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niealsunasaa (Dose)

Dose Sl unit Old unit Conversion
factor

MILHT IR C/k air Roentgen 1R =258x
(ETe— 104 C/k air
Vinussdaanau  gray (Gy) rad 100 rad =1 Gy
(Absorbed Dose)

inafedauya  slevert (Sv) rem 100 rem =1 Sv
(Equivalent Dose)

WSuaseadawa  slevert (Sv) rem 100 rem =1 Sv

(Effective Dose)
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Radiation Weighting Factors or Quality Factors : W

R
Type of radiation Wg
Photons 1
Electrons and mmons 1
Protons and charged pions 2
Alpha particles, fission fragments. 20
heavy 1ons
Neutrons A continnous function of neutron energy:

2.5 4 18.2 g~ ImENTe B o | MeV
wp = lﬁ.u + 17,00 e=ZEIe | Mol < E < 50 MeV

2.5 4 3,25 g~ ln(0.04Ex}1 /6 P = 50 MeV

Note: All values relate to radiation incident on the body or, for internal radiation sources,
radiation enutted from the incorporated radionuclide(s).
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Tissue/Organ Weighting Factor : W-

Tissue /Organ Tissue/Organ
weighing factor - W-
High sensitivity Bone-marrow (red), Colon, 0.12
Lung, Stomach, Breast
Intermediate Bladder, Oesophagus, Liver, |0.04
sensitivity Thyroid
Low sensitivity Bone surface, Brain,
Salivary glands, Skin 0.01
Remainder (14) 0.12 (in total)
Genetic and Gonads (ovary, testis) 0.08
Somatic from
Gonadal exposure

Remainder Tissues (14 in total): Adrenals, Extrathoracic (ET) region, Gall bladder, Heart, Kidneys,
Lymphatic nodes, Muscle, Oral mucosa, Pancreas, Prostate, Small
intestine, Spleen, Thymus, Uterus/cervix.
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Presenter
Presentation Notes
Lecture notes:  
There are direct and indirect effects of radiation at the subcellular level. 
Direct effects are produced when the initial interaction of radiation is with the target molecule. Ionization of atoms on key molecules in the biologic system causes inactivation or functional alteration of the molecule. 
Direct ionization of atoms in molecules is a result of absorption of energy by photoelectric or Compton interactions. Ionization occurs at all radiation qualities but is the predominant cause of damage in reactions involving high LET radiation. Absorption of energy sufficient to remove an electron can result in bond breaks.
Indirect effects are effects mediated by free radicals. The primary interaction of radiation is with water. It is the resulting free radicals that damage the target molecule(s). Of the various free radicals formed, the hydroxyl (OHo) free radical is believed to mediate the most damage. Since water constitutes almost 70% of the cells, radiolytic products of water are chiefly responsible for the indirect effects. In living organisms, 60-70% of the damage results from indirect action.
Both direct and indirect effects are important although the latter are generally believed to be most important. One current line of thought believed that indirect effects predominate for low LET radiation (e.g.., X-rays, gamma-rays or betas) while direct effects are more important with high LET radiation (e.g.., alphas and neutrons).
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® N13NTLMIVOITIT DNA
) 9
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® Base damage,
® Single strand breaks,
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® Double stand breaks

Base damage
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Presentation Notes
Lecture notes: 
A single strand lesion is a break or nick of the desoxyribose-base bond or the phosphate-deoxyribose bond in a single strand of DNA. It should result in a partial separation of the affected strand, over several nucleotides. Requires approximately 10-20 eV per break. Is not considered to be as important as either of the other two types of damage. The number of single strand lesions increases linearly with dose over a vast dose range (0.2 to 60000 Gy). 
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Single strand breaks Double stand breaks
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Presentation Notes
Lecture notes: 
A single strand lesion is a break or nick of the desoxyribose-base bond or the phosphate-deoxyribose bond in a single strand of DNA. It should result in a partial separation of the affected strand, over several nucleotides. Requires approximately 10-20 eV per break. Is not considered to be as important as either of the other two types of damage. The number of single strand lesions increases linearly with dose over a vast dose range (0.2 to 60000 Gy). 
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® 9ADATY (Free radicals)

O 0

Radiation + H-O-H > H + OH

RH+OH ~— R +H,0

0 0
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RH+ H R +H,
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Presenter
Presentation Notes
Lecture notes: 
Time interval between radiation exposure and manifestation of biological effects can be divided into six stages. Physical stage is associated with the absorption of energy by biomolecules and their environment. This results in excited and ionised molecules. Physico-chemical changes result in the formation of primary lesions in target molecules, as a result of energy transfer and rearrangement of excited and ionized molecule. In addition, energy absorbed in the surroundings of the target molecules gives rise to free radicals such as Ho, OHo, HO2o, molecular H2O2 and solvated electrons. These products also interact with DNA resulting in further lesions. Primary lesions are then transformed in to bioradicals leading to molecular alterations. These alterations result in the biological effects of radiation.
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Presenter
Presentation Notes
Lecture notes: 
The target for all health effects of ionising radiation is the genome of the cell, the DNA (deoxyribonucleic) molecule. Even a single hit by a particle or a photon can cause a break in the DNA molecule. If it is a break in one strand of the DNA only (a single strand break) it will most probably be perfectly repaired with no consequences for health. If, however, both DNA strands are broken close to each other, which is also possible after a single hit, repair mechanisms are likely to fail and the genome may be changed.
Cells, like a human body, have tremendous ability to repair damage. As a result not all radiation effects are irreversible. In many instances, the cells are able to completely repair any damage and function normally.
In some case, however, the damage is severe enough that the cell dies. In other instances, the cell is damaged but it still able to reproduce. The daughter cell, however, may be lacking some critical life sustaining components, and they die. Finally, the cell may be affected in such a way that it does not die but is simply mutated. The mutated cell reproduces and thus perpetuates the mutation. This could be the beginning of the malignant tumour.
Generally, cells are most sensitive to radiation when they are dividing, so that the most radiosensitive tissues are the blood, the intestinal wall, the skin, and the fetus. Conversely, the most radioresistant tissues are muscle, nerves, and the adult brain, where cell reproduction is minimal.
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Source Dose (mSv) Range (mSv)

Natural background

External exposure

Cosmic 0.4 0.3-1.0
Terrestrial 0.5 0.3-0.6
Internal Exposure
Inhalation (mainly radon) 1.2
0.2-10
Ingestion 0.3 0.2-0.8
Total 2.4 1-10
Man-made (artificial)
Medical 0.4 0.04-1.0
Nuclear Testing 0.15 — decreasing trend
Chernobyl accident 0.002 0.04 — decreasing trend
Nuclear power production 0.0002 Decreasing trend

Total 2.8 1-10
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Presenter
Presentation Notes
Lecture notes: 
The following topics are covered in the lesson:
Threshold doses for deterministic effects in different organs
Radiation-induced damage of the skin
Radiation-induced damage of the eye 
Radiation-induced damage of the lung
Radiation-induced damage of the gonads
Radiation-induced damage of the thyroid
Radiation-induced damage of the skeleton
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Presenter
Presentation Notes
Lecture notes: 
The organs of the body have different sensitivities to radiation, therefore, dose thresholds for deterministic health effects are also different.
The skin is especially sensitive to beta rays. A high local dose causes reddening of the skin after a few hours. Two weeks later hair of the skin falls off. Epilation of all hair is usually observed after a life threatening whole body dose of a few Sv. High local doses to the skin may damage and occlude the blood vessels of the skin, and ulcers and necrosis may develop. Such type of a damage can be very painful and invalidising, and amputation may be the only solution.
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Deterministic effects (cé
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radiation Syndrome, ARS)

Yy & ..

* STUUMIAS1UNALRA (Hematopoietic System / Bone marrow)
v’ 119091 0.7 Gy

® STYUNNIAUDINIT (Gastro - Intestinal System)

v’ 1179071 10 Gy

* syyulvaneulanauazszuulseamaIunais

( Cardiovascular / Central Nervous System)

v’ 1179071 50 Gy
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Stochastic Effect (o8
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Stochastic Effect (o8

Detriment adjusted nominal risk coefficients (102 Sv-1) for
cancer and heritable effects after exposure to radiation at low

dose rate.
Exposed | Cancer Heritable effect Total
population
ICRP 103 |ICRP 60 |ICRP 103 |ICRP 60 |ICRP103 |ICRP60
Whole 5.5 6.0 0.2 1.3 5.7 7.3
Adult 4.1 4.8 0.1 0.8 4.2 5.6

1. Arange of ages at exposure (0 to 85 years in 5-year intervals) in Asian and
Euro-American composite populations.

2. Population or for a working age 18-64 year old
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o FoiInluassn (Death of the embryo or fetus)

* anuAalnan13liNveIelsIzHIoTIUV0I0 Y

(malformation)
Jd A a 9 .
* MINIUATINATYAY [A%T (Growth retardation)
1 9 a .
* ANNUNNIBINNAUTATYT (Mental retardation)
<
® 1133 (Cancer)
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Fetal Growth |
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Fetal Growth From 8 to 40 Weeks

F-n1u5 IE-
nl a1z

» The preimplantation period (1-2 week)
* The major organogenesis, embryo (3-8 weeks)
o The fetal period (8-40 weeks)
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» Risk associated with irradiation during fetal development

Preimplantation | Organogenesis Fetal period
1-2 week 3-8 weeks :
Early | Mid | Late
8-15 | 16-25 | >25
Lethal effect ++ + + + - _
Malformation - ++ + + + -
Growth retard - + + + ¥+ + n
Mental retard - - ++ + + -
Cancer - + + + +

highest sensitivity is from implantation until the end of organogenesis
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) Lethality Congenital anomalies

——

A

/

Pre-implantation Organogenesis Foetus Time
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Effect Phase Dose
Lethal effect Preimplantation < 100 mGy
(very infrequent)

Malformation Organogenesis 100 mGy
(Threshold)

(mice and rats

microcephalie) > 200 mGy

Growth retardation Total prenatal 500 mGy

(brain and skull of development (Threshold)

children)

Severe mental Fetal (8-15 weeks) > 300 mGy

retardation

Absorbed doses below 100 mGy to the embryo/fetus should not be considered a
reason for terminating a pregnancy.



NAYUDISIARNDADDULLAENISN IUATIA (§1D)

Aa =~ S Y A A Yo o A ]
¢ ﬂqjlﬂﬂll$!§\‘16lulﬂﬂWﬂQﬂWﬂWinNﬂjiﬂﬂlﬂiﬂi\L]ﬁ (Childhood

Cancers)
= ~ Aa I~ a A g
— llﬂfJﬁJ!,ﬁfNGluﬂTiLﬂﬂﬂngﬁﬁnﬂ"]ﬂuﬂLWNﬂlu

' A < S I A . ' <
— AU U IS UIAaeAu17 (Leukaemia) U1NNIT ULI
A 9y .
¥UAILUNDU (Solid tumours)

Estimated Childhood Cancer
Radiation Dose Incidence
No radiation exposure above background 0.3%
0.00-0.05 Gy 0.3%-1%
0.05-0.50 Gy 1%-6%
> 0.50 Gy > 6%




A o W Vv v A . e

VANNAMS IASVS T (Dose limit)

® Dose Limit ﬁizuiuﬂ;]ﬂ'izm’mmmﬂaaﬂﬁ’ﬂmq%’q?{
N.A. 2561

e oiloanu (Prevent) Deterministic Effect

: , ), AR
* [oan (reduce) Stochastic Effect Tvdoamindlu 1

1a

cellular damage
genetic damage

cancer and
birth defects
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M3 1A5USIT (Dose limit) (A9)

UAAG

USunu5eddana
(Effective dose)

U“immﬁ'ﬂﬁﬁm&ﬁ (Equivalent dose)
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Sources: International Bacsic Safety Standard (No. GRS part 3) i1 132-133
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M ludgeaninsideanusaa?

A30819WaNIZNUIUY Deterministic Effects ¥93013 10515311951908 (Whole body)

o U Yo A 0.'1 Y
¢ ﬂ3’t)ﬂ1<1Ni;ﬁ]1ﬂﬂ'|§"lﬂ‘§fm’1’]3§1\‘lﬂ"lﬂ

— 0-250 mSv
— 500 mSv
— 1 Sv

— 2 Sv
— 4 Sy
— 6 Sv
— >8 Sv

Ttlsingeims
o & A ~ S v
NuIniaaeaasulasanies
zt'l Y = o I~ A
Adu 1d poumay SuIUAaDn
P |
wasuulas
A 9) =\ I~ 1 1
aau & 818U U NI
Tomai@eyIa 50 %
Tomai@eyIa 80 % - 100 %
[@eBIN 100 %
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Annals of the ICRP

® International Commission on
Radiological Protection (ICRP)
ﬁ“l‘l"il!ﬂ’h IIAI-'maIs of the ICRP
e mslgsusedumsdeese (Risk)
o H AR UMIT U TZan
UHIOMTIAUNI

@ Annals of the ICRP

Pargamon Press.
4 Now Yok Freams Secu - Syaey - Taws

|..
% :
|
|
!
!,1

* M5 A USITA0IdDeNgANINE1NISD
N3z 1A (ALARA, As Low As
Reasonably Achievable)

ICRP Publication 103

The 2007 Recommendations of the | anal
C ission on Radiological Protect)
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1. Justification of Practices 115 1%
Jd Iy, d
Y52 Tesineseadealiyse e . ) (Time)

1 [} >
UINNIN T‘V] Y YSnuyasSefin ldsuvavae = SasInsnsEansvesiaEXian

UGN EL IO N Radiation Safety and ALARA
diamusid o 9 As Low As Reasonably Achievable

2. Optimization of Radiation Protection

m’e)ﬂafﬁﬂﬁﬂmﬂummmauLwa‘l‘w (*izuzma)z “
02-Distance 03-Shielding

1850598 Tosfign (ALARA) . Yaoriifed (shielding)

#irafiivanuinvacnongeq wu azia, win, Asunde

QU

3. Dose Limitation AUANYTN10S
1a51

a A
6N
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* msmnuguanNlasanemeea
° izﬁumwﬂgwum (Regulation Level) 15U
Y oA Y A A A o A ~ A a v A
" W3 YAANAINUTAARETINOTUA WA, 2559 taziud luNuANnL N 2
N.F. 2562
" NNTENINANNUAOANINITIA W.A. 2561
® STAUMTUITHITIANG (Management Level)
Y Y
=y Tgrngaunnuilaoant
Y Y A Y v A
= minanulasaneniaged

. LLNHﬂTiﬂ@QﬁHﬁHﬁiWﬂﬁﬂﬂiﬂ?’f

® 53AUNT ‘]Jf] 1% (Operational Level)
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* M3 UOUNTIBAINTITS zﬁﬂﬁﬂﬁﬁa (Radiation Protection for Operational Level)
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