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meagurement of
ambient dose rate &
surface contamination

Radation detection & measurement

lonization of gas
Y ionization chamber, G-M tube

Scintillator + PMT (photomultiplier)
Nal, Csl, plastic scinti., ZnS

Semiconductor detectors

counting (cps = counts per second Ge! SI(LI)
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y-ray spectrum of a Ge detector
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Radiation detection using ionization of gas

ilonization chamber E
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fluorescence of materials by irradiation or radiation
SCi nti I Iato rs Plastic scintillator

& light guide
Inorganic : Nal (TI), Csl (Tl) (r-ray, X-ray)
BGO, GSO etc. (r-ray, X-ray)

B14GesOq2 Gd»S105

ZnS (Ag) (a-ray)

BaF>
: . N electron beam
Organic : plastic scintillator Echarged partic?es)

e.g. PPO, POPOP / polystylene

liquid scintillator (B-ray)
e.g. p-terphenyl / toluene, xylene

g‘BlCdl"

liquid scintillation counter

electric pulse : timing : time of particle passage
. pulse height : energy



Photomultiplier tube (PMT) xzzmee

, connector
focusing electrode last dynode bins
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(for electron multiplication)

light = photoelectric effect
= electron multiplication
=> current

Combination with a2 Scintillator

radiation
= excitation of molecules

= fluorescence
light = PMT




Measurement of radiation

Counting (CPS = counts per second)
Survey meters [ambient dose rate]
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Measurement of radiation Measurement for samples
Y »re=v A*ﬁﬂjﬁﬁ (Ge detector)

Semiconductor detectors

# : Si(Li) detector  (X-ray)

Ge detector (high energy resolution) B
(r-ray, X-ray)

radiation = ionization

= electron-hole pair = charge measured

electric pulse : pulse height < energy h ;
‘4\. w

energy analysis (ID of nuclide) %

5.""7
BMRERS Ve = A T

(Ge detector for food samples)



24 s 3.8 min 30 yr
137] = 137%e — 137Cs — 137mB,

2.5 min
.,

number distribution
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Energy spectrum of B-rays 13;? Ba
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Energy analysis (identification of nulide)
y-ray spectrum of a Ge detector
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Comparison of y-ray spectra : Nal (scintillator) vs. Ge (semiconductor)

134(38 604.7 keV 137CS 661.7 keV
L T - 2" Nal
— HPGe
a (HP = Hyper Pure)
O
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FWHM
Nal: ~80keV
(HPGe: 1.78keV@1.33MeV)
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Counts [log. scale]

134

CS 604.7 kev

backwqrd
scattering

Compton edge

I37CS

137Cs 661.7 keV
photoelectron peak

0K Compton edge

Compton background due to “°K y-rays
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How to measure food samples ?

-rays 4
100 Bg/kg = 10 Bq / 100 g ﬁyﬂy

Detection efficiency around 1%.
(solid angle coverage x eff. of Ge) ( | ca. 100 g

S .
134Cs / 137Cs =1 / 1 (radioactivity) ;‘_} |
(soon after the Fukushima NPP accident) K \
regulation value = 100 Bg/kg (Csi } N Y-rays
0.05cps/ 100 g (1 count/ 20 s) \
each for 134Cs / 137Cs

ca. |0 cm size

Measurement under low-background environment M

(Shielding of radiation) Ge
Ge semiconductor detector
long measurement time (> 1 h)
(to reduce statistical uncertainty) /
high detection limit for short measurement. R TR e B A

= N.D. (Not Detected = Fw#i1) # O Bg (not exist = x&&)



(REREBE AT NEINB LD 2 F7 A4 F & D fEH])

Measurement results of |0 samples (detailed expression)

No. A BREIS P "**Cs(Ba/ke) "*'Cs(Bg/kg)

1 DL FERXMA so ND(5.56) 14.1+2.17
2 OvHM4E  HBERMA potato 4.58+0.55(0.23) 7.16+0.86(2.33)
3 IFEL HERXMA sol 5.95+1.43(5.82) 9.35+1.89(6.78)
4 i HERN plum ND(20)(3.98) ND(20)(4.04)
5 FTLHE BEEE  shitake ND(26.6) ND(29.4)
6 BEDL HERXMA soi 4110+20.9(24.6) 6330+38.7(21.6)
7 kMt S shitake ND(5.65) ND(5.73)
8 HYFT ? katsuo fish ND(4.12) ND(5.32)
9 HENT HWERM sol 185+11.6(37.5) 298 +19.4(33.5)
10 T)L—~1)— HEKXR blusberry 1.42+0.29(1.01) ND(20)(1.38)




over regulation limit (100 Bg/kg)
O /10 250 000 sacks (2016)
O /10 500 000 sacks (2015)
2 /10 770 000 sacks (2014)
28,/ 11 000 000 sacks (201 3)
71,10 340 000 sacks (2012)



Evaluation of internal exposure-

Measurement of radioactivity in the body by WBC ‘ggg'ye

Counter




(AR B SE NEINB R ED R F 4 F L DA - —HEE)

ID of B-decay nuclides Chemical separation required
(without any y-ray emission)
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(REREBEAE NEINBRELEDZF A4 K & D)

ID of x-decay nuclides

» alpha spectrometry

238, 239, 241 Pu
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Analysis requires really a lot of work.
chemical separation of the targeted element — refinement — electrodeposition — alpha-ray measurement




Fricke dosimeter 7V vsiEE;
Fe* + radiation — Fe3*, absorbance measurement

thermoluminescence dosimeter (TLD) #iLzxvt> 2585

Fluorite or other crystal + radiation — (heating) — fluorescence
A

Electrons / holes are captured in lattice defects.

glass badge (RPL: radio-photoluminescence) #7452 RE:

Ag*-activated Phosphate Glass + radiation = (UV) — fluorescence

Ag+ — Ago, Ag++ production of color centers
N7 AMRER
glass dosimeter : cobalt glass = color center (colored)

- . /1’
OSL Luxel badge ® | L\

optically stimulated luminescence (OSL) badge

KRFIVI Ry Y ARESR &
Ty MRE >
pocket dOSImeter’ ioniz. chamber / semiconductor ‘detector l

=Tml~
film badge 7 1/LL/8y v :Silver halide film  AgBr ko =




Radiation biology
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DNA damages due to radiation radicals
(active oxygen)

.Y
\ /Hg()*_—>® o
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heavy ions electrons

LET : Linear Energy Transfer

Direct effect : direct attack of charged particles to DNA molecules high"-o'fT radiation
-ray

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

low-LET radiation
B-ray, y-ray
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effective dose =umwze E[ ] / kg ] = [Sv]
ERE[Sv]

effective dose

[Sv]

equlvalent dose | [Sv]

for a tissue T #8& TIZH(T5
tissue weighting factor wrfortissue T F{fi#RE [Sv]

% B -fhE tissue FRREINE R Wy

4 FERR gonads 0.20 0.08
BH(RE) bone-marrow (red) 0.12 0.12
&R colon 0.12 0.12
fii lung 0.12 0.12
B stomach 0.12 0.12
B ot bladder 0.05 0.04
B breast 0.05 0.12
A fik liver 0.05 0.04
Rl oesphagus 0.05 0.04
AR AR thyroid 0.05 0.04
4] skin 0.01 0.01
BRME bone surface 0.01 0.01
A brain 0.01
MR AR salivary glands 0.01
RYDEE -## remaining tissues 0.05 0.12
ait(25) 1.00 1.00

E= Zw x H . Zw X ZwaDTR

JﬁL

ﬁﬁrthwé

FEHRINERE[Gy]

average absorbed energy [Gy]
for a tissue T

left in black : ICRP 1990
right in red : ICRP 2007
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Natural DNA damages occur frequently. g - RS ERE D HH
e.g. 50 000 single strand breaks per cell —— TRy 7
per day ! fe 155140 20,000 300

| ASHUJH 50,000 1.000

1 2 AN Al S ' 4
DNA damages are also induced % 03tz 0

by particular chemicals. § X
N C---

HN Q
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[C K BEEL H1,N |

oxydation by g oH-dG _S_

-OH radicals

0
|| CHz Cll-lz [
He, ~C~) ~C~ _H
N~ “Cc—C¢C - .
¢ : \'\é _— base deletion
R /i EEDZS%
g . H H R S
pyrimidine dimer EU=IT”TERE P

S A 9> )8 cross-link
damage also by UV Iight/ e ool /) Eomis  with protein
N
strand break $4tDHT :
various kinds of

2 WHAHRERE 75T oM L Sz DNA damages
DNAICR o DERDERE by radiation

[LE#] (T LS : EFVEMFRR. TRAF RS, 1975 xRN & W,




absorption of energy from radiation ‘

v

lonization & excitation of molecules
production of free radicals

v

DNA damage
DNA repair *
apoptosis DNA not repaired
disordered
cell differentiation
( mutations J
deterministic effects accumulated
Impaired hematopoiesis,
alimentary canal, skin
infertility
malformation stochastic effects
cataract cancer, genetic effects
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physical
reactions

chemical
reactions

biochemical
reactions

early-stage JL

clinical
symptoms

late-stage
clinical
symptoms

- time

ps (Eaf)

us (=4 7afp)

Seconds (#9)
Minutes (77)

Hours (F#fi)

Days (H)

Months (H)

Years (4)

Chronological changes of vital reactions after exposure to radiation.
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Radiation effects to human body

CPPT o JCO accident in Tokai village (1999)
deterministic effects ®E®®® L at Chernobyl NPP accident (1986)

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. (qenerative cell) 150 —

Accute effect : impaired hematopoiesis, alimentary canal, infertility etc. 6000 mSv

late effect : cataract. 900 -95000 mSv =ERE - SmES. HLERES. fE (EEfk) &
BeFEMERE - HARE

Death : half population killed at 4 Gy, all killed at 7 Gy (acute exposure).
2 AR

stochastic effects FESNEA
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) EEHEEIR L N TEERI L TLRL,




Atomic Bomb Dome
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DNA repair

Base excision repair
IBEREEE

J hydrogen-bonded
base pairs

3 \ £\ ! 5
: F} ? s m -~ - LA

CGAGTAGG

GCT ATCC

DNA helix
with missing
base
CGAGTAGG
AP ENDONUCLEASE AND
< PHOSPHODIESTERASE
REMOVE SUGAR PHOSPHATE
8 CT ATLC
DNA helix
with single

nucleotide gap

CGAGTAGG

DNA POLYMERASE ADDS NEW
NUCLEOQOTIDES, DNA LIGASE
SEALS NICK

GCTCATCC

CGAGTAGSG

Nucleotide excision repair

 RULAFRREEE

LraccorcrTalaTcs

LATORRRORTARTEE [

GATGCCAGATGATACLC

NUCLEASE l

CTAVCGGTCTAAIATGvG

GATGCCAGATGATACC

N\
CGGTCTA ATG
DNA

HELICASE

DNA helix
with 12-
nucieotide gap

GATGCCAGATGATACC

ONA POLYMERASE
PLUS DNA LIGASE

CTACOSGGTCTAETATSE G

GATGCCAGATGATACLC



DNA repair for double-strand breaking

Non-homologous Homologous Recombination
End Joining siEmkm@&SE®E DNA Repair #ERBHE2EE

Double Stranded

Double Stranded BRCA1 DNA Break
DNA Break — O

Assembly of repair proteins, resection of DNA

DNA Repar
Protein Complex

= ="
—R 89—

BRCA1

i
|

Strand Invasion

DNA Synthesis and Repair
oot *

ﬁ
|

3
4

Repaired DNA Strand

Repaired DNA Strand



The Nobel Prize in
Chemistry 2015

Photo: Cancer Research Photo: K. Wolt/AP Images Photo: M. Englund, UNC
UK for HHMI School of Medicine
Tomas Lindahl Paul Modrich Aziz Sancar

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Chemistry 2015 was awarded jointly to Tomas
Lindahl, Paul Modrich and Aziz Sancar "for mechanistic studies of
DNA repair”.



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

- FNIIDNAD FOIED
- BRYBRFFICESTLES

(failure to repair DNA)
(BB D KX
P53 gene

Apoptosis (programmed cell death)

SARR AL £ Z 5750\ fails to work.

Natural Killer cell fails to capture

NKFHAZ £ ERY AL T=  those
(EREER) abnormal cells.

(natural immune system)

benign EIE =
malignant ZEit DA

infiltrative 28t )\ AJ 5ﬂ]] BN E-STLES

One or some cancer cell(s) remain(s) by chance.



Excess Relative Risk

1.5
solld cancer (carc;moma) leukemia gm®s © 7 2
, /,///" » %‘ ‘ A — - DS88 / =
7 & gk
R - : s =
= o
= ' & L] > O
- . Epidemiological survey of; <o
0 effects due to radiation exposure B
for A-bomb survivors - C 8
in Hiroshima & Nagasaki ‘ n
- 80 000 inhabitants + 40 000 control ﬁw

= | T T | T 1 | T I T T v
0 1 2 3 0 1

Waitit LI-#5wE (Gy weighted colon dose (Gy)

N

EHGTLI-AERE (Gy)

B LSS (BeHE) £HCH T2 ERHAREDBRIEN Y22 (RE7]) 1958— 19984, weighted bone marrow dose (Gy)

RWSEHRIE, IR FE3ORD AN TORICGEL IIFEICHTIESH e, BHTERBEXN VXY K. DS02&£DS86ICL2HIIFD ./ VI A Ky VIR ERIG.
(ERR) OMEMERNZERT, KWMKIRIE. REXDRIY AT ZFBLIZ/ VINTA R Y HWIRFRFFEI20— 39D ADI1970FICHE T BB LTI X7,
VIREEMETH D HVRIRIE Z OFBCHEEED T IHREREZ TR I,

1950—2000%,

=. LSSEMICHK T REENAREKED Y XY (FREHR) . 1958—1998%F . LSSEFICKITHHMAIC K DIFETCDORER EEEBRE. 1950—20004F
E#fMIF UK Bh FiF L ST
ﬁﬂ%ﬁi o ke BEK HeEBRI i %ia%T:é;) il B KRR oy
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 D 7.6% 0.1-0.2 5,841 14 5 36%
0.2-0.5 5,935 1,144 179 15.7% 0.2-05 6,304 2k 10 37%
05-1.0 313 688 206 29.5% 05-1.0 3,963 30 19 63%
1.0-20 1,647 460 196 44.2% 1.0-20 1972 39 28 72%
>2.0 564 185 111 61.0% >2.0 L 25 28 100%
& &t 44,635 8ol 848 10.7% & &t 49,204 204 94 46%

() BEHRSEEDIILT 7 — %

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.



Chronological course of the number of death related to A-bomb radiation

SEC R/ F

annual
number of death

JR IR 5 67 (S B E T B T T 3 OB [ B #2058
(*ﬁ ;T:t |§| ) (schematic depiction)

solid cancer
S A

HIE<ERDEAM (F)

period after exposure (year)




NREIRIEN WETHREZEVITRT
(M Z28ff RERF)

Radiation Effects Research Foundation

predecessor : Atomic Bomb Casualty Commission (ABCC)

RIEIFRBZEHREERE

Al

@LEmmEX Al @RIFMERAE
Hiroshima Nagasaki



low-dose and low-dose-rate exposure and cancer death

qepHOGblﬂb/quHOg;;i CheHObYI NPP aCCident
I3I|(iodine-l3l) total 2 EBq I

The only health effect observed for general public
was increase of infant thyroid cancer only.
(due to ingestion of local cotaminated milk)
| patient / 300,000 per year — | p./10,000
(total 5000—6000 patients, |5 dead)

average dose to thyroid

2 Gy =2000 mSv !

More important was disorder due to stress.
(AR LRICKBRFANT > EEX)

FIIL/TA) T NERRRERDA
A A =,
#6000% . FETIX 154

WhET. SREND I EH DRRRRRFAE

Survey of infant thyroid exposure in Fukushima showed that

maximum equivalent dose to the thyroid was 35 mSv.

Sense of loss due to the disaster and the accident is common to Chernobyl.



Risk assessment and protection against radiation

Risk assessment for effects
of low-dose radiation

Survey of Hiroshima & Nagasaki survivors
give important epidemiological data. ®

EPREHRGEZE S (ICRP) &
HERER L (LNT) IRt =B,

Risk of increase of
cancer in the future

N ——" @ |CRP (International Comission on
\&\\-\\c\ - ’;/,-' Radiological Protection) accepts
& 7 v LNT (Linear Non-Threshold) hypothesis.
e / A TR A4
5\)Q \(\O\ ) .
& / \\(eﬁf/ o\é 5 / Whether the threshold exist or not cannot be
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cancer death for Japanese people:
26% for male, 16% for female.
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Optimization : all exposures shall be kept as low as reasonably
achievable, economic and social factors being taken into account.

(ALARA principle = As Low As Reasonably Achievable)

Dose limit : 1 mSv/yr for general public (in addition to natural BG).
100 mSv/ 5 yrs and 50 mSv/yr max. for male radiation workers.



Fine. Per oggi e tutto.
Fini pour aujourd'hui
That’s all for today.
Bcé 3a ceroaHs.
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Ci vediamo la prossima settimana.
On se voit la semaine prochaine.
See you next week.
VYBUAMMCS Ha CAEAYIOLLEN HEAEAE.
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