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Typical energies of radiation

several MeV

10 keV ~ MeV

= 10 keV ~ several MeV NANNANNNNND BHEE
(,B,Y) Y ray : photon
Cf. Atomic binding energies (EM wave)
= around 10 eV for |
outermost-shell electrons i | B
(1 eV =96 kj/mol ) X ray : ?éiﬁt‘?vgve)
Speed of radiation Atom A | ~ 100 keV

== few~100% of light speed
2 sh P Bremsstrahlung ~ several Mev
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Penetration of radiation
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Exposure to different radiations

* X=ray : a few cm of range in the air.
Stops at surface cells of organism.
Internal exposure needs attention :
all the energies are given to cells within et
a short range.

* B-ray : external exposure to the skin

& internal exposure need attention.

* Y-ray : penetrates through the body,
some without any interaction while the
others with some interaction
(photoelectric effect / Compton scattering)
and get absorbed inside the body.
The interior of the body are equally exposed
to radiation even in the case of external exposure.

e X-ray (> 500 keV): analogous to y-ray.
X-ray (< 50 keV): damage mainly to skin.
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Slowing-dowhn and energy loss of BT DiRFE
charged particles (x-ray, f-ray etc.) (TRILF—RX)

Step-by-step energy loss due to ionization and excitation
of atoms / molecules.

Fixed range of the same heavy particles for a given energy.
(with a slight deviation)

Stopping power = energy loss per unit length = <

Attenuation of photons (X-ray, Y-ray)
KF DR (RF5)
Photons are lost by stochastic processes of absorption or
scattering, but the rest remain intact through.

== | Exponential decrease of photon nhumber

reaction cross section O is proportional
to the reaction probability per unit length.
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Interaction relating to photons (X-ray, y-ray)

photoelectric Compton scattering pair bremsstrahlung
effect RLEHE aAY 7k UEEL production | B by
X/y-ray BT EM

charged particle

e+

hv’

recoil nuclei

hv
X-ray

electron in atom electron in atom nucleus

nucleus

X/Y-ray X/Y-ray X/Y-ray charged particle
A photon kicks one A photon is scattered A photon with more A charged particle
electron out ofan by one electron. than a MeV energy emits a photon
atom. The photon is  The photon loses a large produces electron- when they are abruptly
absorbed. fraction of its energy. positron pair. decelerated or
when their trajectory
Generation of high-energy electrons is curved.

Ho6 (same particles as -ray)



photon

reaction cross section
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Material dependence of photon cross sections
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Rontgen radiography

photographing using the difference in the absorption coefficient

~ contrast media (I, Ba, Xe) : large Z = large attenuation
EE2F (radiopaque substances) = (FE5) REL K

drastically larger cross sections for larger
atomic number Z of the photoelectric effect and
Compton scattering
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Quiz #3

Choose the physical process which contributes most

to the attenuation of 100 keV X-rays in a shielding
material of lead ?

e photoelectric effect
e Compton scattering
e pair production

e Rayleigh scattering



Attenuation & scattering shielding

material
e- h\/

hv | < — e ~HX
AMVNNINAAA \'\/\ WVIWANAAR ' % ¢0

¢O photo- Compton Compton R+, ¢ WU > linear attenuation
electric e- coefficient
h\/, 1“ = //tphotoelec. + ﬂCompton + lupair prod. + ...

U =n 0 n:number density o :cross section

Build-up

shielding
hv’ material
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Dose calc.
for external

exposure
(Y-ray)

[
@ : particle fluence rate

air

— Nl =085l

431;1/'2 y-ray emission probability

: linear attenuation
ar — -1 . .
H = 0.0100 m coefficient for air

137Cs 'y-ray attenuates to half in 70 m in air.

P : radioactivity
. [Bd]

H : equivalent dose rate

[Sv/s]
¢ o (,uen/p) water — (),033 (g/sz)_l
H/® = hv (//ten/ p)water =35x%x10-1*Svm?  mass energy-absorption
coefficient for water

Case of soil contamination of uniform surface density :
137Cs : 2.1 (uSv/h) /| (MBd/m?) .... calculation by IAEA

Problem with decontamination :
half of the dose due to soil contamination of distance 10-100 m.
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Radioactive contamination map : aerial monitoring by MEXT
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Radioactive contamination map
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Calc. of internal exposure

BT PRBARE D o 8D DHRE protection quantity
THFEIRE

=R liify
/\|:| ~NJ ) _§

commltted equivalent dose

TREER AR =

committed effective dose

Effective dose coefficient

e.g. Exposure to thyroid by I-133

committed dose (internal exposure) [Sv]
BRI

Sum of calculated dose over the coming 50 years

(or dose until the age 70 for children and infants).

(for adults)

isotope half life ingestion (Sv/Bq) |inhalation (Sv/Bq)
C-14 5730 yr 5.8x10-10 5.8x10-°

P-32 14.3 d 2.4%x10-° 3.4%x10-°

K-40 1.28%10° yr 6.2x10-° 2.1x10-°
[-131 8.04 d 2.2x10-8 7.4%x10-9
Sr-90 29.1 yr 2.8x10-8 1.6x10-7
Cs-137 30.0 yr 1.3x10-8 3.9x10-8
ingestion | baby (3 mo) | infant (1 yr) | child (2-7 yr) adult

14 [-131 1.8%x10-7 1.8%x10-7 1.0x10-7 2.2x10-8




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) #xAS52 @@t J
Ag*-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
- KRR EVRRE
I-Isb-' Y I\ﬁin-l-

pocket dosimeter :ioniz chamber/semmonductor‘dete'ctor .!.

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

H-15 .
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Using Your Radiation Badge (at accelerators, SR facilities)
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g %124 at domestic facilities
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Bring your UTokyo-Sci. badge to domestic radiation facilities.

RITHE T D =

SR EICKD/INY VDHRICER

Try to avoid X-ray survey of your badge.

ANONE R N &

[CARETHNIE. BXK

g 224 abroad

BZRERD /Ny Dl

CUBFHZS LW EZHRT S

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

3. BHOSEEEHFEDE

—F%?%Mgﬁﬁ%ﬁm\THW@W¢MWT@Whu9MT
IEDNNELRIZENH 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.



Radiation . distance . time « Shielding

($88 =) = (FERE) 2\ LA (2 8) = ({ERIBFR ORI 2 ) X (fEXBSR)

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)

111111

A7 )= rPOME (cm)

Dose limit : 1 mSv/yr for general public (in addition to natural BG).

e 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 -

1) BIZPAICRIFREBL, FBX7me/cm?, BEE1CmMIDEEIC

" DWTOFEIREICERSND,
Equivalent dose (* from April 2021) . (18BN 565 TOREM RO BIR
eve lens 100 mSv / 5 yrs AnhuakRisk- 110080 ose<, esgzcouzsomim
and 50 mSv /yr || REREO—BR (—RAR)
skin 500 mSv / yr
abdomen surface 2 mSv / period 190 &5
of pregnant women of pregnancy = @ B| 1mSy/E
: IKSBIREDRE | 15 mMSv/E
Public exposure RESMMRE | 50 mSv/ED
for General public rOROER _
Effective dose MY 1) 19856/ BB TER BIREA 1 EI2DE 1 mSvEL T, BEINYGS
Equivalent dose PREZS5mSvV/FE LI,
eye | — .
slilﬁm = o Annual-Risk 1/10,000 ICRP recomm
(BFEHREDET. 65m & CORKIE) '

o . (Ee8) (1990FICRP#&ES 2 BT DIRBIREEXIRR)
Protection by |Jpn domestic law  ricrriszas-zoznezzs-.. sumse. SuTsmm.
H-18 50N—]



Radiation control area miteesERE
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Sealed sources
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Safe Usage of X-ray devices

Iy ABFEEDTEIUN OX T (Htn)

X BROFEHE 2B X BT 83— D X FEAEAT DA LED TRRLE T,

I e e

@ TDOOR| RHZ v
§5 X R A _R—Z B HRFIZAE R LE T,

©®HV ENABLE % —

@B X #A 3— (HT)
B XA N—IZ k0, T=Ad A =2 RORERINBEDNTOET,

O X#H A —0F (> 2—av7) Interlock

B /<R T 7 BN T 0 . IDOOR) A7 L () 7394
JTU CWARFIZET v 7 B30, B XA NN—=IIBIT D Z &N TX
A,

F—& AR L, EEre v 7 2R L POWER ON Z g7 iRREIC L

RN i =7
R A | Completely sealed
g sz — s closed system| B |Interlock used all the time
RRAKZRICHEITS C |interlock used ol
Ty 4 ZIBEE D43 4E nterlock used appropriately
e ) | JEZEARY | D |Equipments installed in a room
Classification of X-ray devices at UTokyo | non-closed : _
system E NOt flxed / mOblle

H-23




T ABREEDTENNR

with multiple indicators.

Check openiclose of the shutter Safe Usage of X-ray devices

EHDRRT S

FEHE gAY

HENSEEEXIEEY

vy —0DFHEIREEZ

= U THER I %o

ChfcAVy—0Ov %
BRI D EZ T =4I
HE:R 9 %o
Be extremely careful when
you unlock the interlock

E—LDRBPAVTFVR
FTR. KEDEIRZYID,

\\|

B1 RERRZICEITZ2MHRATY I AREKEDDIER

vy I—hmEUT HERKZICKITRIIT VI ABEEDDLE
W3 Z & &ERT %o Comoletelv seal
Turn off the power of the device zzpg#u A_| Completely sealed
before beam adjustment closedsystem | B | Interlock used all the time
and/or maintenance. C | Interlock used appropriately
1§Fﬁ§ﬂ§§’§1’ﬁﬁ£ L. JEZEARY | D |Equipments installed in a room
BiEd DI &, non-closed ’ :

system E | Not fixed / mobile

Ho4 E5 SEMERLOET Make records of usage

Classification of X-ray devices at UTokyo




Summary of Quizzes

#1 : There are three categories of radiation workers at School of
Science, the University of Tokyo : “RI & Accelerators”, “X-CDE” and
“X-AB”. One of these categories do not require medical check for
authorization as a radiation worker. Answer which category.

#2 : This April, the equivalent dose limits to the lens of the eye were
renewed to...

Annual average of 00 mSv for 5 years

(With no single year > 00 mSv)

#3 : Choose the physical process which contributes most to the
attenuation of 100 keV X-rays in a shielding material of lead ?
- photoelectric effect  + Compton scattering
- pair production - Rayleigh scattering

Write the answers in your Attendance Sheet for submission.
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