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RADIATION RISK

All life on earth is continually exposed to low-level ionizing-radiation from natural
sources, medical and industrial applications.

Ionizing radiations have demonstrated to induce detrimental effects, thus, to
continue enjoying the benefits that radiation brings, we may have to accept some
risk.

How much risk is acceptable?

To participate constructively in that debate, we must:

 Understand the risks — how and to what extent the different kinds and
sources of radiations can affect our health and environment.

 Learn what the producers, users of radiation, government and each of us as
individuals, can do to minimize these risks.



RADIATIONS’ EXPOSURE SOURCES IN US:
CHANGES

 

Radon 37%
Internal 5%
Cosmic rays 5%
Terrestrial 3%
total natural 50%

Nuclear medicine 12%
Medical X rays 24%
Fluoroscopy 12%
Consumer product 2%
Industrial <1%
Total man made 50%
Total medical 48%
(In US NPCRP 2006)

Radon 54%
Internal 11%
Cosmic rays 8%
Terrestrial 8%
Total natural  81% 

Nuclear medicine 4%
Medical X rays 11%
Consumer product 3%
Other <1%
Total man made 19%



PERCEPTION OF RADIATION RISK

• In the early days of X-rays and radioactivity it was generally believed that ionizing
radiation has numerous beneficial effects.

• It was claimed that blindness might be cured by X-rays. Drinking mineral water
containing radium was very popular. Between 1925 and 1930 over 400,000
bottles of distilled water containing radium 226 and radium 228 were sold. It
was advertised that some mixtures could treat over 150 disease.

• It is estimated that the collective skeletal radiation dose of victims of such
radioactive medicine may had exceeded 350 Sv by the time the user died.



POPULATION’S EXPOSURE

• After the World War II, the development of nuclear weapons and later increased
use of nuclear power changed this great miracle into radiophobia. At that time
people became afraid of even very small doses of ionizing radiation.

• The Radiation Effects Research Foundation (RERF) has been studying the
long-term effects of radiation on more than 75,000 survivors to the atomic
bomb explosions in Hiroshima and Nagasaki.

• Among the most important findings from the human health studies are:

 The chance of cancer occurring (but
not the kind or severity of cancer)
increases as the dose increases.

 Most cancers do not appear until
many years after exposure (typically
10 to 40 years).

 The effects of low doses of ionizing
radiation have been estimated by
linear extrapolation from effects
observed by high doses.



SINGLE HIT THEORY

 

•The long accepted radiobiological paradigm establishes that genetic
damage is generated by direct interaction of radiation with DNA.

•Genetic damage or cell death are supposed to be caused by un-repaired
or mis-repaired DNA lesions.

•THE INDIVIDUAL CELL IS THE UNIT OF RISK, thus the degree of
damage is strictly related to the number of irradiated cells.



CANCER PROGRESSION

DNA damage that is mis-repaired can lead to mutations, increasing the
probability of transformation and carcinogenesis

(from Nat Rev Cancer 2009 Nature publishing editor)



LINEAR NO THRESHOLD HYPOTHESIS: LNT

The LNT hypothesis states that:

– Any amount of radiation
may pose an increased risk
for causing cancer hereditary
effects

– Risk is directly
proportional to dose and
without a threshold.

Basing on the epidemiological and experimental studies (single hit theory) the
United Nations Scientific Committee on the Effects of Atomic Radiation proposed in
1958  the linear no-threshold (LNT) theory (UNSCEAR 1958).



LNT IN RADIATION PROTECTION

• Implications of LNT model:

1. Risk for unit of dose is constant

2. Risk is additive

3. Biological variables are insignificant
comparing to dose.

(Thus, very easy to handle for physicists!!)

LNT IS CURRENTLY USED TO ESTABLISH
INTERNATIONAL RULES AND STANDARDS OF
RADIATION PROTECTION

(ICRP 1991)



THE LOW DOSE ISSUE

IS THE LNT MODEL VALID FOR 
LOW DOSES?



EXPERIMENTAL STUDIES

 Over the past 15 years several studies have demonstrated that exposure to low
doses gives rise to non-targeted effects in cells not directly irradiated but
nearby or descendants from the irradiated ones (indirect or untargeted
effects).

 These indirect responses do not follow the LNT model (Wright and Coates
2006).

 These indirect responses saturate as dose increases, thus their role is
particularly significant in the low doses range. (Prise et al. 2003).

 Biological response to low doses seems to
involve the whole cell population or tissue
and to depend greatly on environmental
and genetic factors (Mothersill and Seymour
2004)



REEVALUATION OF EPIDEMIOLOGIC STUDIES

 Chronic and acute exposures to low-doses have been supposed to be much more
mutagenic and carcinogenic than previously thought (Prasad et al. 2004).

 Basing on several epidemiology studies Little (2010) stated that non-targeted effects
may challenge the LNT model, by increasing the effective target size.

In all these studies non-linear models may result
strongly superior to the linear ones in fitting the
data.

 A recent analysis demonstrated in the 0-20 mSv colon dose
sub-cohort of the 1950-90 A-bomb survivors, a positive
correlation of exposure with all-solid cancer mortality
several orders of magnitude above the slope at high
doses (Dropkin 2007).

 On contrary Cohen, analysing the same data has commented
that for doses of less than 250 mSv the data are not
inconsistent with a zero slope, or even with a negative
slope (hormesis)



UNTARGETED EFFECTS

• BYSTANDER EFFECT

• GENOMIC INSTABILITY

• ADAPTIVE RESPONSE

• ABSCOPAL EFFECTS

• RELEASE OF CLASTOGENIC FACTORS

ANY OF THESE MAY MODIFY LNT ASSUMPTIONS ANY OF THESE MAY MODIFY LNT ASSUMPTIONS 

FOR LOW DOSESFOR LOW DOSES



USE OF MICROBEAM

 Radiations’ beam is directed upward and cells are irradiated with a resolution
<1 µm.

 The video-camera allows to localize single cells.
 It is possible to irradiate cells with X rays or alpha particles.



BYSTANDER EFFECT

• Following irradiation with alpha particles of 1% of cells, 30%

presented an increasing of genetic damage (SCE).

• Thus irradiated cells communicated with non-irradiated cells

via secreted factors and/or cell-to-cell gap junction, eliciting

responses in those cells that were not 'hit' by radiation.

Nagasawa and Little 1992



GENOMIC INSTABILITY

• Radiation-induced GI defines several potentially detrimental
effects observed in the progeny of an irradiated cell, up to 30 cell
divisions after irradiation:

•chromosomal rearrangements, micronuclei, transformation, gene
amplifications, gene mutations and reduced plating efficiency in cells
derived from an irradiated cell

• In vivo GI has been related with the presence of inflammatory
status and plasma clastogenic factors.

• The persistence of GI potentially leads to neoplastic transformation.



GENOMIC INSTABILITY:
NON CLONAL TRANSMISSION

a) Following the single hit theory:

energy is deposited in the nucleus of the
irradiated cell, the damage is 'fixed' and
transmitted clonally to the progeny of that
cell.

a) Radiation-induced genomic instability:
different types of delayed effects occur
in the progeny of the irradiated cell, for
example, mutation (black), chromosomal
rearrangements (hatched), cell death
(cross) and/or aneuploidy (double-sized
cell)



PERPETUATION OF GENOMIC INSTABILITY

 (from Morgan 2003, Oncogene)

• Radiations induce increasing of ROS and
stimulation of cytokine production, which in
turn could produce more free radicals
originating a microenvironment able to
perpetuate the unstable phenotype (Morgan
et al., 2002).

• Intercellular signalling, production of
cytokines and free radicals are features of
inflammatory responses (Lorimore and Wright
(2003).

• The persistence of an increased apoptotic
index, while triggering phagocytic activity,
neutrophils infiltration and production of
inflammatory mediators has been
suggested to cause a status of oxidative
stress, capable of generating genomic
instability (Limoli and Giedzinski 2003).



Persistence of genetic damage in mice exposed
to low dose of X rays.

 Giovanetti A, Deshpande T, Basso E.

 Int J Radiat Biol. 2008 Mar;84(3):227-35.

IN VIVO STUDY



RESULTS: GENETIC DAMAGE

• Lymphocytes from mice irradiated with 1 Gy presented 30 min, 24 h and 7 d
after exposure, a significant increase DNA breaks compared to controls and
0,1 Gy mice. From the successive sampling time DNA damage in the exposed
mice decreased progressively.

• In contrast genetic damage in cells from mice exposed to 0.1 Gy was initially
not significantly different from control mice but progressively increased and at
3 and 6 m from whole-body exposure, the percentage of DNA breaks was
significantly higher compared to controls and to 1 Gy-irradiated mice.



RESULTS: APOPTOTIC INDEX IN
HEMATOPOIETIC COMPARTMENTS

Percentage of apoptotic cells observed in Percentage of apoptotic cells observed in spleen and bone marrowspleen and bone marrow from from
controls and from mice irradiated with 0.1 and 1 controls and from mice irradiated with 0.1 and 1 Gy Gy of X rays.of X rays.

Mice exposed to Mice exposed to 0,1 0,1 Gy Gy showed a significant increasingshowed a significant increasing in apoptotic index. in apoptotic index.

Difference between experimental groups were significant: Difference between experimental groups were significant: pp=0=0,005 for bone,005 for bone
marrow and marrow and pp=0=0,00086 for spleen. Four mice for each treatment group and ,00086 for spleen. Four mice for each treatment group and ≥≥
1000 cells for each mouse were analysed.1000 cells for each mouse were analysed.



ADAPTIVE RESPONSE- AR

• Small radiation doses have been proven to reduce the impact of a
subsequent, higher dose.

• This has been termed an adaptive response and is related to hypothetical
mechanisms of hormesis.

• A low level of ionizing radiation (i.e. natural background radiation) might
"immunize" cells against DNA damage (such as free radicals or larger
doses of ionizing radiation), and decreases the risk of cancer.

The theory proposes that such low levels activate cellular DNA-
repair enzymes, antioxidant mechanisms, and immune

surveillance.



ADAPTIVE RESPONSE AND LEUKEMIA
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Control mice have a life expectancy of
1000 d

Mice pre-exposed to 0,1 Gy and  irradiated
with 1 Gy have a life expectancy of 800 d

Mice pre-exposed to 0,1 Gy and
irradiated with 1 Gy have a life

expectancy of 800 d

Mice irradiated with 1 Gy have
a life expectancy of 600 d

Mitchel RE et al 1999



RADIATION HORMESIS

• The dose makes the poison, toxicology pioneer
Paracelsus noted, hormesis states that
dangerous substances can be beneficial at
low levels.

• All life on earth is continually exposed to low-
level, ionizing-radiation stresses. Much harsher
and more threatening radiation environments
existed during our planet's early years, and
mammals survived over billions of generations
via a complex system of activated natural
protection which includes DNA repair and anti-
neoplastic immune surveillance.

• “Radiation hormesis’’ is the name given to this
putative stimulatory/adaptive effects of low-
level ionizing radiation (generally in the range of
1–50 cGy of low-LET radiation).

• The activation of these networks may then result
in net beneficial effects on the cell, organism, or
species .



CLASTOGENIC FACTORS

• Plasma of persons irradiated
accidentally or for therapeutic
reasons has been demonstrated to
induce DNA damage in cultured
cells.

• These clastogenic factors (CFs)
occur also under other
circumstances, which are
characterized by oxidative stress.

• CF-induced chromosome damage is
regularly prevented by
superoxide dismutase (SOD).

 (from Morgan 2003, Oncogene)

 



ABSCOPAL EFFECTS

The Abscopal effect is the effect of radiation therapy sometimes
observed as response of tumour masses remote from the site
of irradiation

 

(from Nat Rev Cancer 2009 Nature publishing editor)



LNT HYPOTHESIS
IN THE LOW DOSES RANGE

• A: Increased risk for low doses
(BE, GI).

• B: linear threshold model.

• C: Decreased risk for low doses.

• D: U-shape hormetic curve (AR).



UNDERLYING MECHANISMS



ALTERATION OF REDOX EQUILIBRIUM

Cellular mechanisms underlying non-targeted effects
are still to be fully elucidated; meanwhile a key role
of oxidative species has been demonstrated.

Typically free radicals are formed in large amounts
as by-product of many biochemical processes, but
they generated also in response to ionizing
radiation, electromagnetic field and oxidizing
pollutants.

To protect tissues from free radical attack organisms
have evolved major antioxidant defences.

Seemingly when these defences are overwhelmed,
oxidants species interact with cellular
biomolecules, such as DNA, leading to potentially
serious consequences for the cell.

In adaptive response low doses may stimulate the
defence mechanisms protecting cells against further
irradiations.

 



POTENTIAL ROLE OF ANTIOXIDANTS

• Because oxidative stress has been demonstrated to play a key
role in both direct and untargeted effects of radiations, several
experimental studies have been carried out for assessing the
capacity of antioxidant compounds to protect against radio-
induced damage.

• Radio-protective compounds
are needed to prevent
secondary effects from
medical use of radiation or as
mitigators that can easily be
accessed and administered in the
event of a large-scale
radiological or nuclear
emergency.



RISK FROM LOW DOSES:
EPIDEMIOLOGICAL STUDIES



RISK FROM LOW DOSES:
EPIDEMIOLOGICAL STUDIES

• Dozens of studies have been carried out to estimate the health risks from
environmental exposure to low doses of radiation.

• Health risks involve not only neoplastic diseases but also somatic
mutations that may contribute to other illnesses and heritable mutations
that may increase the risk of diseases in future generation. Recently
many efforts are being done for relating low doses exposure with no-cancer
effects such as cardiovascular diseases, neurological disorders, lens opacity.

• Results of radio-epidemiologic studies are often contradictory because they
are so many confounding factors that it is not possible to quantify
purely radiation–induced cancer risk in humans.



THE ROLE OF RADIATION HORMESIS

• The use of data on radiation hormesis may not be very helpful.

• Data in human populations are limited, and mostly based on reevaluation
of epidemiological data that has been used to test a different hypothesis;

• Hormetic effects are weak and inconsistent and are subject to large
statistical uncertainties as is the case for carcinogenic effects at small
doses;

• It is unclear how hormesis can be incorporated into the regulatory
framework when beneficial health effects exceed the requirement for
protection of health



VARIABLES AFFECTING RISK ESTIMATE

• Simultaneous exposure of humans to
varieties of mutagens, carcinogens,
and tumor promoters (that may act in
a synergistic manner), as well as to
cancer-protective agents.

• Individual variability due to genetic
background, age, gender, health
status, life-style.

• Variation in repair mechanisms that
depend on dose.



DIFFERENT HYPOTHESES ON RISK ESTIMATE

• At present, opposing hypotheses on the potential risks of low-dose radiation
in humans are being debated because of their enormous impact on the
health of current and future generations and their practical
implications.

1. There is no dose of radiation that can be considered completely safe
and that the use of radiation must always be determined on the basis of
risk versus benefit (LNT model).

2. Due to bystander and genomic instability)  risk from low-doses may
be greater than that provided by the LNT model.

3. Health risks of doses less than 0,1 Gy are not measurable and may
even be nonexistent (existence of threshold).

4. Low doses may be protective against exposure to environmental
stressors by an hormetic mechanism.



CHANGING THE LNT ASSUMPTION?
NCRP, ICRP AND BEIR CONCLUSION

In 2001 the National Council on Radiation Protection and Measurements published
NCRP Report No. 136.
It presents an evaluation of the existing data on the dose–response relationships
and current understanding of the health effects of low doses of ionising
radiation.

The conclusion of the report comes out in support of the
continued use of LNT for radiological protection purposes.

In the ICRP the specific issue of the low dose extrapolation of radiation-related
cancer risk in Publication 99  and in the 2005 preliminary version of the BEIR
VII report by the US National Academy of Sciences it is concluded that:

Although the available data do not exclude the existence of a
universal low dose threshold, the evidence as a whole

does not favour this proposition.



CHANGING THE LNT ASSUMPTION?
FRENCH ACADEMY OF SCIENCES CONCLUSIONS

In a diametrically opposed view has emerged from the French Academy of
Sciences and the National Academy of Medicine.

They published a report on ‘Dose–effect relationships and estimation of the
carcinogenic effects of low doses of ionising radiation’ in French in late 2004 and
in English in March 2005.

The Academies come to conclusions on low dose radiation risks which are in
contrast to NCRP, ICRP and BEIR. They favour threshold dose responses or
significantly reduced risks at low doses.

 They believe that epidemiological studies have been unable to detect a
significant increase of cancer incidence in humans for doses below about 100
mSv and state that

The use of LNT for assessing the risks of doses below
20 mSv is unjustified and should be discouraged.



CONCLUSIONS

It is unlikely that all areas of disagreement will be
reconciled in view of the intrinsic uncertainties in
all biological effects due to low level exposures

There will remain the socio-philosophical-legal-
economic problem of deciding how to deal
with low dose exposures in human societies.

Current radiation protection standards are generally judged to be
acceptably robust.

However the acquisition of new scientific knowledge through
research is considered a crucial element in improving the
protection from the adverse health effects of radiation.



MANY THANKS FOR YOUR KIND ATTENTION!


