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http://astrog80.astro.cf.ac.uk/HP_bkp/planck.cf.ac.uk/science/mm-wave-astronomy
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The Andromeda Galaxy (M31)

e Nearest Spiral Galaxy at ~780 kpc
e Similar to the Milky Way
e Resides in a large Dark Matter halo

...*
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X-Ray: ROSAT Ultraviolet: GALEX /isible: DSS Visible: @ Jason Ware
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Mid-Infrared: IRAS Mid-Infrared: Spitzer Far-Infrared: ISO Radio: Effelsberg
Image taken from

Identification of Dark Matter 2018 - Brown University
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https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B1%E0%B8%95%E0%B8%96%E0%B8%B8%E0%B8%97%E0%B9%89%E0%B8%AD%E0%B8%87%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%A1%E0%B8%AA%E0%B8%AA%E0%B8%B4%E0%B9%80%E0%B8%A2%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%94%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%88%E0%B8%B1%E0%B8%81%E0%B8%A3%E0%B8%8A%E0%B8%99%E0%B8%B4%E0%B8%94%E0%B8%81%E0%B9%89%E0%B8%99%E0%B8%AB%E0%B8%AD%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%B5%E0%B9%81%E0%B8%AA%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%94%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%88%E0%B8%B1%E0%B8%81%E0%B8%A3%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%8A%E0%B9%89%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%9C%E0%B8%B7%E0%B8%AD%E0%B8%81

Radiation comes from

space, sun and cosmic rays

YOU'VE TURNED INTOY V NOW I KNOw WHY
MONSTERS.,. BOTH OF I'VE BEEN FEELIMG

you /! IT'S THOSE SO WARM/ LOOK AT
RAYS/! THOSE TERRIBLE MB Y THEY'VE /
COSMIC RAYS./ AFEECTED ME, TOO!
WHEN I GET
EXCITED I CAN

FEEL A\Y BODY /
BEGIN TO BLAZE!,

1NAN9UTENBLNITUIILNE TA.ATLNTIING UNTUNITTED 6
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paululasian (Microwave)
S97duUnsse (Infrared)
weoRineadtulddumnyan (Visible light)
wagsastes (Laser)*

%6%@28@)‘3’1\[’3‘[@63% (Ulfraviolet)*
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aauiny (Radio frequency)
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Penetrates Earth's

Y N N
Atmosphere? ]
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
wavelength (m) 10’ 1072 107 0.5x10° 107 10710 10712

6 ¥
Approximate Scale \ 1;«,3 PR
of Wavelength J‘ \'_ %7 < &
; ." % ‘-&

Buildings Humans Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclet

reasens o [ S SN | |

B

10 10* 10* 10'* 10'® 10** 10°°
Temperature of
objects at which
this radiaton is the )
most intense LK 10 R» 10 ©
wavelength emitted 100 K 000 +000.000
9 X -272°C -173°C 9.727 °C ~10,000,000 °C
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No Evidence Linking Cell Phone
Use to Risk of Brain Tumors
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How Two Russian Journalists Cooked an Egqg with their Mobile Phones

After, 15 minutes: The egg became slightly warm.

Yladimir Lagovski and Andrei Moiseynko from Komsomolskaya Pravda 25 minutes: The egy became very warm.
Newspaper in Moscow decided to learn first-hand how harmful cell phones are.
There is no magic in cooking with your cell phone. The secret is in the radio

waves that the cell phone radiates. B AR b U G i

The journalists created a simple microwave structure as shown in the picture. B5 minutes: The egy was cooked. (As you can see.)
They called from one cell phone to the other and left both phones on talking
mode. They placed a tape recorder next to phones to imitate sounds of speaking
so the phones would stay on.




Cell Phones and Cancer Risk

ON THIS PAGE

Mobile
Phone
Use

« Why is there concern that cell phones may cause cancer or other health problems?

- What is radiofrequency radiation and how does it affect the human body?

- How is radiofrequency radiation exposure measured in epidemiologic studies?

« What has epidemiologic research shown about the association between cell phone use and cancer risk?
« What are the findings from experimental studies?

= Why are the findings from different studies of cell phone use and cancer risk inconsistent?

« What are other possible health effects from cell phone use?

« What have expert organizations said about the cancer risk from cell phone use?

- What studies are under way that will help further our understanding of the possible health effects of cell
phone use?

lyr
10 yrs

« Has radiofrequency radiation from cell phone use been associated with cancer risk in children?
« What can cell phone users do to reduce their exposure to radiofrequency radiation?

- Where can I find more information about radiofrequency radiation from my cell phone?

- How common is brain cancer? Has the incidence of brain cancer changed over time?

100 Hrs =

How mobile phone radiation penetrates the brain

S-year-old 10-year-old Adult
Skull thickness: 'f2mm Skull thickness: Imm Skull thickness: 2mm

Brain

Mohile
phicine

Skull

Degree of penetration
Absorption rate; 4.49W/kg Absorption rate: 3.21W/kg

Absorption rate: 2.93W/kg

Source; Institute of Electrical and Electronic Engineers’ journal on Microwave Theory and Technigues

LANA19Us2NaLNITLIIENE SF.AT.LNTIING M’WE}JW’W%”XJE{

Brain
Cancer
Risks

Energy lost in directions
other than base station

Energy received|
Energy by base station

incident
on head k

Base station



2. MRI machine 3. RF pulse sequence
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4. Receive signal

4 Transmitter coil )
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S S oxation
. Receiver coil
5. Data processing - /
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FPulse modulator. The B fields used in nearly all
clinical MR imaging applications are not transmitted as
continuous waves, but in short (1-5 ms) bursts,

called RF-pulses. The continuous carrier wave from
the frequency synthesizer must therefore be "chopped
up” into small pieces and these pieces appropriately
"shaped" into pulses as dictated by the particular
imaging application. The contours of each RF-pulse
are specified using 100-200 data points, and are
therefore of low-frequency (measured in kHz). The
pulse-shape data is used to modulate the carrier wave

so that the resultant output is a mixture of frequencies

centered around the carrier. RF-pulse. The carrier frequency is modulated by a low
frequency envelope, here a truncated sync = (sin x3x
function.
o ear plu
Radiofrequency (RF) Waves G

What are radiofrequency (RF) waves
and how are they produced?

Field Operating | Assigned Range in US
Strength Frequency
{MHz)
0.3T 12.8 Maritime mobile
0.5T 21.3 Shortwave “ham” radio (15 m band)
1.0T 42.6 Land mobile
1.5T 63.9 Analog TV Channel 3 (USA)
3.0T 127.8 Civil aviation
70T 298.2 Mobile satellite

The electromagnetic spectrum used in MMR corresponds to “radio
waves™ used in commercial communications.

ANANTUIZNALNNILIIELNE TA.AT.INTIINT WWEyW’Tﬁ’ITEIK 17
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https://airandspace.si.edu/multimedia-gallery/radar-diagram


https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%A1%E0%B9%88%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2

Talasian (Microwave)
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/— Electromagnetic waves

- L
Heat Conduction

The principle of microwave is transferred the electrical energy and
friction to heat or cook the food.

https://theappliancesreviews.com/microwave-oven-operating-principle/

1BNA131/9ENa1INT9UITENE 97 ATLINTIING MWl 21



Talagian (Microwave) |8 '

Do not use Metal cookware

https://www.lg.com/us/support/help-library/neochef-
arcing-or-sparking-CT00000303-20150591631249

'
Qs o O [ %

- @NNIeRY bane AzNenTHziau
Taimas.. JdegMAdIulTzNoUYLY Tane virlu
U Woudus5991113 130 ealivilauveud
Sueatvetedruluvesialulasiaw
iloganoaazibiieusznialw (spark) vuls
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https://www.nytimes.com/2007/07/10/health/10real.html

According to the Center for Devices and Radiological Health, a
unit of the Food and Drug Administration that regulates
microwave oven safety, every microwave that reaches the
market must meet a requirement limiting the amount of

radiation it can leak in its lifetime to five milliwatts per square

centimeter af roughly fwo inches (5 cm) away from the oven.
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duvsuse (Infrared radiation ; IR)

5\9%‘1@%@0 sﬁuﬂammmaﬂlw%m@%ua

Saguulannnyile Nilemugiiluiss -200 e 4,000 °C
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ElectTromagNETIC SpECTRUM

U UAAATAVAVAVAY N N i g

Gamma - Ray - X-Ray - Ultraviolet Infrared - Microwave - Radio

10° 0.2 0.4
Wavelength (pm)

Near Infrared Medium Infrared Far Infrared
T 1.5

Wavelength (um)

Cedrus Saunas” Far Infrared Rays

6.0 8.0

Wavelength (um)
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\ VISIBLE LIGHT
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Visible light
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Laser

(Light Amplification by Stimulated Emission of Radiatio

dvogiaLros mmmm@omuv[@mammm (visible spectrum)
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| .......................................... ~

https://www.etechnog.com/2019/08/use-applications-laser.html https://dermatologylasers.com/laser-physics/
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Selective Laser Trabeculoplasty (SLT)
For the treatment of primary open-angle glaucoma (FOAG).

SLT uses alaser that works at very low levels. |t treats specific cells "selectively,” leaving untreated
portions of the trabecular meshwork intact. For this reason, SLT may be safely repeated.

SLT may be an alternative for those who have been treated unsuccessfully with ALT or pressure-
lovwwering drops.

Argon Laser Trabeculoplasty (ALT):
For the treatment of primary open-angle glaucoma (FOAG).

The laser heam opens the fluid channels of the eye, helping the drainage systerm waork better. In
many cases, medication will still be needed.

Usually, half the fluid channels are treated first. If necessary, the other fluid channels can be treated
In a separate session another time. This method prevents over-correction and lowers the risk of
iIncreased pressure following surgeny.

Argon laser trabeculoplasty has successfully lovwered eye pressure inup to 75% of patients treated.

Micropulse Laser Trabeculoplasty (MLT)
For the treatment of primary open-angle glaucoma (FOAG).

MLT provides the same pressure-lowering effects as SLT and ALT. It is unique in that it uses a
specific diode laser to deliver laser energy in short microbursts. MLT IS a relatively new laser
procedure.



cornea during
LASIK procedure
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Laser Safety Issues

Laser pointer, 3 mW\. —
rather bright; could quickly damage the reting, A

but: blinking reflex helps

Small Nd:YAG laser, 100 mW';
invisible — no blinking reflex!

= rather dangereous for the eyes

Larger Nd:YAG laser, 10 W
burns skin and clothes

small Nd:YAG laser far O -switched pulses:
very hazardous even for small average output power

Industrial high power Nd:YAG or CO: laser, 1-10 kW
forwelding; not beneficial far skin and eyesl

i) Chrisline Kiechrath Paschalta
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saasilaleian (Ultraviolet; UV)
OLTRAMAN &

S9dLuUaU29

ULTRAVIOLET VISIBLE INFRARED

100 280 315 400 700
- WAVELENGTH (nm) -

https://futuretronlabs.in/blog/index.php/2020/05/10/uv-light-and-how-uv-radiation-kills-microbes/
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saasilaleian (Uliraviolet; UV)

ldgaunse vedldiulddraawar

wumeeiudianatsluguvesnau

JAnuenInduetszindneg 40-400 m‘[mmms

dundenitienanuieinudsefiat nie
ayuefafreamaunssifivseusody3 wu
nasauudalad (Black Lights)
wFoenirdiaunu (Tanning Booth)
saudonavalviviiasine
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s95e3te (UVA)
ﬁﬂmmmamgu@gﬁluha 320-400 wlwaes

u.a:‘Iajgﬂ@@ﬂfa’umn%umsmmﬁ"?\ﬁ@ﬁaﬂaﬂ

Aws1R9ldsuseFviiatlunnineiiadu o

FodedU (UVB)
fianueninduetludae 280-320 wluwas
fuussennafiviediulangendusedsiiet Laildnenue

Mlsisiurdruanasusdonulan

S9ded (UVC)
ﬁﬂ'a'mm'aﬂ?a'u@gﬁlw&ao 220-280 ulwaes

fuussamalanaansngeduiodeitansssunalilénomue

SoFtiei... Linnasurgenulan
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CB,

J '
UV/‘E‘C} v us9H ‘ﬁL‘Ll‘u,'é)‘um‘é"lf-_lL‘W‘é")uﬁJﬂ?']&ﬁﬁﬁJW‘iﬂi%ﬂ'\‘iL&ﬂI‘MﬁJﬁ@

%oﬁmsﬁwmﬂazqw’lﬂumﬂwﬁf@‘[sﬂﬁv‘ﬂué'umsw

lusssunalinusoRedd asansoFsfiaiilaarusntrusulalvuandosdialanlé

nsliSeTeiian (Hernatulteasdesliunasniiosed léud UVC-LEDs

https://pharmacy.mabhidol.ac.th/th/knowledge/article/488
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RISK = HAZARD x EXPOSURE

https://ehs.utoronto.ca/laser-safety-training-manual/laser-safety-training-manual-chapter-4/
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SoFuszinnilléin
Aau3INe (Radio frequency)*

paululasian (Microwave)
S97duUnsse (Infrared)
weoRineadtulddumnyan (Visible light)
wagsastes (Laser)*

%6%@28@)‘3’1\[’3‘[@63% (Ulfraviolet)*



2. %’e%ﬁﬁ@iﬁgﬁ@mmmnﬁaefjuﬂszﬁg X@XQ

(Ionizing radiation)
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Radiation




—

electrons
neutrons ‘R"’* DNA damage
protons
alpha particles
INDIRECT DNA repair Non-repairable
damage

Free oxygen Su FI-E'I'DIid'E' . Repair
radicals —® + peroxide . failure v

4 6‘ Cell death
H and @H H,0 “

T DNA

X-rays
gamma rays

https://www.dentalcare.com/en-us/professional-education/ce-courses/ce572/direct-versus-indirect-ionization
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| INFLAMMATION

' FORMATION OF
FREE RADICALS

UVLIGHT {

po A\\{z«
uvC

an )l %6’/’"‘//// m

1)
14 / W/‘? 'l )’I/v‘:/'a')l)f /]

A ¢?’/
OH y 4
.
O3+ UV e
)

o (in air) o =

h
153
W
; 2 it
e \\ff;,-‘/ N ‘Al

OHo @

\

R/

IONIZING -
RADIATION |

https://solesence.com/what-are-free-radicals-anyway/
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SoUszenNILG WL /

o € —
505%@5111‘51]@)%67 Al&uun B
DUNALDANN (Alpha particle) Yrne —
aunlaLue (Bata particle)* /

symaluseisou (Proton particle)” ety

auniailaesau (Neutron particle)

-

’ 2]
>

soanealusuA AAULLIILIAE aqui’JJ'n

s9dtond (X-ray)*

S9FNNNY (Gamma ray)*
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LowlLET High LET Paper Wood
radiations radiations :

(X,v, B) (a, neutron)

=

Beta

Gamma

Xoray ( |M}L!)f]\2
Sparselyionizing Denselyionizing B ’IKQ\ .
\

Less biological effect  More biological effect

https://slideplayer.com/slide/10680867/

https://slideplayer.com/slide/13002349/
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Asvlsniuls:nAlng wsoulhusms w.A. 2563

O e

[sowswapwiaonsni @AWNEEAQS
anmnmmalng awiaonsniukianelas

Bruasiness igment

Bragg Peak
100 l
/ > \
/ N - ;

80 f N i( rays (Photons) Damage occurring to sur-

R rounding tissue

B Arc Therapy Proton Therapy

60 B
40 TNt ———

Protons
20 Tumour

0 10 20 30 . 40 Depth (cm)

https://www.princess-it.org/th/activity-gsi-all/activity-gsi2.html
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DHuoFadunaiinaniniihiindonzanzasogo
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siuiiamiteldunansiia Leazmqmmaﬁ'mqﬁ’aﬂm&i
SIRUNUNILALFIFLONT UNASLLEITINNUSITLDANILAZTIFUE
Tudrefianistoadaruvesasiuiuasod daotrodIswnuun

v loloou-131 FRau-173 Taueari-60 wazistouu-226

https://www.dailymail.co.uk/news/article-6491287/Roentgens-human-X-ray-wifes-hand-1895.html
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Before

Gamma Decay

ALTHO' MANY MILES FROM
BOMB ZERO, PR. BRUCE
BANNER IS BATHED IN THE
FULL FORCE OF THE
MYSTERIOUS GAMMA RAYS /

THE WORLD SEEMS TO STAND STILL,
TREMBLING ON THE BRINK OF
INFINITY, A8 HIS EAR~-SPLITTING

SCREAM FILLS THE AIR ,,,/




598 (radiation)

Non=ionizing radiation

Radio frequency

Microwave ‘ Particle ‘ EM

Infrared

Visible light A X-ray
Laser Bata Gamma ray
Ultraviolet Proton

Neutron
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Na28l AlwwnaFan (K ; Potassium-40)

TnunadFoy fusslasnitalunsadadiulavesiis

TwunatFau Li‘luswqﬁwumm{lué"u@?uﬁ 7 vudhiulan

Twunad@ay WugrstuiuanInsoTlusssusd
K-40 STetflusssuid 0.012% Hea3edaa 1277 x 10°

ameﬂﬁ@gmmuﬁ'\ nanenu Ca-40 Tdiwdoeru 1.311 MeV
wazenaUfnFaINsausanaseau (Electron Capture) nanenilu Ar-40 was

UaaUaoas9aquNAUINAIINU 1.460 MeV

Na2¢ 3 Potassium-40 "

@gjﬂszmmwaa: 0.1 micro-Sv ot



Background Radiation Exposure
at Different Elevations

60

mrem

40
20
0
-282 Ft 427 Ft 5,280 Ft 10,157 Ft
Sea Level Death Richland, Denver, Leduville,
Valley WA CO CO

Every 200 feet increase in altitude increases dose 1 mrem/year

Every 800 feet increase in altitude increases dose 4 mrem/year
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Cosmic

Inhaled Radon »

Plants

Radioactive Elements
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A few months after this discovery, WEIg I 8i11s CRE EEEDER 11g0 §EITIE 1t
caused by the action of radiation. Her contribution to physics had been
ortance of which had been
el Prizes, but because of her

ar physicists and chemists.

0, wrote the entry on radium for

Britannica.

Pierre Curie, best known as a Nobel Laureate in Physics for his co-contributions to the
field of radioactivity alongside research partner and wife Marie Curie, died suddenly in
1906 from a street accident in Paris.
,
/ 61

Drawing by Andre Castaigne (18611929) '-'-' y/Marie-Curie/Death-of-Pierre-and-second-Nobel-Prize
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"MOMENTUM

COoVID-19 REPORT LIFE LIFESTYLE PEOPLE CULTURE VIDEO THOUGHT

Radium Girls

From Wikipedia, the free encyclopedia

The Radium Girls were female factory workers who contracted
radiation poisoning from painting watch dials with glow-in-the-dark
paint at the United States Radium factory in Orange, New Jersey
around 1917, The women, who had been told the paint was harmless,
ingested deadly amounts of radium by licking their paintbrushes to
give them a fine point; some also painted their fingernails and teeth
with the glowing substance.

Five of the women challenged their employer in a case that
established the right of individual workers who confract occupational
diseases to sue their employers.

*wilnaunloNgted Lateuy AasUaLsTu ATalFuNd ‘@1Lsety’ ARUTTUIEFITILHIAIUY
L a" £ [ 4 = ‘N‘ (- [ ’ 1 =)
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CERTIFICATE

SHOE-FITTING TEST DATA FOR — ————
coob [] FAIR [] POOR []

1. ANKLE ROLL
? 3. X-RAY FITTING TEST

2. WEIGHT DISTRIBUTION

b

LEFT RIGHT o LEFT RIGHT
% BALL 9 N [J cooo []
RIGHT
: % OUTER % i WAY 0O FfFair []
RIGHT ) WRON
WAY @ [] rpoorR []

WAY —p R E L %

This scientific way of approaching the problem of poorly-fitted shoes
eliminates guesswork. Now you can see for yourself!

http://www.podiatry-arena.com/podiatry-forum/showthread.php?t=4594
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The Chernobyl Catastrophe:

The Horrific Dress Rehearsal For
The Even More Horrific Fukushima Disaster e
UHUQNedInaE
fanluau

Birth defects were the norm for years following the Chemobyl mcident

[Children in Belarus, Russia and Ukraine have been suffering from
{the effect of the radiation released in 1986 The Rechitsa orphanage
{in Belarus has been canng for the huge population of sick children

|Photo Credlf: Juben BehatChemoabyl Children’s Progect

aqUilais v | Chernoby! tastuila | aWusastaliimans .
youtube.com

RADIATION FROM CHERNOBYL

KiloBecquerels (KBqg) per square metre
I more than 1,480

n
I 185 10 1,480 o ,:i' ipiand
B 4010 185 ol w L .
} -

1101040
21010

less than 2 United Kingdom
Keland Denmark Latvia
No data

Utuania \(

B Chernobyl plant v
rnobyl plan St 4‘

Russian Federation

Estonia

Kazakhstan

0 1600 hm France Republic P

« . Hu
Sources: Atlas des dépdts de césium Sloveria - Y Rogiania
137 en Europe aprés l'accident de
Tchernobyl, rapport EUR 16733, Haly
Bureau des publications de la Com- Spain
munauté européanne, Luxembourg,
1996. Adapted from Le Monde Diplo-
matique, July 2000.

0 N
. Greece

(®) GIRIID

NEp Arendal
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NuadAuad IanestWuaLld Ramwidufindaviomi ausasnuasaal

Figure la: Axial computed tomography (CT) demonstrated
accumulation of small round hyperdensities in a distended saccular
structure in the upper abdomen. The tapioca particles exhibited a
CT density between 46 - 221 Hounsfield units, and few of them
could be traced down in the duodenum and jejunum.
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MesAI9d use s9dsnun (Radiation Therapy)

manafe Mmalisoansougoiermateradusife SoFnassugo

Town SoFond SoFunuun SeFuen mgmmTusm@u

losedhseinuasuazle ﬁa:ﬁa@mé@ﬂwéfemuﬁﬂﬁsﬁ@msm}ga‘éaﬁﬂuwaé’ﬁ
Tousod &SusmmWa55@:@%&%‘\&1%&1:@')96114?{&1@ HARLOTNMNAIFZ198L8U6D
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https://www.naewna.com/lady/columnist/42451

LANA19Us2NaLNITLIIENE SF.AT.LNTIING M’WD;W'\J’YD,‘TJQ 71



vveEastiaadus (Nuclear medicine)

ua1 3oV TN MI AT LN FEST IR UNITOSIILaLINELSA

d1560a%598 (radiopharmaceuticals) Ao a’wsu‘%@mﬁ@gﬁlugmae

fsUszneunTeaisuszneuietou Alarsiuiuasodinizegluluana

Hoasndsed wirgsrenuazludeesuszimanufidioonts

MlidrursntudaseFuazdranniienisifiasulsn nielirinatuiiioiioiionts

Snunlsald

‘Nuclear .
Medicine e ot

http://mostap.tint.or.th/nuclearclass/public/index.php/view/154/th

http://radiology.md.chula.ac.th/nuclearmedicine/?page_id=122
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msl@susodannunaeniniiasedanarauen
(External exposure)
ANUFUKBTIVOINTUIGKAU
Fuetifumnuwssvesuundsinie
SreIT A PLGTUS T

Fuuite THeveseiuAlEsuTed . uau

https://www.mdpi.com/2072-6694/9/11/147/htm
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mslésuansiuduasefiiagsrenta
(Internal exposure)
mpséamiﬁ%’v%’aﬁmnaﬁﬁmﬁum%’a?f’?’iﬂusﬂ@uﬁfu@ﬂmﬁ

3’ <N ] v o ), é (-] Qs
Gfum Mﬁaa@mﬁmé‘%eamqﬁ'wmﬂ BFINIOUGTIY
G19F719ME T UTLHILLIATIUIL aum’wzgﬂﬁﬂﬁ’@aaﬂ\lﬂmn%wmﬂa'umm@

'!' et nill | R et e ey Radiation Poisoning Killed Ex-Russian Spy

By ALAN COWMELL
Fublizhed: Movember 24, 2006 El sien M TOE:
MAIL THIS
LONDON, Mov. 24 — The British authorities said today that S FrmT
Alexander V. Litvinenko, a former Russian K.G.B. officer and foe of
B REFRINTS

the Kremlin, died of radiation peiscning here in what a senior official

called “an unprecedented event.”

Police said radioactive traces were . WATCH TIIAILEH
found at three London locations,

underscoring the highly unusual nature of the whele
episode, which began when Mr. Litvinenko first

complained of feeling unwell three weeks ago.

¢ Inaday of fast-paced developments that resembled a dark
{  political thriller, Mr. Litvinenko’s famnily issued what they
said was his deathbed statement accusing President

Wladirmir V. Putin of “barbaric and ruthless” murder, a

- // ; charge promptly rejected by the Russian leader.

Alexander V. Litvinenkao in his hospital

bed in London on Moy, 20

IMr. Litvinenks's father, Walter, also accused Fussian
Multimedia authorities of respensibility and said his son was “killed by a
little, tiny nuclear bornb.”
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wdoR@uoafiu (visible light) fu Sedtend (x-ray)
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(Electromagnetic radiation)
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HealthManagement, VVolume 17 - Issue 1, 2017

Scatter Radiation Exposure During Mobile
X-Ray Examinations

77 kV, 2,5 mAs, gross focus, 35 * 43 cm? AP incidence of the thorax in supine position

~8- Measured value —o—Theoretical value

[V —i —{
y) 02 04 0,6 cs 1 12 14 1,6 18 2 2,2 24 2,6 2,8
Distance (m)

Figure 3. Variation of scattered radiation in relation to distance to the centre of the patient for configuration 1
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Fluoroscopy
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Fluoroscopic-
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Fluoroscopy
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Computed Tomography (CT Scan)
{un1suInanniIsv@9 Tomography
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3D Data

1.Multiplannar Projection
Reconsiruction (mMpR)

2. Maxium intensity
projection (MIP)

3.Surface Shade Display
(SSD)

4. Volume Rendering
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CTA : Computed Tomography Angiography

Philips, iCT 128
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https://www.cedars-sinai.org/programs/imaging-center/med-pros/cardiac-imaging/mri/aortogram.htmi
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WALL STREET JOURNAL,

OPINION MARCH 2, 2010, 1000 PM.ET

Obama’s Special Heath Treatment

The president’ colon exam woult not have been covered by Medicare.

By MARKE. KLEIN

On Sunday President Barack Obama underwent a complete medical examinaton, which
included a streening for pre-tancerous polyps in his colon. f detectd, such polyps would be
removed before they became dangerous. The sereening the president and fis doctors chose was

A Virlal colonoscopy—a rlaively ew, nigh-ech exam that uses 2[R ITONETE DA
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3D Reconstruction




m%‘@amﬁmﬂ%ﬁu%%qLaazﬁmmmmé‘mﬁaﬁa
(Magnetic Resonance Imaging : MRI)
ci‘lum‘smm‘[@ﬂmsué@aﬂguﬁﬂqﬁﬂuﬂszQu
a3tz fiotinmeldidunuusinanus oo
slﬁcﬁ@mﬁm?{ﬂuumaoﬁz@‘fvwé’omu‘[@aﬁ@ 5UNIS

moﬂﬁ%nﬁammﬂ%auuﬂao

UFLUVADUNIE DTS UFUUIUNITLURLIUUAY

]
(=] " Qs

NUALNAUDDNUT LASFSVIITUNIN tWoINAnellsA



2. MRI machine 3. RF pulse sequence
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4. Receive signal
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S. Data processing
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Projectile effect
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Quantities & Units
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No tilt Tilt angle 1
Tilt angle 2

Location 2
Location 1

Original Location

Radiation Exposure

Simple Complex Non-Targeted and
DNA Damage Systemic Effects

Functional Assay

¥ Genomic Instability

Mutation Inflammation

\ / \ 4

) Acute and Late
Toxicity

.com/2010/08/01/health/01radiation.html? r=1
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waszuzeud (Delayed wSe Stochastic Effect)
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Whether treated within or outwith the ACT2 trial, the recommended dose of radiation
when given with combination chemotherapy is 50.4 Gy in 28 fractions (level 4). Higher
total radiation doses may be considered for locally advanced disease, although there is no
clear evidence of additional benefit (level 4).

In the management of anal cancer with combined chemoradiotherapy, a radiation dose
of 50.4 Gy in 28 daily fractions of 1.8 Gy using shrinking fields is acceptable (Grade D).
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Hwmaed (Orbifal electron)

Radiation Exposure

Non-Tar; | |
System:
cell death ¥ Genomic Instability

Mutation Inflammation
—* v
aaaaa Acute and Late
Toxicity

https: //WWW mdpi.com/2072-6694/9/11/147/htm

langn9ilsznaunisusseng 9 A.ATINTIINT UEUWIUTIE 152

3
o
o
-
i
Aessy jeuondunyg



Aoosnuadvesrasd (Cell organelles) waznarAuAD

DNA , RNA z#awa@i@msmﬂ%@@mawuqnsﬁm SN
Mutation

The Chernobyl Catastrophe:
The Horrific Dress Rehearsal For
The Even More Horrific Fukushima Disaster
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The EPA has provided guidelines on the health effects of radiation, which are
shown below in millisieverts.

Exposure Time to Onset
{miIIiF:'.c;everl'_r.} SELEED (without treatment)
50-100 changes in blood chemistry
500 nausea Aauld hours
550 fatigue wilowdn
700 vomiting ORI
750 hair loss 2-3 weeks
Q00 diarrhea
1000 hemorrhage
4000 possible death within 2 months
destruction of intestinal
10,000 lining
iInternal bleeding
and death 1-2 weeks
damage to central nervous
20,000 system
loss of consclousness; minutes

and death

hours to days




Effects on

mawril Types of Effects

P Consideration is to be given to whether any health effects arise after radiation exposure and what

effects, if any, the amount of radiation, parts exposed to radiation (whole-body exposure or local
exposure), and exposure modes (acute, chronic or fractionated exposure).

Deterministic Acute radiation
e syndromes = Bone-marrow
effects y dicord
. isorders
(with the threshold value) .
Skin e:ryithema Gastrointestinal
Acute disorders o Ha_'f 0ss tract disorders
Sterility, etc
Symptoms appear within several weeks — Central nervous

(Actively dividing cells are affected) S\rstem diSﬂdefS

Embryo-fetal disorders
Mental retardation,

Fetal disorders e etc.
Cataract
Glaucoma
Late-onset disorders
= symptoms appear after the lapse of
StOChEStI c several months to several years or more
effects Leukemia
[assuming that there is no Cancer

threshold value)

“  Hereditary effects

I R f ordi & g
rereditarydisorders 19T UWNUG
9

https://www.env.go jp/en/chemi/rhm/basic-info/1st/03-01-01.himl
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@ MAYO CLINIC

Typical Effective Doses in Medical Imaging

Exam Effective Dose

Radiography & Fluoroscopy

Computed Tomography

Radionuclide Imaging

Hand radiograph
Dental bitewing
Chest radiograph
Mammogram
Lumbar spine radiograph
Barium enema

Diagnostic coronary angiogram

Head CT
Chest CT
Abdomen CT
Pelvis CT
Coronary artery calcification CT

Coronary CT angiogram

Lung scan
Bone scan

Myocardial perfusion

<0.1 mSv
<0.1 mSv
0.1-0.2 mSv
0.3-0.6 mSv
0.5-1.5 mSv
3-6 mSv
5-10 mSv

0.5-2 mSv
2-6 mSv
2-7 mSv
2-4 mSv

0.1-2 mSv

1-15 mSv

2-3 mSv
3-5 mSv
12-14 mSv




0.1 mSv 0.1 mSv 0.1 mSv = 0.3 mSv

y o
‘ = M Exposure Time to Onset
ﬂ@)‘l}&%’jﬂﬂgﬂ (millisieverts) (sl Hi=a (without treatment)
50-100 changes in blood chemistry
500 nausea hours
550 fatigue
700 vomiting
750 hair loss 2-3 weeks
Q00 diarrhea
1000 hemorrhage
4000 possible death within 2 months
destruction of intestinal
10,000 lining
internal bleeding
and death 1-2 weeks
damage to central nervous
20,000 system
loss of consciousness; minutes
and death hours to days

0.5 mSv 0.5 mSv = 1 mSV
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Table 1. Typical Organ Radiation Doses from Various Radiologic Studies.
Relevant  Relevant Organ Dose*

Study Type Organ (mGy or mSv)

Dental radiography Brain 0.005

Posterior-anterior chest radiography ~ Lung 0.01

Lateral chest radiography Lung 0.15

Screening mammography Breast 3

Adult abdominal CT Stomach 10

Barium enema Colon 15

Neonatal abdominal CT Stomach 20

* The radiation dose, a measure of ionizing energy absorbed per unit of mass,

is expressed in grays (Gy) or milligrays (mGy); 1 Gy=1 joule per kilogram.

The radiation dose is often expressed as an equivalent dose in sieverts (Sv) or
millisieverts (mSv). For x-ray radiation, which is the type used in CT scanners,

1 mSv=1 mGy.

500+

400

300

2004

100+

per Million Patients Exposed to 10 mGy

Lung cancer

Colon cancer

Lifetime Attributable Risk of Death from Cancer

0 20 40 60 80

1 L] 1 b 1 Ll 1

Age at Exposure (yr)

Radiosensitivity of tissues

Highly radiosensitive

eLymphoid tissue
eBone marrow
eGastrointestinal
epithelium
eGonads
eEmbryonic tissues

Least radiosensitive
eCentral nervous system
eSkin (CNS)

Moderately
radiosensitive

eMuscle
eBone and cartilage
eConnective tissue

eVascular endothelium
elLung

eKidney

eliver

elLens (eye)

Computed Tomography — An Increasing Source of Radiation Exposure

David ). Brenner, Ph.D., D.Sc., and Eric |. Hall, D.Phil., D.Sc.
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Radiation risk in paediatric radiology

Examination

Effective dose (mSv)

Lifetime risk of fatal cancer

Limbs <0.005 1/a few million
Chest (PA) 0.01 1/million
Spine (AP, PA, Lat) 0.07 1/150000
Pelvis 0.08 1/120000
AXR 0.10 1/100000
MCU 1.0 1/10000
CT Head 2 1/5000
CT Body 10 1/1000

“’h I A E A Radiation Protection in Pasdiatric Radiclogy

Cook JV Imaging, 13 (2001) Number 4

L1, Why falk abourf radiaiion profection in paedialric radiclogy
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Share of deaths by cause, World, 2017

Data refers to the specific cause of death, which s distinguished from risk factors for death, such as ar pollution, diet
and other lifestyle factors. This is shown by cause of death as the percentage of total deaths.

Cardiovascular disezses | :.0':

Disease burden rates by cancer types, World, 2017

Disailty-Adjusted Life Years (DALYs) per 100,000 individuals from 2l cancer types.
DALYs measure the total burden of disease - both from years of Ife lost due to premature death and years ived

With & cisabilty. Cne DALY equals one lost year of healthy Ife.

Tracheal, bronchus, and lung cancer [T 0305
- Cancers |, | (7
L cance 2 Respiratory disezses | 7'
Stomach cancer 25 Lower respiratory nfections | 4.57%
Colon and rectum cancer 273 . gﬁt.wgggé”gg I 4"}4599?
Breast cance: |GGG 22 Negnatal deaths 110
Esophageal cance [ 110 Dﬁ?;ﬂ%'?ﬁ;ﬁﬁ — 22485%%
Pancreac cancer [ 112.25 Liver disease w2365
Brain & nervous system cancer | 111.92 Road incidents | 2.22%
. Kidneydisease o 2.2%
Cenical cancer |SNNNNNN °5 16 Tuberculosis J 212%
Prostate cancer 9001 HIVIAIDS el 171%
‘ — Suicide J 142%
Lip & oral cancer 642 Vilaia J 11%%
Ovarian cancer | 5711 . Homicide ~ 072%
Parkinsandisease |p 061%
Bladder cancer 49.26 Drowning j§ 033%
Gallladder & bilary tract cancer [FE 43.22 - Idl\?ﬁemngi'ﬁs 0 051%
- Nutritional deficiencies |l 0.48%
ey cance J 411 Protein-energy malnutrition [l 0.41%
Larynx cancer [ 39.89 Materaldeaths | 0.35%
Utering cancer [ 2527 A"gﬁfﬁ'ﬂ:ﬁ:ggﬁ : g'g%%
Nasopharynx cancer B 25.45 Hepatitis | 023%
Non-meanoma skin cancer [ 16.64 cgﬂ%‘ﬁ 1 gﬁﬁ g
Thyroid cancer J} 1408 Heat:related (hot and cold exposure) | (.1%
Tesfcuarcancer | 474 Terrorism | 0.03%
Natural disasters | 002%

A B % 0% 1% % 5% %

Source: HME, Global Burden of Disease
Note: T allow comparisons betwesn countries and over time this mekc is age-standardized.

Source: [HME, Global Burden of Disease CCBY

http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
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U99NU (prevent) dUGNTIYANNNAVDIFTIFLLUU
Deterministic effect bbATANN@ (limif) dUBTIHUANNWAVDY

FOFUU stochastic effect T@Jf’i’mé’ﬂmw@a ALARA

* (As Low As Reasonably Achievable)

1. Justification of practice

2. Optimization

3. Dose limit



| 9

1. Justification of practice

* MISuufiavnas - waldy ve9n15irSeTulTeu

e msliuszlaviiansod ﬁ@@iﬁﬂ‘a‘ﬂﬂ%ﬁﬂﬂﬂﬂ’i‘]‘[%v

ALARA

As Low As Reasonably Achievable.
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radiation exposure wil nat increase reproductive risks {either birth defects or miscarriage).
Accarding to published information, the reported dose of radiation to result in an increased
incidence of birth defects or miscarriage s above 200 m5v,

Another important consideration s the stage of pragnancy in which the radiation exposure
oceurred:

o In the first two weeks postconception or the second tio weeks from the last

menstrual period, the embryo is very resistant to the malforming effects of ¥ rays,
The embryo s, however, sensitive to the lethal effects ofx rays, dthough doses
much higher than 50 mSy are n i 5 A

From the third to the eighth week of pregnancy, the embrya is In the period of early
embryonic development but is not affected with either birth defects, pregnancy loss,
or growth retardation unless the exposure is substantially above the 200 méy
EX0sLINe,

From the eighth to the fifteenth week of pregnancy, the embryo or fefus is sensitive
to the effects of radiation on the central nervous system, But hers again, the
exposure has to be very high, The threshold has been esftimated to be higher than
300 m&y befare an effect can be seen on the 1§ of the developing embryo. General
diagnostic studies do not reach these levels and, therefore, these effects are rarely of
concern for patiants,

Beyond the EOth week of pregnancy, when the fetus is completely developed, it has
becomne more resistant to the developmental effects of radiation, In fact, the fetus is
probably no more vuinerable to many of the effects of radiation than the mother in
the latter part of pregnancy. But the most important thing is that practically none of
the diagnostic radiological procedures will affect an embryo at this late stage of
pregnancy and certainly there is no risk for birth defects or miscarriage from the
rangs of exposures that occur from diagnostic studies,

The reproductive risk of nonionizing radiation, which indudes electromagnetic fields
enitted from compuiters, microwave communication systems, microwave ovans,
power ines, cellular phones, househald appliances, heating pads and warming
blankets, airport screening devices for metal objects, and diagnostic levels of
Ultrasound, has been studied extenswew Two nanona\ committees ofscwenﬂsts

e il Pl
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ot %\ SCRABBLE| X | % Pregrancy { |

Incarparated j

Radionuclides
13-17 Oct 2013
Betheley, CA

 47th HRS Midyear
Topical Mesting
Wuclear Pover
Radiation Safety:
Learning fram the
Fast to Proted the
Future
9-12 Feb 2014
Baton Rouge, LA

+ TAEA Meeling
International
Experts’ Meating
on Radiation
Protection after the
Fukushima Daiichi
Aecident
17-21 Feb 2014
Vienna, Austria

+ MCRP Mesting
NCRP:
Achievements of
the Past 50 Years
and Addressing
the Weeds of the
Future
9-10 March 2014
Bethesda, MD

30 September 2013
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2. Optimization

Ferismatlestufinunsausuaniwvesnisufidioruase
¢ Famanduindieseussaninu
* (Ionizing or Non-ionizing) Ueesdtn/laitleesdn
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Radiation quantities and units

Quantity Unit Determination
Exposure Coulomb per kilogram (C/kg), roentgen (R) Measurement
Dose Gray (Gy), rad Multiply exposure by f-factor or a
conversion factor
Equivalent dose Sievert (Sv), rem Multiply dose by a quality factor
Effective dose SV, rem Multiply equivalent dose by a
tissue weighting factor
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FOV / S







b AOIUFTUIUTITGIDNUNAITITNLLENEININL

Field of view | DAP (mGy*cm?)
48 575

42 569
37 518
31 511
z 27 503
: 22 407
19 395

Wd B80:h0

15 302
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mensdliusgauitssdusedlnaduiasacdingal 1n3aen 3 MlselWlvln Daiichi Wlatiniudund adi
400 fiaddiisanathlue (millisieverts per hour) iﬁﬁ’u%’aﬁsjawaﬁ::::ﬂﬂﬁLﬁmmwmﬁﬂaﬁiawﬁ’mmﬁﬂw
Nuudaniule waldnssedninlasaniselvlil agi 8.2 mSv/h d1nindiuiadedindsarnnisidn
gunu (CT scan) saunanmisialauaasliviuntduiasdléansyduadlian

400 Tad He :
Usnnesaagagaa Tsa Wi ailumiag Fukushima Diichi
WA IALARLH UG 1

i [ 8 o
01 10 1,000 &, 000 mSy
g HEAE Tt UEmTrua’uaﬁmzmﬁmmmaﬂwmnﬁ’m USHA WS AN T A T3 I lmi wsg as Tuda lesu
wny  CT1 sufalanmsmaula el wayadl it mguEvedlat] 1988 wanautinauiu 1 o

1e8 &% oML A £ 2 6 B ndu

[ _-J [ d] [} [ [ "_-J '.’I:'
0.1 mSv durasidnlasudaldaraansedidndinlseneiuna 1 asg

' _-J [y _"J [} [y [ = _-J II-"
10 msy  Euassanldsudialdaraawssddramatianisgunuuuy CT Mlsdngina 1 a5y

s = . v | o L oo 2 v = =i
1,000 mSv dsuased@nmititinainistheandad sruneilaaniseau’ld andau wazayidainis
o =) =l v o )
wilnunzudialassdunau

s _-J L _-J [ - =l & & - L L I o= =Y _"J =i
6,000 mSv dsunassdnninauniss lvlvhieassirasiuialasusyvnainataniaiilail 1986
LayldgEInneiy 1 1hau
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alternative versions (from NREFPB, modified).

Broad levels of nsk for common x-ray examinations and isotope scans

X-ray examination (or

Effective doses

Equivalent penod of

Lifetime additional risk

nuclear medicine isotope (mSv) clustering natural background of cancer per
scan) around a value of: radiation examination®
Negligible risk
Chest
Teeth
Amms and legs 0.01 A few days
Hands and feet
Minimal risk
Skull 0.1 A few weeks 1in 1 000 000
Head to
Neck 1in 100 000
Very low risk
Breast (mammography)
Hip 1in 100 000
Spine to
Abdomen A few months 1in 10 000
Pelvis to
CT scan of head 1.0 a year
(Lung isotope scan)
(Kidney isotope scan)
Low risk
Kidneys and bladder 1in 10 000
(IVU) to
Stomach - barium meal 10 A few years 1in 1 000

Colon - barium enema
CT scan of abdomen
(Bone isotope scan)

* These nisk levels represent very small additions to the 1 in 3 chance we all have of getting

Cancer.
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3. Dose limit msm*u@mﬂ%mm%"o“ﬁqﬂﬂal@‘isu

Q’Ug‘jﬂ’&muazé)’@o‘lé’%'u%’o%ﬁ@ﬂﬁqmﬂ@ﬂ@oﬁ'uwaﬂ‘sz%umﬂ%'o?#ﬁ’o
Deterministric wag stochastic effect

melu 5 ss@izjaqmsiu?_lﬁ’usp soulvsuldlaifiu 50 Taatadmsed
- yﬂmaﬁa\lﬂ Tsistine 1 20873506007 (lisansedRlGarndrunssnns)
- dosnvohufiudiamdoFoendunufudondeddmsudmifugisiou
NMeFoR war RufuSamsoddmwiu Userrunaly
- teunanilooiused ALARA

(As Low As Reasonable Achievable)



Annual Dose Limlts

Appllcahle Radlatlon Members
Hﬂd‘f EI'I'QEII'I Workers of the Publlc
or Tlssue (mSv) (mSv)
Whole Body 20 1
Lens of the eye 150= 20 15
Skin 500 50
Hands 500 50
All other organs 500 50

These dose limits are based on the latest recommendations of
the International Commission on Radiological Protection (ICRP)
as specified in ICRP Publication 60 (ICRP, 1991).
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Time Relationshif

| Exposure Rate
y  =1mR/hr
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Position 1: Position 2: Position 3:
SEE = 1.0 dose units SEE = 1.8 dose units SEE = 4.0 dose units
Magnification = 1.25 Magnification = 1.67 Magnification = 2.50
IMAGING & THERAPEUTIC TECHNOLOGY o
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Fluoroscopy: Patient Radiation
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Exposure
122X

http://www.interventco.com/category/review/
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\\{ R+ KE 0 4 & B 3 44

Size Length Widith  Appilcable Body
W =

S 85cm 55cm 150~160cm

DOUBLE EAGLE

M 90cm 60cm 165~170cm

L 100cm 60cm 170~180cm

XL 110cm 60cm 180~185cm

Lead Vest Apron
Type:PAA 05

lead thickness:
Front: 0.35mmPb / 0.5mmPb
Back: 0.25mmPb
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Radiation Shielding Parameters

Wall 3

, e Control

Wall 1

Wall 4

CaIcGIation poiFﬁs
Chest stand
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Select Audio Clicks

Select Mode
Silent Operation

Audio Only
Audio & Vibrate
OfflOn

Headphone

Dose Alarm Light
9 Jack

Rate Alarm Light

amey

\ Symbol Marks

Peizo Speaker Center of Tube

=~ a ?
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Radiological Safety Officer
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