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Iinterest in fluorine-18 as a label In udlophafmacamcd studies lla lod to the
dovolopmontofnmothodlotth.ptoductlonoldoclcuhodubym F.F,
using the ?°Ne(d,a) '*F reaction. The amount of anhydrous '*F-F that can be re-
movodfmnﬂntorootIsatumﬂonoﬂarodprmouldcmmwonh-
creasing with rising target pressure and decreasing with decreasitig carrier con-
centration. Atatlmdwmoazlamm«nmacmmmma
0.1% F2, nearly 95% of the theoretical yleld of fluorine-18 produced can be re-
moved and up to 85% dollvoroduwouw a 10-m stainiess steel tube to the reaction
chamber. Other functions affecting yleld—Iincluding target design, target-gas han-
diing and purity—have been addressed. Thick target yieids for 14.0- and 9.4-MeV
deuterons on target were measured to be 82 and 67 mCI/uA at saturation. With the
BNL 60-in. cyclotron, production of 600-800 mCl of 'SF-F; with a specific activity

of ~10 mCi/umole has been in effect since 1976.
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Radiopharmaceuticals labeled with fluorine-18
have been described a number of times and their ad-
vantages have been detailed in the literature (/-4). A
reagent showing considerable promise as a labeling agent
is anhydrous '8F-F, (2,5-8). Furthermore, recent pro-
cedures using highly diluted F> and/or low reaction
temperatures have avoided many of the problems asso-
ciated with this highly reactive halogen and have re-
newed interest in its use in organic synthesis (9-11). The
need for decicurie quantities of 18F-F, at high specific
activity prompted a modification and extension of
methods in use (/,2,8). Also, it became clear that at the
high activities contemplated (>500 mCi), and because
of the requirements at sites having medical cyclotrons,
automated or semi-automated devices would be needed
to allow safe handling of the reagent. The 20Ne(d,a)!8F
reaction is suited fo this purpose. The '2O(p,n)'8F re-
action also shows promise (/2), but it introduces the
added complication of using the F; reagent in an oxygen
atmosphere. It will be the subject of another paper.
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Fluorine-18 from the 2°Ne(d,a)'8F reaction has been
used for radiopharmaceutical synthesis (5-7,/3-15).
Winchell et al. (16) have described a method for pro-
ducing large quantities of F-18, but they did not identify
the chemical form of the F-18 recovered. The excitation
function up to 24 MeV for this reaction has been pub-
lished by Nozaki et al. (17) and reinvestigated by
Guillaume (/8), but a complete review of this field is
outside the scope of this paper. We report here the de-
velopment of a system for establishing the targetry
conditions in order to produce !®F-F, in high activity, and
a simple method for the routine production of high-
activity '8F-F, by remote handling.

MATERIALS AND. METHODS

FLUORINE IS A HIGHLY TOXIC AND REACTIVE
GAS. THE READER IS DIRECTED TO A SERIES OF AR-
TICLES (79,20) ON THE MANIPULATION AND HAN-
DLING OF GASEOUS FLUORINE IN ORDER TO BE-
COME FULLY AWARE OF THE HAZARDS IN HAN-
DLING THIS DANGEROUS GAS.

The evolution of the present system has followed two tracks.
First, the optimum operating conditions had to be determined. This
required the development of a safe, reliable method of handling
pure F> (following section). The second approach was to develop
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FIG. 1. Vacuum manifold for handling pure
F2. V4, Vo, Va—valves used in loading
targets; V,—valve isolating manifold from
roughing vacuum system; Vs—uvalve iso-
lating manifold from pure F» supply;
Ve—rvalve isolating thermocouple gauge
from manifold; V;—valve isolating pres-
sure transducer (T) from manifold; Vg—
valve to soda-lime trap and roughing vac-
uum system; Vg—by-pass valve to
roughing vacuum system; V,,—valve
isolating pressure transducer from high-
vacuum system; V,;—valve isolating
manifold from high vacuum (diffusion
pump) system; Gy—thermocouple gauge
monitoring roughing vacuum system;
Gz—thermocouple gauge monitoring
manifold pressure; Gz—thermocouple
gauge monitoring roughing pump for dif-
fusion pump; Gy—discharge vacuum
gauge monitoring high-vacuum system;
T—differential pressure transducer with
monel diaphragm; DP—diffusion pump.

a system that could be handled remotely in a production mode,
with minimal operator intervention. This system (viz., target-gas
handling system for production) was developed after the operating
parameters had been determined.

Gas-handling system for pure F2. The metal line illustrated in
Fig. 1 is a modified version of the line previously described (8). The
principal changes were to use nickel or monel materials and to weld
all of the connections where possible. A monel reagent tank con-
taining fluorine* was kept in a shielded facility in the hood housing
the vacuum line. It was filled when required at a remote handling
facility that stored the high-pressure tank obtained from the
manufacturer. At present the storage pressure in the reagent tank
is kept below 2 atm. While it appears that the tank and valve sys-
tem can be operated at much higher pressures, we felt that the
lower pressure was safer for laboratory use. The manufacturer
states the purity of the gas to be about 97%, with the major im-
purities being N2 and O,. No attempt was made to remove these
gases. However, any traces of HF were removed before entry into
the vacuum manifold by using a sodium fluoride scrubber or cold
trap (Fig. 1). The neon* used was research grade, with a stated
purity of 99.999%. All metal tubing in contact with fluorine was
either nickel or monel. The main manifold had a diameter of 1.51
cm. All connecting lines were 0.95 cm in diameter. The whole
system was evacuated by means of a roughing pump and a diffu-
sion pump' charged with a silicone-fluid. When fluorine is absent,
pressure in the system is measured using a discharge-type of vac-
uum gauge. Fluorine pressure is measured with a diaphragm-type
differential pressure transducer (2) especially made for use with
corrosive gases,$ and having a nickel-plated interior and nosilicates
in the ceramics. Pressure readings are obtained from an electric
manometerY attached to the sensor. An auxiliary thermocouple
manometer is attached directly to the manifold. Monel diaphragm
valves** are used wherever pure or highly concentrated F; may
come in contact with the system. Note, however, that some valves
have begun to leak after about a year of continual use.

The resistance to fluorine of the monel and nickel surfaces of
this system depends on the formation of a coherent fluoride film.
This is obtained by admitting 1 atm of F and electrically heating
the system to ~300°C (8). The pressure in the system generally
ceases to fall after several hours, indicating no further wall reac-
tion. Conditioning is nevertheless continued for 48 hr to ensure
thorough passivation. The line is then ready for use. Excess F; is
removed through the soda-lime trap using roughing pump No. 2
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(right, Fig. 1). Great care should be exercised while the line is being
passivated. When the system has been conditioned and careful
vacuum techniques are practiced, the manifold system can
maintain a vacuum of 107%-10~7 torr. After passivation, the
manifold is used for transferring F; to targets. The fluorine pres-
sures in targets ranged from 0.01 to 760 torr.

Targets. The target materials used for fluorine-18 production
must be chemically inert, have reasonable heat-transfer properties,
and be stable under irradiation conditions. The current target
design is shown in Fig. 2. The body of the target is constructed of
the purest nickel commercially availablett in pipe form, with a
2.5-cm i.d. The interior of the target is honed to a mirror finish
before passivation in order to ensure a continuous, smooth nickel
fluoride surface. The rear of the target is a polished nickel plate
containing a 6.4 mm o.d. nickel exit port, electron-beam welded
to the body. A stainless steel flange, welded to the target chamber,
contains a groove machined to hold a metal O- or C-ring that is
used to secure the front window and provide a vacuum-tight seal
by pressure applied from a brass or aluminum flange-connector
assembly. The O-ring and C-ring materials used thus far are sil-
ver-plated or gold-plated nickel.}* Both materials provided an
excellent seal at target pressures of 20-25 atmospheres. Teflon
O-rings have been used in the past (2,8), but heat decomposition
may cause them to introduce carbon into the system.

The target chamber and window are cooled by water passing
through a brass jacket around the target chamber and through
copper tubing soldered to the front flange. There is no evidence that
more efficient cooling is needed; the target pressure returns rapidly
(=1 sec) to the initial pressure even after a 2-hr irradiation, indi-
cating little or no thermal heating of the target body.

The front window consists of a sandwich of 0.025 mm Ni foil
(facing the target gas) backed with 0.787mm aluminum foil. In
searching for the best window material, a series of Ni and Havar
foils of varying thicknesses (0.13-0.33 mm) were hydrostatically
tested to failure. The thinnest foils failed at 82-92 atm and the
thickest was still intact at 235 atm. While all of the foils could
withstand the static pressures within the target, the thicker foils
(0.25-0.33 mm) invariably failed under moderate (10 uA) irra-
diation conditions. Nickel and Havar have very poor heat con-
ductivity, which probably contributes to their failure since as much
as 90 watts are deposited in the window. The 0.13 mm Ni window
was not tested under irradiation conditions. It may also fail when
subjected to high pressure and beam currents, so its use as a target
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window should be tested before use in a production system. The
Al/Ni sandwich can withstand static pressures in excess of 70 atm
and has the added advantages of using Al, a good conductor, as
the beam degrader while providing a material that does not become
extremely active with long-lived radionuclides upon irradiation.

" The sandwich window is bowed out by applying 40 atm Ne pres-
sure to the target system before passivation and use. The dome
shape increases pressure stability. The target has two monel dia-
phragm values!! attached to it (Fig. 2). Whereas the passivation
procedure described above for the manifold could be used with
targets, the following was faster and more convenient. The as-
sembled target, minus the water jacket, is passivated by filling with
50 torr of F, and heating to a dull red glow (400-600°C) in a
gas-air flame with water cooling on the front flange, followed by
filling of the target with 10-20 atm of 1% F; in Ne and its irra-
diation with a 5-uA beam for 10 min. The front window is cooled
during bombardment by flowing helium over it at a rate of 100
ml/min; the target body and flange are water cooled. Repassivation
of the target is not required if the system is only briefly exposed
to air—for example, when values are replaced.

Because the availability of nickel is difficult to predict, other
materials were sought in the construction of the target. Inconel 600
was the most readily available at the time, and several targets were
constructed of this material in the manner described above. The
results of testing these targets will be discussed later.

Thick target yield determinations. Because there appeared to
be some question as to which excitation function was the most
reliable, it was remeasured at the Brookhaven tandem Van de
Graaff accelerator using techniques similar to those reported
elsewhere (21). There is excellent agreement between our results
(22) and those of Nozaki et al. (/7).

For the production runs, the BNL 60-in. variable energy cy-
clotron was used to provide deuterons at beam currents up to 15
#A and energies of either 18 or 23 MeV. In order to determine
experimentally the amount of F-18 that could be produced under
thick-target conditions, direct yield measurements were made
using a target similar to that shown in Fig. 2, except that it was
constructed of aluminum instead of nickel. The thickness of the
aluminum front window was adjusted to provide 9.4- and 14.0-
MeV deuterons on target from incident 18- and 23-MeV deuter-
ons, the same energies used in the production mode. The target was
loaded with 24 atm of Ne and bombarded at each energy, first with
a 1-uA beam for 5 min and later with a 14-uA beam for 2 min.
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FIG. 2. Target for production of 18F-F,. (A)

Front cooling flange constructed of brass

or Al, cut to fit Marmon flange (0.d. 9.68

cm). (B) Aluminum degrader foil; 0.81 mm.

f (C) Nickel foil; 0.025 mm. (D) Nickel pres-

sure ring “O” or “‘C", plated with goid or

= siiver (0.318 X 2.9 cmi.d.). (E) Target body:

. nickel pipe 2.5 cm i.d., 10 cm in length;

*0"” ring groove dimensions (0.25 cm

deep, 2.7 cm id., 3.5 cm o.d.). (F) Hoke

diaphragm valves constructed of monel;

- KEL-F insulators connect stainless steel

transport line to these valves. (G) Brass

cooling jacket; sliding fit with rubber ‘O’
rings for sealing.

This was done to see whether there was any marked difference in
the production as a function of dose rate. After each bombardment
the target chamber and windows were washed with a solution of
0.25 N NaOH containing 0.1% by weight of NaF, to remove the
fluorine activity for counting. Under the conditions of bombard-
ment only 0.2% of the activity was in the gas phase.

Fluorine-18 activity was assayed in a calibrated NaI(T1) well
counter. The radionuclidic purity was assayed with a Ge(Li)
solid-state detector and multichannel analyzing system. The only
photons present were the 511-keV gamma-ray due to positron
annihilation, and the gamma rays associated with Na-22 and
Na-24. The sodium activities accounted for <0.1% of the total
activity, and do not present a radionuclidic impurity problem since
they are not present in the gaseous phase when a nickel target is
used. Under the stated conditions, beams of 9.4- and 14.0-MeV
deuterons were found to produce, respectively, saturation activities
of 67 and 82 mCi of F-18 per uA of current (22), irrespective of
dose rate. The values agree to within 15% of the excitation function
published by Nozaki et al. (/7) and its counterpart determined
here.

Target-gas handling system for production. The need for a simple
system for the loading and emptying of the targets is paramount
when such a system is to produce 0.5 to 1 Ci of activity at a time
on a daily basis. In such a system the first consideration is to have
the target handled as little as possible. This was accomplished by
permanently mounting a target on a 2-m collimated beam pipe in
the cyclotron target area. This beam pipe is connected to the cy-
clotron target area by a short beam pipe (60 cm), which is removed
to provide access to the target area when other users need the cy-
clotron. The target end of the F-18 beam pipe is isolated from the
cyclotron’s target area by a shielding wall (1.7 m). The target is
loaded and emptied by way of a 3.2 mm stainless steel line con-
necting the target and a simple manifold in the chemistry hood
some 10 m away. This manifold and line were initially conditioned
with 2 atm of 1% F2/Ne mixture for several hours before the
transfer of '8F-F,. Further conditioning has not been found nec-
essary unless the line has been exposed to air. Teflon tubing proved
to be wholly unsatisfactory, becoming permeable to F, after
short-term use.

Using premixed, commercially available 1% F; in neon* (re-
search purity) to add the carrier, and research purity neon as a
diluant, the target can be loaded remotely to the desired pressure
and F, concentration. A schematic of this system is shown in Fig.
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FIG. 3. Schematic of target-gas handling
system for 18F-F, production. Valve 1 al-
lows introduction of F, carrier as either
pure F, or premixed 1% F,/Ne. Valve 2 is e
used in conjunction with Valve 1 for iso-
lating gas impurities in LN, trap when
necessary. Valves 3 and 4 control soda-
lime trap/by-pass in vacuum line. Valve 5
controls access from target to chemical
reaction vessel. Valve 6 isolates target
from manifold. Valve 7 is used to vent
manifold. Valve 8 is used to introduce Re-
search Purity Neon. Valve 9 is the target
vent, used for flushing target. Vaive 10 is
used for flow-through flushing of target
before loading. It is closed for target load-
ing and irradiation.

VALVE

LN, TRAP

3. The manifold shown is constructed of 6.4 mm stainless steel
tubing welded at all joints. The valves are stainless steel bellows
of the H series type.$% In an earlier version using monel valves, it
was discovered that the passivated monel offered no advantage over
either passivated brass or stainless steel valves. Since the brass
valves contain Teflon seats and may be a source of stable CF,,
which undergoes exchange producing '8F-CFg, only stainless steel
valves are used in contact with the !8F-F,. It is emphasized that
this system uses a <1% Fj-in-neon mixture. The use of higher
concentrations of F; in the system would require additional pre-
cautions and modifications. Pure F, must not be allowed to come
in contact with brass valves or packed valves of any kind.

In preparing for an irradiation, the back port of the target (valve
10, Fig. 3) is opened and the entire system is purged for a few
minutes with neon and vented to 1 atm. The back port of the target
is then closed and 1% F,/Ne mixture is added to the line to give
the desired amount of carrier. For example, raising the residual
1 atm of neon to 2.6 atm by addition of 1% F2/Ne results in the
introduction of ~50 umol carrier (F3), as determined by iodo-
metric titration (23,24). Neon is then added to the target to give
a final pressure of 23.8-25.9 atm, and the target is valved off in
the chemistry lab (Valve 6, Fig. 3). The pressures in the target/
transfer line are monitored by a pressure transducer with a monel
diaphragm and digital readout.¥Y Note that the transducer mon-
itors the pressure of the target/transfer line system during irra-
diation. This serves as a direct indication of whether the beam is
striking the target gas or not. If it is, the pressure rises immediately
and is proportional to the intensity of beam.

After irradiation the dead volume of gas is vented. The pressure
at this point is ~15 atm. The !8F-F, can then be used as a reagent
for labeling by using a needle valve to control the flow rate into the
reaction vessel and purging to a final pressure of 1 atm. The unused
residual gas (target and line) is ~8.5% of the initial amount. If
necessary, this small amount could be recovered by a slight mod-
ification in the system to allow the target and line to be flushed with
neon after the initial purge.

Activity balance and fluorine (F2) assay. By purging the contents
of the target through a series of traps, measurements can be ob-
tained for the total fluorine-18 activity recovered from the target,
the relative amounts of useful !8F-F; and volatile inert F-18 ac-
tivity, and the quantity of carrier F; delivered from the target. The
traps consist of 15 ml of ~1 M KI solution with starch indicator,
followed by a small soda-lime trap (2 X 8 cm, 4-8 mesh), and fi-
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nally a charcoal trap (5 X 16 cm, 4-6 mesh Columbia activated
carbon) cooled with dry ice. The traps are fabricated from glass
with connections made from 3.2 mm o.d. Teflon tubing and
swagelok fittings. For convenience the size of the traps is chosen
so that they fit into the well of an ionization chamber for convenient
radioassay. The charcoal traps are reusable with no activation
being necessary. The F-18 recovered from the target is a sum of
the activities in the three traps, decay corrected. The relative
amounts of usable 8F-F, and F-18-labeled inert gaseous com-
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FIG. 4. Percent of F-18 removed from target as function of initial
target pressure. (15-uA deuteron beam for a dose of 1.25 uA-hr.)
Extraction efficiency based on experimentally determined value of
82 mCi/pA at saturation.
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FIG. 5. Percentage of F-18 removed from target as function of
quantity of F, carrier present. (15-uA deuteron beam for dose of
1.25 uA-hr.) Extraction efficiency as in Fig. 4.

pounds are obtained from the activities in the KI + soda lime and
activity in the charcoal. The amount of carrier F, can then be
obtained by titrating the KI solution with standard thiosulfate (F,
+ 2KI — I; + 2KF; I, + 285,032 =21~ + S;0672) (23,24). Note
that the activity in the soda lime is usually <1%.

Target parameters. The initial experiments using the pure F
system to load the neon targets indicated that the F-18 recovery
was a function of carrier concentration, initial target pressure, dose
rate, and total dose (8,22). It was also noted that absolute yields
varied from one target system to another. Therefore, when the
target system was located in its present permanent position, the
aforementioned parameters were studied for the particular
system.

The targets were always loaded in the manner described in the
section on “Target-gas handling system for production.” The as-
says of the various activities and their chemical forms were per-
formed as described in the section on “Activity balance and fluo-
rine (F,) assay.” The pressure and carrier studies used a 15-uA
deuteron beam, for a dose of 1.25 uA-hr.

The effect of initial target pressure was studied by loading the
target with 1.6 atm of the 1% F»/Ne mixture (60 umol of F) and
adding sufficient neon to bring the target to the desired pressure.
The pressures studied ranged from 13.5 to 28 atm.

The carrier studies were performed by varying the pressure of
the 1% F»/Ne mixture added from 0.14 (5 umol F3) to 19 atm (710
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PERCENT '®F REMOVED FROM TARGET

20 1

1 1 1 1 1 1
0 s 10 15 20 25 30
DOSE(uA-h)

FIG. 8. Percentage of F-18 removed from target as function of
total dose to target (constant dose rate at 15 uA). Extraction effi-
ciency as in Fig. 4.
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FIG. 7. Pressure rise in neon target gas as function of dose rate
(initial pressure = 25.8 atm).

pmol F). Because it was difficult to reproduce the loading of the
lower concentrations, the results were expressed in terms of the
amount of F; recovered.

From the pressure and carrier studies it appeared that the op-
timum operating conditions for the production of !8F-F) for use
in labeling radiopharmaceuticals were 25.9 atm and 0.1% F,
carrier. Thus, the studies on the effect of dose rate and total dose
were performed under these conditions. In order to keep as many
variables as possible constant, the dose-rate studies were done at
constant total dose (0.25 uA-hr). The dose rates ranged from 1 to
15 nA.

RESULTS AND DISCUSSION

The effects of the various parameters on the recovery
of F-18 are shown in Figs. 4, 5, and 6. In Fig. 7 the effect
of dose rate on target-gas pressure is illustrated.

The rise in pressure as a function of beam current has
been attributed to beam heating in gas targets (25-27).
This increase in temperature causes a reduction in gas
density and thus decreases the number of target nuclei
in the beam, resulting in a lower production rate. This
is consistent with the results shown in Fig. 4. While the
lower initial pressure represents a thick target, the 15-uA
beam probably reduces the density to such an extent that
the target is no longer sufficiently thick to stop the beam.
Moreover, the carrier studies (Fig. 5) point toward a
competition reaction for the F-18 between the carrier F
and the Ni walls of the target. By increasing the gas
pressure, the thick target condition can be maintained
at higher beam currents, and the mean free path of the
F-18 produced is also reduced, tipping the balance in
favor of labeling the F, molecule.

A more complete study of the interplay between beam
current and target-gas density is currently under way.

The results of the dose-rate effect studies indicate that
the recovery remains constant (>90% of theoretical) for
low to moderate dose rates (1-10 uA) but then begins
to decrease, so that at 15 uA the recovery is ~83% of
theoretical, these determinations being made at constant
total dose. Whether this small variation can be attributed
to the reduction of gas density at the higher dose rates
is not clear at this time.

The total dose to the target gas appears to have the
most dramatic effect of the recovery of F-18 (Fig. 6).
Beam currents were limited to 15 uA as a precaution
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TABLE 1. TYPICAL OPERATING CONDITIONS
FOR '®F-F, PRODUCTION

Parameter Value
Machine energy 23 MeV
Deuteron energy on target 14.0 MeV
Target pressure (Ne) 25.8 atm
Carrier concentration 0.1% F,
Beam current 15 uA
Dose on target 30 uAh
Theoretical yield 655 mCi*
Recovered yield 367 mCi

* Based on the experimentally determined yield of 82
mCi/uA at saturation. Note that the calculated theoretical
yleld (92 mCi/uA) is somewnhat higher since 100% 2°Ne was
used in calculation. Naturally occurring neon is 90.5%
20Ne.

because of the large increase in target pressure with in-
creasing dose rate (Fig. 7). Although one would expect
higher yields at a lower dose rate, the added irradiation
time required to obtain an equivalent production of F-18
is prohibitive.

A comparison of the F-18 recovery was made at low
and high doses for the Inconel and nickel targets. The
results show that at low dose the recovery of F-18 from
the Inconel target is ~50%, whereas for the Ni target it
is >80%. However, at the high doses (>15 pA-hr) the
recovery from the Inconel is unacceptably low (15-20%)
whereas that for the Ni target is still good (~60%):

Note that for all these studies (except those investi-
gating carrier) and quantity of '8F-F, averaged ~95%
of the total recovered F-18 activity. The high recovery
of F-18 as F, is maintained with frequent target irra-
diations. When the target is not used for several days,
there is frequently a decrease in !®F-F, production of
approximately 20% and a corresponding rise in F-18-
labeled, chemically inert, gaseous compounds. The
factors responsible for this target behavior have not been
determined, although target leakage has been excluded
as a cause. The problem is easily avoided by carrying out
a short irradiation and discarding the target gas before
a production run (28).

CONCLUSION

The routine production of large quantities (200-500
mCi) of '8F-F, with either the system described in this
paper or its earlier version (22) has been in progress since
1976. Typical operating conditions and parameters are
listed in Table 1.

The decicurie quantities of '8F-F, produced are
needed for particular radiopharmaceutical production.
Most production runs are used for the production of
2-['8F]fluoro-2-deoxy-D-glucose ('8FDG) for use in the
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TABLE 2. CALCULATED THICK-TARGET
SATURATION YIELDS FOR THE 2°Ne(d,x)'F
NUCLEAR REACTION

Range
Energy Yield in Ne
(MeV)* (mCi/puA) (mg/cm?)
2 1.2 6.8
3 36 12.8
4 8.8 20.0
5 17.2 28.8
6 28.1 39.0
7 40.1 50.5
8 51.1 63.3
9 60.6 77.4
10 68.9 92.7
1 76.1 109
12 82.3 127
13 87.5 146
14 91.9 166
15 95.6 187
16 98.7 210
17 101 233
18 104 258
19 106 283
20 107 310
21 108 338
22 110 367

* Deuteron energy incident on target gas.

1 Based on the excitation function as determined by Nozaki
et al. ( 77) and Casella et al. (22).

1 To threshold. (The quantity of neon necessary for thick
target is dependent upon the dimensions of the target being
used. In the described system, the target is 10 cm long and
2.5 cm in I.d. Calculations used 100% 2°Ne.)

study of regional brain glucose metabolism (29). Under
the production conditions of Table 1, sufficient 8FDG
can be synthesized for two patient studies in the same
afternoon (~30 mCi at end of synthesis). .

Note that because of the high reactivity of F, various
components of the system begin to fail and must be re-
placed. Also, moisture in the system will convert nearly
all the F, into aqueous HF: H,0 + F, — HOF + HF;
HOF + H,0 — HF + H,0, (30,31). The largest con-
tamination problem appears to stem from any source of
carbon or nitrogen, which resuits in production of F-
18-labeled, chemically inert, gaseous compounds at the
expense of !18F-F,. Therefore, it is of utmost importance
to monitor and check all reagents including the higher-
purity neon and F,/Ne gases. The accompanying paper
discusses this problem in detail (28).

With respect to the applicability of a similar system
to use with medical cyclotrons, Table 2 has been con-
structed to illustrate the theoretical yield at saturation
of F-18 as a function of energy. These calculations are
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based on the excitation function determined here, which
is in agreement with Nozaki et al. (17).

In general, medical cyclotrons have deuteron energies
in the 7.5-15-MeV range with beam currents on the
order of 50-100 uA. Therefore, it becomes a more dif-
ficult job to select a beam window system what will not
degrade the beam energy significantly and yet be suffi-
" ciently strong to withstand the higher beam currents.
With the lower energy cyclotrons, the quantity of gas
necessary to make a thick target is reduced, and the
pressure rise associated with higher beam currents may
be small enough to allow the use of thinner windows.
However, running at higher beam currents may not be
advantageous, as is illustrated in Fig. 6, which shows the
percentage of F-18 recovery as a function of total dose.
As mentioned earlier, the reasons for this phenomenon
are not fully understood, and studies in progress address
this problem.

Even with these constraints it is reasonable to expect
a small medical cyclotron to be able to produce sufficient
18F-F, for radiopharmaceutical preparation.

FOOTNOTES

* Matheson Co., Rutherford, NJ.

t Veeco EP-2A

1 Dow Corning 704

IModel GPH-100A, Consolidated Vacuum Corp., Springfield,
NJ.

§ Model 5730-1000 T4C1HS, Datametrics Corp., Wilmington,
MA.

1 Barocel

** Hoke type 4621N4M

tt KLM metals, Plainview, NY.

# Custom made by Pressure Science, Inc., Beltsville, MD.

W Hoke type 4618N4M

% Nupro

1 Sensotec, Inc., Columbus, OH.
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