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Radioactive

weel Half-lives and Radioactive Decay

1 fEpiurizei| Halfofthe
_.i? ﬁﬁgﬁééﬁﬁﬁﬁ original amount
m -------

.......... 9202004004

S | \ G ge3es8:8%:
e . D4 0L 200
c .z .3:2 At_:l._larterofthe
- + Q% original amount
C
S 12
]
O
S
e 14

I

— Time
Time required for the amount of the radionuclidesto reduce
to half = (physical) half-life
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T g BbA B B B ¢ 5Tit2 A (Radioactivity) i

- T_E ars i 22 (40Co-60 ~ Am-241 ~ U-235%)
&,—% MR R R S R B MR -

o EHIER HE = F A 2 (Ci;curie) : 15.45-2265 3 4 p H 4%
P o S1A2 -
12 2 (Ci) = 3.7 x 100 % /)
1 millicurie [mCi] = 103 Ci
1 microcurie[pCi] = 10° Ci
1 nanocurie[nCi] = 10° Ci
« 1980% ICRU 335.3F 4 iZ & x5 B g # 37H = ¢
- X ¥ % 5 18 5 (Bq; becquerel) -

|
2
&
s
[

18 5. (Bq)=1 % %/%)
1£ 2 (Ci)=3.7x 101 £ 5 (Bq)
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o A radiopharmaceutical (B8t 14%%0m) is
a radioactive pharmaceutical agent
that 1s wused for diagnhostic or
therapeutic procedures.
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Radiolabeling

post-radiolabeling

pre-radiolabeling

s+0>@® 2>

direct radiolabeling (no chelator)




ﬁﬁﬁﬁﬁﬁ

S NEREBNZRPR

‘M

a2 i F B R R A4 s % m

o :2ET -

0 B EEEFHE(SPECT)

e S7’Ga-citrate * 201T|-chloride *~ 131|-Nal

o IEFEfER

H(PET)

o 18F-FDG ~ 18F-NaF * 13N-Ammonia * %8Ga-Dotatate

o8& H

e 13-Nal -~ (B)

e 9Y-Resin Microspheres (SIR-Spheres®) ~ (f7)

e NY-Glass Microspheres (Thera-Spheres®) * (B)
e 223Ra-Dichloride (Xofigo®) -~ (o)
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Radiopharmaceuticals

o Has no pharmacologic activity

o Allows monitoring of dynamic processes in the
body with no affect on the biological process
being studied.

o Example:

—201T| is used to measure myocardial perfusion and monitor
coronary artery disease. The amount used in a 5-mCi injection is
23.36 x 107 mg of thallous chloride (hundred of thousands times
lower than that used for poisoning). 2°1T| as a rat poison is used in
the amount of 7.3 mg.

30
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Radiopharmaceuticals

o The optimum dose of a radiopharmaceutical is
that which allows acquisition of the desired
Information with the least amount of radiation

dose or exposure to the patient.

e Dbest diagnostic images at the lowest radiation dose are attained
If the radionuclide has a short half-life and emits only gamma
radiation.

e EX. PMTc(half-life: 6 hours; gamma emission: 140 keV)

o Therapeutic

e emit particulate radiation (beta particles), which deposits the
radiation within the target organ.

e EX. B3l(half-life: 8 days; beta & gamma emission)

31
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Radioph tical

o Diagnhostic
e Gamma-emitting nuclides
e No physiologic effect
e Dynamic and static information available
e Dynamic imaging provides function of an organ
+ Rate of accumulation and removal of radiopharmaceutical
e Static
+ Organ size, shape, position, and lesions

o Therapeutic

e Alpha - Beta-emitting nuclides
+ Particles that will damage DNA tissue

32
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Radiopharmaceutials

» Clinically used isotopes
v Technetium(#8)-99m; 2°MTc; half-life: 6 hours
v Indium(##)-111; 12n; half-life: 2.8 days
v lodine(##1)-123; 123|; half-life: 13.2 hours
v lodine(f)-131 (B * y) ; 13, half-life: 8 days
v Gallium(#) citrate-67; 7Ga; half-life: 78 hours
v Gallium () -68; 8Ga; half-life: 68 minutes
v Thallous(#t) chloride-201; 201Tl; half-life: 73 hours
v Fluorine(&)-18; 18F; half-life: 109.8 minutes
v Zirconium(#&)-89; 89Zr; half-life: 78.41 hours
v Lutetium(£8)-177; 177Lu; half-life: 6.647 days
v Renium(#k)-188 (B - v); 188Re; half-life: 16.9 days
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USP OFFICIAL MONOGRAPH
“Thallous Chloride TI 201 Injection”

o Radiochemical & Physicochemical Tests
e Radiochemical purity
e DH
o Nuclear Characteristic Tests
e Radionuclide identification
e Radionuclidic purity
o Biological Tests
e Bacterial endotoxins
o Sterility 35
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Radiochemical purity

o The radiochemical purity of a preparation is that
percentage of the stated radionuclide that iIs
present in the stated chemical form.

o As radiochemical purity may change with time,
mainly because of radiation decomposition, the
results of the radiochemical purity test should be
started at given date and If necessary hour
Indicating when the test was carried out.
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Radiochemical purity

o The decomposition of radiopharmaceutical by
radiolysis occurs, where H- and OH- free
radicals are produced Dby the Interaction of
emitted radiation with water attack the
radioactive material, producing other chemical
species.

o The stability of a compound Is time-dependent
on exposure to light, change in temperature, and
radiolysis.
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Radiochemical purity

o Analytical methods used to detect and determine
the radiochemical Impurities In a given
radiopharmaceuticals:

e Precipitation

e Paper and Thin-Layer Chromatography

e Gel Chromatography

e lon Exchange

e Solvent Extraction

e High-Performance Liquid Chromatography

38
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Radiochemical purity

o TLC(Thin Layer Chromatography)

o ITLC-SG(Instant Thin Layer Chromatography
Medium (ITLC) is a binderless, glass microfiber
chromatography paper impregnated with a silica
gel (SG). It is a porous, slightly acidic paper that
provides excellent resolution.)

ITLC-SG/Acetone [ C O System A
| .
Origin Solvent
9 front
ITLC-5G/Saline C O System B
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Radiochemical purity

o Radio-HPLC

o Radio-HPLC is a | _
ey technology for g
the separation and |
quantitation of — ]
radiolabeled drugs otion tm i)

and putative
metabolites in drug
development.
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pH

o All  radiopharmaceuticals should have an
appropriate hydrogen ion concentration or pH for
their stablility and integrity.

o ldeal pH of a radiopharmaceutical should be 7.4

o pH can vary between 2 and 9 because of the high
ouffer capacity of the blood.
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Radionuclidic purity

o The percentage of the total radioactivity due to
specified radionuclide present In a
radiopharmaceutical.

o The undesirable radionuclides may belong to the
same element as the desired radionuclide or to a
different element.

0o Radionuclidic purity Is determined by measuring
the half-lives and characteristic radiations
emitted by individual radionuclides.

o Multi-Channel Analyser(MCA) Is used for test.
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Radionuclidic purity

o Example: Thallous Chloride Tl 201 Injection

e Not less than 95.0% of the total radioactivity is
present as thallium 201.

e not more than 2.0% of thallium 200 (half-life is 26.1
hours),

e not more than 0.3% of lead 203 (half-life I1s 52.02
hours),

e not more than 2.7% of thallium 202 (half-life is 12.23
days) are present.
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Radionuclidic purity

o Example: Thallous Chloride Tl 201 Injection

= Sointillation spectrum
a2 0ed Mal(T)
Y 4167 keV
201
Tl Y135keV -
EC
167,4keV
135 § — et :
2 5% ; e EITUC O CUCTOr SPECTMNTL
¥ 16?;,51%&\! HP (e
32,1kev 21%
X A— ¥ 167 keV
1,56kaV
0 ke Qpe =483 keV
. _ .
201 HgEI‘J EC: 100 %o

https://astronuclphysics.info/JadRadFyzika4.htm
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Voltage

?ipper
' ' Anode
// |~ Anode
- ‘ SN | Tonisation
Cathode—»| ~ —% O cvent .

| 1pY I 1 — Amplifier Range

- i - "Ta0.avBq selector

. : Gas filled oL D ooo —

=
Sample > . chamber =l ooo = ( Isotope _{ Display
OOooOm OO0 O correction|
. OOoOE OO0 |
\Lead shielding I 7 SR

CRC-15R User Manual
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A typical gamma-spectrometry system consists of:
Germanium (Ge) detector,

liguid nitrogen or mechanical cooling system,
preamplifier,

detector bias supply,

Linear amplifier,

analog-to-digital converter (ADC),
Multichannel storage of the spectrum,

data readout devices.
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Scintillation Detector

A scintillation detector is one of several possible methods for
detecting Ionizing radiation. Scintillation is the process by
which some material, be it a solid, liquid, or gas, emits light in
response to incident ionizing radiation. In practice, this is used
In the form of a single crystal of sodium iodide that is doped
with a small amount of thallium, referred to as Nal(Tl). This
crystal iIs coupled to a photomultiplier tube which converts the
small flash of light into an electrical signal through the
photoelectric effect. This electrical signal can then be
detected by a computer.
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Semiconductor Detector

A semiconductor accomplishes the same effect as a
scintillation detector, conversion of gamma radiation into
electrical pulses, except through a different route. In a
semiconductor, there is a small energy gap between the
valence band of electrons and the conduction band. When a
semiconductor is hit with gamma-rays, the energy imparted by
the gamma-ray Is enough to promote electrons to the
conduction band. This change in conductivity can be detected
and a signal can be generated correspondingly. Germanium
crystals doped with lithium, Ge(Li), and high-purity germanium

(HPGe) detectors are among the most common types. 57
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The detector is housed within a shield to reduce the background caused by
sources other than the sample.

The shield is constructed of a dense material (such as lead) that will absorb
a large portion of background gamma rays.

The shielding is usually crafted in such a way as to minimize backscattering.
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Gamma Spectroscopy

« Gamma spectroscopy is the study of the energy spectra of gamma ray
sources, such as in the nuclear industry and geochemical investigation.
« The gamma spectrum is characteristic of the gamma-emitting nuclides

contained in the source. X
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Gamma Spectroscopy

Photons emitted from the sample interact with the Ge crystal to produce
a pulse. The amplitude (or height) of the pulse is proportional to the
energy of the photon absorbed by the Ge.

Each pulse is amplified (or magnified), shaped, and sorted according to
pulse height to produce a histogram (counts per unit energy) of the
Incident photons. This histogram is called a spectrum.

As the counts accumulate, peaks develop that can be identified by
energy and thus the nuclide identities of the spectrum are also identified.

Fhotopeak

Lead *-Ray ﬁ
(/ Backscatter

Eompton Edge
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Correction factors

€ The loss of pulses due to pulse pile up (at high count rates).

€ Coincidence summing (both random and cascading).

€ The decay of the source during counting.

€ The decay of the source from some previous reference time.

& Attenuation of photons as a result of interactions with the
sample.

€ Emission rate (or yield) of the specific photon energy.
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Calibration of Germanium Detector Systems

Energy calibration

&® Energy calibration is accomplished by measuring the
spectrum of a source with known full-peak energies.

€ The source may contain a single nuclide (e.g., Eu-152), or a
mixture of gamma emitters such as the Mixed Gamma
Standard, which contains Co-57, Sn-113, Hg-203, Cd-109,
Ce-144, Cs-137, Co-60, and Y-88.

@ It is critical that sources consist of known energy peaks that
encompass the entire energy region over which the
spectrometer is to used.

€ The source need only be counted long enough to identify the
peak energies in the spectrum.
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Calibration of Germanium Detector Systems

Peak width calibration

& If a computer analysis is used to determine the specific
activity of the sample, a peak width (and peak shape)
calibration is necessary. The procedure is much the same as
the energy calibration procedure and may be done
simultaneously.

€ The peak resolution, at high and low energy, should be
measured and recorded on a regular basis. To be consistent,
the number of counts collected in the regions to be
monitored should be roughly the same for each
measurement.
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Calibration of Germanium Detector Systems

Peak width calibration

& If a computer analysis is used to determine the specific
activity of the sample, a peak width (and peak shape)
calibration is necessary. The procedure is much the same as
the energy calibration procedure and may be done
simultaneously.

€ The peak resolution, at high and low energy, should be
measured and recorded on a regular basis. To be consistent,
the number of counts collected in the regions to be
monitored should be roughly the same for each
measurement.
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