
With the development of emissi@ntomographic me
construction methods, interest in the diagnostic use of
positron-emitting radionuclides has increased. Annihi
lationcoincidencedetectionallowsâ€œelectronicâ€•colli
mation and thus each detector is able to record radiation
emitted in many different directions. This affords a
tremendous increase in geometric detection efficiency
over single-photon counting procedures (1,2). The
very short-lived positron emitters C-l I , N- 13, and 0-15
are cyclotron-produced and therefore unavailable in
most hospital settings. Gallium-68, a radionuclide with
a 68-mm half-life, is accessible by means of a generator
system based on its separation from the parent Ge-68
(half-life 287 days). The 68-mm half-life is sufficiently
short to provide reasonably low radiation exposure to the
patient,yetlongenoughtopermitthesynthesisofma
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diopharmaceuticals that could be used to study a variety
of physiologic functions.

In principle, a radionuclide generator system designed
for use in nuclear medicine should be simple, and me
producibly give a high yield of the desired radionuclide
with a very large separation factor from the parent. The
eluate should be injectable or easily converted to an in
jectable form. The collection of the daughter nuclide
shouldbepossiblewitha smallvolumeof reagent.

The method most frequently used for the analytical
separation of microgram and milligram quantities of Ge
from other elements is based on extraction or distillation.
Extractions of Ge in carbon tetrachloride (3), methyl
isobutyl ketone (4,5), and acetyl acetone (6), and by
means of an oxine complex (7), are well established, as
is the distillation of germanium tetrachloride (8,9) or
germanium hydride(/0). Thedistillation of germanium
tetrachloride has recently been used as the separation
mode in a Ge-68 â€”@Ga-68 generator (11), but the 0.5%
loss of Ge and the more complicated nature of the dis
tillation procedure make this more useful in a research
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Chemical separationsfor Ga-68 from Ge-68 usingadsorptionchromatography
on inorganicmaterialsare described.The adsorbentsusedwere 1102,Zr02, and
Sb2. DistributioncoefficientsforGe andGa ontheseadsorbentswere determined
as a functionof reagentconcentrationand durationof equilibration.The diatribe
tioncoefficient(wlw) for Ge on Si02 reached250 in 6 N HNO3,whereasGa was
notsignificantlyadsorbed.Therefore,Ga-68 can be collectedwith a smallvolume
of6 N HNO3eluent Bycontrast,largevolumesof 1 N HNO@were necessaryto col
lect Ga-68 fromZr02, sincethe KDofGa underthesecircumstanceswas about50.
TheGa-68 elutedfrom1102waschemicallycontaminatedwfthtitanatesandwould
requireaddftionalchemicalmanipulationin orderto make ft Injectable.All the ad
sorbents could lead to chromatographic systems that would allow acceptable
chemicalseparations.However,the specificrequirementsfor a radlonuclidegen
erator,usablein a hospftalenvironment,make the SI02-basedsystemthe mostat
tractive.
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Hydrous zirconium oxide was also tested as a column
support. It is the basis for the currently used Sn-l 13
In-I I3m generator. Since their positions in the periodic
table indicate that there are some similarities between
the Ge-68 â€”Ã·Ga-68 and the Sn-l 13 â€”Ã·In-i 13m pairs,
this substrate was examined as a potential chromato
graphic column.

Two hundred milligrams of either titanium dioxide
(Ti02), hydrous zirconium oxide (ZrO2), or silica gel
(Si02) were shaken with 5-g aqueous solutions of Ge-68,
and the KDvalues determined as a function of the pH or
the concentration of HNO3. Ge-68 â€”@Ga-68 was added
to the liquid phase before equilibration. After equili
bration the gallium distribution was corrected for decay
intheliquidphaseandingrowthofactivityonthesub
strate, taking into account the distribution of Ge-68 over
both fractions. The germanium distribution was mea
sured by counting the Ga-68 activity in both fractions
24 hr after the end of the equilibration. Distribution
coefficients (KD) were calculated as:

K = activity/gram of adsorbent

D activity/gram of eluent

Titanium dioxide. Titania powder*, ground titanium
dioxide crystals, and calcium titanate were used as ad
sorbentsfor Ge.The distribution coefficientsfor Geand
Ga were studied as a function of the pH of the eluent,
which was adjusted by means of sodium hydroxide or
sodiumphosphatebuffers.

Hydrous zirconium oxide. The adsorption of Ge and
Ga on hydrous zirconium oxide from dilute HNO3 was
measured as a function of both the nitric acid coricen
tration and time. The latter was necessary since it was
observed during the course of the work that the adsorp
tion of both elements on Zr02 is a slow process.

Silicon dioxide. Distribution coefficients for both Ge
and Ga on SiO2t were measured as a function of the
normality of HNO3. Since it was found that the ad
sorption of Ge is a slow process, the distribution coeffi
cients of both elements were studied as a function of the
equilibration time.

RESULTS

Titanium dioxide. Figure 1 shows the distribution
coefficients for titanium dioxide as a function ofpH. In
the pH range from 5 to 7, Ga is more strongly adsorbed
than Ge. The KDfor Ge rises rapidly with increasing pH,
reaches 2,500 around pH 7.5, and stays above 2,500 up
to pH 12. The KDfor Ga stays higher than 2,500 up to
about pH 9.5, then decreases rapidly with increasing pH.
For pH values above 10.5, the KD for Ga is lower than
10, whereas that for Ge is higher than 2,500.

Hydrous zirconium oxide. Figure 2 shows the distri
bution coefficients for Ge and Ga adsorbed on Zr02
from0.5N andI N HNO3,measuredasa functionof
time.Aftera 2-hrequilibrationperiod,theadsorption

environment than in a typical hospital setting.
The most practical techniques for chemicai separation

under carrier-free conditions are those ofcolumn chmo
matographyâ€” mai nly ion-exchange or adsorption
chromatography systems. Ion-exchange chromato
graphic procedures are hampered by the nonionic
character of most germanium compounds. Even GeCl4
has covalent bonds and can be extracted with organic
solvents. On cation exchange resins such as Dowex 50,
Ge is not even retained from dihite hydrochloric acid
solution. Though this property has been used to separate
Ge from other elements, the procedure does not lend it
self to the development of a Ge-68 â€”@Ga-68 generator,
sincethiscallsforstrongGeadsorption.Onstrongly
basic anion exchangers, like Bio-Rad AG 1, Ge is me
tamed from a hydrochloric acid concentration range in
which Ga is also strongly adsorbed.

The fixation of Ge onto substrates has not been en
couraging and has been avoided in analytical chemistry.
In the currently available Ge-68 â€”@Ga-68 generator,
developed by Greene and Tucker, Ge-68 is loaded onto
an aluminum oxide support and the Ga-68 is eluted as
a strong Ga-68-EDTA complex using a 5-mM EDTA
solution at pH 7.0 (12). Other workers have attempted
toproducealternativecolumnchromatographicmethods
for obtaining a simple ionic form of Ga-68 in solution.
Kopecky et al. (13) eluted an A1203 (basic; Merck)
column with 0.2 M HC1, collecting 48% of the Ga-68.
Up to 200 elutions were performed, and the aluminum
and Ge-68 contaminants of the eluate assayed. The
Ge-68 level was less than 2 X i0@% of the Ga-68. In a
Ga-68-labeled colloid for liver scanning this would in
crease the radiation dose by about 25%. Malyshev et al.
(14) used the hydroxides ofzirconium, tin, and titanium
as adsorbents, and either HCI, HNO3, or CH3COOH
as eluents. The optimum was found to be a zirconium
hydroxide adsorbent eluted with 0.1 M HC1.A 35%yield
of Ga-68 was obtained with the Ge-68 breakthrough
varying from 6 X i0@ to 3 X l02%. With Ga-68-Ia
beled colloids this breakthrough would lead to increases
of dose rate to the liver of 75 to 400%, respectively. Arino
et al. (15) adsorbed Ge-68 on polyantimonic acid and
eluted Ga-68 with 2%sodium oxalate. The lossof Ge-68
from the substrate, the toxicity of the eluent, and the
complex character of the Ga-68 product would make this
system unacceptable for clinical use without further
chemical manipulation.

MATERIALS AND METHODS

Germanium dioxide adopts either the tetrahedral or
octahedral valence state, crystallizing in a quartz or
rutile lattice, respectively. The rutile lattice is stable
belowI033Â°Candissolublein water.We investigated
the possible adsorption of germanium dioxide on either
silicon dioxide (quartz lattice) or titanium dioxide (rutile
lattice).
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FIG 3. KD b@tW@Ofl @02W@dHNO3 for Ge and Ga, measured by
desorption,as function of HNO3concentration.

possible, but it would require large volumes of dilute
HNO3.

Silicon dioxide. Figure 4 shows the steady rise in the
distribution coefficient of Ge between Si02 and HNO3
with increasingequilibrationtimes.After about15 mm
of equilibration, Ge reaches its maximum adsorption,
which is measured by its desomptionfrom Si02, on which
it has been previously loaded. Gallium does not show
such an effect. The adsorption is very low over the whole
time span measured, and desomption experiments also
show that it is weakly adsorbed onto Si02. Figure 5
shows the distribution coefficients for Ga and Ge on Si02
as a function of the normality of the HNO3 solution,
measured by desomption batch equilibration. The ad
sorption of Ge increases quickly with increasing HNO3
concentration, whereas that of Ga remains negligible.

DISCUSSION

Although the three systems described provide a good
chemical separation of Ga from Ge, only the SiO2-based
separation would be acceptable for a generator system.
In the pH interval from 10.5 to I2, Ti02 allows a sepa
ration in a reasonable volume, but TiO2 dissolves slowly
in dilute alkaline media, and more quickly at higher pH.
Fine particles of titania are formed, tending to clog the
chromatographic column. This leads to the appearance
of unwanted titanates in the Ga-68 solution. Calcium
titanate, which generally dissolves less easily than tita
nium dioxide, also proves too soluble in alkaline media
to provide any improvement over titania powder. Al
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FIG.1. K0betweenTl02andaqueoussolutionsforGeandGaas
function of pH. (ReprIntedfrom ref. 17 wIth permission from John
wlley&sons.)

of neither Ge nor Ga has reached its maximum, as de
temminedby desorption experiments with Ge, adsorbed
previously onto ZrO2. The collection of Ga from a gen
eratomwill be influenced by the degree of its desorption
from Zr02. Figure 3 indicates the distribution coeffi
cients for Ge and Ga, determined by desorption from
Zr02, as a function of HNO3 concentration. It suggests
that a goodseparationof Ga from Ge is theoretically
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FIG. 4. K0 between Sb2 and HNO3for Ge as function of equili
bratlon time.

though these titanates might not interfere with the
preparation of Ga-68-labeled radiopharmaceuticals,
their presence would necessitate additional chemical
manipulation to ascertain the injectability of the phar
maceutical preparation. The KDvalues for Ga on Ti02
indicate that the Ti02 substrate adsorbs Ga very strongly
between pH 4 and 9.5. Gallium occurs as Ga(OH)3 in
the pH interval between 3.4 and 9.7 (16), indicating that
the Ga-68 species adsorbed onto the Ti02 is the trihy
droxide. At higher pH values the gallium species eluted
from the TiO2 may be HGaO@ or H2GaO@(16). At still
higher pH values, gallates with composition of either
Ga2(OH)@ (16) or GaOi may be present.

The ZrO2-based separation requires large volumes of
eluent in order to collect Ga-68 from a generator. The
distribution constants for Ga drop with increasing nor
mality of the nitric acid solution (Fig. 3). However,
separations at concentrations higher than 1 N HNO3 are
impractical, since Zr02 dissolves at these higher con
centrations. When H202 is added to the eluent it is de
composed by the Zm02. Elution with nitrate solutions
having pH values between 6.5 and 10.5 does not collect
the gallium, while with mixtures of dilute H F ( 10@ N)
and dilute HCI (l0@ N) the KDvalues for germanium
are too low to be practical for a generator.

The incorporation of Ge-68 into Si02 is carried out
by precipitation of Si02 from a solution containing Ge
68. The elution yields of gallium-68 with H20, HC1,and
HNO3 are low. The Si02 column washed with HNO3
is the most satisfactory chromatogmaphic system. Gen
erally, the KDvalues increase as a function of the period
of equilibration and are higher in more concentrated
HNO3. The increases could be due to a slow reaction of
Ge with HNO3 to form germanium compounds that
adsorb strongly on Si02. These could be metagermanates
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FIG.5. K0betweenSb2 andHNO3for GeandGaas functionof
HNO3concentration.

(M@GeO3)or orthogemmanates (M1'.Ge04), which have
structures analogous to the corresponding meta- and
orthosilicates. In dilute solutions the principal germa@
nium compounds probably are [GeO(OH)3],
[Ge02(OH)2J 2â€”,and@ [Ge(OH)4]s(OH)313, which
might be only weakly or not at all adsorbed on Si02.
The conversion to the meta- and orthogermanates could
be slow; heating speeds up the process. A 0.49 N HNO3
solution of Ge, heated to boiling for 1 mm, leads to a
germanium KDof 27 on Si02, while at room tempera
ture it takes 2 hr to reach a KDof 13. A drawback of this
generator system is the use of HNO3. Nitrates may form
carcinogenic nitrosamines, which would make the
evaporation to dryness ofthe collected gallium fraction
compulsory. In these circumstances Ga is not volatile
unless the heating is extensively prolonged. After me
dissolution in the desired solute, the ionic Ga-68 could
be used for labeling without further chemical manipu
lation. This is an advantage over the currently available
generator, which delivers Ga-68 as a very stable Ga
EDTA complex. Even very small amounts of EDTA will
strongly influence the behavior of Ga-68 preparations,
sothat theseparationordestructionof theEDTA must
be complete.

FOOTNOTES

* Baker's Analyzed Titania.
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The New England Chapter of the Society of Nuclear Medicine announces its Fall Meeting to be held
Oct. 13-14, 1979, at the Downtown Howard Johnsons in Boston, Massachusetts.

Topics for lectures to be presented on Saturday include: a) Differential diagnosis of bone lesions,
b) Early detection of gastrointestinal bleeding. c) Liver disease and biliary imaging, and d) Pediatric
osteomyelitis and genito-urinary refiux. Workshop sessions will be concerned with Bone, Heart,
Pediatrics. and Techniques.

On Sunday, following the presentation of the Blumgart Award to Dr. David Kuhl, there will be a
symposium on â€œTomogmaphicImaging.â€•

For further information contact:

Dr. H. William Strauss
Dept. of Radiology
Div. of Nuclear Medicine
Massachusetts General Hospital
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