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A recurrent theme in discussions about nuclear energy is the
uncertainty regarding the effects of exposure to low levels of
radiation. Statements on this subject are often misleading by
implying a gereral level of knowledge approaching total ignorance.
This paper attempts to place the problem in a probablistic perspec-
tive.

Recent theoretical predictions on the effects of low-level ion-
izing radiation indicate induction rates as high as 8 x 10-3 can-
cers per man-rem.(1l) Assuming this estimate is correct, then
roughly half of all cancer incidence in the U.S.A. could be attri-
buted to natural background radiation. Previous studies (2,3),
however, indicate no correlation between cancer incidence and Tevels
of background radiation.

Table 1 reviews some past estimates of radiation-induced cancer
rates. These estimates pertain to effects of lTow-level radiation
{sub MPC) whole body doses to large populations. The estimates
shown were not all originally given in terms of cancers per man-
rem. Some were calculated from doubling dose estimates, or were
inferred from estimated effects of given population exposures. No
judgment is made here as to the quality of these estimates or how
they were derived. They are given to demonstrate their wide
diversity.

Table 2 presents a summary of data on external background radi-
ation and cancer incidence for the U.S.A. by state. The radiation
values were taken from the USEPA (15), and were corrected for struc-
tural and body shielding according to the method suggested by the
NCRP. (16) They are presented as corrected external background dose
(CXBD) in mrem/yr. The cancer incidence values were taken from U.S.
statistical abstracts. (17) For purposes of this analysis, a
simplified but reasonable method was used to correct the raw data
for age variation and other factors affecting the general state of
health. The raw incidence data were normalized according to overall
death rate, which itself is a function of the population age
distribution and general state of health. The normalized cancer
rate (NCR) was calculated by
NCR = national death rate

state death rate x state cancer rate.

TABLE 1. Estimated radiation-induced cancer rates

Risk estimate Risk estimate
Source Date  {cancers/man-rem} Source Date (cancers/man-rem)
ICRP: 8 (4) 1966 5.0 x 10-4 Rasmussen (10) 1975 1.2 x 10-4
Robison & Anspaugh (5) 1969 1.0 x 10-3 NUREG-0216 (11) 1977 1.4 x 104
Gofman & Tamplin (6) 1969 1.7 x 103 Mancuso (12) 1977 6.8 x 103
Otway (7) 1971 7.0 x 104 Gofman (13) 1977 7.3 x 10-3
Hull (8) 1971 1.0 x 10-4 Tamplin & Cochran (1) 1977 8.0 x 10-3 .
Low 8.8 x 10-5 Morgan (14) 1978 6.0 x 104
BEIR (9) {"most likely" 1972 1.8 x 10-%
Committee High 4.4 x 10-4

*Work performed under the auspices of the U.S. D.0.E., contract No. W-7405-Eng-48.
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TABLE 2. Background radiation and cancer incidence

STATE NCRa  CXBDD STATE NCR  CXBD STATE NCR  CXBD
Alabama 150.9 81 Louisiana 161.3 57  Ohio 171.4 87
Alaska 112.2 79 Maine 175.1 93  Oklahoma 159.3 83
Arizona 164.5 92 Maryland 186.7 71 Oregon 165.9 83
Arkansas 167.9 84 Massachusetts 183.8 84 Pennsylvania 171.2 76
California 180.2 68 Michigan 183.8 83 Rhode Island 192.9 78
Colorado 155.8 175 Minnesota 168.9 94  South Carolina 144.0 81
Connecticut 198.8 74 Mississippi 147 .4 78  South Dakota 158.5 137
Delaware 196.3 7 Missouri 162, 79 Tennessee 157.3 85
Florida 183.2 70 Montana 162.6 119 Texas 163.5 60
Georgia 144.5 74 Nebraska 163.6 103 Utah 142.1 129
Hawaii 198.0 65 Nevada 170.7 102 Vermont 168.3 74
Idaho 152.6 115 New Hampshire 185.4 82 Virginia 170.8 76
I1Tinois 170.3 82 New Jersey 190.8 74  Washington 180.9 83
Indiana 165.0 76 New Mexico 147.1 139  West Virginia 152.1 83
Towa 170.4 83 New York 184.0 82 Wisconsin 174.0 80
Kansas 163.7 83 North Carolina 150 89  Wyoming 143.3 175
Kentucky 161.5 79 North Dakota 165.5 92

aNormalized cancer rate (yr-1/105 population).
Corrected external background radiation dose (mrem/yr).

Figure 1 presents this cancer and radiation data graphically.

The data points present a picture similar to that previously shown

by Frigerio (2), indicating a lack of correlation.

Regression

analysis of these data, assuming a linear relationship, indicates
that the best-fit curve is described by the formula NCR = 190 - 0.27
CXBD, shown as a solid line in Fig. 1. The regression analysis
reveals a somewhat negative correlation; however, the correlation
coefficient, r = 0.39, indicates a very weak relationship.
Useful insight can nonetheless be derived by testing certain
hypothetically assigned radiation-induced cancer rates against the
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Fig. 1. Cancer incidence and background radiation.
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data. This is done by determining mathematical relationships that
(1) conform to the hypothesis and (2) best conserve the observed
data. The hypotheses tested were:
1. The Fractional Hypothesis (a fraction, f, of all cancers
are induced by exposure to external background radiation):
NCR = 167(1 - f) + 2.1 f CXBD.

2. The Null Hypothesis (cancer and background radiation are
unrelated): NCR = 167 (note: f = 0).

3. The Total Hypothesis (all cancers are induced by exposure
to external background radiation and nothing else):
NCR = 2.1 CXBD (note: f = 1.0).

These hypothetical relationships are shown as the dotted lines
in Fig.l. In testing these hypotheses, the question is asked:
Given that the hypothesis is correct, what is the probability that
the actual data could have been observed?

The statistical method used for the calculation was the "t"
test described by F.S. Acton (18), where:

_(b-8) ¥n-?2 Vixx
t(n-2) V3SR

Knowing "t" (at 48 d.f.), it is possible to determine the pro-
bability of a fractional cancer incidence (f) equal to or greater
than that hypothesized. This relationship is given in Fig. 2,

To relate "f" to the radiation-induced cancer rate, assume all
cancer incidence is caused by external background radiation, in
which case, at steady state in the U.S.A.,

167 cancers/yr =2.1x 107¢ cancers/man-rem.

105 people x 0.079 rem/yr

If, for example, the induction rate value were in fact 8 x
10-3 cancers/man-rem, then f = 0,38, In Tight of the_ohserved
data, the probability of an induction rate of 8 x 10-3 or higher
is approximately 7 x 10'5, or about one chance in 14,000. From
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this analysis it may be concluded that such high estimates of radia-
tion-induced cancer rate, although not impossible, may certainly be
considered highly improbable.
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