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ABSTRACT
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1. INTRODUCTION

Technetium-99m Is one of the most widely used radionuclides in nuclear
medicine. It has the advantage of a short half- l i fe of 6.02 h, coupled with a
low but readily detectable energy of 0.14 MeV. These properties enable the
administration of high levels of activity but the patient is subjected only to
a relatively low radiation dose.

Technetiurn-99m is the daughter product of molybdenum-99, an isotope which
can be prepared by two alternative nuclear reactions:

(i) 98Mo(n,Y) 99Mo ;

(ii) 235'J (n, fission) "MO .

Both methods are used at the AAEC Research Establishment. Technetium-99m is
separated from the (n,y) Mo by a methyl ethyl ketone (MEK) extraction from
an a lkal ine solution. The molybdenum-99 produced in the fission process is
chemically separated and purified to remove uranium and fission contaminants
produced in the reaction. The molybdenum-99 is adsorbed onto an a lumin ium
oxide column from which the technetium-99m is removed by saline elution.

The technetium-99m obtained from each method is used to manufacture
radiopharmaceuticals that are despatched daily to customers within Australia.
Fission-produced molybdenum-99 is also used to make chromatography generators
which are despatched each week.

Both types of technetium-99m have to meet different specifications to
fu l f i l the recommendations of the British Pharmacopoeia (B.P.). As well as
producing sodium pertechnetate ( Tc) injections of various strengths, the
AAEC manufactures a technetium-99m labelled sulphide colloid for liver
scanning and a technetiurn-99m labelled macroaggregated ferrous hydroxide lung
scanning agent. Two scanning kits, Renal Agent and Pentastan, are
manufactured by the AAEC for labell ing with sodium pertechnetate (99mTc)
injection. The manufacturing methods are described in a series of master
formulations'- -" as also are the quality control methods'-2^.

The quality control methods used by the AAEC for testing technetium-99m
products have been selected on the basis that they are suitable for
determining the limits specified in the B.P. They have been developed to



minimise radiation hazards; to give a rapid reproducible test; to limit
sample size; and to utilise modifications and procedures conditioned by the
availability of instruments and trained personnel.

Some methods used by the AAEC for the quality control of
P31radiopharmaceuticals have been described elsewhere1- J. General aspects of the

quality control of technetium-99m labelled radiopharmaceuticals have also been
documented"- •*.

2. SODIUM PERTECHNETATE (99tnTc) STOCK SOLUTIONS

2.1 Description

The stock solutions of sodium pertechnetate ( Tc) are obtained in
QQ

saline form from (n,y) Mo using the MEK extraction procedure, and from (n,f)
99Mo using the chromatography generator method. The quality control methods
have been described by Farrington •

2.2 Radioactive Concentration

The radioactive concentration is calculated for 0900 hours on the date of
use.

Procedure

A 1 ml sample contained in a sealed and capped, uniform wall, glass vial
is measured in an ion chamber which has been calibrated for technetium-99m.
The calibration activity is then calculated as follows:

-0.115t
Ac = Am

where Ac is the activity at the calibration time, Am is the activity at the
measurement time, and the decay constant for technetium-99m, based on a half-
life of 6.02 h is 0.115.



2.3 Radionuclidic Purity

The radionuclidic purity is determined by gamma spectroscopy, using a
lithium germanium crystal detector connected to a pile-up rejector amplifier
and a 4096 channel pulse height analyser. The spectrometer is linked to a
PDP11/23 computer with a print-out facility. Nuclides are identified and
quantified from a library'-6-' of the radioisotopes likely to be present.
Unassigned energy peaks are also reported.

For technetiurn-99m obtained by MEK extraction, the molybdenum-99 content
must be less than 0.1 per cent, rhenium-188 less than 0.01 per cent, and all
other nuclides less than 0.01 at 2359 hours on the day of calibration (i.e.
the expiry time). For fission-produced technetium-99m, the molybdenum-99
content must be less than 0.1 per cent, iodine-131 less than 0.005 per cent,
and all other gamma-ray emitters less than 0.01 per cent at the expiry time.

The most prominent gamma photon in technetium-99m has an energy of 0.140
MeV, and those of molybdenum-99 have energies of 0.181, 0.740 and 0.778 MeV.
The gamma spectrometer is calibrated using a holmium-166m source^ ^.

Procedure

A 1 ml sample of the sodium pertechnetate ( mTc) stock solution in a
sealed glass counting vial is placed in a calibrated lead pot and counted for
1000 s. The data are evaluated using the appropriate library and the results
printed out.

Note: The term 'appropriate library' indicates a library suitable for
detecting gamma-emitting isotopes in the technetium-99m solution from either
the fission or non-fission process. Lead pots of different thicknesses are
used to examine the technetium-99m solutions obtained from the different
processes. The lead pot thickness is taken into account when calculating the
amount of each gamma-emitting isotope detected.

2.4 £H

The pH must be 4.5 to 7.5.



Procedure

The pH of the solution is measured behind the lead glass window of a fume
hood, using an appropriate indicator'paper.

2.5 Heavy Metals

Because of the extremely high radioactive concentration of the stock
solution, a spot test is used to detect heavy metals in the solution; the
heavy metal content should not be greater than 40 mg L~ (40 ppm). Further
tests for heavy metals are carried out at the 10 mg L" (10 ppm) level in
decayed samples of sodium pertechnetate ( mTc) injection.

Reagents

Ammonium Acetate Buffer. Dissolve 10 g of ammonium acetate in water and
adjust the volume to 100 ml.

Sodium Sulphide Solution. Dissolve 6.2 g of sodium sulphide
(Na2S, 9O) in 50 ml of water then dilute to 100 ml with water. Prepare a
fresh solution every four weeks.

Lead Standard. Dissolve 0.640 g of lead nitrate in 100 ml of water.
Take 1 ml of tins solution and dilute it to 100 ml with water to give 40 mg
L"1 of lead.

Procedure

Add one drop of sample to a spot plate. Add three drops of ammonium
acetate buffer and three drops of sodium sulphide solution. Stir with a glass
rod. Make a blank of the reagents using one drop of water. If a colour
develops in the sample spot, add to the blank one drop of lead standard.
Compare the colour of the solutions to determine whether the sample contains
heavy metals equivalent to or less than 40 mg L . If a colour does not
develop, add one drop of lead standard to determine whether the solution is
properly buffered for the formation of heavy metal sulphides.



2.6 Ketones

The sodium pertechnetate ( Tc) stock solution obtained from the MEK
extraction process is tested for the presence of ketones. The level of
ketones must be less than 0.1 per cent in the stock solution, otherwise the
sample must be reprocessed. Ketone tests are performed only on stock
solutions obtained from the MEK process.

Reagents

Methanol (Ketone-free). Methanol A.R. (500 ml) is refluxed with 2,4-
dinitrophenyl-hydrazine (5 g) and two drops of concentrated hydrochloric acid
for two hours. The methanol is distilled through a short Vigreaux column.
The methanol is stable for two months after distillation provided that it is
kept in a darkened, sealed bottle.

2,4-Dinitrophenyl-hydrazine Reagent. The 2,4-dinitrophenyl-hydrazine is
recrystallised twice from ketone-free methanol before use. The reagent is
made as a saturated solution of 2,4-dinitrophenyl-hydrazine in ketone-free
methanol.

Potassium Hydroxide Solution. A 10 per cent wt/vol. solution is made by
dissolving 10 g of potassium hydroxide in 20 mL of water and adjusting the
volume to 100 ml with ketone-free methanol.

Methyl Ethyl Ketone Standard. The standard solution is prepared from
freshly distilled methyl ethyl ketone. A 0.2 g quantity of methyl ethyl
ketone is dissolved in 1000 mL of water.

Procedure

Into four test tubes marked at the 25 mL level add 1 mL of methanol
(ketone-free), 1 mL of 2,4-dinitrophenyl-hydrazine reagent, and two drops of
concentrated hydrochloric acid. To tube (a) add 0.25 mL of ketone standard,
(b) add 0.50 mL of ketone standard, (c) add 0.1 mL of the sample being tested,
and use tube (d) as a blank.

After the addition of standards and samples to the tubes, wait
approximately two minutes for the hydrazones to form and darken. To each tube
add 5 mL of potassium hydroxide solution. Mix the solution by swirling in the



tube. Wait approximately two minutes for the dark colour formed on adding KOII
to fade to a less intense red.

Dilute to 25 ml with water. Compare the colour formed in the sample with
that of the standards. The blank represents 0 per cent ketone, whereas tubes
(a) and (b) represent 0.05 and 0.1 per cent ketone respectively. The ketone
content of the sample should be less than 0.1 per cent.

2.7 Aluminium Ions

Sodium pertechnetate ( Tc) stock solutions from both manufacturing
procedures are tested for aluminium ions, which should not exceed 20 mg L~ in
the finished products. If the level is less than 20 mg L~ , then it is
unnecessary to test the finished products. If the level is greater than 20 mg
L in the stock solution, a dilution should be made equivalent to the
radioactive concentration of the finished product, and the test should be
repeated on this solution.

Because of the extremely high radioactive concentratim of the stock
solution, a spot test method is used to detect aluminium in t?-i- solution. TheroT rgn
spot test methodu J is a modification of a quantitative testL J for aluminium
ions. It is carried out in a fume hood, behind a lead glass window.

Reagents

Chromazurol S Solution. Dissolve 165 mg of Chromazurol S in water and
dilute to 100 ml in a graduated flask. This reagent holds its stability for
at least three weeks but if the colours of the standard samples progressively
fade, a new reagent solution should be prepared.

Acetate Buffer Solution. Dissolve 59.5 g of sodium acetate trihydrate
or 36 g of fused sodium acetate in about 100 ml of water. Add 25.5 ml of
glacial acetic acid and dilute to 250 ml in a volumetric flask. When 5 mL of
this solution is diluted to 25 mL with water, the pH should be between 4.5 and
4.7. As the absorbance changes rapidly with changes in pH, it is important
that very acid samples should not be used.

Standard Aluminium Solution. Accurately weigh 100 mg of aluminium
metal. Dissolve the metal in a minimum quantity of hydrochloric acid and
dilute to one litre with water in a volumetric flask.



A 10 and a 20 mg L standard of aluminium ions is made by diluting 1 and
2 ml of the standard aluminium solution to 100 ml with sodium chloride for
injection B.P.

Procedure

To a spot test plate or a disposable container add one drop of stock
solution sample, three drops of acetate buffer solution, and one drop of
Chromazurol S solution.

Repeat the procedure on one drop of the two aluminium ion solutions, and
one drop of sodium chloride for injection B.P. Swirl the solutions until they
are properly mixed and allow to stand for two minutes.

The colour of the stock solution sample must be less dense than that
produced by the 20 mg L standard. If the sample is less dense than the 10
mg L standard, the result is reported as < 10 mg L .

2.8 Radiochemical Purity

The radiochemical purity is determined on the finished products made from
the stock solution. The method is described in Section 3.4.

2.9 Appearance

A colourless solution.

3. SODIUM PERTECHNETATE (99mTc) INJECTION

3.1 Description

The sodium pertechnetate ( Tc) stock solution used to manufactureqq qq
injections is obtained from both (n,y) Mo and (n,f) Mo. In the first
case, the technetium-99m is obtained by the MEK extraction process, and in the
latter the molybdenum-99 is loaded onto a generator bed and eluted with
saline.

The injections, designated TC9M2A to D, may be made from either stock
solution, but TC9M2G can only be made from generated technetium-99m. TC9M2G



v;as developed for use with scanning kits, since difficulties were reported
with scanning kits using technetium-99m derived from the MEK process.

The methods used for the manufacture of sodium pertechnetate ( Tc)
have
CH]

injection have been described by Brian'- ^ and the analytical procedures by
Farri ngton

3.2 Radioactive Concentration

The technetium-99m radioactivity should not be less than 90 per cent nor
greater than 110 per cent of the amount stated for the time (0900 h) and date
specified on the label. The activities of the products and their allowable
variations are as follows:

Injection Activity (MBq)

TC9M2A
TC9M2B
TC9M2C
TC9M2D
TC9M2G

500
2000
8000
500
2000

± 50
± 200
± 800
± 50
± 200

Procedure

The sample is contained in a sealed and capped vial and measured in an
ion chamber; the activity is then calibrated using the appropriate ion
chamber factor, decay factor and volume correction.

3.3 £H

The pH must be in the range 4.5 to 7.5.

Procedure

A sample of pertechnetate with the lowest activity is taken from each
batch of stock solution and measured for pH, using an appropriate indicator
paper.



3.4 Radiochemical Purity

The radiochemical purity should not be less than 95 per cent of
technetium-99m present as the pertechnetate ion. Procedure A is used for
routine analysis, and Procedure B is used if more quantitative data are
required on the nature of the technetiurn-99m species (see below).

Reagent

85% Methanol. Dilute metnanol A.R. to 85 vol.% with water and purge with
oxygen-free nitrogen for at least 10 minutes.

Procedure A

Gelman ITLC-SG sheets are marked up with pencil and cut into 7 x 1 cm
strips. The origin is marked 1 cm from one end and the solvent front 1 cm
from the other end. Another mark is made 3.5 cm from each end of the strip.
The strips are dried at 110°C for at least 10 minutes before use.

A sample of the lowest activity pertechnetate from each batch of stock is
placed at the origin and allowed to dry on the strip. Undiluted samples are
used wherever possible. The strip is placed in a bottle which contains 1 ml
of 85 per cent methanol, and the bottle is then capped.

When the solvent has travelled to 1 cm below the top of the strip, it is
removed from the bottle and cut at the 3.5 cm mark into two equal lengths.
The two parts of the strip are placed into separate polystyrene gamma tubes,
and counted in an automatic gamma well counter which has been set to detect
the 140 keV peak of technetium-99m. The percentage of pertechnetate ion in
the sample is calculated from the expression

* ppH-prhnatP Tnn - Activity in Second Half of Strip x 100
% Pertecnnate ion - Activity in Whole Strip

Procedure B

A 1.5 cm wide strip is cut from a Gelman ITLC-SG sheet and dried in a
laboratory oven at 110°C for at least 10 minutes. The origin is marked by
pencil 2 cm from the bottom of the strip, and further marks are made at 1 cm
intervals over a length of 12 cm.
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A sample of the injection is placed at the origin and allowed to dry.
The strip is developed in 85 per cent methanol using ascending chromatography
and, after the solvent front has advanced 9 cm from the origin, it is dried in
an air oven. The strip is then cut into 1 cm lengths and counted in a gamma
well counter.

The data are then entered into a computer program. The pertechnetate
content must be greater than 95 per cent. The sodium pertechnetate ( Tc)
data are then examined'- •* to determine the following valency states and Rf
values:

Tc(VII) = Rf 1.0
Tc(IV) = Rf 0
Tc(V) = Rf 0.3

where the Rf value is the distance moved from the point of application to the
point of detection of the isotope, divided by the distance from the point of
application to the solvent front.

3.5 Heavy Metals

Random testing for heavy metals is carried out on decayed samples of
TC9M2B and TC9M2G. The heavy metal content should not exceed 10 mg L"1.

Reagents

Ammonium Acetate Buffer'. Dissolve 10 g of ammonium acetate in water
and adjust the volume to 100 ml.

Sodium Sulphide Solution. Dissolve 6.2 g of sodium sulphide
(Na2S, 9H20) in 5 ml of water, then dilute to 100 ml with water. Prepare a
fresh solution every month.

Lead Standard. Dissolve 0.16 g of lead nitrate in 100 ml of water whichj i
contains 5 ml of nitric acid (1000 mg L Pb). Take 1 mL of this solution and
dilute it to 100 ml with water to give 10 mg L .
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Procedure

To a 1 cm internal diameter test tube add 0.5 ml of decayed sample. To a
similar test tube add 0.5 ml of lead standard (10 mg L ). To each test tube
add 0.5 ml of ammonium acetate buffer. Place the test tubes in a fume hood
and add 0.5 ml of sodium sulphide solution. Mix the contents of the tubes.

The colour of sample and standard are viewed against a white background.
If no colour develops in the sample, add 0.5 ml of lead standard to verify
that the solution has been properly buffered for the formation of heavy metal
sulphides.

3.6 Biological Function Test

The sodium pertechnetate ( Tc) solutions produced by the AAEC are used
routinely to label lyophilised kits, and injected into rats to determine the
imaging abilities of the products'- . Studies'- '-' have also been carried
out on the ability of AAEC sodium pertechnetate ( Tc) to label the red blood
cells of the rat in vitro. This technique is used routinely to monitor the
quality of sodium pertechnetate ( Tc) injections.

3.7 Autoclaving

The temperature time chart is checked to ensure that the autoclave
reached and maintained the correct temperature of 132 to 136°C for at least
six minutes.

3.8 Autoclave and Pyrogen Tests

The technetium-99m products are released for use before completion of the
monitoring of the autoclave cycle. The methods for autoclave and pyrogen
tests have been described by Saunders'-16'17^.

3.9 Isotonicity

The isotonicity is measured periodically on decayed samples of sodium
pertechnetate ( ""Tc) injection. A Wescor osmometer is used. The value must
be between 240 and 360 mM kg"1.

L _.
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4. SODIUM PERTECHNETATE (99mTc) FROM GENERATORS

4.1 Description

go
The (n,f) Mo is used to produce a generator for the supply of TC9M26

injection, and also for the manufacture of the AAEC Mark II generator. The
quality control methods used for TC9M2G injection are described in Sections 2
and 3. The Mark II generator is eluted with saline from a plastic sachet.
Dichromate and nitrate ions are added aseptical ly*-18J to the saline to help
maintain the elution efficiency. Information on the production, performance

rig pol
and quality control of AAEC generators has been documented1- > J .

qq

4.2 Radionuclide Purity of Molybdic ( M o ) Acid Solution

99Molybdenum ( M o ) in a 0.5 K[ to 1 H nitric acid solution is examined on a
Y-spectrometer to determine the radionuclidic purity. The limits are as
follows:

Radionuclide % Activity

Molybdenum-99 >98.25
Tellurium-132 <0.03
Ruthenium-103 <0.3
Neptunium-239 <1.0
Antimony-127 <0.6
Iodine-131 not detectable
Other nuclides <0.1

Procedure

The activity of the quality control sample is measured in an ion chamber.
A dilution is made with water to an ion chamber reading of approximately 50 pA
per 10 ml. The sample is sealed in a standard counting vial, put into a lead
pot (2 mm wall thickness), and placed centrally over the Ge(Li) detector of
the gamma-spectrometer. The dead time of the counter must not be greater than
20 per cent, and the data are acquired for at least 1000s and preferably
3000s.
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The data are processed through a computer program, using a library
designed to detect gamma-emitting isotopes in a molybdenum-99 solution derived
from the fission process, and taking into account the thickness of the
calibrated lead pot.

4.3 Molybdenum (99Mo) Specific Activity

Specific activities of AAEC fission-based molybdenum-99, determined by
differential pulse polarography^2 ^, are in the range 1.15 PBq g to 2.0 PBq
g . These values agree closely with the computed values.

4.4 Radioactive Concentration

For each batch of generators produced, one is kept for quality control
testing. The activity of the technetium-99m varies according to the activity
of the molybdenum-99 loaded onto the generator and to the time of elution
after loading.

Procedure

A 10 ml sample in a counting vial is measured in an ion chamber which has
been calibrated for technetium-99m. The time of elution and the picoammeter
reading are recorded.

4.5 Radionuclidic Purity

The generators are loaded with molybdenum-99 which has been extracted
from uranium fission products. Except for technetium-99 resulting from the
decay of technetium-99m, the percentage of the total activity due to
radionuclides other than 99mTc must not exceed the following limits:

Radionuclide % Activity

Molybdenum-99 0.1
Iodine-131 0.005
Ruthenium-103 0.005
Strontium-89 6 x 10"5

Strontium-90 6 x 10"6

Other Impurities:
a-emitters 1 x 10"7

Y-emitters 0.01
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These limits are calculated with reference to the date and hour of expiry.
The expiry time for the Mark II generator eluates is 8 hours after elution.

Procedure

A 10 ml eluate contained in a counting vial is placed in a lead pot and
counted for 1000 s over a Ge(Li) gamma detector. The data are analysed by
computer, using a library suitable for detecting gamma-emitting isotopes in a
technetium-99m sample derived from fission product molybdenum, taking into
account the geometry of the sample and the thickness of the lead pot.

4.6 Elution Efficiency

Procedure

The activity of the nrolybdenum-99 in the generator was measured in an
ionisation chamber. The theoretical activity of the technetium-99m at any
given time can be calculated from the expression:

Ao 0.863x9*• _ £ it

where A is the activity at time T, \ is the decay constant, subscript 2 refers
to technetium-99m and subscript 1 refers to molybdenum-99.

The elution efficiency can be calculated by a less accurate but simpler
expression:

% Elution Efficiency = ̂  Measured 99mTc Activity x 100
Mo Activity at Elution x Growth Factor

Note that the measured activity is corrected for decay during the period
between elution and measuranent.

4.7 £H

The pH must be in the range 4.5 to 7.5.
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Procedure

The pH of the solution is measured using a suitable indicator paper.

4.8 Appearance

The eluate is colourless.

4.9 Radiochemical Purity

The radiochemical purity is determined as described in Section 3.4. The
pertechnetate level must not be less than 95 per cent.

4.10 Aluminium Ions

Aluminium ions in the eluate are determined by the method described in
Section 2.7, and must be less than 20 mg L .

4.11 Chromium Ions

The total amount of chromium in the doped saline bag must be between 0.4
and 0.6 mg L . Experience has shown that the limit of 0.1 mg L of chromium
is never exceeded in generator eluates. The method described for chromium
ions in doped bag saline can also be used to determine the chromium ions in
generator eluates. The doped saline has an expiry time of two months.

Reagents

Dilute Sulphuric Acid. Prepare a 1:1 mixture by carefully adding
concentrated sulphuric acid to water.

Phosphoric Acid. The syrup of 85 per cent phosphoric acid is used.

Sodium Azide Solution. Dissolve 0.5 g of sodium azide in water and
dilute to 100 ml.

Methyl Orange Indicator. Dissolve 0.5 g of methyl orange in water and
dilute to 1 L.
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Potassium Permanganate Solution. Dissolve 4 g of potassium permanganate
in water and dilute to 100 ml.

Diphenylcarbazide Solution. Dissolve 0.25 g of 1,5-diphenylcarbazide in
50 ml of acetone. Discard the solution when it becomes discoloured.

Chromium Standard Solution. Dissolve 0.1414 g of analytical reagent
grade potassium dichromate in water and dilute to 1 L. This is a stock
solution in which 1 mL = 0.05 mg of chromium.

Pipette 10 mL of the stock solution into a 100 ml volumetric flask and
dilute to volume with water. The standard solution contains 0.005 mg of
chromium per ml.

Procedure

Add 25 mL of the saline from the bag to a 250 mL conical flask and dilute
to approximately 50 mL with water. Prepare a blank and a standard using 10 mL
of the chromium standard solution, and dilute to 50 mL with water. Add two to
three drops of methyl orange indicator, 1 mL of dilute sulphuric acid and 0.3
mL of phosphoric acid. Add a few anti-bumping granules to each flask and boil
for one minute.

Add one drop of potassium permanganate solution and boil for five
minutes. The permanganate will oxidise the chromium to the hexavalent state.
Add 2 mL of sodium azide and boil for a further two minutes. The sodium azide
will reduce any excess potassium permanganate. If the solution remains a
faint pink colour, add five more drops of sodium azide to just discharge the
colour.

Cool the solutions and add 2 mL of diphenylcarbazide solution to each.
Dilute to 100 mL with water. Measure the absorbance of the samples at 540 ym
and calculate the chromium concentrations as shown below:

Chromium (mq L"1} = Absorbance Sample Q 5 100uironnum ung u Absorbance Standard x u*b x 25

4.12 Nitrate Ions

The level of nitrate ions in doped bag saline must be 20 to 40 mg L .
F221The method1- J can also be used to estimate nitrates in generator eluates.
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Reagents

5% Brucine Solution. Dissolve 1.25 g of brucine in chloroform and
dilute to 25 ml with chloroform.

Sulphuric Acid A.R.

Standard Nitrate Solution (50 mg L ). Dissolve 0.685 g of sodium
nitrate in 1000 ml of water. A 50 mg L standard is made by diluting 10 mL
of the stock solution to 100 ml with water.

Procedure

The analysis of the doped bag saline and the standard is carried out in
triplicate. Into 100 mL, tall beakers place 2 mL of standard or 2 mL of the
doped bag saline. Add 0.2 mL of brucine solution, using a 1 mL glass pipette,
and 8 mL of water. Carefully add 20 mL of concentrated sulphuric acid (safety
glasses must be worn) whiU starring with a glass rod. A blank is prepared in
a similar way using 10 mL of water.

The mixtures are cooled rapidly by placing them in the freezing
compartment of a refrigerator and leaving them there for 15 minutes. The
mixtures are then diluted to 50 mL with concentrated sulphuric acid and read
against the blank at 460 nm.

The nitrate concentration mg L is calculated as shown below:

Cone (ma L"1) = Absorbance Sample 5Qoonc. img L - Absorbance standard
 x 5U

The value for the nitrate concentration must be between 20 and 40 mg L .

4.13 Alpha-emitters

rpo-i
It has been shownLt J that a-emitters are eluted in the first two

elutions from the Mark II generator. These samples are used to determine the
a-emitting species'- . The total alpha radioactivity due to impurities must
not exceed 1 x 10 per cent of the total radioactivity of the sample and is
calculated with reference to the date and time of administration.

L __ ._
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Reagent

Human Serum Albumin (HSA).

Procedure

Pipette 2.0 ml of decayed eluate sample (allowing at least 7 days' decay)
into a 3.5 cm flat aluminium planchet. Add 50 pL of HSA to the planchet and
carefully stir into eluate sample. Evaporate under infrared lamp. Count the
sample in a ZnS scintillation counter for 3 x
activity in the sample in the following manner:

10 s. Calculate the alpha

A = C-B
U.Zb x T

where A is the percentage alpha activity in the generator eluate, C is the
counts from scintillation counter, B is the background in time T, T is the
count time, and ACT is the activity of Tc, at the time of elution, in the 2
ml sample added to the planchet, in becquerels (Bq).

Note: ( i ) It is assumed that there is no sensible decay of
oc-emitters in the generator eluate over
the 7 day, Tc decay period.

( i i ) If excessive a-counts are obtained from the
sample, cover the sample with a 2 mg cm~
alumin ium absorber and count again. If the
count rate is still similar, then there is
significant e-contamination of the sample.

4.14 Strontium-89/Strontium-90

The method1- J for determining strontium-89/strontium-90 in Mark II
generator eluates utilises the separation of the pure radiostrontiums from
other nuclides followed by counting of the beta-emissions from the
radiostrontiums. The level of strontium-89 must be less than 6 x 10 per
cent, and the level of strontium-90 must be less than 6 x 10 per cent of the
total activity of the technetium-99m at the date and time of administration.
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Reagents

2 M^ Sodium Acetate.

2 M Nitric Acid.

Sodium Chromate Solution. Dissolve 0.6 g of sodium chromate in water
and dilute to 100 ml.

Barium Nitrate Solution. Dissolve 1.0 g of barium nitrate in water and
dilute to 100 ml.

0.01 fl Ferrous Ammonium Sulphate.

2 fl Oxalic Acid. Dissolve 2.52 g of oxalic acid in water and dilute to 10
ml.

2 $1 Strontium Nitrate. Dissolve 4.2 g of strontium nitrate in water and
dilute to 10 ml.

Concentrated Ammonia.

Hydrogen Peroxide. 100 volumes.

Procedure

Obtain approximately 5 to 8 ml of decayed eluate used in the alpha-
emitter assay. Pass the sample through an acidified aluminium oxide column to
remove the last traces of molybdenum-99. Add 0.5 ml of 2 M strontium nitrate
and 1.0 ml of barium nitrate solution.

Buffer the solution to pH 5 by adding 0.4 ml of 2 M^ nitric acid and 2.0
ml of 2 M^ sodium acetate. If necessary, add more sodium acetate solution to
adjust to pH 5. Precipitate the barium by adding 10 ml of sodium chromate
solution. Allow to stand 30 minutes and filter through a 0.45 ym membrane
filter. Add 2 mL of 0.01 H ferrous ammonium sulphate and adjust the pH 10 to
12 with ammonia. Add a drop of hydrogen peroxide. Heat for 10 minutes on a
water-bath. Allow to cool and filter through a 0.45 ym membrane filter.


