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Radiation dose

Understanding the activity in Becquerels is the first step to finding out about any
possible biological effects, but does not tell us a great deal by itself. This is
because, apart from the absolute amount of energy absorbed in the body, the
biological effects are related to:

» The size of the exposed area or body: for the same absolute amount of radiation, a

larger body will feel less effect, so the measures of radiation exposure must be
inherently about the exposure per kilogram of tissue.

» The radiation type: some types of radiation are intrinsically more damaging than
others.

» The distribution of the dose: some tissues of the body are more sensitive to radiation
than others.

Absorbed dose (D): the amount of energy absorbed per unit mass (unit: gray
(Gy), 1 Gy =1 J/kg = 100 rad = 10* erg/q)

Dose equivalent (H, equivalent dose): consideration of the radiation type
(radiation weighting factor, wg) (unit: sievert (Sv), 1 Sv =100 rem, H = wgz X D)

Effective dose (£): consideration of the different tissues exposed (tissue

weighting factor, wy)
g:zWTzWRDT,REzWTHT
T R T
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Weighting factors

® International Commission on Radiological Protection (ICRP)

gzwawaDT,R EZWTHT
T R T

Tissue weighting factor

. . . Organ or tissue Factor

Radiation weighting factor Rod bone marmow 013
Type of radiation Factor Colon 0.12
~ and X rays, all energies 1 Lung 0.12
: Stomach 0.12

Electrons and muons, all energies |
Chest 0.12

Neutrons, energy under 10keV 5
Gonads 0.08
Neutrons, energy 10-100keV 10 Bladder 0.04
Neutrons, energy 100keV-2MeV 20 Liver 0.04
Neutrons, energy over 20 MeV 5 Thyroid gland 0.04
Protons, all energies 2 Periosteum (bone surface) 0.01
« particles, fission fragments, heavy nuclei 20 Skin 0.01
Brain 0.01
Salivary glands 0.01
Other organs or tissue 0.12
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Relationships of protection dose quantities

lonising radiation - Protection Dose quantities in Sl units

INn Sl units

Effective dose

Whaole body dose to all

tissue
] - G e
Quantity || Absorbed dose Equivalent dose
Organ dase to tissue T, | i
Dy Hy :
Organ dose fo tissue T, | E E
Organ dose to tissue T, | i
Slunit or (Gy) ) . ; t (Sv) ) : t (Sv)
. ra Radiation weighting sleve vV Tissueweighting sleve \
modifier S Factor - W, factor - W,
Derivation joule/ke Dimensionless factor joule/ke Dimensionless factor joule/kg
I I Biological effect on tissue type T having
; Energy absorbed by Biological effect of weighting factor W,
Meaning irradiated sample of radiation type Rwith Partial irradiation !
matte_r s H sl B sl Effective dose =summation of organ doses
quantity. iy - to those parts irradiated
- !p erT Ila |f3nt$'pes h Complete (uniform) irradiation
relr?_u:e cat:;]u sy orias ! If whole body irradiated uniformly, the
Gani weightings W; summate to 1. Therefare,
Effective dose = Whole body Equivalent
dose
: ; : ? SEOUL
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Exposures from the natural environment

® Cosmic rays
Terrestrial radiation (from the Earth’s crust)
® [ncorporation (eating, drinking, and breathing)

Radionuclide  Half-life Natural Mass fraction of
(y) abundance  the element per
(%) 1 Bqgkg ' of the
radionuclide
oK 1.25 x 10° 0.0117 32 %1077
22T 1.41 x 10" ~100 25 %1077
238y 4.47 x 10° 99.28 8.1 x 1078
22°Ra 1600 ~100 27 x 107
120
\ terrestrial radon
s \ radiation Inhalation
5 \. 0.5 mSv/yr 1.1 mSv/yr
i T . . .
5 [~ \--‘32-3{ cosmic Ingestion
T W e . .
W ~— radiation 0.4 mSv/yr
- 0.3 mSv/yr
Time present Global average ~ 2.3 mSv/yr
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Exposures from man-made sources (excluding smoking)

Source of dose

Approximate annual dose (mSv)

Medical X-ray diagnostics 1.9

Other nuclear medicine 0.05
Science and research under 0.01
Occupational exposure 0.03
Reactor accident in Chernobyl (only 1986, 0.5

figure for Western Europe)

Sum (without Chernobyl) 2.0

® The world average of the whole-body exposure can be estimated to be about 4.3
mSv/yr: about 2.3 mSv/yr from the natural environment and about 2.0 mSv/yr
from technical installations (mainly medicine).
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Typical dose rates or doses for some exposures (whole-
body doses)

Type of exposure

Dose or dose rate

X-ray exposure of teeth 10 Sv
Flight Frankfurt to New York 30 uSv
X-ray examination of the chest TOpSv
Dose limit for general public for discharges from nuclear power plants 300 wSv/yr
Normal smoker S00 wSv/yr
Mammography 500 uSv
~v-ray image of the thyroid gland 800 uSv
Limit for a surveyed area Il mSv/yr
Heavy smoker (more than 20 cigarettes per day) I mSv/yr
Natural radiation 2.3mSv/yr
Lower limit for a controlled area (see Appendix B) 6mSv/yr
Positron-emission tomography 8mSv
Computed tomography of the chest 10mSv
Limit for radiation-exposed workers in Europe 20 mSv/yr
Limit for radiation-exposed workers in the USA SOmSv/yr
Limit for emergencies 50mSyv
Maximum worker’s dose over the whole life span 400 mSv
Possible future round-trip to Mars (500 days) 1000 mSv
Lethal dose 4000 mSv
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Annual dose (Western Europe)

3
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Exposures from air travel

® Personnel flying at altitudes of 10~12 km are exposed to an annual dose of 2.5
mSyv (for 500 flight hours per year).

5 T T T T T T T T 10 T T T
4 F
_ 5 -
Z 3 )
i ©
@ c
© @
2 EE
F =
8 ¢ g
© 10 F -
S
1 F
10 km altitude - 50 degrees latitude '
0 1 1 1 1 1 L 1 1 10—2 I | |
0 10 20 30 40 50 60 70 80 90 0 4 8 12 16
geographic latitude [degrees] atmospheric altitude [km]
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Exposures from smoking

® [t is well known that smoking has adverse effects on health, but it is less widely
known that radioactive exposures play a significant part in the negative effects.

® Radioactive isotopes, particularly radioactive lead-210 (?1°Pb) enter the tobacco
plant via its roots from the soil, and also radon (?22Rn) will enter the tobacco
leaves from the air. This eventually leads to significant exposures of the lungs.

® The isotopes 21°Pb and ?22Rn decay after a number of radioactive transmutations
into the radioisotope polonium (?1°Po) ending eventually in stable lead (2°6Pb).

® Smokers are victims of the fact that tar is sticky: these radioisotopes tend to stick
to the airborne droplets of tar in the smoke.

R-g.gng," l}ﬁ in Tobbacco
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Background radiation in the world

Norway
0.64
\'SLtarrnarwri )
0'44‘. Slovakia
s
& lﬂ.ﬁﬂ
ks India
Italy 0.49
0.65 & 4
Sudan
0.46 & 4
Ramsar (Iran)
0.6~149

Annual average natural radiation from ground worldwide
(millisieverts)

China
0.54
Japan . 4 =
k9 0.46 United States
€ 4 0.41
Yangjiang (China)
3.2
i Australia Chile Gl-:rnl:flari
0.81 0.45 ~ 160
& 4
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World radon map
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Radiation damage

® Any radiation exposure can potentially have negative effects on health. This can
be considered as the basic principle of radiation protection.

® The biological effect of ionizing radiation is a consequence of the energy transfer,
by ionization and excitation, to cells in the body.

® Factors of radiation effects on individual cells: (1) the dose rate, (2) the
collisional stopping power (LET, linear energy transfer), and others such as the
state of the cell’'s life cycle, the exposure time, age, general health, and
nutritional status.

Neo h :
moperaTe ¥ Heavy WY SEVERE ‘ﬁ\‘\‘,'l
DAMAGE 4\ oAMAGE /Y Dpamack | )\
water ] - & |
radiation " = ‘- « free radical L7

bk . DAMAGE

DAMAGE

radiation HIGH ENERGY

NORMAL DNA GAMMA OR BETA PROTON FROM ALPHA
RADIATION FAST NEUTRON RADIATION
COLLISION
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Timing and classification of radiation damage

time
unharmed organism
<ps
absorption of radiation damage
radiation energy
ionised and excited molecules
in irradiated tissue ( body cells ) ( germ cells )
<ms !
( mizamolculr nergy tanspor ) damage o damage o
and production of radicals irradiated individuals offspring
seconds reversible early % biochemical | | —J |
up to hours radiation effects alteratlons
acute non-malignant nm:(:gg:nmt genetic
minutes . morphologlcal early effects early effects leukemia, cancer) / \Jadiation effects
up to days mutations alterat|0ns
non-stochastic damages stochastic damages
days late radiation — cell death
up to years effects - death of organism
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Mortality by cause in Korea
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Effects of radiation on human death and cancer incidence

Early effect: mortality after 30 days for
different whole-body doses for humans

2

Delayed (or “late”) effect: probability of
cancer incidence vs absorbed dose

100 T T 1 10 . T T .
‘normal’ cancer incidence
10 F -
80 I 7] - § e e eo e
— 1 F _ i .
2 risk of cancer !
= 60 . © due to radiation |
E" é 10‘1 u : | |
T B0 [ o 'S Death by accidents
S = r  /J rooTo
o | ' = |
Threshold/dose: 0.5~1 Sv S 10 F ’\ ]
20k . | ol LNT (Linear No-Threshpld)
' Lethal dose = model (very cons:ervatlve)
Self healing / |
0 . | . | - | . 10_4 - ] - 1 » 1 ; ]
0 9 A 5 8 00 100 100 10 1 10
absorbed dose [Sv] effective dose equivalent [Sv]
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Models for determining the human health effects of
radiation dose

® Clear evidence for the radiation dose greater than 100 mSv.

® There are still debates for the effect of radiation dose under 100 mSv.

8
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@ [
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Evidence of hormesis

® In Taiwan in the early 1980s, radioactive cobalt-60 (half-life 5.3 years) was
accidentally included in some steel building materials, and these materials were
then used to build 1,700 apartments. Over the course of two decades, some 10,
000 people occupied these apartments, receiving doses between a few mSv per
year and a few tens of mSv per year (average total dose ~ 0.4 Sv).
160

Radiation - Exposure and Its Treatment: A modern handbook,
3rd Edition. Brian Hanley, PhD 2015
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W.L. Chen, Y.C. Luan, M.C. Shieh, S.T. Chen, H.T. Kung, K.L
Soong, et al. Effecis of Cobali-60 Exposure on Health of Taiwan

Cancer deaths per 100,000

6 O Residents Suggest New Approach Needed in Radiation Protection.
Dose-Response 2006;5(1):63-75
40 . i
L, \Gamma-irradiated apartment dwellers
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Biological half-life

® The human body will have some ability to excrete incorporated material, and this
ability will vary according to the substance involved.

| humans |
Physical half-life of
137Cs ~ 30 yrs 0 T
=
=
] dogs
1 = i
rats
mice
o
0 100 200 300
time after ingestion of *'Cs

[days]
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Radiation resistance

® The lethal dose, remembering that doses are inherently per-kilogram measures,
for all mammals is about the same (humans: 4 Sy, dogs: 4 Sv, monkeys: 5 Sy,
rabbits: 8 Sv, marmots: 10 Sv).

® In contrast to that, spiders (with a lethal dose of 1,000 Sv) and viruses (2,000 Sv)
are much more resistant against ionizing radiation.

® The bacteria deinococcus radiodurans and deinococcus radiophilus can survive
enormous doses (30,000 Sv) because of their extraordinary ability to repair
radiation damage. They have even been found in the hot reactor cores of
nuclear power plants.

‘}" Radioactive
iodine
‘Adsorption”
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Radiation in daily life

(

Natural radiation (annual) absorbed
if you were living in Guarapari, Brazil
10—

From
space
0.39

From the
ground

0.48

1.26

From radon 0"
inthe air &x™)

Radiation absorption from
nature per capita worldwide
(annual/world average)

24

Japan per capita radiation 21—
absorption from nature
(annual/domestic average) m

140,16

Flight from Tokyo to New York
(roundtrip/increased exposure to
cosmic radiation from high altitude)

Dose assessment (annual) for () 022 —»
reprocessing plant (Rokkasho)

Clearance level (annual) 0.01—

Amount of]
radiation

mSv)

10

0.1

0.01

Total body CT scan (1 time)

Full stomach X-ray

30 mass examination

Dose limits for the general public
(annual/excluding exposure
through medical treatment)

«—1.0

Chest X-ray
mass examination (1 time)

&P
)

0050

Dose objectives (annual) for areas around
nuclear power plants

*Radiation levels fall sufficiently below
those found in nature and the amount
of radiation does not require materials
to be handled as radioactive material
from safety perspective.
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Principles of radiation protection

® Justification of practice: adopt no practice unless it produces a net benefit

® Optimization of protection: if exposure is justified, then keep it as low as
reasonably achievable (ALARA), economic and social factors being taken into
account

® Limitation of exposure: dose to individuals should not exceed the limits
recommended

Exposure time
The less time you are exposed, the lower the dose of radiation you wil
receive

a "
8 Distance
EEEE The further away you are from the source of the radiation, the less

intense its effects will be

Shielding

Shield yourself behind a thick concrete wall or stay indoor. Protective
covers made of thick concrete are very good at withstanding radiation
penetration
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Radiation dose limit

® ICRP (International Commission on Radiological Protection) & 11 2t= Zt=0f| A
AHE4SEO] ALE

Publication 60 (1990)

workers public
annual acceptable risk 8x104/yr 5x10-5/yr
radiation risk factor 4x10-2/Sv 5x10-2/Sv
effective dose-equivalent
limit 20 mSv/yr 1 mSv/yr
- averaged over 5 years 50 mSv/yr -
- annual maximum
tissue dose equivalents
- lens 150 mSv/yr 15 mSv/yr
- skin 500 mSv/yr 50 mSv/yr
- hands and feet 500 mSv/yr -

25/25 Introduction to Nuclear Engineering, Fall 2019




	Radiation Dose and Hazard Assessment
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

