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1 Logistic No Threshold, A Data Based Replacement for LNT

The public needs guidelines. Regulators need rules. The current radiation rules are based on the
Linear No Threshold hypothesis. But Linear No Threshold is inconsistent with what we know
about cellular repair mechanisms; and epidemiological data shows that Linear No Threshold
does a very poor job of modelling the health e↵ects associated with radiation, especially at the
low end. But, if Linear No Threshold is invalid, with what should we replace it?

1.1 Acute doses

Even though our main interest is in chronic dose, let’s start with acute doses. For acute doses, I
suggest we accept the fact that nature abhors discontinuous derivatives. This rule takes Linear
No Threshold, Linear with Threshold, and quadratic (nonsense at the high end) o↵ the table.
It implies that the dose response curve should have zero slope at both the zero dose end and the
always fatal end. I propose that for the purposes of regulation we ignore hormesis, and assume
the risk is a monotonically increasing function of dose. There is considerable evidence that low
chronic doses stimulate protective responses, but it is not really clear what this implies for acute
doses. So to be conservative, we go monotonic.

Under these rules, we need a sigmoid response function. The five parameter logistic function
is a family of such functions that allows us to model a wide range of dose responses meeting
these basic rules. This is neither radical nor original. It embodies the establishment position:
no threshold, risk increases with dose. In fact, the logistic is standard practice throughout
medicine except in radiation. There are a half dozen software packages on the market to help
you fit logistic curves to dose response data.

As a not very good example, let’s fit a logistic curve to the RERF Life Span Study (LSS)
solid cancer data for the Hiroshima and Nagasaki survivors. BEIR VII says “the LSS cohort
of A-bomb survivors serves as the single most important source of data for evaluating risks of
low-linear energy transfer radiation at low and moderate doses”. BEIR is ignoring the fact that
this is acute dose data while almost all radiation public health issues involve chronic dose. But
let’s accept BEIR’s position for the moment. Unfortunately, we don’t have the individual data
so we will have to use the grouped figures.

Figure 1 compares the REFR linear fit with our least squares logistic fit.1 Figure 1 is the
kind of big picture that the RERF likes to show us. From this broad perspective, there’s not
that much di↵erence between the two approaches. From this distance, just about any family of
curves can be made to look like a fit. At the top end, the two curves diverge as the logistic fit
slowly heads for the assumed top end of 1.0 while the Linear NT line shoots up to where it will
kill the same people zillions of times. But aside from having a model that does not do anything
nonsensical, we are not really that interested in the high end. What counts is the low end.

1
Actually we used least squares weighted by the number of samples in each group, but it turns out whether

or not you do this weighting does not make a great deal of di↵erence in the overall fit.

2



1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Acute dose (mSv)

0.1172

0.1344

0.1516

0.1688

0.1860

0.2032

0.2205

0.2377

0.2549

0.2721

***
***
*

*

*

*

*

*

**

*
*
*

*

*
* *

Figure 1: Linear versus Logistic NT for RERF Solid Cancers: 0 to 10,000 mSv Acute Dose
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Figure 2 takes a closer look at the portion of the curves below 1000 mSv. Now we begin to
see some interesting di↵erences between the two fits. The zero slope at zero dose requirement
forces the logistics curve lower in the very low dose end and pushes it to a steeper slope in the
intermediate dose range. Radiotherapists have been making good use of the latter phenomenon
for nearly a century.

The best logistic fit is highly asymmetric. The high end portion of the “S” is far larger than
the low end. In fact, the low end hook is not even visible in Figure 1. There is no reason to
expect a symmetric curve. In fact, it would be quite surprising if the curve were symmetric.
But the fact that the low end hook is small when viewed from the scale of Figure 1 is one of the
reasons that has allowed Linear No Threshold to survive.

When we zoom in on the 0 to 100 mSv range, Figure 3, which is what we are really interested
in, we start to see how large the relative di↵erences are. Table 1 displays this relative di↵erence.
The last column is just the Linear NT fit excess risk ratioed to the Logistic NT fit excess risk.
At 100 mSv, the di↵erence is a factor of two. As you move down in dose, this di↵erence increases
rapidly. At 25 mSv, the di↵erence is a factor of 9. Of course, both fits ignore the reduced solid
cancer incidence in the 20,000 person 5-20 mSv, and 20-40 mSv groups. But the logistic curve
clearly does a less bad job of fitting the data in this range than the straight line. According to
the logistic fit and a very conservative mortality calculation, a 25 mSv acute dose is equivalent
to a Lost Life Expectancy (LLE) of less than a day.2 This is far less than the risks we accept
without any thought in the normal course of living. According to Cohen, being a pedestrian
has an LLE of 36 days.[2] Bernie estimates automobile use costs us 207 days. He puts the LLE
associated with abandoning the 55 mph speed limit at 2.0 days. Relaxing the speed limit had
overwhelming political support. The body politic judged that the benefits of relaxing the speed
limit far outweighed the costs.

In the case of nuclear power, we should make the same kind of comparison. Dockery and
Pope estimate that living in a mildly polluted city has an LLE of 292 days and living in a badly
polluted city has an LLE of 1,150 days.[3] These are the sort of numbers we should compare
with Table 1.

2
Assumes average victim is 40 years old at exposure and would have lived to 80 with no exposure, equal

probability of dying from the exposure in each year after exposure (no latency, no aging e↵ects)).
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Figure 2: Linear versus Logistic NT for RERF Solid Cancers: 0 to 1000 mSv Acute Dose
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Figure 3: Linear versus Logistic NT for RERF Solid Cancers: 0 to 100 mSv Acute Dose
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Dose Logistic LNT LNT excess risk Logistic Loss
mSv Fit Fit over logistic of Life Expect-

excess risk ancy, days
0.5 0.120000 0.120024 944.62 0.0002
1.1 0.120000 0.120052 372.56 0.0010
5.1 0.120004 0.120242 60.98 0.0297

10.1 0.120018 0.120480 27.24 0.1318
15.1 0.120042 0.120717 16.96 0.3165
20.0 0.120078 0.120950 12.18 0.5834
25.0 0.120127 0.121188 9.38 0.9476
30.0 0.120188 0.121425 7.58 1.4075
40.0 0.120351 0.121900 5.42 2.6228
50.0 0.120567 0.122375 4.19 4.2394
80.1 0.121538 0.123805 2.47 11.5107
100.1 0.122435 0.124755 1.95 18.2225

Table 1: Linear NT excess risk vs Logistic NT excess risk
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1.2 Chronic doses

We now have indisputable data that organisms have a panoply of mechanisms for repairing
radiation damage. Most of these mechanisms operate on time scales of minutes to hours. As
long as the repair mechanisms are not overwhelmed, they are extremely e↵ective. We have never
been able to see increased mortality at chronic dose rates of less than 100 mSv per year. Indeed
much of the data points to reduced mortality for chronic dose rates in this region.

But the real issue is: what should the rules be in the event of a release? Let’s be really
conservative, and

1. Not allow the possibility of hormesis.
2. Assume a repair time of a month.
3. Allow 25 mSv per month dose rate and then incorrectly assume that all this radiation is

received at once at the beginning of each month. This very conservative fabrication allows
us to use our acute dose logistic figures to assess risk.

We know the repair times for low dose are much shorter than a month.3 Radiotherapy
e↵ectively assumes a repair time of day or two. We know that the repair mechanisms are more
e↵ective when the dose is spread out evenly. But under our extremely conservative assumptions,
each month of 25 mSv per month dose rate has an LLE of 1 day. The real number is likely an
order of magnitude lower.

We know from Fukushima and Chernobyl that the LLE of prolonged evacuation is orders of
magnitude larger than 1 day. With the possible exception of pregnant women, there is simply no
argument for forcing an evacuation of an area where the dose rate is less than 20 mSv/month,
or preventing people from returning to their homes once this level is reached. Given the string
of extremely conservative assumptions that generated this limit, one could easily argue for a
considerably higher number.

The Logistic No Threshold Model has several important implications:
1. There is a cumulative e↵ect. The model treats each month as a independent event. Thus

the probabilities add. However, we are adding probabilities, not doses. If the dose rate
in the first month is 25 mSv per month, and in the second month is 10 mSv/month, and
in the third month is 5 mSv/month. then we can add the LLE’s of each of those months
to end up with 0.948 + 0.129 + 0.028 = 1.105 days.4 This is quite di↵erent from the LLE
associated with a dose of 25 + 10 + 5 = 40 mSv or 2.623 days.5

3
The argument in this section borrows copiously from Allison.[1]

4
LLE is an expected value, so it is proportional to the underlying probabilities. Strictly speaking, we should

multiply the probability associated with each succeeding month with the probability of reaching that month

without fatal damage.

5
The assumption of independence is not consistent with inter-period, carryover e↵ects. These can be both

positive (e.g., upregulation of immune responses) and negative (e.g. shortening of telemeres). The former appear

to dominate in the low dose rate region. The latter become more significant as the dose rate increases. The next

step would be a model that tries to quantify these inter-dependencies. But given the string of highly conservative

assumptions, these secondary adjustments need not be necessary for regulatory purposes, especially since the
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2. Unlike Linear No Threshold, dilution is an e↵ective countermeasure even if it increases the
exposed population proportionally. If we are able to dilute from a single person dose of 50
mSv’s down to a dose of 1 mSv, even at the cost of increasing the exposed population by
a factor of 50, the collective LLE goes from 4.329 days to 50 · 0.001 = 0.05 days. Logistic
No Threshold accepts the idea of a collective dose but argues that the impact of that dose
falls o↵ very quickly. At 0.5 mSv, the di↵erence between Linear and Logistic is almost
a factor of 1000. And this di↵erence grows very rapidly at still lower doses. There is no
need for the preposterous inconsistency of accepting the Linear No Threshold hypothesis,
but then claiming we can ignore the implications at low dose. UNSCEAR for one appears
to hold this indefensible position.[5, page 64]

3. Unlike Linear No Threshold, the impact of a release depends on the level of existing
exposure in the a↵ected area. According to Logistic No Threshold, the same release in
a high background area will cause more response per capita than in a low background
area. This is a consequence of ignoring any measures that organisms take to adapt to
their environment. However, for all but the highest background areas, this e↵ect will be
marginal.

If the 25 mSv per month limit had been adopted at Fukushima, then all but a 5 km semi-
circle centered on the plant and a 45 degree sector extending out 20 km from West to NW could
have been reoccupied by April 1st, three weeks after the casualty.6 By May 1st, except for a
few stubborn hot spots to the NW, the whole area more than 5 km from the plant plus sizable
portions of the 3 km to 5 km ring could have been reoccupied. By August 1st, the only area
that would have been o↵ limits is the SW quadrant within 3 km of the plant, an area about 7
km2. An upper bound estimate of the population density in the area might be 1,000 people per
km2. At this point, the number of displaced people would be down to around 7000.

e↵ects are partially o↵-setting.

6
These estimates are based on the Ministry of Education (MEXT) readings posted at

http://www.mext.go.jp/component/english/ icsFiles/. The MEXT dose rate numbers are gamma, out-

doors, 1 m above ground measured by low flying aircraft. Just about all individuals will experience a lower dose

due to time indoors and in vehicles. After Fukushima, the citizens of Date City roughly 50 km northwest of

Fukushima Daichi were issued dosimeters. The average dose over the period 5 to 51 months after the release was

0.15 the MEXT dose.[4]
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