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Elementary reactions induced by radiation  (selected)

AB -«wWw\— AB* + e- ionization

AB —mAn— AB* excitaion

AB* + e- = AB” recombination

AB* = A- +B- formation of radicals
Reactions in water oxygen effect

H,0 —“WW— HO* + e HO,*

—20 —"WMN—> H2c>>l< (hydroperoxyl radical)

(hydroxyl radical) 02—0
-H,0*: + H,O — H;0* + ‘OH (superoxide anion)
(S (+ n HZO) — e_aq H2°2
(hydrated .
H,O® =& H* + *OH electron) (hydrogen peroxide)
H3O* + e5g = H* + HO (active oxygen)

(hydrogen radical)



DNA damages due to radiation radicals
(active oxygen)
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heavy ions electrons

LET : Linear Energy Transfer

high-LET radiation

Direct effect : direct attack of charged particles to DNA molecules weray

Indirect effect : attack to DNA molecules by radicals from ionization of water

low-LET radiation
B-ray, y-ray



absorption of energy from radiation }
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ionization & excitation of molecules

production of free radicals
DNA repair *
DNA not repaired -

disordered

apoptosis
cell differentiation

mutations | J
- accumulated |
deterministic effects
impaired hematopoiesis,

alimentary canal, skin j
infertility
malformation stochastic effects
cataract cancer, hereditary effects

physical
reactions

chemical
reactions

biochemical
reactions

early-stage
clinical
symptoms

late-stage
clinical
symptoms
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Chronological changes of vital reactions after exposure to radiation.



radiation
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DNA repair

Base excision repair
ISEREEE

] hydrogen-bonded
base pairs
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GCT ATCC

DNA helix
with missing
base

CGAGTAGG

AP ENDONUCLEASE AND
o PHOSPHODIESTERASE
REMOVE SUGAR PHOSPHATE

B 1006

DNA helix
with single
nucleotide gap

CGAGTAGG

DNA POLYMERASE ADDS NEW
NUCLEQOTIDES, DNA LIGASE
SEALS NICK

GCTCATCC

CGAGTAGSG

Nucleotide excision repair
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CTACGGTCTALYTATGG

FLH LA

GATGCCAGATGATACC

NUCLEASE l

CTA'CGGTCTA.(\!ATGvG

(OUR VR gugoc

GATGCCAGATGATACC

P
DNA CGQTYCTA A6
HELICASE
1
CTA
DNA helix
with 12-
nucieotide gap
GATGCCAGATGATACC
DNA POLYMERASE
PLUS DNA LIGASE

CTACGGTCTACTATGG

L

GATGCCAGATGATACC




DNA repair for double-strand breaking

Non-homologous Homologous Recombination
End Joining siER%xi®“aE®E  DNA Repair #R@EH» gz EE
Double Stranded
Dog?\ﬁ%‘::;fed BRCA1 \DNA!?reak

Assembly of repair proteins, resection of DNA
DNA Repar

Protein Complex

Strand Invasion
3
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Repaired DNA Strand

Repaired DNA Strand

Buddhini Samarasinghe 2013



Very rarely removal of
damages in the DNA fails and
the damages can remain.

- ~ FNIDNADFOEA
o RYBRIFTICESTLES

(failure to repair DNA)
BED KK
p53 gene

Apoptosis (programmed cell death)

HRaBE e 5750\ fails to work.

natural killer cell cancer cell

NK#HAE

BARBERIZELZONS

captured by the natural immune system



Very rarely removal of
damages in the DNA fails and
the damages can remain.
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(failure to repair DNA)
BB D KK
p53 gene

Apoptosis (programmed cell death)

HRaFEE e = 57z fails to work.

Natural Killer cell fails to capture

NKFAREEHHERY kAL T=  those
(BAREER) abnormal cells.

benign EIE
(natural immune system)

malignant &%

infiltrative ;2% 75\ AJ %‘H H@ 75\ 5% 2T l.z i P,

One or some cancer cell(s) remain(s) by chance.
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Deterministic effects of radiation exposure
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with threshold
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Radiation effects to human body

deterministic effects w#rwzez

Radiation causes impediment or disorder of cells and tissues.
Only at high dose (with threshold). no effect below 150 mSv
Criticality of the disease depend on the dose. (generative cell) 150

Accute effect : impaired hematopoiesis, alimentary canal, infertility etc. 6000 mSv
late effect : cataract. 500-5000mSv &ML EmEE. HEERES. TF (EiEMR) &E

BRI B
Death : half population killed at 4 Gy, all killed at 7 Gy (acute exposure).
2 AR
stochastic effects R

Caused by DNA damage of cells due to raditaion.

Most of the damages are repaired, but failure of repair can result in
cancer after a long period of time.

The probability increases with dose. (No threshold is assumed.)
Criticality of the disease is not related with the dose.

late effect : cancer and hereditary effects for germ cells.
(not observed for human) EEHEEFE b TRERINTULRL,
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Acute radiation syndrome : Death by ful
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Atomic Bomb

JRIE

(RERF AR R BE R R fERBASEED 2 5 4 F & DA, —#ine)

ired hematopoiesis (bone marrow)

4 Gy

death with alimentary canal problem

10 Gy

death with problems in the central nervous system
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Accident at JCO company in Tokai-mura village
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Firemen at Chernobyl NPP Accident
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Excess Relative Risk
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0.005 - 0.1 27,789 4.406 81 1.8% 0.005 - 0.1 30,387 69 4 6%
0.1-0.2 5527 946 75 7.6% 0.1-0.2 5,841 14 5 36%
02-05 5,935 1,144 179 15.7% 0.2-05 6,304 27 10 37%
05-1.0 3,173 688 206 29.5% 05-1.0 3,963 30 18 63%
1.0-20 1,647 460 196 44.2% 1.0-20 1872 39 28 72%
>2.0 564 185 111 61.0% >2.0 737 25 28 100%

& B 44635 7,851 848 10.7% a &t 49,204 | 204 . 94 46%
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It is very difficult to deduce decisive conclusions about the effects of low-dose exposure from the
result of the epidemiological survey, due to statistical uncertainties.



Risk assessment for effects

Risk of increase of

of low-dose radiation

[RFIRBRE IS L D 1,000msvz (£ <
LIEAREDS 5. 10%D AN RS
RERETBENATIHETELTWS,

10% extra of A-bomb survivors with 1,000 mSv
exposure died of cancer.

EERRA R EZES (ICRP) (&
HERIELZ L (LNT) IRER = 5,

ICRP (International Comission on
Radiological Protection) accepts
/ LNT (Linear Non-Threshold) hypothesis.

Whether the threshold exist or not cannot be

judged from the epidemiological survey because

of statistical uncertainty, and opinions of the

specialists vary. Bi{ENH 2 MRVHIE, BEFAEHNS
MEFZWICHBTADONT. BRI DD NS,

dose

Q Survey of Hiroshima & Nagasaki survivors
3 give important epidemiological data.
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Risk assessment for effects

of low-dose radiation

[RFIRBRE IS L D 1,000msvz (£ <
LIEAREDS 5. 10%D AN RS
RERETBEINATIEHTELTWS,

10% extra of A-bomb survivors with 1,000 mSv
exposure died of cancer.

EFRRESIRFIEEZ SR (ICRP) (&
HERIELZ L (LNT) IRER = 5,

ICRP (International Comission on
Radiological Protection) accepts
LNT (Linear Non-Threshold) hypothesis.

Whether the threshold exist or not cannot be

judged from the epidemiological survey because

of statistical uncertainty, and opinions of the

specialists vary. BlEN'SH 2 H R WHN G, BRERAEHS
MEFZWICHBTADONT. BRI DD NS,

“w 0 Survey of Hiroshima & Nagasaki survivors

g 3 give important epidemiological data.
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Risk of future

cancer death for Japanese people:
26% for male, 16% for female.

dose
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Dose and Dose-Rate Effectiveness Factor
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