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AN INTRODUCTION TO TECHNETIUM-99m GENERATORS 

S. Abrashkin 

ABSTRACT 

The role played by technetium-99m generators in 
diagnostic medicine, their physical and chemical funda
mentals and their main technical characteristics are 
discussed. This report is intended as a general intro
duction to a group of reports which summarize the work 
done en the development and production of the generators, 
and research on the chemical and physical aspects of the 
generator systems. 

1. ROLE OF Tc-99m GENERATORS IN NUCLEAR MEDICINE 

1.1 Radiopharmaceuticals and imapinp, diagnostic procedures 

The distribution of a substance administered to a patient car. be 
determined by nuclear radiation detection techniques. To this end, the 
substance is converted to a "radiopharmaceutical" by tagging it with 
radioactive atoms which emit gamma radiation. Appropriate detection 
systems, of which the "gamma camera" is the most widely employed, produce 
images that quantitatively depict the distribution of the radiopharmaceu
tical, that is. Its relative concentration in every volume element of the 
body. 

In this way, and by using radiopharmaceuticals having appropriate 
biodistribution characteristics organs can be imaged, their functional 
status ascertained, physiological processes studied, etc. Nuclear 
medicine techniques can provide unique functional information, because 
the concentration of the radiopharmaceutical at every point will be 
affected by functional aspects juch as blood supply, active transport 
processes, regional metabolism, etc. Thus, the image can be interpreted 
as a display of the functional state of each portion of the target, 
projected onto the imaging plane. Examples of information which may be 
obtained from different levels of concentration are: 

Normal concentration: anatomy of the target 
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High concentration: abnormal blood supply 
abnormal function 
extraneous tissue 

Low concantration: lack of blood irrigation 
obstructed passage 
lack of function 

1.2 Advantages of Tc-99m 

A radionuclide for medical imaging should provide as much 
Information (photons counted per unit time) as possible, while mini
mizing the radiation dose accumulated by the patient. The information/ 
dose ratio depends on three physical characteristics of the radio
nuclide: 

a) Half-life. Uagner has shown that for a given examination 
time t ( from administration to end of imaging), there is an optimal 
vuluo of the half-life, T?pt: 

T ° p t - lt.2 t° 
h 

that will provide the highest information/dose r^tio (Fig. i). Addi
tional practical considerations are the time required for the prepara
tion of the radiopharmaceutical and logistical aspects such as 
production and distribution. 

The 6 hour half-life of Tc-99m very adequately meets the above 
requirements. 

b) Radiations. Particulate radiations such as beta rays and 
converted electrons have low penetrating power and are not able to 
escape from the tissues. They therefore transfer all their energy to 
the tissues, thereby causing a high radiation dose, without providing 
any information co the imaging system. Gamma and other photons on 
the other hand, transfer relatively little energy to the tissues; most 
photons escape ou':side tht body and can be detected by an imaging 
"system. Tc-99m Is near optimal from this viewpoint too, as Its decay 
provides a high photon flux accompanied by verv little particulate 
rudlatlon. 

c) Photon energy. The ideal energy represents a compromise 
between tha requirement for good tissue penetration with minimal 
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Fig. 1 
Integrated radiation doses 

A: activity, t°: time of injection, 
t^: start of imaging, t e: end of imaging 
- The information is proportional to A e 

- The dose accumulated during the procedure 
la proportional to the hatched area Dj 

- The radiation dose proportional to the 
crossed area DJJ is not accompanied by 
any information. 

- The total dose DI+DJI will be minimal for 
a given A e and examination time t e when the 
half-life of the nuclide has the optimal 
valued: 

TOP 1 - In2 t c 

absorption or scatter (higher energy desirable) on the one hand, and low 
collimator septum penetration and high detection efficiency (lower energies 
desirable) on the other hand. The 140 keV energy of the Tc-99m gamma 
photons is near optimal from this viewpoint too. 

Other characteristics to be considered arc: 
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a) Versatile chemistry. From the viewpoint of Its chemistry 
it is desirable to be able to prepare a wide range of different imaging 
agents with the radionuclide. The chemical characteristics of technetium, 
a transition metal, make it possible to incorporate Tc-99m in Ci.e., label) 
a variety of materials having desirable biodistributions. 
b) Availability. Tc-99m is readily available from the generator 
system: 

99 M
 B , Y . 99m_ _[ , 

1 , 0 T^-66 h > ^° T^TT 

The practical life of this system, from which the Tcr99m can he separated 
as needed in the hospital, is one week. The cost is extremely low, of 
the order of $0.20 per millicurie of Tc-99m. 

The above characteristics make It possible to administer high 
activities (up to 30 mCi) that provide an adequate amount of information 
even for short imaging times. This permits the performance of fast 
dynamic studies, especially valuable In the cardiology field, and also 
permits the examination of many patients per day. At the same time, the 
Integrated radiation dose to the patient is quite low. 

There la no doubt that the availability of a wide range of imaging 
agents labeled with Tc-99m has been the main factor in the remarkable 
advances made in the field of nuclear medicine in the last decade. 
1.3 Labeling with Tc-99m kits 

The Tc-99m, as supplied by the generator, is in the 4-7 oxidation 
state (pertechnetate ion TcOT). This form concentrates in the parotid 

(2) glands, nasal sinuses, thyroid and gastric mucosa . In order ro 
obtain agents that will selectively concentrate In other organs or 
tissues, appropriate compounds having the desired targeting charac
teristics must be labeled with the radionuclide. 

Technetium, a transition element similar to rhenium, does not form 
covalent bonds with carbon; this precludes direct labeling of the carbon 
skeleton of organic molecule*. Howavar, technetium in a lower valency 
state (+3,4,5) will readily antsr into combination with a variety of 

(2) molecules (Uganda) to form chelates . Usually the first step In 
labeling la the reduction of the pertechnetate to a lower valency. 
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Sometimes the ligand itself - which is used in enormous stoichiometric 
excess - has the required reducing characteristics. In most cases, 
however, a stannous tin compound is used as the reducing agent. 

The short half-life of Tc-99m makes it necessary to prepare the 
labeled compounds "in situ" at the hospitals. In order to avoid lengthy 
preparations and purifications, systems for simplified labeling have 

(3) 
Been developed . These systems, called Technetium Labeling Kits", 
usually consist of a small vial which contains the ligand and auxiliary 
materials (reducing agent, buffers, etc.). Most kits are "one-step" 
I.e., it suffices to inject the required amount of Tc-99m into the vial 
in order to obtain a product which can be injected without further 
treatment or purification. 99m Some Tc-labelod compounds, whose use has been well established 
In nuclear medicine, are listed in Table 1. The kits produced by the 
Radiopharmaceuticals Department o£ Soroq N.R.C. ore listed in Table 2. 

2. Tc-99m GENERATORS - PHYSICAL AND CHEMICAL FUNDAMENTALS 

2.1 Principle of the generator 

One of the advantages of Tc-99m is its short half-life (6 h). 
This, however, implies the need for a daily supply ot the material 
from a nearby production center. Fortunately, a more convenient source 

(4) is available, namely, a Tc-99m generator . 

A radionuclide generator is a system in which a short half-life 
radionuclide is generated by the decay of iti longer-lived parent. 
In the case of Tc-99m, the parent is Mo-99 (T. - 66 h). The Mo-99 
decays by B~ emission to ^ c in 86% of the transitions (Fig. 2). 
Thus from a Mo-99 source, Tc-99m activity builds up until a state 
of transient equilibrium is reached. In that state the activity, i.e. 
the decay rate of Tc-99m, is equal to its rate of creation, which is 
proportional to the rate of decay of Mo-99. This state is reached in 
approximately 24 hours. From then on, the Tc-99m activity in the 
system decays at the same rate as that of Mo-99, that is with a half-
life of 66 h. Thus, the useful life of the generator is one week 
(Fig. 3a). 



TABLE 1 
Some c-labeled compounds used in nuclear medicine 

Type of 
labeled material Ligand Target Clinical use 

Aggregates Aggregated albumin 
Albumin aiicro spheres 

Precapillary arteriole 
beds in lungs 

Visualization of regional 
lung perfusion (blood flow) 

Colloid* Ca-Na phytate colloid 1 
Sulphur colloid > 
Stannous fluoride colloid J 

Reticuloendothelial system 
Visualization of liver, spleen; 
search for space-occrpying 
lesions ("cold spots") 

Antimony sulfide minicollold Lymph nodes Demonstration of cat.cerous nodes 
Proteins Streptokinase "] 

Plasaln \ 
Fibrinogen f 

Active thrombi Deep vein thrombosis 

Antibodies (especially monoclonal 
ones, whole or F(ab'K fragments) 

Cells having 
surface antigens 

Tumor detection 

Holeculeg: 
Kidney ageuta DTPA 

Dimercaptosucclnic acid 
Sodium glucohe^tonate 

Kidney and renal filtrate 
Kidney parenchyma 
Kidney parenchyma 

Perfusion, glomerular filtration rate 
Kidney imaging 
Kidney imaging 

Brain agenta Konr - TcO used alone 
DTPA 

Lesions in brain (impaired 
brain-blood barrier) 

Search for brain traumatisms, tumors 

Bone agenta Pyrophosphate 
Various phosphonates 

Zones of active 
ossification 

Bone imaging, early detection of 
metastases in bone; infarcted 
myocardium 

Blood agents Sn carriers: 
pyrophosphate, glucoheptonate 

for RBC 
8-hydroxyquinollne - for WBC 

.'for platelets 

Blood pool 
Inflammatory process-is 
Active thrombi 

Cardiac studies 
Abscesses 
Deep vein thrombosis 

Bile agenta IDA derivatives (iminodiacetic 
acid conjugated to lydocain-
like compounds) 

Bile Demonstration of hematic function 
and/or biliary tract obstruction 

The Sn carriers are small molecules combined with Sn which, when 1B contact with the appropriate cells (RBC, WBC 
or platelets) cause an accumulation of Sn"*"*" in the cells. Uhen these are later reacted (in vivo or in vitro) with 
99mtco- the 99mtc is ilxcd to the cells. The cells, however, are not the final targets but vectors of the activity 
to the desired tissues. 
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TABLE 2 
Kits produced by the Radiopharmaceuticals Dept. of the Soreq N.R.C. 

Kit Stannous compound of Use 
Tc-ASC 

Tc-CNP 
Tc-DIPA 
Tc-DTPA 
Tc-CH 
Tc-HIDA 
Tc-MAA 

Tc-MDP 
l'c-1'YP 
Te-PYP BP 
lc-RBC 

Antimony bulphide colloid 
(small particle size) 
Ca-"a phytate 
Lldocain-IDA derivative 
Na 3Ca DTPA 
Glucoheptonatc 
Lidocaln-IDA derivative 
Kacroaggvegaten of 
human aerum albumin 
Melhylldene diphosphonnto 
Pyrophosphate 
Pyrophosphate (b) 
Glucoheptonate (d) 

Lymph nodes imaging 

Liver and spleen agent 
Hepatobiliary agent 
Renal and brain studies 

Hepatobiliary agent 
Lung irrigation studies 

(n> 
Bone ngent 
Bone agent 
RBC labeling 
RBC labeling 

(c) 
(c) 

(b) 
Used mostly for myocardial infarct demonstration 
High stannous content 

( c ) I n vivo l abe l ing : an in jec t ion of PYP-BP i s followed by one of ""TCO" 
(d) 
(e) 

Low Sn content 
In vitro labeling: separated RBCs are put in contact first with GH and 
then with 99nTc07i b e f ° r e re-injection. 
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99m Tc 6h 

Tc 2 i«m5 y 

Fig. 2 
Simplified decay scheme of Mo-99 (5) 

As Mo and Tc are different elements, they can be separated by chemical 
means. The deray of the separated Tc-99m and the new growth of Tc-99m from 
the parent Mo-99m are depicted in Fig. 3b,c. It can be seen that exploita
tion of this parent-daughter relationship makes it possible to use a radio
nuclide having a 6 h half-life in the patient but an effective shelf-life of 
one week. 

2.2 Chemistrv aspects 

a) Production of ?Io-99. The Mo-99 can be obtained in one of two ways: 
(i) By neutron capture (n.y) reaction: 

Mo + n •+ Mo + Y 
98 98 

Natural (23.8% Mo) or enriched (̂ -982 Mo) molybdenum is irradiated in 
a hif?h neutron flux. The target is in the form of MoO, or Mo metal. The 
specific activity (CI of Mo-99 per r-ram of Mo) obtained depends on the 
irradiation flux and time, and is usually of the order of a few Ci/g. This 
shows that the bulk of the irradiated molybdenum is composed of stable 
isotopes. 



ICY) (a) Decay cf Mo-99 and growth of Tc-9Sm octivities 

Mo-99 

Fig. 3 
Growth, separation (elution) and decay of Tc-99m activity (A) 
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235 (±i) By f i s s ion of U and separa t ion of the f i s s ion product Mo-99 
CFP MO-99 ) from the other fission products and from ::he actinides 
present in the target or formed in the irradiation. This provides 
practically pure Mo-99, undiluted by stable target molybdenum isotopes. 
The actual specific activities obtained are in the range of thousands 

99 to tens of thousands Ci Mo/g Mo. 
b) Preparation of the generator. The Mo-99 in the form of 
molybdate is adsorbed on a chromatographic column prepared from a 
material having high affinity for molybdate and low affinity for 
pertechnetate. Active alumina is almost exclusively used to this end. 
The -loaded column is included in a housing that provides adequate 
radiation shielding as well as connections for passing eluant solution 
through the column. Adequate provisions are taken in order to ensure 
the sterility of the solution coming out of the generator. 

Tc-99 separation from the parent Mo is achieved by elution of the 
grown-in Tc with an appropriate solvent, usually saline (.0.97. NaCl 
aqueous solution). Other techniques have been reported ' . Some 
use has been made of liouid-liquid extraction methods in which the 
TcO. is extracted by methyl-ethvl 'ketone from a TcO./MoO. aqueous 

(7) 4 4 
6asic solution . However, it was found that the chromatographic 
separation described above could best provide compact, reliable, simple 
and safe generators. 

The best conditions for Mo retention are : use of acidic alumina 
and a solution of hexavalent Mo at a low pH (T-3) . This value is low 
enough to ensure a high degree of retention of Mo on the column, but 
not so low as to leach out Al from the alumina. 
c) Technetium separation. The Tc present in the eluate is composed 
of Tc-99m and of practically inactive Tc-99 (see Fig. 2). The most 
stable form of Tc in aqueous solution is TcO,. Several studies 
have shown that TcO, can be reduced by the radiation present in the 
system, through the radicals formed in the radiolysis of water. The 
reduced Tc compounds are firmly bound by the alumina, and thus "lost" -
they will not be eluted. This effect is minimized in a weil designed 
generator, and 80 to 100% of the Tc-99m present can be clut.cd as 
9 9 n w \ 

4 
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The anion TcO, is adsorbed by alumina, though to a much lesser 
extent than molybdate. The degree of elution of the TcO, depends 
mainly on the surface characteristics of the alumina, on the volume, 

(9) composition and concentration of the eluting solution , and on the 
degree of occupancy of the alumina bed by molybdate 

2.3 Generator characteristics 

Figure k depicts schematically a Tc-99m generator (based on the 
Soreq N-R.C. model). Elution is performed by first inserting into the 
generator a bottle with the required amount of sterile 0.9% NaCl 
solution (saline), and then an evacuated bottle. The vacuum sucks the 
saline through the column; the Tc-99m is eluted by the saline into 
the shielded elution bottle. 

There are models in which the saline is drawn by air pressure or 
by a piston instead of vacuum, or supplied continuously from a flexible 
bag instead of one-at-a-time bottles. In all cases, strict precautions 
are taken to ensure the sterility of the system. 

The dimensions of the generator and volume of the eluate are 
determined primarily by the mode of production of the Mo-99, that is, 
whether (n,y) or FP Ko-99 is used, 'i.ie latter, while more expensive, 
allows for greater latitude in design because of its extremely high 
specific activity. 

The main generator requirements are: 
a) Total activity. Usually 300 to 1000 mCi of Mo-99 at time of 
delivery. 

b) Elution yield. Not all the Tc-99m present in the generator ,'s 
recovered at elution. The elution yield (e.y.) is defined as t.ie 
ratio between the Tc-99m activity actually eluted to that present in 

i2) the generator at elution time. Acceptable values are e.y.j80% . 

c) Elution profile. Some uses require especially high activity 
concentration!! (mCi of Tc-99m/ml eluate). A narrow elution profile 
is preferred because the fraction with tht highest activity concentra
tion can be eluted separately (see Fig. 5). 
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Vent needle 

Air filter — 

Rubber septum 

Active alumina 
column 

Filter support 

{ Saline with 9 9 m T c 0 4 out 

Vacuum bottle 
for eluate collection 

Eluate shield 

i - i g . '. 

Mo-99/Tc-99:n generator (schematic) 
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(a) Broad elution profile 

u 0 10 
Volume (ml) 

*' rr^cp^— 
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(b) "arrow elution profile 

10 
Volume (ml) 

Fig. 5 
Elutior profiles and fractional electrons. The actlvitv 
concentration A c can be improved by fractional elution. 
A first fraction (0-4 ml in case a, 0-6 ml in case b) is 
discarded; the fraction 4-10 ml (a) or 6-10 ml (b) is 
reserved fo*- *ĵ ?s p̂n'.iirlns hich A~: thf last fraction 

(10-20 ml) is for general use 

d) Mo-99 breakthrough. The main radioactive contaminant apt to be present 
in the eluate is Mo-99. The maximum allowable level is 0.015%, that is 
0.15 uCi of Mo-99 per mCi of Tc-99m. 

e) Radionuclide purity. Foreign activities, which are produced together 
with the Mo-99, may be preset in the eluate if they do not exceed the 
limits specified in Table 3. In the case of FP Mo-99, the very radiotoxic 
fission products (B and Y emitters) and the a emitters present in the 
target or foraed during irradiation require extremelv complete separations 
and reliable ounlitv control. 
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TABLE 3 
CI 2) Radionuclidic purity requirements" 

Maximum allowable activities in uCi of the impurity per 
mCi of Tc-99m derived from (n,y) Mo-99 (A) or from 

F.P. Mo-99 (B) 

r purity A B 

Mo-99 0.15 0.15 
Total v emitters 0.5 

1-131 0.05 
Ru-103 0.05 
Sr-d9 0.0006 
Sr-90 0.00006 

All other P and y emitters 0.1 
All a emitters 0.000001 

f) Chemical characteristics of the eluate 
pH: between 5 and 7 

I I I 
Al : aluminum ion leached £rom the alumina bed can adversely affect 

the particle size distribution of Tc-labeled colloids. Its 
concentration may not exceed the value of 20 vg Al/ml eluate. 

Oxidizing agents: These may be added in the preparation of the generator 
or fb the eluant, to prevent the radiolvtically induced reduction 
of 9 9 mTc07 C 1 1 ). Oxidizing agents in the eluate would hinder 
the reduction of the eluted T c 0/,> which is the first step 

(2) in the labeling reaction . 

g) Pharmaceutical requirements. The eluate should meet all the 
requirements of the Pharmacopea for a parenteral solution: sterility, 
absence, of pyrogens, absence of particles, isotonicity, pH. 

h) Practical requirements. Availability at required times,safety of 
operation, ease of operation, reasonable price. 

2.4 Detailed information 
(13) The kinetics of the Tc-99m generators , the production of 

Mb-99 and the development of Soren's generators will be 
discussed in greater dctpii in forthcoming reports. 
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