
energy collimator (4). Finally, 1241produces consider
ably higher radiation dose per unit activity to the
patient than does 1231,and because of this, the Food
and Drug Administration mandates that no more
than 5% 124! be present in injected doses of [12311
iodoamphetarnine.

Clearly, it is desirable to find a means to assay 124!
activity in the presence of 123!.Though this can be
accomplished with a solid state detecton/multichannel
analyzer spectrornetny system, such systems are not
usually available in nuclear medicine facilities. A con
venient method is presented here, similar to the molyb
denurn-99 breakthrough test (5), which requires mak
ing only two measurements on the sample in question.

MATERIALS AND METHODS
As willbe seen, assessmentof the percent 124!contamina

tion in a sample of 1231will require only that it be assayed in a
radionuclide dose calibrator both inside and outside of the
lead canister (6 mm thickness) normally used for the â€œMoly
breakthrough test.â€•However, a series of preliminary mea
surements must be madeâ€”one time onlyâ€”to characterize
the response of the assay system to these radionuclides with
and without the shielding.

Characterizationof the dosecalibrator/lead canister
response to 1231and â€˜@@I

Thevaluesof three constantssufficeto predict the response
of a dose calibrator to either 1231or 124!,either inside or

odine- 123 (1231) is the radionuclide of choice for a
growing number of nuclear medicine procedures. This
is due to its desirable physical properties (half-life 13.2
hr, photon energy 159 keV:84%) which provide excel
lent diagnostic information at low absorbed dose, and
the ease with which iodine labels a variety of phanma
ceuticals. Unfortunately, most of the 1231available to
day is produced by the â€˜24Te(p,2n)'23Ireaction which
also produces several percent iodine-124 (â€˜24I)radio
contamination due to the competing reaction
â€˜24Te(p,n)'241(1â€”3).

Iodine-124 is an undesirable contaminant for several
reasons. Its energetic photons (603 keV:62%; 723
keV:10%. . .) more readily penetrate the collimator sep
tae than those of 1231,thereby degrading both resolution
and contrast in the resulting images, and its relatively
long half-life (101 hr) causes the situation to worsen
with delayed administration of the radiopharmaceuti
cal since the 1241/1231activity ratio trebles each day.
Hence, even for a relatively pure source of 123!(4.1%
1241contamination) the 1241has been shown to contnib
ute as much as 36% of the detected events when using a
low-energy collimator and about 15% for a medium
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iodine-123(1231)producedby the 124Te(p,2n)123lreactioncontainsseveralpercent1241
radionuclidiccOntaminatiOnat the time of im@ing.Since 1241degradesthe qualityof the
im@esandcausesunnecessaryradiationabsorbeddoseto the patient,it is importantto
knowthe amountpresentin radiopharmeceuticalsat the time of @hiiinistration.A simple
approachis describedWhichusesa radlonuclidedosecalibratorand leadshield.Thesample
isassayedbothshieldedandunshieldedandtheratioofreadingsdependsuniquelyuponthe
percent1241present.Thetechniquecan be adoptedfor any type of dosecalibrator,sample
container,andPbshield,but useofthe numeticconstantsreportedhereshouldbe
restrictedto the specifiedequipment.
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FiGURE1
Dose calibrator readings plotted
againsttime. For dataRs,sample was
shielded by Pb canister; for data Ru
andA4no shieldingwas used.Dashed
straight lines (aâ€”c),representing 1241
contributions,are fits to databeyond
Day7; lines(d)and(e),representing

0 2 4 6 8 10 12 1231,are fits to dataobtainedby sub
tracting (a) and (C) from Ru and R@

DAY S data,respectively

outside of a lead canister: T3, the effective transmission of the

canister for the 123!radiation (dose calibrator set to assay
1231); T4, the effective transmission of the canister for 1241

radiation (dose calibrator set to assay 123!);and D, the ratio
of 1241activity in a pure sample to the reading obtained when
the sample is placed in the dose calibrator (set to assay 1231).
Two methods can be used to obtain these necessary
characterization constants.

Method 1. If pure samples of 123!and 1241can be secured,
then T3, T4, and D are easily measured. For T3, the dose
calibrator is set to assay 123!,and readings are taken for the
pure sample of 123!both shielded by the lead canister, Rs, and
unshielded, Ru. The ratio Rs/Ru equals the effective trans
mission of the canister for@ 23!,T3. The procedure is repeated
for the pure 124!sample to obtain T4 (dose calibrator set to
assay 1231).For D, the pure 124!sample is read in the dose
calibrator set for 1231,R, and with the calibrator set to assay
1241, A4. The ratio A@/R4 equals D.

Method 2. Usually pure samples of 123!and 124!cannot be
obtained, so an alternate approach has been developed for
determining T3, T4, and D which uses a sample of 123!con
taminated with 124!For this method a series ofreadings must
be made over a period of about 11 days of the shielded and
unshielded sample vial placed in the well of the dose calibra
tor. These readings, R@and Ru, respectively, are made with

the dose calibrator adjusted to assay 123!.At Day 6, and
thereafter, a third set of readings is taken along with the first
two: the unshielded vial is read, A@,with the dose calibrator
adjusted to assay 1241.

For each ofthe three sets ofdata (Re, R5, A4) the separate
contributions of 123!and 124!are deduced by using the conven
tional stripping technique. The ratio of the 123!contributions
to the R@and Ru data is T3. T4 is the corresponding ratio for
the 1241 contributions, and D is the ratio of the 1241

contributions to A4 and Ru.

Percent1241contaminationof an @â€˜Isample

The same dose calibrator that was characterized above is
adjusted to assay 123J,The sample vial in question is placed
into it, and readings are made with the vial both shielded and
unshielded. The ratio of the shielded and unshielded readings
allows immediate determination of the ratio of activities of
1241 to 1231, A1@/A3, either by calculation from the formula

A4/A3= D(Rs/Ru T3)/(T4 _ Rs/Ru),

where T3,T4, and D were determined by the method described
above, or from a graphical representation of the dependence
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FIGURE2
Calculated percent 1241contaminatIon
in sampleof 1231comparedwithratio
of dose calibrator readings when
shielded (Rs) and unshielded(Ru).
Shieldwas Pbcanisterusedfor mo
lybdenumbreakthroughtest. As sam
pIe decays, shielded-to-unshielded
ratio increasesbecausepercent 1241
increases.(Seetextfordescriptionof
requiredequipmentand limitsof ap
plicability)

of A4/A3 on the value of Rs/Ru. (See the appendix for a
derivation of the formula.)

RESULTS AND DISCUSSION

The threecharacterizationconstants

Since it appears that Method 1 can be pursued by only
those few laboratories which have access to pure 123!and 124!,
only Method 2 was attempted for this work. Iodine-l23 pro
duced by the (p,2n) reaction on tellurium-l24 was obtained
from a commercial supplier.* The original glass vial was
placed in the well of a radionuclide dose calibrator of the gas
ionization chamber typet to obtain the data shown in Fig. 1.
The readings commenced soon after delivery of the sample in
order to maximize the contribution of the 13.2 hr 123!,and
were taken with greater frequency during the first 48 hr so
that several data points could be used to fit the 123!contribu
tions.The readingdepictedbycircles(Fig. 1)weretaken with
the calibrator set for 123!,the lower set being taken with the
sample inside the shield; for the triangles, the calibrator was
set for 1241, and the sample was unshielded.

Fits to the data beyond Day 7 are shown by the dashed lines
(aâ€”c)in Fig. 1 and provide the 124!contributions to the
readings; dashed lines (d) and (e) provide the 123!contribu
tions.ValuesT4,T3,and Dwerecalculatedas describedin the
Materials and Methods section. A second set of values was
obtained for these constants by following the same procedure
for another sample from the same supplier. The average

I 2 3 4 5 6 7 8 9 10
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(SHIELDED/UNSHIELDED)xIOO

values and standard deviations from the two sets of measure
ments are: T3 0.0079 Â±.0006, T4 0.363 Â±0.004, and D =
0.543 Â±0.001.

Percent1241contaminationof a sample

Such elaborate data need not be taken anymore. The actual
ratio of 124! to 123! activities for any sample, A@/A3, as well as

the separate values of A3 and A4 can be calculated using Eqs.
(3-5) of the appendixmerelyusingthe resultsof tworead
ings: one with the sample shielded, R5, and one with it un
shielded, Ru. For example, the sample used for the data in
Fig. 1gaveinitial readingsRu 7.095and R5 0.245mCi.
From this we find A = 0.288 mCi, A3 = 6.56 mCi and
A/A3 = 4.4%.

The dependence of A1@/A3upon Rs/Ru, described by Eq.
(5) ofthe appendix, can also be displayed graphically (Fig. 2).
Only a clinicallyrelevant range of valuesfor the ratio of A@/
A3 is shown in the figure so that the percent 124!radioconta
mination can be reported with greater precision. From this
graph we obtain the same percent 124!contamination for the
sample as was calculated above, 4.4%.

Limitations
Use of this technique for assay of 1241contamination

of 1231requires a proper determination of the constants
T3, T4, and D. Those who employ the same type of dose
calibrator, Pb canister and sample vial as used in this
work can safely adopt the values reported here. Howev
er, these constants depend upon the photon energy



distribution presented to the dose calibrator and upon
the calibrator's energy response characteristics. Hence,
use of either a different type of sample container (e.g.,
plastic syringe on vial) or a different design Pb shield,
both of which affect the energy distribution of the
photons entering the chamber gas, will change the val
ues of the constants. Likewise, use of a dose calibrator
with a different energy response function (e.g., one that
utilizes a plastic scintillation detector, on an ionization
chamber detector with different dimensions, etc.) is
likely to affect the values ofthese constants. The signifi
cance of using different components can be assessed by
obtaining R@and R@readings for a sample of â€˜23Iwith
unknown amount of 1241contamination both on the
system chosen and on the same type system as used
here. Using the values of T3, T4, and D given above, if
the ratio of A4 to A3 calculated from Eq. (5) differs
significantly for the two systems, then the proper values
of the constants must be obtained for the user's system
from either of the two methods described.

The constant D is used to convert the reading of the
dose calibrator for a pure sample of 1241(adjusted to
assay â€˜23I)to the correct activity value ofthe 1241.Since
a pure 1241sample of known activity is not easily ob
tamed, the method used here to find D takes advantage
of the fact that the manufacturer of the dose calibrator
has prescribed the proper setting to use for assay of
124I@ This allowed determination of the actual amount

of 124!present in the sample after the 123Ihad decayed
to a negligible level (data labeled A.@in Fig. 1). Use of a
dose calibrator for which the assay of 1241is not pre
scnibed will require collection of this region of the
characterization data on two dose calibrators: the R@
and Rs data will be acquired on the user's system while
A4 must be acquired on a system for which the assay of
1241is possibleâ€”using the same sample. Calculation of
D will follow otherwise the same procedure.

This assay procedure has been derived assuming that
1231 and 1241 are the only nadionuclides present in the

sample. If other nadiocontaminants are present to the
extent that they contribute to the dose calibrator read
ings, then the equations in the Appendix are not valid.
Confirmation that other radionuclidic impurities were
ofno consequence in the samples used for this work was
provided by examining pulse height spectra taken with
a High Purity Germanium detector spectrometry sys
tem. At 30 days postcalibration, all major peaks ob
served were attributable to decay of 124!, 1261, and
l23mTe; the latter two were determined to be less than
1% of the 124!activity present when the sample was
received.

CONCLUSION

This convenient method of assaying 1241contamina
tion in 1231nadiophanmaceuticals can be performed in

any clinical nuclear medicine facility. The specific ne
sults presented here can be used provided the same type
dose calibrator, sample container and lead shield are
employed. Use of other equipment may require one
time acquisition of characterization data as described.

FOOTNOTES

* â€˜231-d,I-N-isopropyl-p-iodoamphetamine HCI, Medi

Physics, Inc., Richmond, CA.
t Model CRC-b, Capintec, Inc., Ramsey, NJ.
*570on the CapintecCRC-b, Capintec,Inc., Ramsey,

NJ.
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APPENDIX

Let R3and R4be the respectivecontributions of 1231and
1241 to the reading, Ru, of a radionuclide dose calibrator
which has been presented with an unshielded sample contain
ing activities A3 and A4 ofthese two isotopes. Assume that the
calibrator has been adjusted to assay 1231.Hence Ru R3 +
R4.Ifthe samplewerepure 1231,Ru wouldcorrectlyequal the
activity A3. Ifthe sample were pure 1241,Ruwould be propor
tional, not equal, to A4 since the calibrator has been adjusted
to assay 1231;therefore one must write R A4/D, where D is
the constant of proportionality. Making these substitutions,
the unshielded reading can be written

RuA3+A4/D. (1)

If the sample is now placed inside a closed lead canister
(e.g., 6 mm thickness Pb cylinder) and assayed, the shielded
reading in the dose calibrator, R@,will be less than the un
shielded reading and can be written

R5 = T3A3+ T4A@/D, (2)

where T3 and T4 are the effective transmission factors of the
shield for the radiations from the two isotopes.

Equations (1) and (2) can be solved simultaneously to
eliminate either A3 or A4 to obtain:

A4 DRu(Rs/Ru â€”T3)/(T4 â€”T3),

A3= Ru(T4â€”R5/R@)/(T4â€”T3).

Lastly, dividing Eq. (3) by Eq. (4) yields for the ratio of
activities

A4/A3= D(R5/R@â€”T3)/(T4 â€”Rs/Ru). (5)

Equations (3-5) are the essential set for computing the
amount and percent 1241contamination of an 123!sample. R@
and Ru are measured for the sample at the time of interest.
The constantsT3,T4,and D, whichcharacterize the response

(3)

(4)
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of the dose calibrator to the shielded and unshielded radi
ations from 1231and 124!,are determined as described in the
Materials and Methods section.
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