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ABSTRACT 
Appropriate procedures for the production and 

quality control of technetium-99ni based radiopharmaceuticals 
in hospital radiopharmacy, consistent with the recently 
published Australian Code of Good Manufacturing Practice 
are discussed. 
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INTRODUCTION 
The use of radiopharmaceuticals for diagnostic 

purposes is continuing to increase, and most major metropol
itan hospitals are now equipped with nuclear imaging facil
ities. The most commonly used radioisotope for this purpose 
is technetium-99m (Tc-99m) and from time to time this is 
required in a form not readily available from the suppliers. 
There is a need therefore for hospital pharmacists to be able 
to prepare Tc-99m labelled radiopharmaceuticals to serve the 
need of nuclear medicine departments. 

The Australian Code of Good Manufacturing Practice 
(C.O.G.M.P.) requires that the preparation of pharmaceuticals 
in hospitals should conform to the same standards as those 
which apply in industry. This paper discusses some of the 
problems associated with the preparation and quality control 
of radiopharmaceuticals in a hospital radiopharmacy and 
outlines some of the techniques involved. 

PHYSICAL AND CHEMICAL PROPERTIES OF TECHNETIUM-99m 
Molybdenum-99 (Mo-99) decays to technetium-99 (Tc-99) 

via two pathways one of which forms the metastable isotope 
technetium-99m (Tc-99m) on 66% of occasions (Figure 1). The 
Tc-99m used in nuclear medicine contains some Tc-99 but its 
radioactive concentration is so low that its presence can 
usually be ignored. 

The low energy 140 keV gamma ray emitted by Tc-99m 
is ideal for scanning purposes since it readily passes 
through deep tissue and yet is easily collimated and detec
ted. Patient radiation dose is low because of the short 
half life and absence of particulate radiation. These prop
erties together with the capability of Tc-99m to label other 
reagents make it the radionuclide of choice at the present 
time. 

Tc-99m as pertechnetate (TcOT) exists in the oxid
ation state +7 and is relatively unreactive. In order to 
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combine Tc-99m with other reagents it is necessary to lower 
the oxidation state to one where it is more amenable to 
forming complexes. Many reducing agents have been used for 
this purpose but stannous chloride (SnCl-«2H-0) is most 
commonly used at present. In the absence of complexing 
agents the stannous ion reduces pertechnetate to the +4 
oxidation state to form the insoluble dihydrate TcO^.^H-O (1). 
This compound is usually referred to as reduced hydrolysed 
technetium and is an impurity in many Tc-99m labelled radio
pharmaceuticals. The chemical state of reduced Tc-99m 
bound to complexing agents is not well understood at the 
presen-. time. 

TECHNETIUM-99m A5 A RADIATION HAZARD 
The physical properties of Tc-99m which make it 

an ideal scanning agent also mean that it is a relatively 
safe radionuclide to work with and in general the nucleo-
graphers who prepare Tc-99m radiopharmaceuticals receive 
only a modest radiation dose. At one of Melbourne's larger 
teaching hospitals which maintains continuous and accurate 
dosimetry records, the whole body radiation dose to nucleo-
graphers dispensing radiopharmaceuticals is typically 30 mrem 
(0.3 mSv) per month. This figure is small when compared with 
the maximum permitted annual whole body dose of 5000 mrem 
(50 mSv) per year (2). Hand doses, for which the maximum 
permitted annual dose is 75,000 mrem (750 mSv) per year, 
are typically about 6 times the whole body dose for workers 
using Tc-99m at Australian Radiation Laboratory (A.R.L.). 

THE TECHNETIUM-99m GENERATOR 
Because of its short half life (6 hours), supplies 

of sodium pertechnetate (Tc-99m) must be obtained daily. 
The Australian Atomic Energy Commission (A.A.E.C.) supplies 
a large number of hospitals with Sodium Pertechnetate Tc 
Injection ready for use. While this source of pertechnetate 
is simple to use, it does have disadvantages in that hospi
tals are dependent on daily deliveries and there may be 
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problems having material available for emergency work. An 
alternative source of pertechnetate is the technetium-99m 
generator illustrated in Figure 2. The generator needs to 
be replaced each week. The generator supplied by the A.A.E.C. 
consist of glass chromatographic column containing alumina 
onto which molybdic acid (Mo-99) has been adsorbed. Sodium 
pertechnetate, which is not adsorbed to the column, is 
eluted by passing normal saline through the column and may 
be sterilized by autoclaving or by filtration. 

The maximum yield of Tc-99m will be obtained when 
the Mo-99 and Tc-99m on the column are in equilibrium i.e. 
the rate of Mo-99 decay is equal to the rate of Tc-99m 
decay. This conveniently occurs about 24 hours after 
elution (Figure 3) and the activity of Tc-99m available 
for elution will be equal to 86% of the Mo-99 activity 
present. Since the columns have elution efficiencies of 
approximately 90$ the net yield of Tc-99m will be about 77% 
of the Mo-99 activity. 

Mo-99 has a half life of 2.8 days and at the end 
of a working week the amount of Tc-99m available will have 
been reduced by about 65% (Table 1), Hence Tc-99m users 
must purchase either a rather large generator or additional 
pe.iechnetate to supplement their requirements for the last 
few days of a generator's life. Alternatively nuclear 
medicine departments can adjust their work program so bhat 
studies requiring large quantities of Tc-99m are performed 
early in the week. 

Table 1 
Technetium 99m Yield from a Generator 

Following Daily Elutions 
Day 1 2 3 4 5 

Activity of Mo-99 (mCi) on column 1000 770 600 460 360 
Tc-99m (mCi) yield (90% efficiency) 770 590 460 350 275 
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CLEAN AIR FACILITIES 
The C.O.G.H.P. recommends that a "double barrier 

system" should be used for an area in which both terminally 
sterilized and aseptically prepared products are filled 
into their containers. Munslow-Davies (3) has reviewed 
the laboratory standards for hospital preparation of radio
pharmaceuticals and has designed a laboratory incorporating 
the "double barrier system". However, in the author's 
opinion a properly designed laminar flow cabinet by itself 
should be sufficient for many practical purposes. 

A suitable laminar flow hood, designed by the 
author for the preparation of radiopharmaceuticals at the 
Australian Radiation Laboratory (A.R.L.) is illustrated in 
Figure 4. It incorporates the following features: 

(1) A 100% exhaust system to lower the risk of 
contamination from volatile and gaseous radio
nuclides. The exhaust gases are pumped out 
into the atmosphere via a flue in the ceiling. 

(2) A solid stainless steel workbench in prefer
ence to the perforated type. The solid bench 
provides good support for lead shielding and 
is easy to clean. 
The exhaust plenum beneath the bench may be 
covered with lead shielding if desired to 
lower radiation dose to the gonads. 

Radiopharmaceuticals prepared with this facility 
were tested routinely for particulate contamination, and 
from time to time for sterility. Despite the fact that the 
hood is not contained within a HEPA filtered room, it has 
proven to be very satisfactory for the preparation of par
ticulate free parenterals and aseptic preparations. 

PREPARATION OF TECHNETIUM-99m RADIOPHARMACEUTICALS 
Many of the pharmaceuticals which are labelled with 

Tc-99m qro supplied in a kit form and are prepared by asep-
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tically adding pertechnetate to a sterile vial containing 
the reagent and a reducing agent - usually stannous chlor
ide. A list of kits currently approved for use in Australia 
is given in Table 2. Care should be taken during their 
preparation and use to prevent introduction of oxygen into 
the vial as it may interfere with the reduction process. 

Table 2 
Technetium-99m Kits Approved for Use in Australia 

Kit Manufacturer Use Dose 

Stannous 
Polyphosphate 

Stannous 
Pyrophosphate 
Stannous 
D.T.P.A. 

Stannous 
Gluconate 
Human Serum 

Albumin 
Microspheres 

Diagnostic 
Isotopes 
(D.I.) 
A.A.E.C., 
Mallinckrodt 

D.I. 

n # n # C » U » 

" #M • L • l# • 

Bone 
Scintigraphy 

Bone 
Scintigraphy 
Brain 
Scanning 
Renal 
Studies 
Renal 
Scintigraphy 
Lung Scanning 

10 mCi 
(400 MBq) 

10 mCi 
(400 MBq) 
15 mCi 
(600 MBq) 

5 mCi 
(200 MBq) 
3 mCi 

(120 MBq) 

Tc-°9m Sulphur Colloid for liver scanning and 
Tc-99m Macroaggregated Ferrous Hydroxide (M.A.F.H.) for 
lung scanning are extensively used throughout Australia. 
Both preparations require several preparation steps and 
they are presently supplied on a daily basis by the A.A.E.C. 
However, hospitals may occasionally need to prepare these 
and so for the purposes of illustration the preparation of 
Tc-99m M.A.F.H. as described by Boyd (4) is outlined:-

w -
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Tc-99m Macroaqqreaated Ferrous Hydroxide 
Sodium Pertechnetate Tc-99m 5.0 ml 
Sodium Hydroxide (0.2M) 0.6 ml 
Ferrous Sulphate 7H-0 

(0.5% in 0.3N H 2 S0 4) 1.0 ml 
Stannous Chloride 2H-0 (2 mg/ml) 1.5 ml 
Human Serum Albumin (0.5%) 0.5 ml 
Gelatin (10%) 4.0 ml 
Normal Saline to 20.0 ml 

Sufficient pertechnetate to give a final concen
tration of 5 mCi/ml (200 MBq/ml) is required but because 
of losses during preparation a 20% excess should be allowed. 
The stannous chloride solution must be freshly prepared 
since Sn is oxidized to Sn by atmospheric oxygen (5). 
Stannous chloride crystals are usually coated with an 
insoluble layer of oxychloride requiring the tin solution 
to be filtered (1u pore size) prior to use. The M.A.F.H. 
is prepared by reducing the pertechnetate with stannous tin 
and co-precipitating the reduced Tc-99m with ferrous hydro
xide. 

Fe 2 + + 20H" = Fe (OH) 
2 

The ferrous hydroxide particles are stabilized by the human 
serum albumin which is believed to form a protective skin 
around the particles on eutoclaving (6). 

- To a 10 ml vial containing a magnetic stirrer bar 
add 5 ml of pertechnetate, 1.0 ml of ferrous 
sulphate solution and 0.5 ml of stannous chlor
ide. Mix gently to avoid introduction of 
oxygen into the vial. 

- Turn off the stirrer and add 0.3 ml of sodium 
hydroxide solution. Gently mix the precipitate 
and transfer the vial contents to a centrifuge 
tube. 

- Centrifuge at about 15 g for one minute, remove 
and discard supernatant. 
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Resuspend the precipitate in 5 ml of saline and 
repeat the previous step. 
Transfer the precipitate to a 20 ml vial contain 
ing the gelatin solution, 14 ml of saline and a 
magnetic stirrer bar which is operating. Add 
the remainder of the stannous chloride solution 
and adjust the pH (pH lies between 6.8 - 7.2). 

- Add th* human serum albumin and dispense into 
labelled vials as required. Replace the air in 
the vials with nitrogen. 
Autoclave. Cool the vials in water and disperse 
the clumped aggregates with gentle shaking. 

Without going into details Tc-99m 5ulphur Colloid 
is usually prepared using a modification of a method des
cribed by Stern et al (7). The colloid is prepared by 
acidifying sodium thiosulphate in the presence of sodium 
pertechnetate-99m Tc using gelatin as a stabilizer. 

S 2 0 3
= + 2H + - S0 2 + S + H 20 

The chemistry of the labelling process is not under 
stood. The preparation of Tc-99m Sulphur Colloid and Tc99m 
M.A.F.H. requires relatively extensive handling of unsealed 
sources of Tc-»99m. Specially constructed lead containers 
along with careful technique are needed to keep absorbed 
radiation dose to operators down to a minimum. The Inter
national Committee on Radiological Protection (I.C.R.P.) 
has a publication dealing with the handling of unsealed 
radionuclides in hospitals to which the reader is referred 
(6), 

QUALITY CONTROL 
Radionuclide purity is that proportion of the 

total radioactivity present as the stated radionuclide. 
Mo-99 is the most likely radionuclide contaminant as 
pertechnetate and its presence can be rapidly determined 
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using a method described by Richards et al (9). The low 
energy photons emitted by Tc-99m are more readily atten
uated by lead than the higher energy photons of Mo-99 and 
hence by measuring the activity of a shielded and unshiel
ded source of Tc-99m in an ionization chamber, the amount 
of Mo-99 present can be determined. Generators which are 
produced from fission product Mo-99 (such as the A.A.E.C. 
generator) may contain Iodine (1-132) as a contaminant 
which is eluted along with the pertechnetate. Since 1-132 
emits high energy photons its presence can cause an error 
when determining Mo-99 using the above method. Suspected 
1-132 contamination can be determined by repeating the 
Mo-99 measurement a short time later. Since 1-132 has a 
half life of 2.3 hours the reading will have changed sig
nificantly if it is present. Generators may contain other 
radionuclides but detection of these is beyond the capab
ilities of a radiopharmacy. 

Radiochemical purity is the proportion of the stated 
radionuclide in the stated chemical form. The radiochemical 
purity of pertechnetate solution is determined using paper 
chromatography in BOjt methanol as outlined in the British 
Pharmacopoeia. The radiochemical purity of Tc-99m labelled 
radiopharmaceuticals is usually determined by measuring the 
amount of free pertechnetate and of reduced hydrolysed 
technetium (Tc-Hr) which are not bound to the radiopharm
aceutical. This usually requires analysing the radio
pharmaceutical in two solvent systems using paper chrom
atography or Gelman ITLC strips. Zimmer et al (10) have 
described the method for some of the more common Tc-99m 
radiopharmaceuticals. Tc-99m labelled particulate radio
pharmaceuticals present a problem since in the solvent 
systems commonly used the labelled particles remain at the 
origin along with the Tc-Hr. For these pharmaceuticals, 
centrifuging combined with chromatography must be used -
filtration will not work since Tc-Hr tends to adhere to 
cellulose membranes. 
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Inspecting radiopharmaceuticals for particulate 
contamination presents a problem because of the radiation 
hazard. Examining the vials indirectly by using mirrors 
or by projecting the vial on to a screen can be used. 
Alternatively, viewing the vials through lead glass can 
be tried although this method is difficult because of the 
yellow tint present in lead glass. Kits prepared by the 
A.A.E.C. cannot be viewed directly for particulate matter 
as the glass has become translucent as a result of radiation 
sterilization. 

The C.O.G.M.P. requires that aseptic processes 
should be monitored for sterility using fluid thiogly-
collate medium. Procedures used for labelling kits 
aseptically in a radiopharmacy may be monitored by adding 
thioglycollate medium to the unused contents of the vial 
and incubating for 14 days at 30-32 C. 5-10$ of the vials 
used has been suggested as a representative sample (11). 

Pyrogen testing using the rabbit test is beyond 
the scope of most hospitals and it is expensive to have 
the test performed by others. The limulus test is more 
easily performed but it requires some experience to obtain 
consistent results and is not yet an official method. 
However, pharmacists should be aware that some radiopharm
aceuticals e.g. Tc-99m-D.T.P.A. are administered intra-
thecally and that pyrogens are 1000 times more toxic when 
injected into this site (12). This problem has been more 
fully discussed by Cooper et al (12). 

INCOMPATABILITIES 
The occasional presence of Al and NOT ions in 

generator eluates has been reported to cause problems with 
the preparation of Tc-99m Sulphur Colloid (13) and Tc-99m 
labelled Etidronate (14) and to interfere with uptake of 
pertechnetete into the thyroid gland (15). The eluate 
from the A.A.E.C. generator contains less than 10 ug/ml 
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N0_ and has not given problems with preparations used in 
Australia. 

Srivastava et al (16) have suggested that large 
99 

quantities of carrier Tc, which can accumulate in gener
ators that have not been eluted for a few days may effect 
the preparation of kits, especially those which contain 
small amounts of stannous tin. There have been few reports 
to support this view however. 

At A.R.L. we have had losses of up to 30% of 
pertechnetate - activity on the lacquer coated rubber 
closures used to seal the containers. Substitution of 
chlorbutyl stoppers alleviated the problem. Freedman (17) 

QCm 
describes a similar loss of Tc Sulphur Colloid on the 
rubber plunger of a disposable syringe used to inject the 
material. Losses of up to 20% were reached after 24 hours. 

The administration of pertechnetate as a brain 
scanning agent to patients who have previously had a 
Tc-99m-5n-Pyrophosphate bone scan has been reported by 
Walker (18) to cause anomalous results. The same author 
has found that Tc-99m-D.T.P.A. may be used as a substitute 
for pertechnetate in patients who have recently received a 
bone scan and that no effect is observed if the interval 
between scans exceeds 6 days. 

There have been few reported problems with radio* 
pharmaceuticals used in Australia, with the possible 
exception of a pyrophosphate bone scanning agent, known 
as Skeltec II. For reasons which have not been fully 
elucidated, its imaging qualities have proven to be varia
ble, and accordingly it has been withdrawn from use. 

CONCLUSION 
This paper has discussed the preparation and quality 

control of radiopharmaceuticals in the hospital environment* 
The C.O.G.M.P. requires that this function be carried out in 
accordance with certain standards and by personnel who are 
expert in the pharmaceutical field. Hence pharmacists have 
an obligation to become involved in the preparation of 
radiopharmaceuticals. 
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