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lodine-131 O

* Due to its volatility, short half-life, and high abundance in fission products, 31| 5a|ong
with the short-lived iodine isotope 1321, which is produced from the decay of 13?Te with a
half-life of 3 days) is responsible for the largest part of radioactive contamination during
the first week after accidental environmental contamination from the radioactive
waste from a nuclear power plant. Thus highly dosed iodine
supplements (usually potassium iodide) are given to the populace after nuclear accidents
or explosions (and in some cases prior to any such incident as a civil defense mechanism)

to reduce the uptake of radioactive iodine compounds by the thyroid before the highly
radioactive isotopes have had time to decay.

* Relative ease of creating 13!l by neutron bombardment of natural tellurium(the heaviest
naturally occurring tellurium nuclide, 3%Te (34% of natural tellurium) absorbs a neutron
to become tellurium-131, which beta decays with a half-life of 25 minutes to 13l. ) in a
nuclear reactor.

« Blis a fission product with a yield of 2.878% from uranium-235 and can be released
in nuclear weapons tests and nuclear accidents. However, the short half-life means it is

not present in significant quantities in cooled spent nuclear fuel, unlike iodine-129 whose
half-life is nearly a billion times that of 3] .
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https://en.wikipedia.org/wiki/Thyroid
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https://en.wikipedia.org/wiki/Fission_product_yield
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The decay of iodine-131

Nuclear
Equation
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beta-minus particle, B

g P

gamma ray, ¥

Atomic Mass: 130.9050819 +- 0.0000010 amu
Excess Mass: -88415 608 + 0.972 keV
Binding Energy: 1103511 812 +- 0.989 keV
Beta Decay Energy: B--352.395 +- 5311 keV
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54 xenon-131

1003 update to the atomic mass evaluation” by G.Audi and A H.\Wapsira, Muclear Phyzics A303 vol 4 p400-480, Decembar 23, 10035,

Atomic Percent Abundance: 21.2%
Spin; 3/2+
Stable [sotope

Meta state at 0.164 Mev
Spin- 11/2-
Half life: 11 934 d
Mode of decay: IT
o Decay energy: 0.164 MeV

Possible parent nuclides:
Beta from [-131
Electron capture from Cs-131

b4 459 ke
(61.1 %
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e comparatively energetic (190 keV average and 606 keV maximum energy)
beta radiation, which penetrates 0.6 to 2.0 mm from the site of uptake,
destroys the associated thyroid tissue with little damage to surrounding
tissues (more than 2.0 mm from the tissues absorbing the iodine).

* Due to similar destruction, 13!l is the iodine radioisotope used in other
water-soluble iodine-labeled radiopharmaceuticals (such as MIBG).

* The high energy beta radiation (up to 606 keV) from 13| causes it to be the
most carcinogenic of the iodine isotopes. It is thought to cause the majhority
of excess thyroid cancers seen after nuclear fission contamination (such as
bomb fallout or severe nuclear reactor accidents like the Chernobyl
disaster). However, these epidemiological effects are seen primarily in
children, and treatment of adults and children with therapeutic 13!, and
epidemiology of adults exposed to low-dose 31| has not demonstrated
carcinogenicity.



https://en.wikipedia.org/wiki/Radiopharmaceutical
https://en.wikipedia.org/wiki/MIBG
https://en.wikipedia.org/wiki/Chernobyl_disaster
https://en.wikipedia.org/wiki/Chernobyl_disaster

* Since 13 has both a beta and gamma decay mode, it can be used for
radiotherapy or for imaging. Due to its mode of beta decay, iodine-
131 causes mutation and death in cells that it penetrates, and other
cells up to several millimeters away. For this reason, high doses of the
isotope are sometimes less dangerous than low doses, For example,
children treated with moderate dose of 13! for thyroid adenomas had
a detectable increase in thyroid cancer, but children treated with a

much higher dose did not.



https://en.wikipedia.org/wiki/Beta_decay
https://en.wikipedia.org/wiki/Mutation

Thyroid protection

e Potassium iodide(Kl) has been distributed to populations exposed
to nuclear fission accidents such as the Chernobyl disaster. The iodide
solution SSKI, a saturated solution of potassium (K) iodide in water, has

been used to block absorption of the radioiodine (it has no effect on other |

radioisotopes from fission).

* In theory, many harmful late-cancer effects of nuclear fallout might be
prevented in this way, since an excess of thyroid cancers, presumably due
to radioiodine uptake, is the only proven radioisotope contamination effect
after a fission accident, or from contamination by fallout from an atomic
bomb (prompt radiation from the bomb also causes other cancers, such as
leukemias, directly).

* Taking large amounts of iodide saturates thyroid receptors and prevents
uptake of most radioactive iodine-131 that may be present from fission
product exposure (although it does not protect from other radioisotopes,
nor from any other form of direct radiation). The protective effect of Kl
lasts approximately 24 hours, so must be dosed daily until a risk of
significant exposure to radioiodines from fission products no longer
exists. lodine-131 (the most common radioiodine contaminant in fallout)

also decays relatively rapidly with a half-life of eight days, so that 99.95% of :

the original radioiodine has vanished after three months.
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Potassium lodide

Kl is the stable (non-radioactive) form of iodine. They are both absorbed by
the thyroid.

* The thyroid cannot distinguish between stable or radioactive iodine. To
protect the thyroid from radioactive iodine, a person must take Kl before or
shortly after being exposed to radioactive iodine to saturate the thyroid
and prevent the radioactive iodine from concentrating in the thyroid.

* Kl is recommended only for people under 40 and women who are pregnant
or breastfeeding. However, officials or healthcare providers may instruct
adults over 40 to consume Kl if the predicted exposure is high enough to
cause hypothyroidism.

* Kl protects only the thyroid. Kl does not protect other parts of the body.



‘ | e KI must be taken within 24 hours before or 4 hours
b after exposure to be most effective.

* Kl is not a treatment and cannot reverse damage
already done to the thyroid.

* KI may not give a person 100% thyroid protection

BENEFITS OF from radioactive iodine.

* There are two U.S. FDA-approved forms of Ki:

* Tablets in two strengths, 130 milligram (mg) and
65 mg. The tablets may be cut into smaller pieces
for lower doses.

W * Ora liquid solution available in one concentration,
each milliliter (mL) containing 65 mg of KI.

BULK \‘\\ ~ g{h
L L

' CLEAN & PURE BULK SUPPLEMENTS
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IODIDE

120

ASLers

130 MG

v

" % 4
IWNBNITY & TRYROID SUPPORT'
DIETARY SUPPLEMENT

Potassium lodine (KI): Recommended Single Dosage by Age

Predicted Kl
Thyroid dose

Age Group Exposure (mg)
Infants birth through =5 16
1 month
Children 1 month =5 32
through 3 years
Children over 3 years =5 65
through 12 years
Adolescents, 12 =5 65
through 18 years
(adolescents that
weigh over 150
pounds should take
adult dose)
Adults over 18 =10 130
through 40 years
Pregnant or =5 130
Lactating Women
Adults over 40 =500 130

years***

Number or
fraction of
130 mg
tablets

Use Kl oral
solution®*

Use Kl oral
solution®*

1/2

1/2

Number or
fraction of
65 mg
tablets

1/4

12

Milliliters
(mL) of oral
solution, 65
ma/mL
0.25 mL

0.5 mL

1mL

1mL

2 mL

2 mL

2 mL
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RADIATION DOSIMETRY

Dosimetry is the scientific method and measurement of
ionizing radiation. The purpose of dosimetry is to track the
level of radiation exposure.

THE ELECTROMAGNETIC SPECTRUM

e increasing wavelength INCTEasing energy we—
non-ionizing ionizing

fo——  wavelongth ——sf

NN A

infrared ultra violet gamma rays
TYPE OF e — - > s
RADIATION frequency microwaves X - rays
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~Visible .
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Types of lonizing Radiation
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Background radiation

The average annual effective dose for people in the UK is 2 mSv.

* We are all exposed to radiation EVERY single day.

* Ground contains radioactive isotopes like U-238. Background Radiation Effective Dose
* Air contains Rn-222 and C-14. Cosmic rays from space. 0.3 mSv
* Food contains K-40 and C-14. Radioactivity from rocks & soil 0.3 mSv
* Water contains Rn-222. Radioactivity from human body 0.4 mSv
* People who fly frequently or who live at high altitt
receive higher levels of cosmic rays.
* Fact: people living in Denver receive twice as much
background radiation as we do.
» Fact: Cigarette smokers receive alpha radiation from
Po-210 — which comes from phosphate fertilizers.
polonium Estimated Exposures from Common Diagnostic Studies
» FACT: CRT style TV’s emit radiation. 001 Sv( Rem)  CT Abdomen
» Exposure to x-rays (essentially a beta particle) may E:EESD?SV i;"il ?;;T;;:}':W fhroush
have a cumulative effect. 0.000009 S Daily background (non-medical) sources

* The average person receives about 17omrem per year.



* Banana equivalent dose (BED) is an informal unit of i
measurement of ionizing radiation exposure, intended as a general
educational example to compare a dose of radioactivity to the dose
one is exposed to by eating one average-sized banana. Bananas
contain naturally occurring radioactive isotopes,
particularly potassium-40 (4°K),

e Its half-life is 1.25 billion years. It makes up about 0.012% (120 ppm)
of natural potassium. One BED is often correlated to 107 sievert (0.1
uSv); however, in practice, this dose is not cumulative, as the
potassium in foods is excreted in urine to maintain homeostasis.



https://en.wikipedia.org/wiki/Unit_of_measurement
https://en.wikipedia.org/wiki/Unit_of_measurement
https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Banana
https://en.wikipedia.org/wiki/Radioactive_isotope
https://en.wikipedia.org/wiki/Potassium-40
https://en.wikipedia.org/wiki/Half-life
https://en.wikipedia.org/wiki/Parts-per_notation
https://en.wikipedia.org/wiki/Sievert
https://en.wikipedia.org/wiki/Cumulative_dose
https://en.wikipedia.org/wiki/Homeostasis

The activity of a radioactive source is the average number of
nuclei decaying per unit time.

_number of nuclei
decaying

-

(no unit)

(s)

| 1 becquerel (Bq) = 1 decay per second |

The old unit to measure exposure is roentgen (R)




When tissue is exposed to radiation, the absorbed dose is the
energy absorbed per unit mass of tissue.

absorbed dose ----"~

(6ray, 6y)

1 gray (6y) = 1 joule per kilogram

Traditional unit: Radiation
Absorbed Dose (rad), 1 rad =
100 erg/g

International unit: Gray (Gy),
1 Gray = 1000 joules/kg
1 Gray = 100 rads




The equivalent dose is a measure of the biological damage caused
by radiation on living tissue.

Equivalent dose is the product of absorbed dose and radiation
weighting factor.

equivalent dose _---1
(Sievert, Sv) *

L
%

absorbed dose

(6ray, Gy)

-H=D WR_ |__--- weighting factor

ighting Fact
System Internationale (51} units Weighting.
The radiation weighting factor (W) is a measure of the biclogical
Absorbed doge Gray (Gy) =1 Jkg =100 rads effect of the radiation.
Equivalent dose Sievert (Sv) = Gy xWWr, where Wris a weighting factor
Activity Becquerel (By)  one nucleus decay per second Radiation Weighting Factor
For x-rays, Bv and Gy are interchangeable, the Wr=1. a particle 20
Non-Sl units fast neutrons 10
Absorbed dose Rad =100 ergsfg = 11100 Gy gamma rays 1

Equivalent dose Rem ("Roentgen eguivalent man™) = 1100 Sv

Activity Curie



lonizing radiation

%‘MW, Free radicals & Reactive oxygen species

0O,' -, OH*, H,0, etc.
Double strand break/ Single strand break

Cell death MW;

Double strandbreak/ Single strand break

!

Cell death
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Geiger muller
Counter




Jre yo -
Jom = ) s s ey s 2 5 0T g lhas e e el o R s edlale glasl L S NGR e
led Sule; 515 3)05e Sl las
OSas i o pmaf ) S e et (e 4 Ll B g aiS il | e ¥ oAbl BBlas g Djpe 0 @
W LI W
S e s s e e ®
A8 astiz) el 3 e a4 Slale g o col SacaS il @
Loy 05 e g1id 5 anf solinsl pll (oot CllBL g 510 5 Brme LS 39,5 1S 50 0 @
RVSL VORI A RV
et Saley ole ¥ e gl 1) 2o ot alold Bl wenlple glael L BLS) o mos el Zole, 6l ®
Sl oSl o 8 s g2l 3 LTL | plas plasc! s 5 aslas plasal Wy jsbas ®
S plase
gt el plo e |y sl ol 5 Sl 5 diamls o L)
S Al 1) 6 S8 LY 51 ) s g e0 5 (5Tl bl T Gl ) gsiie g 0l s pla o @



ﬂijﬂ;};ﬁ.ﬂjﬁ
gleslaz il 8] 2o g 02f salazol | [3ie o 2By S olanoel dudas abloog Gl las ) e 5 gl @

S Sda gl jey 0 Sl S |y salimal flag e g s Dajpenn g A Dlitel | cegas JaS g Jase | Llog
s Lad Sgdoes 422

Ol Ll e ) dgas aloll Jilis |l e 2 g 08 g loags 1800 b sl Cite SVl slacs il

elozal clac b -

Sl S Ly Soda Vgl olad it af b5 doegpto | cslateel glaclled ol mese s ) e azee G B Y] S

WalY Gl g Casal

tbiss oM datms (oI55 Gy 5 agas sl e 4 35,
S e s 28,

e a5 e A 00

e glaga jo o8

pepes glaplas 4 008,

sagea |y lals lip g plFae® ) o plags e 5 R Fpam alie nF e g 10 dgd Colates oF G jpe o
AlS olited 348 slacidlad N acea Y G ..'l-\l‘-;l.‘n daasgs bS] i Gl



2A-1. Hyperthyroidism [Assumes 50% uptake by thyroid, with effective Tz of abowt 5 days (12)]

mCi { MBg) administerad

m 15 20 3
(370} (555) (740 {1110}
Nighttime restrictions Days/24-h eycles

Sleep in a separate (6-feet separation) bed from adults for days shown. 3 f 8 11

Sleep in a separate bed from pregnant partners, infant, or child for days shown. 15 18 20 3
Daytime restrictions

You may return to work after days shown. 1 1 2 5

Maximize your distance (6 feet) from children and pregnant women 1 1 2 5
for days shown.

Avoid extended time in public places for days shown. 1 1 1 3

2A-2. Thyroid carcinoma/remnant ablation [Assumes that disappearance of 1 is biexponential with early effective Typ of about 0.76 days,
and 2% uptake in remnant with efechw Ty of about 7.3 days (7). Consider formal dosimetry (18) for larger administered doses given to
patients with functioning carcinoma. 31 kinetics in euthyroid patients stimulated by recombinant human thyrotropin may differ from
those used here (11)]

mCi { MBg) administered

all 100 150 200
(1850) (37000 (35500 (74000
Nighttime restrictions Days/24-h cvcles
Sleep in a separate (6-feet separation) bed from adults for days shown. 1 1 2 4
Sleep in a separate bed from pregnant partners, infant, or child for days shown. [ 13 18 21

Daytime restrictions
You may return to work after days shown. 1 1 1 1
Maximize your distance (6 feet) from children and pregnant women for days shown.
Avoid extended time in public places for days shown. 1 1 1 1

[
—
—
—
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Sleep in a separate (6-feet separation) bed from adults for days shown. 1 1 2 4
Sleep in a separate bed from pregnant partners, infant, or child for days shown. [ 13 18 21

Daytime restrictions
You may return to work after days shown. 1 1 1 1
Maximize your distance (6 feet) from children and pregnant women for days shown.
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[
—
—
—






2B. Duration of Safe Travel by Public Transportation (Bus, Air, etc.) [Assumes 100 mrem limit and 0.3 m distance. Other assumptions are
as in Table 2A-1 and 2A-2]

2B-1. Hyperthyroidism

mCi { MBg) administered

10 15 20 30
(3700 (333} (740 (111N

Travel time (hours) without exceeding regulatory dose limit

Day (24-h cycles) 0 (beginning with treatment) 5.9 3.9 29 2.0
Day (24-h cycles) 1 92 6.1 46 3.1
Day (24-h cycles) 2 13.0 8.7 6.5 43
Day (24-h cycles) 3 - 10.6 B.0 5.3

2B-2. Thyroid carcinomafremnant ablation

mCi ( MBq) administered

S0 100 150 200
(18500 (3700 {5550) {74001}

Travel time (hours) without exceeding regulatory dose limit

Day (24-h cycles) 0 (beginning with treatment) 1.2 0.6 0.4 0.3
Day (24-h cycles) 1 3.0 1.5 1.0 08
Day (24-h cycles) 2 72 38 25 1.9
Day (24-h cycles) 3 15.0 7.5 2.0 3.8
Day (24-h cycles) 4 - 15.0 10.0 75

Examples should be modified to meet local and specific patient needs. These examples are based on dose rate of 0.17 mrem h 'mCi" at
1m (16,17), 500 mrem per year for family member and caregiver, 100 mrem for pregnant women, children, and the public, and Ocoupancy

Fartors for adults of (1 78 syxeent for sleemine (133 Rearmntinn of sleenine with a narfner asanmmes a distance of 0 3m (T
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