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measurement of Measurement of radiation
ambient dose rate & detectors

surface contamination lonization of gas
Y lonization chamber, G-M tube

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

Semiconductor detectors
Ge, Si(Li)
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Measurement of radiation
Counting (CPS = counts per second)
Survey meters [ambient dose rate]

G-M tube ionization

chamber
.H_— SOBIO(()Zf) lgurface contammatlon] (radiation-induced fluorescence)
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Radiation detection using ionization of gas
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fluorescence of materials by irradiation or radiation
SCi nti I Iato rs Plastic scintillator

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

Bi4Ge3O12 Gd2Si0s

ZnS (Ag) (a-ray)

BaF-
- - T electron beam
Organic : plastic scintillator §Charged partic?es)

e.g. PPO, POPOP / polystylene

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

B EIGGI"

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]

G-M tube ionization

chamber
.H_— SOBIO(()Zf) lgurface contammatlon] (radiation-induced fluorescence)
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(REREBE AT NEINB LD 2 Z A4 K & D)

Portable Radiation Detectors for Ambient Doses
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Why different values of doses
for different types of detectors ?
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Measurement of radiation Measurement for samples
Y TV =TT Aﬂ‘ﬁtﬂ (Ge detector)
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Semiconductor detectors

%l : Si(Li) detector  (X-ray)

Ge detector (high energy resolution)
(7 -ray, X-ray)

radiation = ionization

= electron-hole pair = charge measured

electric pulse : pulse height < energy

energy analysis (ID of nuclide)

BB = AfEs o

(Ge detector for food samples)



Comparison of y-ray spectra : Nal (scintillator) vs. Ge (semiconductor)
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Counts [log. scale]
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Decay Scheme of 490K oz tzz) mzt
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Complete check of rice produced in Fukushima
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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 (2013)
71,/ 10 340 000 sacks (2012)




Evaluation of internal exposure-
Whole

Measurement of radloactlwty in the body by WBC &,

Counter




(R RZZERANIERT SEE IR ED A T4 P X D& - —Z)

Intake of radioactive Cs-137 in body measure

at Minamisoma Munic. Gen. Hospital, Fukushima
during 2011/9/26—2012/3/31

Average of
6000 Japanese male adult

5229 in 1960s

| They did detect radioactive Cs-137,

5000 but the radioactive level is not too high.
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Below detection limit for most of inhabitants since 2012.
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ID of B-decay nuclides Chemical separation required
(without any y-ray emission)

9OSr B- Emission
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Dosimeters (personal / environment monitoring)

Fricke dosimeter 7V vsiEE;
Fe2* + radiation — Fe3*, absorbance measurement

thermoluminescence dosimeter (TLD) #L=xvtrRiRES

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

=]
Electrons / holes are captured in lattice defects.

glass badge (RPL: radio-photoluminescence) #HSz@Est = J

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

Ag+ — AgO,Ag++ production of color centers
HS 2@
glass dosimeter : cobalt glass — color center (colored)

OSL Luxel badge ® | ~

optically stimulated luminescence (OSL) badge
T KRRy EVRARE

pocket dOSImeter’ ioniz. chamber/semlconductor‘dete'ctor .L

film badge 714Xy v :Silver halide film  AgBr



{hREAREER TD /Ny D DERA (IhE:R - BHER L)
Using Your Radiation Badge (at accelerators, SR facilities)

. EINOREEHEEA F|H I 2154 at domestic facilities
- RKEZHONYIHFHSI 5 ZRAET S

Bring your UTokyo-Sci. badge to domestic radiation facilities.

- RITETOFAYREICED/\NY Y DOERICER

Try to avoid X-ray survey of your badge.

- BENOBEHREXR AT 555 abroad

— BFICARETHNIE. BRIBZEID/Ny IiE
HBUBABF=ULUEWCEZHRET S

We recommend that you do not bring your badges abroad,
As long as the facility abroad takes care of your radiation protection.

— F?‘%?%M\Eb\@% Ze. FEREPENTORBEICDWT
3. BHOSIETFDEBENNERIZED H S

If you need to bring it abroad, give us reports on possible radiation
exposure of your badge at X-ray survey and during your flights.




Dose limit for individuals .=
Occupational exposure

E0—EXR (FXE)

for Radiation workers 199085
Effective dose 100 mSv /5 yrs £ » K 8 20mSv/E (5FEF)
and 50 mSyv / yr KBAEFMHRE 150mSv/E
women 5 mSv/ 3 mo. EEEMRE 500mSv/&ED
pregnant women | mSv / period ¥ - ROFDRE 200mSv/&F
of pregnancy T OO E & -

1) BIZPAICRIFREBL, FBX7me/cm?, BEE1CmMIDEEIC

DUWTOEIREICEASND,

Equivalent dose L (188D S 65/ TOMERRIOBIR
eve lens 150 mSv / yr AnnhuakRisk-1/1000c ose<, ssazcouzrosxm
skin 500 mSv/yr | REREO—BR (—RAR)
abdomen surface 2 mSyv / period

of pregnant women of pregnancy 190 &5

X M K 8| 1mSV/EF
. IXBRFMRE | 15 mSV/E

PUbIIC exposure. REHMRE | 50 mSv/ED

for General public ZOBOEE _

Effective dose ) Gt i s 1) 19855/ 1B TEE BIRE%E 1 E2DE 1 mSvE LT, MBS

Equivalent dose PREZS5mSvV/FE LI,
eye lens — .
s|)<,in L Anntral-Risk 1/10,000 ICRP recomm

(BEEEHRDBE. 65m % CORKIE) '
(Bed) (1990FICRP#&ES 2 BT DIRBIREEXIRR)

I I [FICRP190F @S5-2DBREZEZ5-1. BEEBFR. BRTEHEAL.
Protection by Jpn domestic law {72} %



P . distance . time « shielding
R ad I at I o n (g =) = (268)2(C R LG (Rl ) = (fEREBPR DRI ) X (fERAFR)

protection
!ﬁ%

Prevent
deterministic effect. |

0 1 2 3 4 5 &
MR S 5 DOEM (m)

111111

A7 )= rPOME (cm)

Reduce
stochastic effect. H1 EALIEEOE

[HA) EREREEES RFH TRIILX— X E2003-2004, p.130

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.



Radiation control area mpgimEERE
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Wuon Blocker Controller 6501LP85
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Sealed sources
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Safe Usage of X-ray devices
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Completely sealed

el

Interlock used all the time

%ﬁk? ((: 3:3 H_% closed system

Interlock used appropriately
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