
Medium Scale Facility for aseptic  
Production of Mo-99/Tc-99m Generators

The common type of Mo-99/Tc-99m-generator is the 
chromatographic one. In the described facility a dry 
chromatographic Mo-99/Tc-99m-generator is produced. 
This sterile Mo-99/Tc-99m-generator is a convenient source 
to obtain a sterile, pyrogen-free and isotonic [Tc-99m]
NaTcO4 eluate solution, which is immediately ready for oral 
or intravenous administration or for aseptic production 
of [Tc-99m]technetium labeled radiopharmaceutical 
preparations. Essential part of the Mo-99/Tc-99m-generator 
is a sterile chromatographic column of glass with an Al2O3 

sorbent on which radioactive [Mo-99]molybdenum is 
firmly fixed after loading with [Mo-99]Na2MoO4 loading 
solution. The chromate-graphic column is surrounded by 
lead shielding. The Mo-99/Tc-99m-generator posses an 
additional bacteriological filter to ensure the sterility of 
the [Tc-99m]NaTcO4 eluate. This eluate can be extracted in 
regular intervals and in a very comfortable manner by using 
a vial containing the required volume of sterile isotonic NaCl 
solution.

Figure 1: Sample Picture  
of the production Line
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The loading of such a sterile chromatographic generator 
can be carried out in different ways. There is the possibility 
to apply either aseptic column loading procedures or 
procedures which include the steam sterilization of the 
loaded column. The process steps are quite different and 
require different equipment inside and outside the hot cells, 
especially in the clean room and sterilization equipment. For 
the small-medium scale production batches (20-50 pcs.) the 
aseptic column loading procedure was chosen, instead of 
a procedure with steam sterilization of the loaded column, 
which is rather suitable when a large scale production is 
established. The aseptic loading and washing process with a 
complete preassembled sterile generator has the advantage 
that the production personnel have to carry out fewer 
operations on the radioactive sterile generator and hence 

there is a significant reduction of the radiation exposure 
to them. In fig. 1 the main steps of the aseptic procedure 
are shown. It starts with the preassembly of the inactive 
generators. In the first hot cell the formulation of the  
Mo-99 solution takes place. After sterile filtration the 
prepared Mo-99 solution is loaded onto the generators in the 
second hot cell. This is followed by the washing of the loaded 
generators. In a locally shielded glove box a QC elution of 
the generators is carried out, for testing of the permeability 
and a Mo-99 breakthrough measurement. After the QC the 
needles are protected and a cover is added. Outside of the 
hot cell / glove box unit the produced generators are packed 
into type A transport packages and the user equipment and 
manual are added.
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Fig. 1: Main steps of the aseptic production procedure for the 99Mo/99mTc generator 

 
The aseptic loading procedure is carried out in an advanced hot cell / glove box arrangement (fig. 2) for 
full compliance to the current GMP requirements. It has a special design which offers the suitable clean 
room barriers with adequate pressure gradients maintaining the necessary clean room environment and 
shielding for radiation safety. 
The first hot cell (dispensing box) is located in a room of clean room class “D”. In this hot cell the import 
of the 99Mo bulk solution and its formulation is carried out under clean room class “C”. The second hot 
cell (loading box) and the corresponding glove boxes (PMMA box 1-4) are installed in a clean room of 
class “C”. On a rail system the presterilized generator components entering glove box 1 with clean room 
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Figure 2: Process Flow Scheme
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The aseptic loading procedure is carried out in an advanced 
hot cell/glove box arrangement (fig. 2) for full compliance 
to the current GMP requirements. It has a special design 
which offers the suitable clean room barriers with adequate 
pressure gradients maintaining the necessary clean room 
environment and shielding for radiation safety. The first hot 
cell (dispensing box) is located in a room of clean room class 
“D”. In this hot cell the import of the Mo-99 bulk solution and 
its formulation is carried out under clean room class “C”. The 
second hot cell (loading box) and the corresponding glove 
boxes (PMMA box 1-4) are installed in a clean room of class 

“C”. On a rail system the presterilized generator components 
entering glove box 1 with clean room class “B” and glove box 
2 were the inactive generators are preassembled under clean 
room class “A” conditions with laminar air flow (LAF). Inside 
the second hot cell under clean room class “A” conditions 
with LAF the preassembled generators are loaded with 
sterile filtered Mo-99 solution and washed. The loaded and 
washed generators are tested for permeability and Mo-99 
breakthrough in glove box 3 (clean room class “A” with LAF). 
Via glove box 4 (clean room class “B” with LAF) the produced 
generators are locked out for packaging.

The shielding of the hot cells is made of 100 mm thick lead for 
the vertical walls, 70 mm thick lead for the bottom and ceiling 
walls. This shielding meets the international requirements to 
keep the radiation exposure to the operators below 5 μSv/h 
at any time (with max. 2500 GBq of Mo-99). The dispensing 
and the loading hot cell are separated by a wall with a lead 
shielding of 50 mm. In fig. 3 an example of the intended hot 
cell / glove box arrangement installed in a class “C” clean 

room is shown. There are access doors in order to open the 
hot cells for maintenance purposes. The windows of the hot 
cells are made of 230 mm thick lead glass with a density 
of 5.2 g/cm3. Below the hot cells bottom there is sufficient 
space for waste collecting containers. The docking unit 
for Mo-99 transport containers is designed for docking of 
different types of containers.

Figure 3: Hot Cell/Glove Box
Arrangement Scheme
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Among the technical advantages and GMP compliance 
with special clean room barriers and laminar flow modules 
this facility design is still cost effective. Even it offers the 
possibility for an installation at sites were only small areas 
are available. Furthermore an enhanced radiation protection

is realized through abandonment of manual assembly 
steps at the already loaded generator. However the 
applied aseptic procedure is more time consuming 
than a simultaneous loading/sterilizing of multiple 
columns before their assembly into the generators.

Results

Figure 4: Production line Overview

Produkt- und Personenschutz
Die Sicherheitswerkbank SWB15 wurde entwickelt, um 
optimalen Produkt- und Strahlenschutz bei der Präparation 
von Radiopharmaka zu gewährleisten. Mittels Laminar Flow 
wird innerhalb der Sicherheitswerkbank Reinraum Klasse A 
erzeugt. Zusätzlich sorgt eine gerichtete Luftströmung von 
außen nach innen, dass keine kontaminierten Aerosole die 
Werkbank verlassen. Der Laminar Flow wird permanent 
überwacht und geregelt. Die verschiedenen Betriebsmodi 
werden automatisch eingestellt. Die Sicherheitswerkbank ist 
mit bis zu 50 mm Blei abgeschirmt.  Frontseitig befindet sich 
eine fahrbare Bleiglasscheibe und ggf. eine Abschirmwand, 
die den Anwender während der Arbeit schützt.

Eigenschaften und Ausstattung
Der Arbeitsraum der Sicherheitswerkbank besteht aus 
hochwertigem Edelstahl. Die einzelnen Segment der  
dreiteiligen  Arbeitsfläche sind herausnehmbar, um eine 
optimale Reinigbarkeit zu gewährleisten. Im Boden der 
Werkbank kann ein Aktivimeter integriert werden. Die 
Software des Aktivimeters kann auf dem in der Rückwand 
integrierten Bildschirm angezeigt werden. Des Weiteren 
steht dieser für kundenspezifische Anwendungen zur 
Verfügung. Über abgeschirmte Durchführungen im Boden 
können kontaminierte Abfälle sicher ausgeschleust werden.
Drei LED-Segmente zeigen jeweils die Betriebszustände der 

Lufttechnik, des Generatorsafes und der Abfalllager an. In 
der Verkleidung der Sicherheitswerkbank ist unterhalb der 
Arbeitsfläche ein Aufbewahrungsfach  integriert, in dem 
Zubehör und/oder Verbrauchsmaterial gelagert werden 
kann.

Tc-99m-Ausführung
In der Ausführung für Tc-99m (SWB15-10Tc) steht ein 
abgeschirmtes Generatorlager zur Verfügung, das bis zu zwei 
herstellerunabhängige Tc-99m-Generatoren aufnehmen 
kann und diese automatisiert in den Arbeitsraum fährt. Zur 
Bedienung dieser Antriebe sind im Arbeitsraum Bedientaster 
vorgesehen, die das Anheben der Generatoren ermöglichen, 
ohne den Arbeitsraum mit den Händen verlassen zu müssen.

Ga-68-Ausführung
Für die Herstellung von Ga-68 Radiopharmaka kann auf 
eine spezielle Konfiguration zurückgegriffen werden. 
Diese umfasst eine säurebeständige Beschichtung der 
Arbeitsfläche mit Polyethylen, um eine Korrosion des 
hochwertigen Edelstahls beim Umgang mit Salzsäure 
zu vermeiden. Des Weiteren befindet sich unterhalb der 
Arbeitsfläche ein abgeschirmtes Lager für bis zu zwei 
Ge-68/Ga-68-Generatoren. Durchführungen zwischen 
diesem Lager und dem Arbeitsraum ermöglichen das 
Verlegen von Leitungen für die Elution der Generatoren.
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