
This paper describes a method of tagging iron
oxide aerosol particles with â€œTc. The tagging
is achieved by reducing the heptavalent pertech.
netate form to its reduced state using stannous
chloride in a nitrogen atmosphere. Tests by
ultracentrifugation and paper chromatography
show that the tagging is virtually complete. Sepa.
ration of the tag from the particles in sputum
is shown to be minimal. Monodisperse aerosols
of the tagged particles are produced with a spin
ning-disk atomizer. (Deposition and clearance
of the particles in the airways and lungs is easily
followed by scintigraphy.) Factors affecting at
tachment and separation of the tag are dis
cussed.

Radioactive aerosols are used in the study of dep
oSition and clearance of particles in the lung (1â€”5).
Technetium-99m particles are suitable for these stud
ies because the nuclide has a desirable half-life of
6 hr and is a gamma-emitter; these factors favor a
low radiation dose per unit of activity.

Since the pattern of particle depositionâ€”and hence
the subsequent clearance (3)â€”is known to depend
upon particle size (6,7) , it is important to use mono
disperse particles in the study of their deposition and
clearance. Many previously reported methods of
tagging iron oxide particles with 99'Â°Tcwere devel
oped to study pulmonary perfusion (8â€”11 ) . With
these methods, the iron oxide aggregates tagged with
Â°Â°@â€˜Tcare too large ( 10â€”50microns) and hetero
disperse (8,9) for inhalation studies.

Much of the literature is concerned with the tag
ging efficiency of OflmTc,i.e., the amount of Â°Â°â€˜Â°Tc
which initially tags to the particles (8,9,11,12), and
very little has been reported about the ability of Â°Â°@â€˜Tc

to maintain the tag with the particles. Darter and
Ackerman ( 13) reported on the separation of Â°Â°â€œTc
tag from iron hydroxide macroaggregates. They deter
mined the amount of unbound Â°Â°â€œTcfor up to 48 hr
after preparation. However, these experiments were
performed on large particles ( 10â€”15microns) and
the solution was prepared and stored under vacuum.
Such conditions are expected to decrease tag sepa
ration, since the large particle size would reduce the
total surface area for the same amount of material
and the exclusion of oxygen is known to greatly
diminish tag Separation (11,13). Actually, very little
has been published about the separation of tag after
aerosol generation and inhalation.

We wish to report a tagging method for mono
disperse iron oxide particles of intermediate size
(2â€”4microns) which results in a high tagging effi
ciency and minimal separation of the tag.

MATERIALS AND METHODS

Preparation. Technetium-99m was eluted from a
Â°Â°@â€˜Tcgenerator with 10 ml of deoxygenated 0.1
N HC1. The eluate, containing 91â€•Tc04, was passed
through a cation exchange column (AG 50W-X8,
50â€”100mesh, hydrogen form, Bio-Rad Laboratories,
Richmond, Calif.) to remove any cationic impuri
ties ( 14) . A portion of the eluate was then evapo
rated to dryness, with the amount depending on the
required radioactivity. Deionized and deoxygenated
water was added to obtain 6 ml of solution. The
water was deoxygenated by boiling and letting it cool
while bubbling nitrogen through it. An iron oxide sol
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suspension (A. J. Lanza Research Laboratories,
Tuxedo, N.Y. ) was then added and the mixture was
deoxygenated by passing nitrogen through it and
keeping it in a nitrogen atmosphere. The amount of
the iron oxide sol added depended upon the particle@
size desired. We used a final concentration of 330

@g/ml.The more iron oxide present, the larger are
the particles generated in the spinning-disk atomizer
(15).

One-half milliliter of a freshly prepared solution
of stannous chloride in 0. 1 N HCI (4 mg/mI), mixed
in a nitrogen atmosphere, was added to the deoxy
genated iron oxide mixture. The resulting mixture
was left standing in a nitrogen atmosphere for 5 mm,
and 13 ml of deionized and deoxygenated water was
added. The stannous chloride concentration at this
point was 100 ,@g/mI. This solution was then dialyzed
with deionized and deoxygenated water using a Bio
fiber No. 80 beaker (Bio-Rad Laboratories), which
has a molecular-weight cutoff of 30,000. Before
dialysis the solution was acidic (pH â€” 1.5) to pre
vent hydrolysis of the stannous chloride. Dialysis was
stopped when the pH reached a constant level com
parable to that of deionized water, pH 5. The so
lution was then passed through an anion exchange
column (AG1-X8, 50â€”100 mesh, chloride form,
Bio-Rad Laboratories) to remove any remaining
90@'TcO4. Ten milliliters of this solution was used
for atomization.

Generation and characterization of particles. Aero
so! particles were generated using a spinning-disk
atomizer (4,15) . Particle size was controlled by ad
justing either the iron oxide sol concentration or the
disk speed. The particles were collected with a cas
cade impactor (C. F. Casella and Co., London, Eng
land) and the particle size distribution was deter
mined by comparing the particles with a Porton
graticule under an optical microscope. Once the
size distribution was determined, monodispersity
(16) and other important parameters (geometric
mean, geometric standard deviation, arithmetic mean,
mass median diameter, etc. ) can be readily deter
mined (17).

Test for tagging efficiency. The tagging efficiency
of BBmTcto the particles in the iron oxide so! sus
pension before atomization was determined using
two different methods : ultracentrifugation and paper
chromatography. In the ultracentrifugation method,
a 2-ml sample of the prepared suspension was taken
and the amount of radioactivity determined. It was
then centrifuged for 15 mm at 26,000 G and an
aliquot of the supernatant was taken and counted
for radioactivity, thus permitting the amount of un
tagged ft9mTcO _ to be determined. In the paper
chromatography method, Whatman No. 1 paper and
a methanol solvent (85% by volume) were used.

The radioactivity was measured at the origin (where
the particles remained) and along sections of the
paper strip to determine where the free onnITcO4
had migrated. The percent of free Â°Â°â€œTcO4was then
calculated. The position of the 90â€•TcO, zone was
determined by running a control strip with only free
Â°Â°â€œTcO4present.

Test for separation of tag. During atomization in
the spinning-disk generator, samples of the tagged
particles were collected by suction on a filter disk
with a pore size of 0.45 microns. Two pieces were
cut from the filter disk and the amount of radio
activity on each was measured with a well scintilla
tion counter. Each piece was then placed in a sepa
rate test tube and soaked in either normal saline or
sputum from a patient with chronic bronchitis. The
particles were soaked for 2â€”3hr in their respective
solutions and then centrifuged at 26,000 0. In order
to facilitate the centrifugation and filtration of the
sputum after soaking, the sputum was broken down
to a more liquid consistency by the addition of a
small amount of pure 2-mercaptoethanol (final con
centration, 2% by volume) . The supernatant was
passed through a 0.45-micron filter disk to remove
any remaining particles. The filtrates were counted
to determine the radioactivity present, and the
amount of ODmTcOâ€”that had separated from the
particles was calculated. Because of the large dif
ferences between the radioactivity of the particles
and the separated radioactivity in the supernatant,
the deadtime of the counting system used had to be
taken into account; this was determined by the
method of paired sources (18).

RESULTS

The above method resulted in a very high effi
ciency of initial binding of Â°9â€•Tcto the iron oxide
sol suspension. Both the centrifugation and paper
chromatography tests produced similar results : less
than 2% of the ODnITcOâ€”remained untagged to the
iron oxide sol.

The results of the paper-chromatography tests
showing the percentage of unbound 99mTcO, are
shown in Fig. lB (Fig. IA shows the control with
free pertechnetate only) . Dialysis prior to atomiza
tion removed the remaining 2% of the untagged
Â°9@'TcO4and any other ions present. The centrifu
gation and paper-chromatography tests both showed
that this process removed virtually all of the free
99@TcOi . The results of paper chromatography are
shown in Fig. 1C.

Once the iron oxide sol has been tagged, the main
concern is the ability of the tag to remain bound to
the particles, not only through the atomization proc
ess but also in the in vitro or in vivo environment.
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DISCUSSION

When the nomTc generator is eluted, the techne
tium is in the heptavalent pertechnetate form. Since
chemisorption of heptavalent pertechnetate on iron
hydroxide is unlikely ( 19) , the ability of nomTc to
tag to the iron oxide particles depends on its being
in the reduced state (8,20) . The high tagging effi
ciency of the present method derives from the reduc
tion of 9umTcOâ€”, accomplished by the addition of
stannous chloride. The respective half-cell potentials
(21) are

Sn@2 = Sn+4 + 2e (0.1 N HC!)

EÂ°= â€”0.070

TcO2 + 2H2O = TcO4 + 4H@ + 3e

2H20 = 02 + 4H@ + 4e

ACONTROL

BTAGGED PARTICLES
IBEFORE DIALYSIS)

EÂ°= â€”0.738

EÂ°= â€”1.229

Reoxidation must be considered since it might cause
the separation of the tag from the particles. This was
confirmed by adding a small amount of a reducing
agent (0.6 mg/ml of SnCl2) to the saline solution,
whereupon the amount of separation of the tag was
drastically reduced to less than I .5% in all cases.
Since some proteins act as chelating agents with tran
sition metals, sputum proteins may account for the
lesser tag separation in sputum as compared to saline
(22,23).

A small percentage of separation, however, seems
inevitable. It could be explained by the intrinsic nu
clear properties of the BomTcitself. Technetium-99m
emits 1.35 Auger electrons with each decay event
(24) . These electrons result in a highly charged
state of the molecule (25), creating a redistribution
of charge that could cause separation through elec

9@â€•TcO@

CTAGGED PARTICLES
(AFTER DIALYSIS)

ORIGIN Rf SOLVENT FRONT

FIG. 1. Paper-chromatographicdeterminationof unbound
â€˜Â°mTcO4before and after dialysis. (A) Histogram of control solu
tion of free @mTcO4.(B) Histogram of tagged particles before
dialysis shows that 98.4% of *mTc is bound, with minimal free
0mTCO (C) Histogram of tagged particles after dialysis shows

that approximately 100Â°f.of â€œtmlcis bound.

After atomization, the 2-micron particles were cot
lected and soaked in normal saline or in sputum to
test for tag separation. The results showed an aver
age separation of 1.5 % when soaked in sputum and
of 5.9% when soaked in normal saline.

The tagged particles were inhaled by a volunteer
of normal health and clearance was followed with a
scintillation camera. Three hours after inhalation,
a blood sample was drawn to check for nuclide sepa
ration and absorption into the blood stream. The
blood sample showed no increase in radioactivity.
Further evidence of firm binding can be seen in scm
tigrams taken 5 hr apart (Fig. 2) ; these show good
definition of the lung outline, with an excellent target
to-background ratio.

FIG.2. Aerosolinhalationscintigramsofrightlungusing@mTc
tagged iron oxide particles. Pictures taken 5 hr apart give no
indication of significant tag separation, as evidenced by good
lung definition and good target-to-background ratio. About 14 @Ci
activity was deposited originally in right lung, resulting in dose
of about 4 mrad.
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trostatic repulsive forces. Whatever its cause, we
believe this separation to be insignificant, as evi
denced by the lack of radioactivity in the blood sam
pie and by the good target-to-background ratio in
the scintigrams (Fig. 2) . If there were significant
amounts of free technetium, the target-to-background
ratio would be much poorer (26).

In summary, we feel that the procedure described
is useful for the tagging of 9omTcto iron oxide parti
des. This procedure results in highly efficient tagging
with minimal tag separation. It gives us a useful tool
with which to study the deposition and clearance of
inhaled particles in the human lung.
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