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measurement of Measurement of radiation
ambient dose rate & detectors

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

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

Semiconductor detectors
Ge, Si(Li)
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Geiger-Muller counter
used as a survey meter_
for check of surfacer™
contamination
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Radiation detection using ionization of gas
lonization chamber B
proportional counter  HfFISHEE
Geiger-Muller tube GME
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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) (y-ray, X-ray)
BGO, GSO etc. (y-ray, X-ray)

Bi4GesO12 Gd2SiOs

ZnS(AQ) (a-ray)

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

o e.g. PPO, POPOP / polystylene

2,5-diphenyloxazole N
] N o
o) \>—©—<M |
© N" POPOP:

1,4-bis[2-(5-phenyloxazolyl)lbenzene

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

liquid scintillation counter

electric pulse : timing : time of particle passage detection of
. pulse height : energy tritium (3T) (B-ray) &c.



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 Measurement for samples
Y 7»ru~=wiktse (Ge detector)

,3‘ v

Semiconductor detectors

e.g. Si(Li) detector  (X-ray)

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

radiation = ionization

= electron-hole pair = charge measured

electric pulse : pulse height < energy

BB ERY L= LA H

(Ge detector for food samples)




Comparison of y-ray spectra : Nal (scintillator) vs. Ge (semiconductor)
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Complete check of rice
produced in Fukushima
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over regulation limit (100 Bg/kg)
O/ 9490 000 sacks (2019)
O,/ 9250 000 sacks (2018)
O/ 9980 000 sacks (2017)
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)




Dosimeters (personal / environment monitoring)

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

thermoluminescence dosimeter (TLD) gLz x vt ABES

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

=Pl : :
Electrons / holes are captured in lattice defects.

glass badge (RPL: radio-photoluminescence) X HS> B J
Agt-activated Phosphate Glass + radiation = (UV) — fluorescence

Ag+ — AgO,Ag++ production of color centers

15 22
glass dosimeter : cobalt glass — color center (colored)

OSL Luxel badge ® |

optically stimulated luminescence (OSL) badge
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pocket dosimeter :ioniz. chamber/ semlconductor@etector .I. e

film badge 7 1) /Xy v :Silver halide film  AgBr



Penetration of radiation
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paper aluminum plate thick bricks water / concrete
3 mm thick  of |lead / iron

or

N/

plastic plate
|0—15 mm thick



Radiation . distance . time « Shielding
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protection

Prevent
deterministic effect. |

0 1 2 3 B 5 6

Reduce | HHEM 2 5 DIEM (m)
stochastic effect. P T

[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)
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A7 )= rPOME (cm)

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.



Dose limit for individuals .=
Occupational exposure

E0—EXR (FXE)

for Radiation workers 1990815
Effective dose 100 mSv /5 yrs £ M KR 8 20mSv/F (SFFL)
and 50 mSyv / yr KBEEFMRE 150mSv/E
women 5mSv/ 3 mo. REFMHRE 500mSv/&D
pregnant women | mSv / period ¥ - ROFDRE 200mSv/&F
of pregnancy T O 0EE -
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abdomen surface 2 mSv / period 190 &5
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: IKSBIREDRE | 15 mMSv/E
Public exposure RESMMRE | 50 mSv/ED
for General public rOROER _
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sl)<,in o Annual-Risk 1/10,000 ICRP recomm
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Using Your Radiation Badge (at accelerators, SR facilities)
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4 2124 at domestic facilities
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Bring your UTokyo-Sci. badge to domestic radiation facilities.

- RATEETOFEREICLZ/\Y VOHERICER (BlcDlF3)

Try to avoid X-ray survey of your badge.
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CRAY: 1= abroad
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We recommend that you do not bring your badges abroad,
As long as the facility abroad takes care of your radiation protection.
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If you need to bring it abroad, give us reports on possible radiation
3 exposure of your badge at X-ray survey and during your flights.




Radiation control area miteesERE
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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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Classification of X-ray devices at UTokyo
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el

closed system

Completely sealed

Interlock used all the time

JEZ BT
non-closed
system

Interlock used appropriately

Equipments installed in a room

m oo W >

Not fixed / mobile




T ABREEDTENNR

with multiple indicators.

Check openlclose of the shutter Safe Usage of X-ray devices
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Be extremely careful when
you unlock the interlock
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Turn off the power of the device zzpg#u A_| Completely seale
before beam adjustment closed system | B | Interlock used all the time
and/or maintenance. C | Interlock used appropriately
RS ZER L. JEZZEARY | D | Equipments installed in a room
Eﬁ?% & o non-closed . .

system E | Not fixed / mobile

Make records of usage
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Classification of X-ray devices at UTokyo







