RADIATION PROTECTION IN
NUCLEAR MEDICINE

17174 WA UM T8RN TIA I UIWITANE AT Lo LIAAY S

Krisanat Chuamsaamarkkee Ph.D.

Nuclear Medicine, Department of Radiology
Faculty of Medicine, Ramathibodi Hospital,
Mahidol University, Bangkok, THAILAND
Krisanat.chu@mabhidolacths

o o
MNATNEN

-8

ITANART

a a
UILAREIT

23/07/2018

e —
LECTURE OUTLINE

* What is Nuclear Medicine?

* Radiopharmaceutical

» Radiation Units

* Radiation Protection in Nuclear Medicine
* Radiation Exposure
* Radiation Protection Principle
» How to work safely with radionuclide?
* Monitoring Equipment
* Dose Limit
* Radiation Vs. Cancer
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DIATION SOURCE IN MEDICINE

+ Sealed source — used for therapeutic, calibration and quality control
7

Teletherapy source Low energy gamma source

* Unsealed source — all of the radiopharmaceuticals

PHARMACEUTICALS

Administration - injection, swallowing and/or inhalation
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Pharmaceutical Biochemical Radloa_ctlve
- nuclide
Traces physiology / Bonding
localises in organs of Emits radiation for
interest detection or therapy
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\ CT, X-Ray
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O Positron ‘ Nuclear Medicine
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Gamma Radiation

Radiation

HYBRID IMAGING

* In the past, nuclear medicine emphasise on “physiology” but nowadays
good facility needs high spatial resolution and sensitivity (we call Hybrid

Imaging)
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The major radionuclide used for
diagnostic nuclear medicine
procedures is (79mTc)

The most common radionuclide used for
therapeutic nuclear medicine is lodine-131 (1311)

- Mean Energy 182 keV
« Gamma Photon 140 keV « Gamma Photon 364 keV
« Physical Half-life 6 h. » Physical Half-life 192 h.




79mTc — diphosphonates
(MDP —methylene
diphosphonate)
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(Radionuclide Therapy)
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External Beam
Radiotherapy
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The major radionuclide used for
diagnostic nuclear medicine
procedures is Technetiun m (77MTc)

The most common radionuclide used for
therapeutic nuclear medicine is lodine-131 (13'1)

Mean Energy 182 keV
Gamma Photon 364 keV
Physical Half-life 192 h.

« Gamma Photon 140 keV
« Physical Half-life 6 h.

Msnars an ¥ lumssnm

1311-Nal (Thyroid disease)
1311-MIBG (Neuroblastoma)
131]-Rituximab (B-cell Lymphoma)

90Y-Zevalin (B-cell Lymphoma)
90Y- resin microsphere  (Hepatocellular
carcinoma)

89Sr-chloride -

153Sm-EDTMP ‘

223Ra-dichloride ‘
(alpha therapy)
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(Absorbed Dose)
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* What is Nuclear Medicine?
* Radiopharmaceutical

* Radiation Units

» Radiation Protection in Nuclear Medicine
» Radiation Exposure
» Radiation Protection Principle
» How to work safely with radionuclide?
* Monitoring Equipment
* Dose Limit
» Radiation Vs. Cancer
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1 Ci=3.71019Bq

1 Gy =100 Rad

1 Sv =100 REM

Source | C.EA,

The number of falling The number of apples The effect on the body,

apples can be compared  that hit the sleeper can based on the size or
to the Becquerel (number be compared to the weight of the apples,
of disintegrations per Gray (absorbed dose). can be compared to

second).

the Sievert (effective
dosa).
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RADIATION EXPOSURE

External _

‘ ® nasfufadannunasinidanisuanianiy

* X-Ray, CT, Fluoroscope, riasansisd

EXpOSUI’e \ * ansfufunseflusmngaianiiandes, asundaded

Internal ‘
Exposure ‘

® nasfufadannunaenidalusanie
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Dose rate [nGy/h/MBq]

0 h post inj 2 h post inj

%\ Examination

~ 0m L Om 03m

Less time spent Greater distance Behind shielding A
near source - less from source - less from source - less. Bone (MDP)
radiation received radiation received radiation received

27 3 7
10
10

Myocardium 36 3 ) 36 10

(Thallium,

ARA- AS LOW AS REASONABLY ACHIEVABLE - RADIATION EXPOSURE

» Work quickly and efficiently (TIME)
® nasfufadannunasinidanisuanianiy

» Rotate personnel if qualified replacements are available (TIME) ‘

« When not involved in patient care, remain a few feet away from the External _ @l - X-Ray, CT, Fluoroscope, iriswnisd
poﬂem EXpOSUre \ * ansinsiunisdlusmungeanidandaf, aasundeiad

 Use long-handled forceps to remove contaminated particles,
contaminated dressings, etc.

® nasfufadannunaenidalusanie

* Remove contaminated materials from the treatment area Internal ‘ o nsfiu ga ndugsTETunFIE, a1sindaied iiansansmielas

QUANTITY)

Exposure ] ‘ Taildala
* Use lead shielding ,

® URMANI5A




23/07/2018

"RADIATION SAFETY PROCEDURES

Don’t

Zelilgle] ® No eating Shielded container and Labelled items (type,
Smoking @ w activity, volume of radiopharmaceutical)
Drinking @ w Wearing glove when handling radioactive,

Apply Cosmetics Chang at regular interval
Bring hand or object near your mouth

. .. k Disposal absorbent materials, tra
during the injection P Y

Wash your hands regularly

Self monitoring

* MONITORING EQUIPMENT

Personal
(effective dose, extremity dose — OSL, TLD, Real-time monitor)

Workplace
(external dose rate, contamination, survey meter)
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RSONAL DOSIMETER

Real-time display
m.....u..a.,, - = - . Contamination
,h.n' ........."... Contact

’ o Radioactive Patient
Emergency

Back Front

Clip your whole body dosimeter firmly to your clothing between your waist and
neck. It should be worn underneath protective equipment such as lead aprons
For single hospital usage

——

RADIATION DOSE LIMIT

Workplace Occupational Public
(external dose rate, contamination, survey meter) . Effective dose 20 mSv/yraveraged*  1mSvinayr
3 over S yrs.
Annual equivalent
dose to
Lens of eve 20 mSv*,**
Skin 300 mSy 50 mSy
Hands & Feet 500 mSy
Used for
+ Contamination monitor " with further provision that dose in any single year should not exceed 5
» Survey Area Sy

. Sur\/ey Radioactive *#*In a recent statement ICRP (Statement on Tissue Reactions Approved by the Commission
Patient on April 21, 2011) the ICRP proposed a limit of 20 mSv/yr, averaged over 5 years, not
exceeding S0 mSv at anv single vear.
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Radiation doses to staff involved in sentinel node operations

OU R STU DY Cancer for breast cancer

Radiation Doses to Technologists from Nuclear Medicine L T. L Klausen", A H. Chakera®, E. Friis?, F. Rank®. 8. Hesse and S. Holm
Imaging Procedures i

Calculated absorbed
Daose/ doses from
operation  Dose limit 100 operations In
(mSv)  (mSv year™) % of ICRP** limits

Time + SD Mean dose

to contact +SD
Type of Injected Acquisition  © 0Nt No ot per
atient aminat
examination activity (MBg)  time (min) POl PO ases OX@Mination
examination (usv)

(sec)

M arsean ¥lumssnw o T\ RADIOACTIVE IODINE TREATMENT (IODINE-131)

131]-Nal (Thyroid disease)
1311-MIBG (Neuroblastoma)
131]-Rituximab (B-cell Lymphoma)

90y-Zevalin (B-cell Lymphoma) : e | . 0.364 82] 0.182
90Y- resin microsphere  (Hepatocellular j D Ry
carcinoma)

89Sr-chloride -
153Sm-EDTMP ‘

223Ra-dichloride ‘ )
(alpha therapy)
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gl s Table 1 Radiation dose rate {iSwh) inside and suounding treatment I-131 patient room.

- NO. Location of OSL. Radiation dose rate (uSv/h)
Radiation from an Admitted Thyroid Cancer Patient with ' il ; Inside patients room
e i - > = = Tap of patient bad 2587
High Dose I-131 Treatment in Related Hospitalized Area End of patient bed a1
and Exposure to A iated P Iin s z = - Right hand of patient bed. Behind lead barrier
New Inpatient Unit = End of patient bed, Behind lead barrier
i 1 ’ Wall to contact other room, right

" ' T » C a I Wall to contact other room, center

Wirote . Wichana ', Arpakorn .\

Siripang Vittayachokkitikhun', Kittiphong Thangklam', Krisanat Chuamsaamarkkee', .
Nattaporn Kumwang’, Chanika Sritara' - I Near a door

i In front of exit door

Wall to contact other room, left

‘O of Muckar Wockcing Do - neos nasp st Sofa bed
Under patient bed. top
Under patient bed. end
Window 1
Window 2
Restroom

Outside patient's room
Fire exit
Goridor 1
Corridor 2
Room number 7210, left
Room number 7210 right
& fioor, patient bed
& flocr. toilet

Bg s background radiation (< 1 USuh)
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Keep the patient in the
hospital

{ Siw %51
v weilm  S5E BSE SDAIC

£1139 SPUTNANN NITey 1 1WAT AAWML

nassa (Xiphoidal)
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Australia
IAEA/BSS

Germany

UK

Other EU Member
States
USA
(depend on state)

T —__
-131 RELEASE CRITERIA -
PRECAUTION LIMITS

Dose rate 25 uSV/h at 1 metre
Activity <30 mCi (1100 MBQ) Guidance Level

250 MBq (6.75 mCi) or <30 uSv/h at 1 m

Hospitalisation when activity > 800 MBq Hospitalise for at least 24-48 h, dose
(21.6 mCi) rate < 40 uSV/h at 1 metre

95-800 MBq

Dose to the most exposed person < 5

We will discuss further today
mSv

Thailand

Hospitalisation when activity > 30 mCi Dose Rate <50 - 70 uSV/h at 1
(1.1 GBq) metre for release

Reference — Adapted from IAEA Safety Report no.63, Year 2009
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Health effects of instantaneous exposure to ses of radiati
igures show dose received (Unit: Miisioverts)
500~
Partial
exposure F

Exposum of
part of body)

Source: Formulated using data in Radiation Q&A, The Federation of Electric Power Companies of Japan

Risk Factors of Cancer

v
a AAaAa

NAUDITITN O TINTIN

Probability of Congenital Malformation or Cancer From Conceptus Dose’

Conceptus Dose Increased Chance of Congenital Malformation

(mSv) (%)

%)
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TABLE 2
d Loss of Life Exp y from Health Risks

Estimates of Days of

Life Expectancy Lost,
Health Risk Average
Smoking 20 cigarettes/day 2,370 (8.5 years)
Overweight (by 20%) 985 (2.7 years)
All accidents combined 435 (1.2 years)
Auto accidents 200
Alcohol consumption (U.S. average) 130
Home accidents 95
Drowning 41
Natural background radiation, calculated 8
Medical diagnostic x-rays (U.S. average) 6

Increased Chance of Cancer All catastrophes (earthquake, etc.) 3.5

1 rem occupational radiation dose, calculated (industry
average for the higher-dose job categories is 0.65 rem/yr)
1 rem/yr for 30 years, calculated

http://oehs.vcu.edu/radiation/risk.PDF
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First Analysis of Cancer Incidence and
Occupational Radiation Exposure Based on
the National Dose Registry of Canada @

J. P. Ashmare, H. Jiang, D. Krewski, M. E. Fair,

P.R. Ban

Am J Epidemiol (2001) 153 (4): 30%-318.

SIR - standardized incidence ratio

—=n —_
» A cohort study was conducted to
investigate the relation between

cancer incidence and occupational
exposure.

* Records containing dose information
from 1951 to 1988 for 191,333 persons
were exiracted and correlated with
canadian cancer database

THANK YOU FOR
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