will bYe seen later, gives an estimate of the doubling

sse that is prohably less than five rads. The official estimates, such
1s those in the latest Federal Interagency Task Force Report (2),
qut *he doubling dose at over 10C rads, With one estimate more than 20
timag annthevr ayen a coualizative annroach can indicate which estimate




£its the facts and which does not. The threshold hypothesis is easily
istinguished from both other hypotheses since it implies an infinite
doubling dose at low doses.

If the doubling cose were over 100 rads or if it were infinite,
then the effects of doses between 100 millirads and 10 rads, in what
will be called the l-rad range, would be negligible. My testimony of
March 5§, 1979, to the Senate Covernment Affairs Subcommittee on Energy,
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Nuclear Proliferation, ard Federal Services in Washington, D.C. (3),

began by noting this point:

'""Three years ago it was widely believed by the self-
styled radiation protection community that it would be impossible
to detect any heal+h effects in studies of people exposed to dosages
in the l-rad range. At that time, Tom Mancuso and I were the only
ones doing large-scale epidemiological studies to look at these
hazards. Two years ago I predicted that if scientists would only
«»v %0 look at populations with exposures in the l-rad range they
would find, as we did, that there are serious health hazards.
Since that time more than half a dozen new studies have looked at
what hannened to persons exposed to nuclear radiation in the l-rad
range and have reported positive results. These are the studies
that I want %0 try to put together,

'n %en minutes I cannot hope to go into details on all
*he studies, <he criticisms of these s ud.~s that have been made by

the memhers 0° the radiation nrotection community who wrote the

interagency report, or the answers to these criticisms. Very



briefly, there are three kinds of studies of nuclear radiation

hazards at the l-rad level. The first kind deals with perscns who
were exposed to fallout from the nuclear weapons testing of the
cold war era. This includes studies of the servicemen at Big Smoky
and other tests. There are also the after-effects on adults and
children in the areas of Utah downwind from the tests. The second
xind of study involves occupational exposures. This includes
studies »f the workers at the Hanford reprocessing plant and at the
Poresmouth Naval Shipyard, The third class of study involves
axposures to nuclear wastes such as the uranium tailings or releases
from power plants, Depending on what is counted, there are now
batween half a dozen and a dozen positive reports of hazards to
nersons exposed *o nuclear radiation in the l-rad range. It is

virtually imnossible that they are all false alarms."”

™is testimony involved an early draft of the Interagency

nerors, commonly called the Libassi Report, but the bibliography of the

version [2) will be used here,

*m the final version of the Libassi Report, there are five
rafavances for the hazards of nuclear radiation f;om fallout when thyroid
cance= s 2lso considered (4-8). However, this list is largely limited
20 publications in the technical literature. It omits all reports on

£31lous feam e, Trmest Sternglass and others even when they appear In

Congressional sub.ications (2). It omits media reports entirely, for

ing+anca shae remorss on the marines at Nagasaki (10). The coverage of

wasawle *a woriers at nuclear installations is somewhat better., Seven



refarences with positive results are cited (11-16). There are three
nositive reports on hazards of nuclear wastes or emissions or areas of
high natural radiation (17-19), but none of the studies of populations
in the vicinity of nuclear power plants (20) is cited. The Rocky Flats
and uranium tailings hazards are mentioned without citation. Despite
+hese omissions, it can be seen that well over a dozen positive studies
were cited in the Libassi Report, disparaged, and then disregarded.

There are eleven reports of positive findings for diagnostic
x-rays cited (21-31), all of which £ind excess leukemia among patients
exposed to this low-level radiation. A negative study of occupational
hazards of radiologists is cited (32) but not the positive studies on
radiologists. An impertant study of the children of radiologists (33)
ig gmiv*ad as are some of the important diagnostic x-ray studies (34).

One might wonder why in 1981 there are so many positive
ssudies on groups exposed to low-level radiation when in 1960 or 1972
+hews were so fesw. Basically what has happened is this: Time is

minnine out on Soth the thres-old hypothesis and the linear hypothesis.

"ha muclear exmosuras started in the 1950's and 1260's, but because of

N

ong lasent period for the malignant diseases the health effects are

*hesa are the qualitative facts. How well do the three rival
sheorias fis +he facts? The long list of positive reports cited above

ig ahous what would He expected if the genetic degradation hypothesis

12 she doudling dose for leukemia were less than 5



correct. They would be impossible if the threshold hypothesis were
correct. Or putting it another way: In accordance with the Galilean
Rule that a theory must £it the facts, the threshold hypothesis would
have to be rejected completely and the linear hypothesis almost as
strongly rejected on the basis of these facts. This does not absolutely
prove the genetic degradation hypothesis but it makes it the only tenable

hAypothesis of the three.

£. Combined Weight of Scientific Evidence From Fragile Studies

Because the studies of nuclear radiation hazards are likely to
involve relatively few cases of leukemia or myeloma or other radiogenic
diseasas under study, they are not "robust" (in the technical statistical
sense)., Therefore, it may not take much to change a study which is
"rositive" (i.e., achieves the traditional 5% probability level) into
one which Is "negative" (i.e., fails to achieve this level). Critics
have only to change an underlying assumption, exclude a few cases

r incdirectly (by analytical decision), or simply use a less

.
o
"
\'
0
ot
b -
<
Q

cowerful statistical meshod in the analysis. Hence, in a technical

sense, the studies %end to be "fragile" and individually they are vulner-

e to critical attacks such as those in the official reports. As I

noted in my 19279 Senmate testimony (3):

"The radiation protection community has used a divide and
conquer strategy to deny or discredit these reports, treating each

as 1£€ 1% 1s separate and unrelated and attacking each in turn. The
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main thrust of the criticisms is that the numbers of leukemias or
cancers in the critical series that give positive findings is
generally small. The numbers range from 6 in the Portsmouth
Shipyard study (with one expected) to 32 in the Utah children (with
13 expected). It is argued that this is too few to be sure of the
hazard. It is also claimed that even if there was a hazard, the
casualties would be unimportant and not worth worrying about. The
attitude of the radiation protection community has been that we
should take a few civilian casualties for the sake of nuclear power

or nuclear deterrents.”

Although it is relatively easy to fault the positive findings
0f each study separately and difficult to argue that any one study is
conclusive, with so many positive studies it is now necessary for critics
s0 deal with the cumulative evidence of excess risks of leukemia and
other diseases in persons exposed to low-level radiation. This they
hayve not dona, Inceed, there are difficult technical questions involved
“he combined weight of evidence for any series of fragile
studies, Although more than 20 studies have been cited here, no 2 of
shem are similar emough in all respects to simply pool the data.

' Scientific guidelines for assessing the combined weight of
evidence are neadad here, The casual and subjective "expert opinions"
*hat have Heen offered so far are no substitutes for such guidelines.

As might be sxpected, such opinicns depend on preconceived opinions on
she "azard issue, Those who wish to discredit the low-level dava argue

- .

shat any number of "iffy" studies add up to an "iffy" conclusion. Their

L
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opponents argue that while an individual study might be called a "frail
reed”, the analogy %o a bundle of frail reeds suggests the combined
evidence is stron
More adequate guidelines can be obtained by applying well-

xnown general statistical principles and procedures to the specialized
nsroblem of combining the information in a set of fragile studies. A
mathematical derivation using what is called the '"likelihood ratio"

aporoach is too lengthy to present here, However, a brief outline can
e given, Starting with a minimal mathematical model for an individual
case history in 2 study of low-level radiation hazards, the scientific
structure can be characterized in terms of observed quantities and
sarameters, The radiation exposure, z, and the health effects, x (e.g.,
leukemia, no leukemia), are observed, The age-sex-disease specific
»isk, =, and the inverse of the doubling dose, @, are parameters. The

avabability of a2 leukemia death, ?(x 8,7, 2), can *hen be written as:
2x. 0,7, z) = (1 48 2) (4.01)

feom the definision of a doubling dose and a linear interpolative as-

=

sumntion for the low-dose range, Note if the exposure z equals the
doubling dose the risk is doubled (2 2 = 1).

ALl of the hymothesis tests commonly used are related to the
1ikelihood ratio of a series of case history reports in a given study.
liXeliood r2tio methods can bYe found in Chapter 24 of

datails on

+ %3
- T .

Yendall and Stuars's, The Advanced Theory of Statistics. Here, the

susmose is %0 test the null hypothesis that low-level radiation is




harmless (or nearly so), 2 = 0, against the counterhypothesis that it is

a serious hazard (i.,e,, the doubling dose is in the vicinity of 5 rems

or 9 = 0,20). The likelihood ratio, Ii’ for a given fragile study
contains all or almost all of the information relevant to the hypothesis
under test and can be used directly or indirectly for a standard signifi-
cance test, The strength of an individual study is usually measured by
what statisticians call its "power", (i.e., the probability of detecting

a radiation effect when the counterhypothesis is true). This power is a
function of a ratio (i.e., the ratio of the estimate @ to its standard
error). For a fragile study, the power would be somewhere in the vicinity

0f 0.50 and detection of a real radiation effect if it exists would be

To assess the strength of the combined information in a set of
fragile studies, we can apply the concept of "power' to the set of
studies rather than 20 the individual studies. To make the results more

conclusive, the more stringent 1% (or 99%) probability level will be

sed hare instead of the usual 5% level, At this more stringent level,

13

<he odds would he heavily against any one fragile study being statisti-
cally significant, By a straightforward use of the likelihood ratio

approach, it is possible to combine the information by using the product,

2, 0f the individual 1ikelihoods (1 = 7 li). An asymptotic significance
and <he nower 0f this test comes directly from likelihood ratio theory
30) The results are shown graphically in Figure 2 and they provide
the desired guidelines for assessing the combined weight of evidence in

a set of fragile studies.
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As would be expected from common sense, the power increases as
she numher of studies, m, increases and as the average stremgth of an
iadividual study in the set, A, increases. ‘that common sense alone does

not provide is the quantitative relationship between factors m and A and

the nower of the combined test, However, this is shown in Figure 2. As
might e expected, when an estimate is no larger than its standard error

‘A = 1), the cumulative evidence is relatively weak and the power Increases
very gradually, In this situation one would expect most of the fragil
studies would susm out negative (e.3., at least 5 out of 6). However,

when the studies are strong enough %o have a 50-50 chance of a positive
resuls fe.3,, A = 2.7), the strength of the combined evidence rises

idly as the number of studies increases. When (as for the cited

seudias 0f low-leyel wvadiation) the studies are predominantly positive,

-4 §

shis covvesnonds %0 the regicn of Figure 2 where A is greater than 3,

“awa *ha mower of she combined evidence is high even for as few as half

“hat Tigure 2 suggests is that the ovidence from the more than
20 studies cited is conclusive, The null hypothesis that low-level
wadismion ie “Wawm'egs (9 = ) must bHe reiected, The official estimates
£ lauhline Zoses over 100 vems (whers 2 < 0,01) must likewise De reiected,

-
.

Tadaad, the avilence is mwohadly decisive for three separate subseries

Ad geudiag, Theca ave she sevies of ssudies on 1) nuclear workers, (2}

fatlous from nuclesy wearons tests, and (3) diagnostic medical x-rays,
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The analogy with the strength of a bundle of "friil reeds' seems %o

hold.

5. Testing the Theories: CQuantitative Analysis

While there are numerous epidemiological studies which provide
qualitative evidence of serious hazards at low levels of ionizing
radiation, there are fewer that provide quantitative results. The main
reason for this is the relatively large number of cases of leukemia or
other radiogenic diseases needed for a quantitative analysis. Leukemia
is such a rare disease that even if risks are doubled or tripled there
will only be a handful of cases in most studies. Quantitative studies
are also much more demanding with respect to the design of the study,
the methocologies used in collecting the data, and the amount of detailed
and verified information on each person. The two main quantitative
studias are those of Mancuso, Stewart, and Kneale on the Hanford workers
f1.-13), and those of Bross, 3all, Natarajan, Falen, et al on the Tri-
Szate Survey (21-25).

The %ind of extensive and detailed data that is needed for
auansizative studies is illustrated by Table 1. Table 1 shows the
ohserved numbers of men in the Tri-State Survey who were 65 years or
older zabulated by three factors. One factor was a report of non-
tymphatic leukemia or no leukemia, The second factor was a report of
hears disease or no heart disease, The third factor was the dosage of
madical x-rays estimated in rads from verified reports of exposures,

The =able also shows expected numbers which are numbers predicted under



lar tables can be constructed
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likely <0 have ‘2 spectrum of health effects rather than the single

.
effact of procducing leukemia., This is because we are dealing with non-
specific break-points and the actual biological end result of putting

shis misinformation into the genetic code is likely to be a loss or
reduction of some enzyme. As Dr. B.N. Ames has noted, "Damage to DNA
appears to e the major cause of most cancers and genetic birth defects,
and it may contribute to aging and heart disease." (36)

Such a deficiency, in turn, affects the operations of the
complicated host defense system in a variety of ways. One result may be
impairment of the feedback controls for the white cell system and
clinical symptoms of leukemia. Another result may be difficulties with
the girau’ tory system and clinical symptoms of heart disease. Thus one
zausa, 2 given “reak-poinz, can therefore produce more than one effect.

*n +hig data, we are looking at co-occurrence of two effects, heart

. 3ringing in heart disease may seem odd since it

‘¢ mot generally considered <o be radiogenic, but if it were not radio-
manic =he gco-ogcurrens analysis would fail, Recently, new and independent

avilance of <he radiogenisy of hear: discase has been reported in a

@

seucdy 0f risks of radliologists over seven decades (37).
3y using the co-occurrence hynothesis, it is possible to
confront the shree sheories dirscily with the facts. What does the
dosage resmomse curve actunlly look like in the dosage range of about S
wra 3 shows the resulcc from one of our studies of men who

received diagnossic x-ravs with losages in this range, The x-axis shows

in rads for the men in the various age and



exposure categories, These are calculated from verified medical x-rays

for each incdividual and then averaged over the category. The y-axis

shows the percentage increase in the risk of non-lymphatic leukemia and
conficence intervals on the individual estimates. Note that the per-
increase has already adjusted out the background risk of leukemia
this dosage response curve should go through the origin. The
N shows separately the results for three age groups and this turns
out o look like three replications of an experiment.

What does this graph tell us about the health effects of low-

irst of all, there is clearly a coherent dosage
resPonse curve coming out of this analysis., As the dosage increases,
the pevcentiage excess risk of leukemia goes up. Not shown on this graph
ara Jaza on a faw nersons at dosages averaging over 30 rads, but these
show still higher excess =isk. The pattern in this data is clear and
raasonably consistent and it is evident that the 100% excess risk of
Leuiemia, the doubling dose, is well down in this low-dose range,
nt else do these facts tell 'us? For one thing, they suggest
that the weorse case from 2 pudlic health standpoint, the genetic degra-
cation hynothesis, seems %0 de vight. The threshold hypothesis and the
Linesy hyvothesis are wrone, e Ciagonal lines shown on the graph make
this polint in another way, Cne of the lines, the steeper one, is the
.ina for a doubling dose of 5 rems while the other pictures a doubling
. 2 '

‘nea Af NN wamg e Sarem

0 <o 2 llttle Detter, The 10C-vem line doesn't £it at all and obviously

fag wall hYalow %he confilence intewvals,

line fits fairly well although it is possible
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INSERT FIGURE 3

5. Quantitative Estimates of Doubling Dose

The mathematical mocdel that successfully predicted the Tri-
State Survey data in Table 1 and gave the dosage response curve in
Figure 3 can be readily extended to provide a2 relatively precise estimate
of the doudling dose for non-lymphatic leukemia in men. In Figure 3,
each estimate of the "percent increase in the risk of leukemia" is
separately determined by the data for a given age and dosage category.

If an additional parameter is introduced, the doubling dose, then the
simple mathematical relationship between this parameter and the original
parameters 0f the model permits the calculation of the expectations for
the entire bocy of cata, Providing that there is a coherent dosage-
response pattern %0 the overall data, the numerical value of the doubling
ninimizes the total Chi-Square will predict (or explain) the
whole of the daca.

The Minimum Chi-Square procedure that has just been described
in words can be recuced to algzorithmic form (e.g., to a completely
machanical procecure) that can then be programmed on an electronic
computer, Details are given elsewhere (38). Wwhen this has been done,
the hasic cdata can bde tyred in at a terminal, a button pushed, and an
estimaze 0f the cdoubling dose will be printed out that is determined
solely by <he data and is uncontaminated by opinions, exper: or other-

hWas in fact been carried out and the results are shown in

=
by
w
3
.
b
u
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figure &, .On the x-axis of Figure 4 are different values of the doubling

b
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Dr. Thomas Najarian and Dr, Theodore Colton have redone their
original study using the badge doses for the individual workers that
were finally released by the Portsmouth Naval Shipyard. As reported in
congressional testimony (39), they have largely confirmed their original
findings by what amounts to an independent study. The excess risks of

lood cancers and of leukemia are double or .riple the expected values
but the overall cancer risks are about what would be expected. The
CDC/NIOSH follow-up of the Mortsmouth Naval Shipyard workers inspired by
the Najarian-Colton studies has now been completed. It was hoped that
this massive study of more than 25,000 PNS workers would settle these
uestions, but only 6 relevant leukemia cases were fo&nd. The estimates
of doudling dose are therefore imprecise., On the basis of average dose
in the leuXemics, an estimate of 9 rems is obtained. A slightly more
nrecise non-narametric procedure gives an estimate of 3 rems. About all
that can be said with any assurance is that the doubling dose is somewhere
in the viginity 0f 5 vems, However, this indicates that the exposures

mistad Hy NAC on an annual basis are hazardous to nuclear workers.

ications “or Protecting the Public Health

In %he time interval between the first presentation of this
revor: as an invited lecture in Heidelberg in October 1979 and the
aresens, the list of low-level radiation studies was twice updated, bdut
new renor=zs have bYeen appearing in the literature and in the media and
euickly make any list out of date. However, a few recent items will be

noted here and for bHalance let's start with two negative studies.
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dose to 1.0 rads or less, Hence, in cost-benefit evalu tions for the
denloyment of new radiologi:al technology the 5-rad estimate should be
regarded as a minimum cost.

The 1981 scientific evidence on radiation risks indicates that
these risks are more than 30 times greater than official estimates made
in 1979. This drastic revision in the risk estimates should in theory
require major changes in the way in which radiation technology is
currently deploved and used. In practice, however, the standards set by
the Nuclear Regulatory Commission and other official agencies or by the
quasi-official organizations (e.g., ICRP, NCRP) reflect the state of the
art in the technologies rather than health sfatistics. Unfortunately,
this situation is not likely 2o be changed by the current scientific

ayidence on heal<th hazarvds.
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erhaps public and judicial awareness that compliance with the

sguately protect the health and safety of
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ar workers or o0f the general nublic may compel changes in the

nrasent nromiscuous and sometimes dangerous uses of radiation technologies.
Litigation involving low-level radiation exposures is rapidly increasing
in the Unized States., Lawsuits involving compensation, malpractice, or
snvironmental protection may eventually make it unprofitable to nmisuse

radiazion technologies even if <he official standards continue to permit

such ahuses.
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The accompanying material, "A 1981 Reassessment of the Health
Hazarcs of lLow-Level Ionizing Radiation", was prepared by me and has
been submitted to a technical journal for publication. I swear that the

facts are true and correct to the best of my knowl.«dge, information. and

belief.
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