





‘.h X3k 273 37,(1895)

discovery of the X-rays

Wilhelm Conrad Rontgen
Nobel prize 1901
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http://www.imaging.sbes.vt.edu/wp-content/uploads/2010/09/scbct-ge.jpg



* X5k $E5¢ (1/2)

molecular structure of
nuclear acids

James Dewey Watson

Nobel prize 1962
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Left: http://upload.wikimedia.org/wikipedia/commons/4/46/Wavelength%3Dslitwidthspectrum.gif

Right: http://upload.wikimedia.org/wikipedia/commons/0/0a/5wavelength%3Dslitwidthsprectrum.gif
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Xk & % 247 (XRF) @/3)

X-ray fluorescence radiation

Primary X-radiation

Electron

http://xrf-spectroscopy.com/wp-content/uploads/2014/02/XRF-principle-1024x776.jpg
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X% ¥ % & 47 (XRF) 2/3)

Primary
Mo X-Ray Radiation Ci

Backscattered
X-Ray

Backscattered
X-Ray

TEST SAMPLE

http://www.tawadascientific.com/images/technology/primary-x-ray-radiation.jpg 13



Xk & % 247 (XRF) 3/3)

Left: http://www.mctec.nl/wp-content/uploads/2014/11/Genius5000XRF-1.jpg
Right: http://www.nachi.org/images10-2/XRF-Gun-Diagram.jpg
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http://www.mctec.nl/wp-content/uploads/2014/11/Genius5000XRF-1.jpg

http://www.orau.org/PTP/collection/Sources/source9.jpg
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http://www.tech-sales.com/Nex_Flow/images/staticvsl.jpg
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http://ebpglobal.com/services/design-innovation-advice ( + [&])
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Cell death

Cell repalr

Cell mutation
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‘L st ic & @45 (LET)2RBE

X-ray 100 keV/u 200 ke V/u

RBE

LET
http://www.nature.com/onc/journal/v22/n45/images/1206900f1.gif
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‘_L b 2 B TR.(1896)

the discoverer of
radioactivity along with
Marie Sktodowska-Curie
and Pierre Curie

Antoine Henri Becquerel

Nobel prize 1903

http://reich-chemistry.wikispaces.com/file/view/antione-henri-becquerel.jpg/31422587/antione-henri-becquerel.jpg
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42K
_ B’
B 2.00 MeV
18%
3.52 MeV
0 Y
82% %1.52 MeV

42Ca
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* .,_T_‘ E,”‘

use of isotopes as
tracers to study
chemical processes

George de Hevesy
Nobel prize 1943

http://www.nndb.com/people/235/000099935/george-de-hevesy-1-sized.jpg
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Carl Ferdinand Cori

Gerty Theresa Cori

Nobel prize 1947
catalytic conversion of glycogen
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http://biochem.co/wp-content/uploads/2010/02/glycolysis-dial.png 48



i R FE AR

citric acid cycle

Hans Adolf Krebs
Nobel prize 1953

http://www.jewishvirtuallibrary.org/jsource/images/People/hans_krebs.jpg
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‘L X & 1E% (1

carbon dioxide
assimilation in plants

Melvin Calvin

Nobel prize 1961

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1961/calvin_postcard.jpg
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| stop 1 [P

h carbin fixation
- 12 3-PGA
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http://www.welchclass.com/Biology/photos/calvincycle.JPG
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‘_L 25+ % £ & 7 (RIA)

Radioimmunoassay

Rosalyn Yalow
Nobel prize 1977

https://sp.yimg.com/ib/th?id=0IP.M1753c779d0601d0bdf0d5c8d21e8501bH1&pid=15.1&P=0&w=300&h=300
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http://jolisfukyu.tokai-sc.jaea.go.jp/fukyu/mirai-en/2012/img/honbun/1-35.jpg
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‘.h 2L Bk 3% ¥ B - R IR

High Count
Radiation Rate

Pipe Ground Leak

http://www.gcsescience.com/radioactive-tracer-pipe.gif
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¥ k3 ¥ % #%2 SPECT

SPECT
scan image

SPECT scanner Area of

reduced
blood flow

— Gamma camera
Gamma rays

http://hearthealth.aha-krames.com/RelatedItems/114480.img



i i+ + 2 8 R(1932)

discovery of the
positron

Carl Anderson

Nobel prize 1936

http://www.thenakedscientists.com/HTML/uploads/RTEmagicC_Carl_anderson.1937.jpg.jpg
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positron emission tomography, PET

Positron emitting isotope

511 KeV

photcy

Electron B
/ NN ~__A'f'f' - / P "
511 KeV iy Positron
photon Gamma rays created transmutation

http://medchem.web.ne.kr/data/file/hotissue/1294736813_5hw.JPG
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Sensor adjusts
rollers based on
data from detector

Detector

' Sheet B-particle
Rollers material source

http://apphysicsc.com/wp-content/uploads/2013/04/Thickness-of-paper-using-Radioactivity.jpg 61
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lonization Chamber lonization Chamber

Metal Plates

AY3LIVYE

Particles

Americium Source Americium Source

http://saba.kntu.ac.ir/eecd/ecourses/instrumentation/projects/reports/smoke%20detector/images/ion%?20chamber.jpg
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http://www.orau.org/PTP/collection/Sources/source9.jpg
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SBATTERIES

Left: http://3.bp.blogspot.com/-ivZI2NGf_SQ/UVZaYkGeYsl/AAAAAAAALNg/TeX5RBLva00/s1600/Nuclearbatteries.jpg

Right: http://cdn.wonderfulengineering.com/wp-content/uploads/2014/09/Water-based-nuclear-battery2.jpg
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IE ISR -Au 5 7

Dﬂi// 4c § 7 (Gamma knife)ic &

Gamma Knife beams can
\ treat very smail targets

\ deep within the brain.
.\ \\
\ ol

http://baptisthealth.net/en/health-services/gamma-knife/PublishingImages/What-is-Gamma-Knife.jpg
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% R (Activity)

ER T RBHIS TR
Ir'li(A) A }LN’, ‘:lkp \'%#ﬁ'{’N?&%i
Sl

BR #g TE 2 "iﬁfﬂ*f"ﬁé&—v—ﬂ*?&lﬁ
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HHPERT RR BB RALLE R
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4,

$-137% % Bl3¥

Ce-137
T2+ J8.84 ¥ 38.84 Y
Parent state: G.S. - 1.1756
Half life: 30.04 Y(3) N
Q(gs): 1175.63(17) kev 94,48 7?% 11/2- 2 o cet7
Branch ratio: 1.0 5.60 7 N L2+ 8. 2835
H A. 0606
Ba-137
Beta ray:
Max.E (keV) AvVg.E (keV) Intensity(rel) Spin T/2+
1176 ( 1) 416.264 (72) 5.6( 2) 3/2+
892.1( —-) 300.570(68) 5.8E-4( 8) 1/2+
514.03(23) 174.320(61) 94.4( 2) 11/2-

Gamma ray:

kEnergy (keV)
283.5( 1)
6cl.657( 3)

Intensity(rel)
5.8E-4( 8)
85.1( 2)

http://atom.kaeri.re.kr/cgi-bin/decay?Cs-137 B-
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A-131 % % B

I-131

8.02878 D

http://atom.kaeri.re.kr/cgi-bin/decay?I-131 B-
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i Mofifaz R34k

FEERT

i
Rm?Cit hl Ckg!m?MBqg! h'l

24Na 1.84 12.8x10°
42K 0.14 1.39x10
%0Co 1.32 9.19x107
137Cs 0.33 2.3x107
192]r 0.48 3.34x107
226R3 0.825 5.75x10°
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7 &k & @ ICRP Publ. No.
30, Part 1, p.33. (1979)
7
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LR S SR T e delk)

%875

4 | BT D W Y

Td)| F [Td)| F |T{)| F

N-P

0.01| 05 | 0.01 0.1  0.01]0.01
(Dy-p

=0.30) 0.01| 0.5 | 0.40 | 0.9 | 0.40 | 0.99

T-B 0.01 0.95/0.01| 0.5 | 0.01 ] 0.01

=0.08)
P 05 | 0.8 | 50 [0.15| 500 | 0.05
- - 1.0 104 | 1.0 | 04

a
b
L
Ors | ¢ | 021005 02 |05 02099
e
f
(Dp 50 | 0.4 | 500 | 0.4

_ g ) )
=0.25) | 5 | 05|02 | 50 [0.05] 500 |0.15
R

%8 4k © ICRP Publ. No. 30, Part 1, p. ii. (1979)



BN R & SR EGA)

ME=Z2Z— BHIEABBARERAFTEMBATHKLHZEE
2 YA %EE  h(g)(BmH/BR > Sv-Bqh) -1

% AE 3 F BRI DN
1L A 35 f; h(9)im | M(9)sum | Fy h(g)
#.(Hydrogen)
7k 12.3 1.000 | 1.8x10-!
(Tritiated
Water)
AREG | 1234 1.000 | 4.2x101!
(OBT)
4% (Beryllium)
Be-7 33.3% M 0.005 | 4.8x10-1" [4.3x10-1" [ 0.005 | 2.8x10-!
S 0.005|5.2x10°1" [ 4.6x10-1
Be-10 1.60x10%4 | M [0.005( 9.1x10° | 6.7x10° | 0.005| 1.1x10°?
S 0.005| 3.2x10® | 1.9x10-®
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FREMiEaR B

NCRP Report No. 160, lonizing Radiation 2006
Exposure of the Population of the United States

Early 1980s

Occupational / Occupational / industrial (0.1 %)
) industrial (0.3 %) *
"\\\-»-\ﬁ__” Consumer (2 %) Consumer
‘\ Medical | (2 %)

L (15%) /

\ 4

Medical (48 %)

Early 1980s 2006
Collective effective dose
(person-Sv) 835,000 1,870,000
Effective dose per individual
in the U.S. population (mSv) 3.6 6.2

74 kiR http://hothardware.com/News/US-Population-Radiation-Exposure-On-The-Rise/
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Radon & thoron
(background) (37%)

Computed
tomography
(medical) (24%)

© Industrial (<0,1%)

Occupational (<0.1%)
_ Consumer (2%)
Nuclear medicine ~ Conventional
medical) (12% radi Muoroscopy
( (12%) Interventional Om" (5%)
fluoroscopy
(medical) (7%)

7 kiR http://fanaticcook.blogspot.tw/2011_04_01_archive.html
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Doctor, don'’t you No Ms Williams,

think | should | really think that
have a new this examination
chest CT scan? will not add

Just to be on the something to the
safe side correct

assessment of
your condition

Resist patient wishes to be examined
when you feel it is not necessary

74 %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
88
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g 53] %)

CT scans are among the most common radiation dose
burdening examinations for patients

The effective dose from one chest CT scan may be equal
to the corresponding dose of about 500 PA chest X rays

74 %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Large patient Small patient

Adjust exposure parameters
according to patient and body part

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation
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Image Quality: Unnecessarily high Image Quality: Adequate for diagnosis

High quality /Crisp images may look nice but they impart higher
radiation dose to patients

Start using images with some noise without loss of diagnostic

- - Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
In fo m at ion for Advanced Research and Education in Radiation
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http://www.gnetrading.com/php/images/Int.jpg
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‘.h LNT vs Hormesis

RESPONSE or RISK

LINEAR NO THRESHOLD MODEL

RESPONSE or RISK

HORMESIS MODEL

DOSE

http://healthypixels.com/wp-content/uploads/hormesisgraphl.png
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"NO ACCIDENTS BELOW
SPEED
100 MILES PER HOUR"
LIMIT
who says that? No one. 1 00
mph
"HEALTH EFFECTS non-existant
below 100 milli Sievert" DOSE
LIMIT

who says that: 1 00
OF @ [

World Health
IAEA Organization

mtarnatianal Atormic Energy Agency

INTERNATIONAL COMMISSION ON
RADIOLOGICAL PROTECTION

Nuclear Lobby Denies Low-Dose Radiation Effects With The The 100 Millisievert Threshold Lie:

- 7
'.'0 www.strahlentelex.del The_100_Millisievert_Threshold_Lie_Statement_German_GSS.pdf
wwnlobbamy cemdyvrem s

7L kR http://tekknorg.files.wordpress.com/2013/05/100msv100mph.jpg
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\ BLER | BASR
i (Bq g) (Ba)
H-3 106 10°
C-14 104 10/
P-32 103 10°
P-33 10° 108
S-35 10° 108
Cr-51 103 10/
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Thanks for your attention


http://web.ypu.edu.tw/rad/gmi/index.htm

