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Q/

Svdnasidn

gf 15km - 10 microsieverts/hour i

M 6.7km {71 microsievertsmour
Himalayas
Skm 4

Lhasa, Tibet 3.7 km |

Mexico City 225 km |
m 3

0.1 microsieverts/ihour
Denver 1.6 km

- Sea level | 0.03 microsievertsiour

Increase with aftitude of dose received each hour

ALY

Possible Routes of Radon Ingress from the Ground

o1mamely
giathen-238  — 150u-222

nei3en-232 — 15Aen-220

*Radioactivity in diet

*Potassium-40
*Lead-210
*Polonium-210
*Carbon-14

lino.blogspot.com/201 long-d ium-137-fr ima.htm!
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2.1. nrensunng

* About 15% of our total average exposure to ionizing
radiation is from medical x-rays (11%) and nuclear
medicine (4%)

A
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http://www.martvi.com/HF%20Mobile%20C-arm.htm http:/A

!! Vv Uit

« Inside the reactor of an atomic power plant, uranium atoms are split apart in a controlled chain
reaction. In a chain reaction, particles released by the splitting of the atom go off and strike
other uranium atoms splitting those. Those particles given off split still other atoms in a chain
reaction. In nuclear power plants, control rods are used to keep the splitting regulated so it
doesn't go too fast (control rating). If the reaction is not controlled, you could have an atomic

: b ! : o

a precise mass and shape, must be brought together and held together, with great force.
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 only small amounts of radiation
exposure

* Fallout from atmospheric testing of
nuclear weapons reached its peak in
the mid-1960s

* The longer half-life fission products
from these tests, including Cs-137 and
Sr-90, caused background levels of
radiation around the world to increase
slightly

dadrun1slesusvdaavauatusiu
il 2009

2000 Average Ionizing Radiation Exposures
(source: NCRP)

Details of 2009 Average Exposures
(source: NCRP)

Conventiong EBhsumer

Consumer Products/
Products/ Activities
Activities
2%
Medical Background 'Qi‘g’;’;,"
Applications Radiation /

Sadlaomdo filszanns 185 udoil (2009) 1szinm 6.2 mSv |

v A Y = Y
5\1?{!1]14?)1!6]512111551%
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1. swyens/Jagiaiiuaisd (Radioactive materials)
® Japhuiua3dfiallaniin (Sealed sources)
® Tauoar 60, 33tAew 192, TeTefu 125, 3itiius 106 (B-ray)
® Jagiuifua3edutiahianiin (Unsealed sources)

® ‘loYofu 131

2. m5esnuiinsed (Radiation machines)
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Radioactive Atom Releasing An Alpha Particle 6
\ / Alpha Particke

— eae & 4

2 0. (alpha particle) = He

Plutonium 239 decays by
alpha particle emission as follows:

Nettron

239 235 4
ug, — U, -+ He
9 24,000 yrs L -

(alpha particle)
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Astq 42,190 4

Alpha decay
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svaunaan

snuiuasad NN fA3eT3n
(wnnzBidnasenlaad)
U-238 4.2 (75%) 4.51x10°%
4.15 (25%)
Ra-226 4.78 (95%) 16021
4.60 (5%)
Rn-222 5.49 3.82 5u
Po-218 6.00 3.05 wii
Po-210 5.305 138 su
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Radioactive Atom Releasing A Beta Particle

© @

Beta Particle

B (beta particle) = € _l:

The tritium beta-decay process
is written as follows:

3 3 0 —o
Hi—He,+e +Vv
T iams 2 i 0

(tritium) (beta particle)

(antineutrine)

Beta decay

« Treatment of small melanomas, with up to 6
mm in elevation (Uveal, Ocular Melanoma)

« Long half-life, allowing longer periods of use
and therefore lower cost compared with other
isotopes

Ruthenium-106

Egy T =
$9sidnn

UGENRIY]
mgiudunied (wnnzBifinasauland) MA3eFin
H-3 0.0186 12.31
P-32 1.71 14.3 5u
Sr-90 0.544 28.11
Y-90 2.25 64 .
Ru-106 0.039 373.59 fu

Theoretical isodose curves of a Ru-106 brachytherapy plaque (CCB plaque, IBt-BEBIG) on a 6
mm tumour (A) in comparison with a tumour of 9 mm initial height (B).

N Kaiserman et al. Br J Ophthalmol 2009;93:1167-1171

m
©2009 by BMJ Publishing Group Ltd. ONLINE
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Gamma-Ray Radiation L\OQ
/ ® "—lpi
B % o
U
Gamma Rays
Parent Nucleus Daughter Nucleus
Cobalt-60 Ni60

(diagram courtesy of the University of Michigan Student Chapter of the Health Physics Society )

A gamma ray is a packet (or photon) of electromagnetic radiation emitted
from the nucleus during radioactive decay and occasionally accompanying
the emission of an alpha or beta particle.

http://www.research.ucdavis.edu/home.cfm?id=mrt,13,1137,1143

v a

FIAUANNN

UGENRIY]
mafuiuaed | (wnnzdidnaseulind) | mindedin
Ir-192 0.037 74 5u
Co-60 1.17, 5.26 1
1.33
1-125 0.028 60 5u

hitp://www.schillerinstitute.org/conf-
iclc/2007/med_isotopes. html

HDR Brachytherapy Machine

d‘ o Aa o A 4
Lﬂi@\‘]ﬂ']luﬂﬁﬁﬁjﬂﬂﬂaﬁ 60

RFA 2O ZCro
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Source Posiion
Source W indicator Rod
Al Cylnder
E
rdly
Lead-Fiked -
Sourcs Drawer Figkd
Definer
Lead Shielding
/J
Colimator Leaves et
https://www.ecri.org/P: ages/Linear Accel s Radiotherapy Units Cobalt.asp
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svdanaf

A week later, he took an X-ray
photograph of his wife's hand
which clearly revealed her
wedding ring and her bones. The
photograph electrified the general
public and aro reat £

type of radiation. The name
“stuck, although (over Roentgen's
objections), many of his |
colleagues suggested calling
them Roentgen rays. They are
still occasionally referred to as
Roentgen rays in German-
speaking countries.

bt e o] e W
TR ED

http://science.hqg.nasa.gov/kids/imagers/ems/xrays.html

He_ateclﬂ hlament: Electrons are accelerated
emits electrons by by high voltage
thermionic emission anode

cathode

X-ray tube $ %

x-rays produced when
high speed electrons
hit the metal target

uaansvdtana —»
isavALiinsvatanal

http://www.arpansa.goy iati i i cfm
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Heated filament
emits electrons by
thermionic emission

Electrons are accelerated
by high voltage

anode

cathode

X-ray tube
f

oA w A
NUHAIIT

2 x-rays produced when
L} high speed electrons
hit the metal target
[

Heated filament
emits electrons by
thermionic emission

Electrons are accelerated
by high voltage

cathode

x-rays produced when
high speed electrons
hit the metal target

fuiinTad Y-y tube
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Linear Accelerator
(Linac)
All linacs generate

« High energy x-rays (photons)
« Electrons

hitp:/f I [Treatment_Machi t_machines.html htp:/ arian. ati i inac_dhx_high_j html

Linac with

Electronic portal imaging
(EPI)

Physkcal Connectioms. |

Components of Linear accelerator machine

https:// ecri.org/P; ol inear R Units_Cobalt.asp;

http:/ i [Treatment_Machi t_machines.html

419



Linac with On Board Imager (OBI)

hitp:/ i [Treatment_Machi t_machines. html

Edge™ Radiosurgery System Varian

Cobalt 60 machine

7/23/2018
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Components of Cobalt 60 machine

s_Radiotherapy Units _Cobalt.asp:

https://www.ecri.org/P: / [Linear.
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* dAdduiteidle (Interstitial)

(Permanent
brachytherapy) * nddadeunzse (Contact
brachytherapy)

o daSelanuuianm

(Temporary
brachytherapy)

S9dsnunszazina i
(Brachytherany)
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mnutuanwi
"
111 @ufu
awv 9y a
V3HNAnaEn)

HVL

lolofu-125
#aans)

60 u

28.37 keV
(Gamma
ray)

0.4mCi/seed

0.025mmPb

a A
Ftie-106

(ﬁ'fa%"msn)
376 5u

39 keV
(Beta ray)

/seed

1 mmPb
or
Plastic 1 cm

d
Tnvean-60
Geameuen

EANI))
5.271

1.25MeV

ana A

931An-192

#atnsn)
74 5u

370 keV
(Gamma
ray)

10Ci

2.5mmPb
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Prostate
gland

1. http://www.urologygroupvirginia.com/adult-patient-library-web-
pages/prostate-cancer/brachytherapy/

2. http:/lwww.seedos.co.uk/mick_200tpv_applicator1.htm
3.https://en.wikipedia.org/wiki/Brachytherapy
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CT whole abdomen 8/8/57

* Prevent (flearin) * Reduce (Limit $iin)
* Deterministic effects * Risks of stochastic
(Tissue reaction effects) effects (luvouvaiieansuld)
¢ (Diarrhea/Vomiting) * Cancer

Radiation Protection
ICRP 103, 2007

ol Chest film fiffausiaua 6/7/57

ALARA

ALWAYS KEEP RADIATION EXPOSURES AS
LOW AS REASONABLY ACHIEVABLE

Can you think
of ways to do this? s

ICRP International Commission on Radiological Protection (ICRP Publication No.103)

7/23/2018
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Lead Skirts and Vests

voufiidlaeazil

1. agMRVUTIUAHUL 1 WL,

NSoNAaAANYUIRENITI0Y 1 4.3,

2. 52853 pg e 30 . UFTAOLIE s 1. [

b4 Y J e v a9 A
3. WanlassatazanaIn 18 thineeu

4. Yoaadosunsien1asad Ins 1657, 1157 uaz 0824

NUIEAD IS

Radiation Units

I E osure (C
vy ST %)18 ameunt o
| I —=  ichization in air due to
N Y . Eamma () rays.

1 Gy = 100 cGy | il

Abzorbed Diose (G
The ameount of radiation
energy abzorbed in material

Human Body
) Equivalent Dioze (3v) -

£ magnitnde of effects on
= the hmna?nnbody

. Ddaterial ﬂﬁﬁoj’
1Gy=1Sv

for gamma

= (Source: Ministry of Education, Culture, Sports, Science.and Technology) —

http://www.hicare jp/en/09/hi03 html

Radiation Weighting factors

Radiation Type and Energy Radiation Weighting Factor, Wy
Range
X and y rays, all cnergics 1
Electrons positrons and muons, all 1
energies
Neutrons:
<10 keV 5
10 keV to 100 keV 10
> 100 keV 102 MeV 20
=2 MeV to 20 MeV 10
>20 MeV b}
Protons, (other than recoil protons)
and energy > 2 MeV, 2-5
o particles, fission fragments,
heavy nuclei 20

A
[TCRU 60, 1991]
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® ICRP 103 o0.01 bone surface, skin, brain,
salivary glands
(2007) 0.04 bladder, liver, oesophagus, thyroid
0.08 gonads

0.2 bone marrow, colon, lung, stomach,
breast, remainder

I‘n? INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION

anuhaavnisnauduay
avtiiatfianasva

= @@ ==
Annual Dose Limits

Limit (mSv/y)
Occupational  Public
« Effective Dose 20 |

ave over 5y, 50 mSv

max in a single year

* Equivalent Dose in
The lens of the eye pr g 20 15
The skin 500 50
The hands & feet 500 -

* anitassAnUFiRaumesed PBanassaims

dodhilasuseaou 1 mSv
naeAszeznMMInansas tazlinu 0.1 mSv de e

y 4 < ¢ o
o s lasuean edeazauitus ifu 100 mSy wnmderanuziinligfins
fan55H

Usunasvdnanisnluassa

| ICRP recommendation |

Radiation symbol

hA

hitp://rpd.oxfordjournals. org/content/128/3/367/F1.expansion

Personnel monitoring

Whole body and extremity dosimeters,

7/23/2018
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* What is Radiation?
» Radioactive or X-ray sources
* Brachytherapy — Radioactive
* Brachytherapy (Ru-106, I-125, Ir-192)
* Dangerous or not, depends on what?
» Type, Energy, Dose, Dose Rate, Type of Tissue, Area to be exposed.
» Radiation Protection (ALARA)
* Time, Distance, Shielding

* Personnel Monitoring Radiation symbol
+ OSLD

* Area Monitoring ‘.‘
* Survey meter ‘

re
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