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The existing system of radiation safety is based on the concept of “ effective dose”.

The nationa standards of radiation safety are based on recommendations of
United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) and International Commission on Radiologica Protection (ICRP).

(UNSCEAR) ICRP
They established that an acceptable leve of irradiation

(that resultsin lessthan one additional death per one million of people per year)
is the effective equivdent dose of 1 mSv/ person / year.

1mSv/ |/
1 Joule/kg = 1 Grey (Gy) =100 Roentgens (R) = 1 Sievert (Sv); 1 Sv =10 canti Sr (cSv) =1000 milli S/ (mSv)

The dose concept underlying radiation safety is based on several
assumptions that may not always be met:

1. Individua effective dose is sum of internal and externa irradiation from al
radionuclides;

2. The level of external irradiation can be calculated through time in an ionized
environment, and internal irradiation through the amount of radionuclides that enter
the body with water, air, and food;

3. Theimpact of each radionuclide is congtant in time and space;

4. The biological effectiveness of Xray and adl g and b-emitters are “1”, dow
neutrons are“3’, and a -emitters and superfast neutrons are “207;
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5. There is arange of relative radiosensitivity of organs from 0.2 for gonads to 0.001
for skin;

0.2 0.001
6. A homogenous phantom with the average body of a healthy white male 20 years
old and 70 kg (“conditional persons’) allows for modelling the impact of radiation on
ahuman being;

kg
7. The higher theradiation dose, the higher the biologica effect;

8. Most studies of low irradiation only consider cancer diseases and some genetic
disorders but these are difficult to study because they occur in just a few out of
millions of people.

NN 1 -2 of these positionsare unrealistic for calculations, and NN 3 -8
areincorrect scientifically

1. It isnot practically possible to sum up the doses from all radionuclides
for their multiplicable effects

After Chenobyl not only I-131 and Cs 137 were dose-forming. Barium-140,
Cesum-136, Argentum-110m, Cerium-141, Ruthenium-103, Strontium-89,
Zirconium-95, Cerium-144, Ruthenium-106, Cesium-134, and Strontium-90 were in
sum more important for dose effects than Cesium-137 during the first years after
catastrophe.

Barium-140, Cesium-
136, Argentum-110m, Cerium-141, Ruthenium-103, Strontium-89, Zirconium-95,
Cerium-144, Ruthenium-106, Cesium-134, Strontium-90

Presence of radionuclides from Chernobyl (Bg/kg dry weight) in leaves of three species
of plantsin Kiev (Ukraine) at the end of July 1986 (Grodzinsky, 1995)

(Ba/kg dry weight)
Horse chestnut | ™ g Al eaved lime Scots pine
(Tilla (Pinus
. (Aesculus cordata) silvestris)
hippocastanum) 0 0
Pm-144 | 58800 | 146 150 | o |




Ce-141 18000 0* 4100
Ce-144 63300 0* 18800
La-140 1100 1930 660
Cs-137 4030 0* 4300
Cs-134 2000 0* 2,100

Ru-103, Rh-103 18350 36600 7180
Ru-106 14 600 41800 5700
Zr-95 35600 61050 6500
Nb-95 53650 94350 9900
Zn-65 0* 400 0*

Total activity |l 312000 [ 399600 | 70300

|* - below detection

Radionuclides composition / activities which could have been released from
FukushimaNPP at M ar ch 2011 ( http://www.meti.go.jp/press/2011/06/20110606008/20110606008-2. pdf )

Radionuclide | Activity, Bq | Radionuclide | Aciivity, Bq
Xe-133 1.1x10™ Np-239 7.6x10™
1-131 1.6x10"" Ce-141 1.8x10™
Te-132 8.8x10™° Zr-95 1.7x10%°
1-133 4.2x10™ 1-132 1.3x10%°
Cs134 1.8x10° Ce-144 1.1x10™
Cs-137 1.5x10™°
Sb-127 6.4x10™
Te-131m 5.0x10™
Te-129m 3.3x10™
Ba-140 3.2x107 Cm242 1.0x10™
1-135 2.3x10™ Pu-238 1.9x10™
Sr-89 2.0x10™ Ru-103 7.5x10%
Te-127m 1.1x10™ Mo-99 6.7x10%
Sr-90 1.4x10* Pu-239 3.2x10%
Sb-129 1.4x10 Pu-240 3.2x10%




Difference of distribution of Argentum-128 and Cesium-137 feom
Chernobyl’ follouts in Greece, 1986 (S. E. Simopoulos data).

Argentum-128 Cesium-137

After Chernobyl and Fukushima radioactive “hot particles” were spread for
thousands of kilometers. The particles contained not only g-emitters (zr-95, La-140, Ce-
144, etc.), but also b-emitters (Ru-103, Ru-106, Ba-140, etc.) and a -emitters (Pu and Am).

% (Zr-95, La-140, Ce-144,
etc.) B (Ru-103, Ru-106, Ba-140, etc.) O (Puand Am)
M ost routine methods of radiation monitoring do not take into account
these particles, but their input to human radiation exposur e could be significant.

2. Thelevd of external radiation exposurecan not be precisaly calculated
based only on thetime a person was exposed to radiation

In any given place an individual dose during a year @n be increased or
decreased multiple times (e.g. differencs in the body’ s position relative to the surface,
shidding in homes etc).




Data from questionnaire surveys concerning persona behaviour provides a
range of one or two orders of magnitude, which makes it meaningless to calculate
average doses.

No single measurement and no series of measurements of exposureare likely to
provide an accur ate picture of an actual person’s external radiation exposure.

3. Thelevel of internal radiation exposur e can not be precisely calculated
based only on the amounts of radionuclidesthat entered the body with food,
water, and air

The input of radionuclides associated withinternal radiation exposure depends
on a person’s physical condition, age, gender, and diet. There is no such thing as an
"average" thus leading to consderable variation among individuass.

The average biological half-life (i.e. the average time for decorporationof half
of the originally absorbed amount of radionuclide) that is recommended by the ICRP
for each radionuclide underestimates radiation impact.

ICRP

Two examples:
- theaverage biological half-life Cs-137 asrecommended by the ICRP is 70 days, but for 50 % of
peopleit ishigher (up to 124 days);

- the average biological half-life of Sr-89 for the whole body is about 40 days, but for the 10 % of
thisradionuclidethat fixesto bonesit isabout 50 years.

4.1. Theeffects of each radionuclideare not homogenousin time and
space.

Even a one fixed point the radiation level may change grestly within hours,
days, weeks, and months.

Astheresult of vertical migration of radionuclidesthe leve of radiation at the
surface can decline, and rise.




Plant’ s roots and digging animals may also bring radionuclides from deep soil layers back to
the surface and thus change radiation levels.

With ashes of forest fires, migrating anima's etc. there can be horizontal
migration radionuclides for hundreds of kilometersin severd hours/ days.

The natural process of decay can changethe level of ionizing radiation in
contaminated areas by a thousand times during a year
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Dynamic of totd activities (% ) of the Chernobyl fdlout as a result of decay
(Sokolov and Krivolutsky, 1998)

%

Radionuclides ar e heter ogeneously dispersed in soils

Heterogenous pattern of concentrations (Ci/km2) of Cs-137 (top) and Ce-144
(bottom) in the forests of the Chernobyl zone (scheglov, 1999).

Cs-137 Ce-144




Conclusion (1) :
Any attempt estimate aver age doses would be misleading compared to the
actual radiation exposure of real people.

5. Biological effectiveness of each radionuclide within groupsof a -, b-,
and g-emittersis specific.
a-, b-, g-

ICRP / UNSCEAR’ “weighted coefficients” (“1” — for X-rays, b-, and ¢
emitters and ‘20" — for a-emitters) are over-simplistic and are only reasonable for
very few radionuclides.

ICRP UNSCEAR ("1 =X b g

‘20" — a )

The biological effectiveness of each radionuclide is determined not only by
the number of emerging electrons (in b-decay), g-quanta (in g-decay and X-ray), or a-
particles (in a-decay), but also by micro-distribution of energy transferred by these
particles/quanta of energy to cell structures and interna cellular liquids, as well as by
the specific decay chains of each radionuclide.
b g
g X a a

Even identical levels of ionization have different impacts on acdl depending
on its stage of development.

6. It isan oversmplification to suggest that the relative radiosensitivity of organs
and tissuesform a deterministic series

(i.e. “ weighting coefficient” for gonads — 0.2; red bone marrow, stomach, intestines,
lungs— each 0.12; breadts, liver, throat, bladder, thyroid — each 0.05; skin, upper bone
tissue— each 0.01; al other organs—in sum 0.05).

0.2 0.12
0.05 0.01
0.05
The main assumptions under lying this tissue weighting coefficient concept are
incorrect:




? The whole body is not a ssimple sum of the independent organs and each organ
is not a smple sum of independent cellular Sructures,

- The biological effects of internal and external radiation on organs are not
identicd,

- The biologic impacts of different radionuclides on each organ are not
identicd;

? The radiosensitivity of each organ and tissue of all people are not
identicd,
? The radiosensitivity of organs and tissues of animals under lab conditions

sometimes differ from radiosengtivity of human organs and tissues,

? The radiosensitivity of nontlisted organs in the series (e.g. eyes, nose,
tong, upper airways €tc) is not negligible.

7._.A homogenous phantom with aver age body parameters (i.e. awhite mae 20
years old, 70 kg body weight, a so-cdled “conditional person”) doesnot providean
adequate modd for radiation impacts on humans.

kg

There is dgnificant intraspecific variability (group and individual) of
radiosengtivity.

In any population up to 14 — 20 % members are hypo-radiosensitive, and 10 — 20 % - hyper-
radiosensitive. The radiosensitivity of hypo- and hyper- groups can differ by several times.

14-20
10-20

The current standards of radiation safety, developed for a “conditional person”
from an “average” population, cannot efficiently protect the human population as a
whole.




8. Thelinear effect (less effects, higher doses— higher effects) low dosesistrue
only for levelsof irradiation above 100 mSv.

100mSv

Low doses frequently result in asupra-linear biphasic effect.

2

This has been shown for a variety of cell culture test systems. Also, some epidemiological studies
have shown biphasic (“supra-linear”) responses to low levels of irradiation.
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Biphasic (supra-linear) doseresponse curve—"“Petko- Burlakova—Busby effect” (ecor
2010)
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9. 1t isNOT truethat low level ionizing radiation results only in cancer diseases
and major genetic disorders that are only discovered statistically (because they
only occur in severd out of some millions of people exposed to radiation).

The list of consequences of low level chronic radiation (which could concern
thousand of times more people than just a few out of a million as insisted by the
ICRP/ UNSCEAR) include at least:

ICRP/ UNSCEAR

- chromosome mutations,

- disorders of prenatal development (increased number of spontaneous
abortions, increase of neonatal, prenatal, and newborn mortdity);

- numerous minor development disorders;

- premature birth;

- lower body weight of newborns;

- disorders of spermatogeness;

- disorders of brain development;

- changes in endocrine system (including diabetes);

- changes in immune system,




- premature aging;
- gendtic ingability.
It is not methodologicdly correct to consder suchimpacts reversible or inggnificant
and hence not account for them: all these disorders impact the totd life span and
active life gpan.

Conclusion (2):
The establishment of acceptable (“safe’) levels of anthropogenic radiation
(individud effective equivdent dose of 1 mSv/person/year)
is not based on reliable data.

1mS/ |/

Thel CRP/UNSCEAR models of radiation risk are based on the data of
consequences of Hiroshima-Nagasaki nuclear bomb surviors.
|CRP/UNSCEAR

But systematic observations of the survivors started just 4.5 years after 1945.
By 1950, many tens of thousands of people had already died (i.e. those who were
more radiosengtivein thefirgt place), which led to the paradox that the survivors by
some indicators were hedlthier than those unexposed to radiation («healthy survivors»
effect).
1945 4
1950

Because of such miscdculations and secrecy the resulting
statistical data on the “ Japanese cohort” isnot reliable.

The ICRP/IUNSCEAR concept of radiation safety was originaly developed for
the purposes of protecting military forces from nuclear wegpons and protection of
nuclear personnel.

ICRP/JUNSCEAR

The main criterion of radiation safety on the battle field was the ability of men to continue
battle for next several hours after a N-explosion.
Radiation protection of nuclear personnel is easier because just afew radionuclides must be
controlled inthe workplace.
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Conclusion (3):
The existing dose concept is not efficient for providing radiation safety of
the general public from chronic low irradiation from many radionuclides,
like those around Chernobyl or Fukushima.

Radioactive pollution is some of theleast visible, but themost dangerous
anthropogenic contamination of the biosphere.

Final conclusion:
Thel CRP/ UNSCEAR mode of radiation safety (dose concept)
contradicts the growing volume of data concer ning
measur ed real negative consequences of chronic low irradiation.

|CRP/ UNSCEAR
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Thank you for attention!

Alexey Yablokov

(yablokov@voxnet.ru)
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