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Hsien-Ming Hsiao (% % )

— Associate Researcher, Chemical Engineering Division, Institute of
Nuclear Energy Research it 1 /4% 5c 7 § 91

— Master of Chemical Engineering, Doctor of Material Science and
Engineering, NTUST

— Participated Projects at INER

Mo-99 Radioactive Waste Water Treatment (inorganic and organic
type, including removal of nuclides, nitrate and Hg ion)

Removal of Uranium and Fluorine Separately from Radwaste Water

Engineering Evaluation of SPU (Stretch Power Uprate) Project in
Waste Management System for Nuclear Power Plants

Decommissioning Project for Chinshan & Kuosheng Nuclear Power
Plants

WBR fuels stabilization

FRERT LR §PAAL



oS 1% 5 K Fr120)
« Radioisotopes

Natural radiation is everywhere. such as Po-210,
C-14 and K-40
naturally occur
within the human
body.

* Potassium-40 (K-
40) is present in
many common

foods including

n’ ‘ red meats, white

potatoes, carrots,
bananas, lima

\\ beans and Brazil
@ nuts.
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Courtesy from: http://nuclearsafety.gc.ca/eng/resources/fact-sheets/natural-background-radiation.cfm
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’rr IE Background Radiation
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drink

*.__ The annual average effective dose from natural background radiation is approximately
£-5 1.6 millisieverts (mSv) in Taiwan and 2.4 mSv worldwide. -
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— Nonionizing Radiation (#7538 4§ %): Light, radio, and

/), 2/

microwaves iv £ ™ o & E € 4 F A 4 FY T
— lonizing radiation(#53g 1§ 5¢) is produced by unstable atoms.

Unstable atoms have an excess of energy or mass or both.s: & 3

’};bl%;}—ﬂ%ﬁﬁi‘/‘ 2 (T H
— Radiation can also be produced by high-voltage devices (e.g., x-
ray machines).
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What is Radiation?
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https://youtu.be/Zw0pHT47AAU
https://youtu.be/Zw0pHT47AAU
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oD 15 54 % IR (16120)-45 &4 H |
% & (Activity)
- - TR RHE
P42 p k%
— @B XH i+ Curie (A 2)
— W% H i+ : Becquerel, Bq(E )
| £ (Dose)
— P E T2 St B oo
— B%E > Rem (4 P)
— B" H = : Sievert, Sv (& #)
1 Bqg=1decay/s; 1Sv=1,000mSv

1 mSv = 1000 uSv; 1 Sv = 100 rem
1 Ci=3.7x 10 Bq KA D

7= P

o
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In accordance with International Commission on Radiation Units and Measurement, ICRU.
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Thorium
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Gl RS AR g iy e COUNTESY from: https://en.wikipedia.org/wiki/lodine-131
https://en.wikipedia.org/wiki/lsotope, https://en.wikipedia. org/W|k|/Decay chain



https://en.wikipedia.org/wiki/Iodine-131
https://en.wikipedia.org/wiki/Isotope
https://en.wikipedia.org/wiki/Decay_chain
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Courtesy from: http://chemwiki.ucdavis.edu/Physical Chemistry/Nuclear Chemistry/The Interaction of Nuclear Radiation with Matter

http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s05-05-the-atom.ht g
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http://chemwiki.ucdavis.edu/Physical_Chemistry/Nuclear_Chemistry/The_Interaction_of_Nuclear_Radiation_with_Matter
http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s05-05-the-atom.html
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Acute exposure
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https://www.youtube.com/watch?v=keEaZOuYjMY
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2. & & (tube housing) : A-4%p
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3. & H & (collimator) : 3 %X
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- 3y 51 32 (lonizing Radiation Protection Act)
— Effective on Feb. 2003
— In compliance with ICRP-60 and IAEA-115 report

safety

SEries ICRP: International Commission on
Radiological Protection
IAEA: International Atomic Energy Agency
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http://gao.sinica.edu.tw/ehsmd/ch/docu/LU51.pdf
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Exemption(# .): 4% "5 Stk # % ¥ #1424 | (2003.01.29)
— Clocks and Watches: 3H (7 )
Pure B-pure nuclides, exemption: 10° Bq.
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Half-life: A unigue characteristic of a radionuclide, defined by the time during which
an initial activity of a radionuclide is reduced to one half.
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- Mitigation of Internal Radiation Exposures

— Good hygiene techniques that prohibit the consumption of food and
drink in the lab and the control of personal gestures that involve “hand-
to-mouth™ contacts.

— Frequent swipe surveys and lab area monitoring of work areas,
refrigerators, hoods, sinks, phones and computer keyboards, etc.

— Control contamination with absorbent paper and spill trays, properly
labeled waste containers, equipment, etc. and prompt decontamination
of any detected contamination.
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- Mitigation of Internal Radiation Exposures
— Use fume hoods for materials which could become airborne (e.g.,
vapors, dust, aerosols, etc.) and present an inhalation hazard to workers.
— Use proper protective equipment (PPE) such as disposable gloves,
safety glasses, lab coats, etc. to reduce the possibility of ingestion or
absorption of radioactive materials.

E_
{ Il
| I
g

a9y s 2 o g rtesy from:
AR+t R ﬁﬁﬂapi”‘r Cou tesy 1ro


http://www.ehs.ucr.edu/safety/Fume_Hoods/fumehood.html
http://www.allmats.com/site/439205/page/2619039

T Y R T

- KG HBHIETRNEZLAS -
c REINEVNRAEALIGR O BHIIERNFERE -

. ‘;’dai ./‘&1%%1)/!‘%%/ i-l-.z«c'é'-% #\/’d‘aialzg,
ERBTFFIRAETIAATFI S

C B AR G URRRRL LRSS TR

Health and Safety Essentials: Laboratory Best Practic
e

NO FOOD
OR DRINK

Frmh+ it R § PRy
i Courtesy from:


https://en.wikipedia.org/wiki/Smoking_ban
https://youtu.be/RhlOYhOvCsQ
https://www.youtube.com/watch?v=RhlOYhOvCsQ&feature=youtu.be

%{%

=
hzd
E5
R
1 3
i‘k
o -1
£ 1%
% 76
=
E)
o


https://www.youtube.com/watch?v=sAVooRjWqxM&list=WL&index=35
https://www.youtube.com/watch?v=TRL7o2kPqw0
https://www.youtube.com/watch?v=sAVooRjWqxM&list=WL&index=35

Cc‘}g)mn XRD¥e 1T/ 3 & P aro)

Analytical x-ray devices are important tools in various areas of
modern research. X-ray crystallography rely on X-radiation.

But, X-ray diffraction equipment (XRD) can be very dangerous, and
operators of this equipment must not become complacent or
overconfident about the potential danger of the x-ray beam.

When high energy electrons strike an anode in a sealed vacuum, X-
rays are generated. Anodes are often made of copper, iron or
molybdenum. X-rays are electromagnetic radiation. They have
enough energy to cause ionization.

AEPERPIPFR R BE(ERYEEDENEF)

3 “ §
= S A 68
FrR+ LR gAY T IPSS



ot XRD3 1€ 1 3£ % B 2/20)

- Potential Hazards to be aware of...
— Primary Beam
- The primary beam is the main hazard. Exposure to the primary
beam can cause localized acute exposure. You must never place
any part of their body in the primary beam. Reddening of the skin
can occur when skin is acutely exposed to 300 R (much less than a
second). Burns may occur from longer exposures.
— Scattered Radiation
- When the primary beam hits something such as a sample or the
beam stop, some of the radiation is scattered. While these radiation
fields are less intense than the primary beam, they are still
hazardous. Scattered radiation fields can be measured with your
survey meter.
— Leakage
- Some radiation may “leak” around the tube housing structure. The
leakage radiation must not exceed that of radiation limits for the
general public.
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- Overexposure to X-rays can result from either direct exposure to
the primary beam or indirect exposure from leakage or scattering.

- The major causes of accidents with X-ray devices include
Improper training, improper system or device configuration (e.g.,
unused beam ports not covered), handling or adjusting of samples
or other equipment when the machine Is energized.
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X-Ray Apron
(made of lead)

X-Ray Lead Barriers Lead Brick Lead Glass

=
S

Courtesy from: http://blog.universalmedicalinc.com/determine-x-ray-apron-material-right/

http://www.raybar.com/xray-barriers . I ,
. : m & 73/83
R+ X R § AL AT il


http://blog.universalmedicalinc.com/determine-x-ray-apron-material-right/
http://www.raybar.com/xray-barriers

Tt XRD#k i€ L R 720-2 R A E 5B

- Kb R & R
— 2 EIOHERF AT FAHEL
- £33 K@p%)’*“' i
_ Fp R (BEOF 0 R A
""" CAR R R IR A
&R (83F)

FRIERIALR EPRAT o



% XRDik (e 17 3 8 Bl 920 X-ray & j&

L_ead curtain

FRERSNER §RAFY A



% XRDik fe 3 % Bl oo~ X-ray & j&

y ' ¥
e

£ 876 /129

FRERSNER §RAFY A



“% XRD3k £ 1 # ¥ B 020~ Warning signs

Frclprigi £ R § P e g o



% XRD3k el 3 B Bl a1~ X-ray & j&

Put the sample and run away! (If possible)
Safety tips to prevent overexposure
— Know location of primary and diffracted beams at all times
— Do not put body parts into beam path
— Inspect shielding
— No maintenance work when beam is energized
— Monthly safety checks
— Survey unit when moved or beam realigned
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- ALARA (As Low As Reasonably Achievable) & 32 $r %
— radiation safety prmuple for minimizing radiation doses and releases of
radioactive materials by employing all reasonable methods.

- Regulators recognize that it is an individual
worker’s responsibility to perform tasks on a
daily basis keeping best practices in mind, and
striving to keep radiation exposure as low as
possible.

- Workers are responsible for knowing all
hazards and safety practices that relate to the
equipment in use.

- Only trained, authorized persons may use,
Install, maintain, or repair XRD.

- All such persons must have Radiation Safety
Training, and should receive radiation
dosimetry device.
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https://www.youtube.com/watch?v=0AIELSIRSXE
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https://www.youtube.com/watch?v=oAlELsiRSxE
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https://www.youtube.com/watch?v=RrnyYPz9H1o
https://www.youtube.com/watch?v=QdkagKSGYqk
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https://youtu.be/HMP8kJgf0Uk
https://youtu.be/HMP8kJgf0Uk
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https://youtu.be/e-nVOBdsPwY
https://youtu.be/e-nVOBdsPwY

