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ABSTRACT

Recently, a new variable has been introduced on nuclear power expansion policy: public opinion. That
variable challenges the nuclear community to develop new programs aiming to educate society sectors
interested on energy generation and not necessarily familiarized with concepts of the nuclear field. Here
we approach this challenge by discussing how a misconception about the use of theories in science has
misled the interpretation of the Chernobyls accident consequences. That discussion have been presented
for students from fields related with Environmental Sciences and Humanities and have helped to elucidate
that an extrapolation such as the Linear Non-Threshold model is a hypothesis to be tested experimentally
instead of a theoretical tool with predictive power.

1. INTRODUCTION

Public evaluation of the importance of nuclear power and its technologies, and eventually
public acceptance because of scientifically oriented evaluation, have been a long standing
challenge for the nuclear community. A central difficulty for the technical community
is that part of the public debate is established under strong influence of ideology [1, 2]
which blurs an objective analysis of positive and negative impacts of nuclear power and
technologies. Ideological elements are important for the construction of the common
sense about nuclear and the spread of the nuclear fear [3]. Furthermore, the sophisticated
knowledge required in the nuclear field dampens the analysis of nuclear related phenomena
by the majority of society. As a consequence, part of the rejection of nuclear has subjective



roots instead of being constructed over a scientifically grounded basis and that weakens
the debate about the use of nuclear power.

An example of how common sense factors influence the debate about nuclear related topics
is the public evaluation of the radiation effects on living organisms. There is a widespread
expectancy that any radiation dose will impact life negatively and it is fair to attribute
such an expectation to the use of the Linear Non-threhold Model (LNT) as a predictive
tool of the response of a living organism to any radiation dose. Naturally, nuclear tech-
nologies operating under normal conditions do not cause strong public concerns. However
there is a latent fear often disseminated by means of mystified approaches to nuclear
related phenomena as well as accidents risk and consequences. The percolation of those
ideas among public is facilitated by the common sense about effects of ionizing radiation
and media covering since accidents may cause the release of radionuclides to environment.
One striking example is the Chernobyls accident, the most severe of nuclear accidents,
which is often highlighted in contemporary culture and unites important characteristics
underlying public fear of the effects of radiation on living organisms and, by extension, of
nuclear technology. Hence, demystifying the environmental consequences of Chernobyls
accident constitutes an important contribution for public assessment of nuclear energy
and technologies.

In this manuscript we present a discussion that we have developed in a Workshop presented
for students from the fields of Environmental Sciences and Humanities. Our goal is to
approach Chernobyls accident consequences for living organisms. We start reviewing
the LNT model extrapolation because of its wide use to guess the effects of radiation
and discuss its scientific status. Then we briefly review the Chernobyl accident and the
radiation absorbed by humans inhabiting the region, evacuees or liquidators acting on the
mitigation of the accident effects. At final sections we discuss the possible influence of LNT
on the design of investigations about Chernobyls accidents and present our conclusions.

2. THE LINEAR NON-THRESHOLD MODEL

Among the scientific community there is a widespread consensus about the effects of high
doses of ionizing radiation on living organisms. However, the health effects of low ionizing
radiation doses on living organisms or its influence on organisms are controverse [4, 5, 6].
For example, the nuclear community has been considering the effects of low radiation
doses as stochastic but the scientific investigations of the role of stochasticity in intracel-
lular environment are in their infancy. Indeed, a complete understand of randomness in
biological systems may take few decades to be established. On the other hand, radiation
is part of the current civilization and that raises the necessity of immediate answers for
questions related with the effects of low radiation doses. Answering those questions may
lead to elaboration of hypothesis that at some point can be confounded with scientific
truth. The difference between both is that a hypothesis becomes a scientific truth through
experimental validation and replication within error limits. One example that helps to
understand this difference is the Linear Non-Threshold Model (LNT) that is used to es-
tablish a dose response curve for the effects of radiation in humans as presented on Fig
1.
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Figure 1: The curve relating radiation dose and its response given in terms
of cancer risk. From [7].

The graph of Fig. 1 presents the dose-response curve for human interaction with ionizing
radiation. The response is given as the cancer risk in arbitrary units [7]. The linear
continuous curve on the upper right are indicating known effects of radiation when the
dose is above 500 mSv. To the best of our knowledge there are no measurements of
the response when the radiation doses are below 500 mSv and some hypothesis must be
defined to predict it. The dashed and dot-dashed curves (1), (2) and (3) are presenting
some possible extrapolations of the linear model when the radiation doses are below 500
mSv. The curve (1) is the LNT, the curve (2) is the quadratic linear model while curve
(3) gives the linear threshold model.

The curve (1) is a linear extrapolation of already confirmed experimental data for radi-
ation effects on living organisms and it presumes that the mechanisms of the interaction
between the radiation and the inner cell components will be preserved independently of
the radiation dose. The quadratic linear model of curve (2) presumes that the radiation
effects are attenuated at the low dose limit. Finally, the linear threshold model of curve
(3) assumes that radiation will have no effects when it goes below a given limit. Note
that all models converge to the continuous curve when the radiation levels are above 500
mSv.

Although curve (1) is widely used for health purposes there are experimental observa-
tions suggesting that negative effects of radiation may have a threshold. Furthermore,
low dose might also be beneficial by generating adaptive responses to radiation [8]. This
is an expected observation because life on earth has evolved under influence of back-
ground radiation [9] even though well designed studies to classify the species and cell
types benefiting or not from radiation are still necessary [10].

Under the scientific point of view one must keep in mind that the curves (1), (2) and
(3) are just possible hypothesis that do not even exhaust all possibilities. To take any
of those curves as a scientific truth one would need to establish experimental evidence
that currently are only available from epidemiological studies that do not generate data of
sufficient quality for doses below 100 mGy [6]. Indeed, the confirmation of any hypothesis
on radiation dose response curve would be established after data acquisition from carefully
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designed experiments for this purpose. That is because the epidemiological studies do not
offer statistically reliable data.

3. A BRIEF DESCRIPTION OF THE CHERNOBYL ACCIDENT

Figure 2: Chernobyls exclusion zone: the surroundings of the accidented
reactor. The city of Kiev, Ukraines capital, stays a 100 km distance to the
south of the reactor (from [12]). The pink regions are indicating regions
where radiation levels caused by cesium-137 released after the accident

reaches the highest levels. One may estimate that an individual at the pink
regions standing one meter above soil would absorb a radiation dose of

approximately 2.5 mSv/year [13].

The Chernobyl accident has happened on April 26th of 1986 and is the most severe of
the history on the nuclear technology as widely documented on literature and reports
produced by UN and subsidiary agencies as well as researchers from Belarus, Russia and
Ukraine [11]. The accident occurred on power plant number four in a facility having a
total of four operating reactors. The accident was caused by human error of the personnel
operating the reactor four at the moment of a security test [11]. 28 people have died
because of radiation effects during the year of 1986 while other 19 people died between
1987 and 2004 because of acute effects of ionizing radiation [11]. Another health effect
of ionizing radiation released after the accident is the occurrence of four thousand cases
of thyroid cancer above the expected number of cases for the inhabitants of the area
affected by the accident that were up to 18 years old in 1986. That is because of the
release of radionuclides (iodine-131) that were deposited on soil, mainly in a region called
exclusion zone that is apart from the reactor by up to 30 km. The exclusion zone and the
distribution of cesium 137 released after accident is shown on Fig. 2.
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After the accident the exclusion zone was evacuated and the humans were forbidden to
inhabit the region. However, working personnel kept working on the remaining operational
reactors numbers one, two and three. These reactors were turned off in sequence with
the reactor number three being turned off by 2000. Even after that there were personnel
working at the exclusion zone in the neighborhoods of the reactor four either constructing
a repository for used nuclear fuel or on the construction of the New Safe Confinement that
was concluded by the end of 2016. Other personnel at the region are scientists interested
on investigating the effects of ionizing radiation on living organisms and evacuees that
decided to go back to their previous houses despite government prohibition of inhabiting
the region.

4. HUMAN RADIATION ABSORTION DOSE

Table 1: A summary of the average radiation doses absorbed by humans
after Chernobyls accident and radiation doses in regions not affected by the

accident

Human beings affected by Chernobyl accident

Population category
(Exposition period)

Number of individuals Average absorbed dose
(mSv)

Liquidators (1986) 600,000 Approx. 600

Evacuees (1986) 116,000 33

Strict control zone inhabitants
(1986 - 2005)

270,000 >50

Inhabitants of other affected
areas (1986 - 2005)

5,000,000 10 - 20

Human beings on other parts of earth

Population inhabiting regions with Average absorbed dose
(mSv/year)

Natural background radiation on earth 2.4

High levels of background radiation in limited regions
of: Brazil, China, India, Iran

5 – 10

Range of radiation levels absorved on Earth 1 – 10

Table 1 shows the typical radiation doses absorbed by human beings living on Earth
given in mSv, for those affected by Chernobyls accident, and in mSv/year for people
living in other regions of earth. The top six rows of the table are referring to Chernobyls
accident and the remaining rows refer to the people inhabiting other parts of earth. The
human beings affected by the accident are divided in four categories accordingly with their
exposition to radiation. The most affected people are denoted Liquidators, who worked on
the emergency operations, rescue, mitigation and recovery of the reactor and surroundings.
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Those individuals suffered the highest exposition levels while the average dose absorbed
the remaining population is below 100 mSv threshold. This radiation was absorbed during
multiple years and is not expected to have health effects on those individuals [14, 15]. The
background radiation data presented on the last three rows of the table are, for example,
of geological origin as such as the monazite sand of Guarapari, Brazil, or because of cosmic
radiation. The last row of the table gives the range of absorbed levels radiation on earth
and one may notice that most of the inhabitants affected by Chernobyls accident received
a radiation doses that is small addition to background radiation levels.

5. THE LNT MODEL AND POSSIBLE GENETIC EFFECTS CAUSED
BY RADIATION OF CHERNOBYLS ACCIDENT

In Section 2. we discussed the LNT model and how one might interpret it as a scientific
truth instead of a hypothesis to be tested in carefully designed experiments. In general,
scientists having a theoretical background would take this as a natural assumption while
scientists from other fields might assume a different aptitude. That might be caused by an
understanding of the theory as a rule that is followed by natural phenomena even on scales
for which the theory was not designed to describe. For example, at the atomic scale the
classical electromagnetic theory is not useful and one must construct quantum mechanical
models to describe the atoms components behavior. Another example is the description of
Earths orbit around sun by Newtonian Gravitation while Mercurys orbits description uses
General Relativity because of a stronger coupling with Sun. This discussion contributes
to understand some of the underlying reasons why scientists from fields not having a long
standing culture of use of theoretical methods, including media professionals, take the
LNT model as a theory with predictive power instead of hypothesis to be tested.

As an example of the use of LNT as a predictive tool, we consider a Letter published in
1996 where higher levels of genetic modifications on Chernboyls rodents were reported [16].
The authors of that study described two rodents populations composed by 10 individuals,
one inhabiting a region of about one kilometer distant from the accidented reactor, and
the other from a 30 km distance region. The authors reported that the rodents from the
region nearby the reactor had a higher level of genetic modification and concluded that
this difference on levels of genetic modification were caused by the Chernobyls accident.

About one year later the same authors took a courageous decision of writing a retraction to
the same journal [17] where they report that the conclusions of their first Letter were wrong
[17]. In their first manuscript the authors have used DNA sequencing techniques that were
subjected to higher chances of human error. When the authors tried to reproduce their
studies using the same DNA sequences and automatic DNA sequencing techniques they
could not reproduce their previous results. Two of the authors of those papers wrote an
important article about the methods of radiobiology [18]. They also reported that they
were evaluating two different species in their first investigation. Furthermore the authors
discuss the necessity of scientists sticking to scientific method despite pressures claiming
them to adopt a socially welcome positions.
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6. DISCUSSION

There is an extensive literature discussing the effects of Chernobyls radiation on living
organisms. For example, [19] reports that Chernobyls radiation was causing an increase
on abnormalities of barn swallows inhabiting the reactors from the region. A comment
published by the same journal critiques the authors conclusion by arguing about the
methods used to determine radiation effects and the disregard of the reduction of human
presence in that area [20]. Those examples are useful to understand how a misconception
about the role of a theory might mislead scientists investigating a given phenomenon.
Furthermore, it exemplifies how a preconception might guide the conclusions of a scientist
about a given set of data (cognitive bias) [21]. For example, in study [16] the authors have
assumed the higher radiation levels of the Chernobyls reactor surroundings would cause
genetic mutations on living organisms of the region. The presumption that any radiation
doses would cause genetic modifications on the living organism absorbing them directed
the studys authors interpretation. Other potential explanations for their observations
were not considered.

The extrapolation of the predictions of a scientific theory constructed to model a phe-
nomenon on a given scope (or scale) is very common. Indeed, such a strategy has been
well succeed at specific occasions along history of Physics. However, it is important to
warn the reader that before any experimental validation a prediction obtained with the
extrapolation of a model is a hypothesis (that is eventually testable) and not a predic-
tion of a phenomenon. That shows the importance of developing an education program
devoted to personnel which background is from fields which has a culture of using quan-
titative methods on the description of observed phenomena under construction. That
was the motivation for us to develop a Workshop on Nuclear Energy and Environmental
Protection aiming to approach the students working on Environmental Sciences.

Another source of the misunderstanding between a hypothesis and theoretical predication
is media. The media have been propagating the notion that any radiation levels might
be causing health damage in individuals. That mistake has as consequence a wrong
understanding of the scientific method that can be categorized as pseudoscience and it
is fair to treat the conclusions obtained with the usage of pseudo-scientific methods as a
contemporary myth.
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