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_INTRODUCT!ON

One of the key considerationsir_the design of automated liquid water

target systemsfor reliable18F"productionis the inclusionof adequate sensing
devices for remote feedback of individval process operation status. This
information allows for smooth transitionXbetween process operations that
ultimately avoids productioninconveniencessuch as target damage due to
empty target irradiation,or lossof 18Factivitydue to incompleterecovery of the
targetcontentsafter irradiation. Such inconveniencescan notonly resultin loss
of PET runs, or at least delays in schedule, but result in an increase in the
radiationexposureof productionpersonnelas well.

The processoperationsneededto generate, extract and deliver 18F"to
the Hot Lab for subsequentchemistry are not really complex. These involve
configuringtarget valves for access duringloadingof enrichedwater, fillingthe
target with water, reconfiguring target valves so that it is sealed during
irradiation,and finallyemptyingthe targetcontentsafter irradiation.

At the lowest level of remote sensing of these operations is the act of
determiningwhethertargetvalves are actuallyin their correctconfigurationfor a
specificstep. Electricfeedback of whethera solenoidvalve is energized or not
is entirely inappropriateinthese instancesbecause such valves may fail, and
remain either opened, or closed,while yieldingfalse feedback to the monitor.
Physicaldisplacementvalves such as HPLC injectorvalves are bettersuitedto
this task because feedback of the valves configurationcan be accomplished
throughclosureof electriccontactson the valvesstem.

Sensingthe fillingor emptyingstatusof the target is perhaps the most
crucial feedback for reliable target performance. One must ensure that the
entire charge of water has been loaded into the target confines. Irradiationof
partiallyfilledtargets can be just as devastatingas irradiationof empty targets.
Likewise, one must ensure that the entire contents of the target has been
emptied after irradiation. This is important not only to maximize production
levels of radioisotope, but also to minimize losses of enriched water during
subsequentprocessing.

Sensingthe presence, or absence, of liquid water can be accomplished
by measuring some physical property of the substance in that phase. For
example,we demonstrated(Ferded R.A. et al., 1992) that 5 ppm levelsof metal
cations in water will yield a specificresistanceof 0.15 M_. This level is more
than adequate to detect a response using commercial conductivity meters.
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Conductivityprobes can be easily installed into the high pressure componentry
of the targetplumbingusingstandardHPLC fittings.

Likewise, refractive index is another property of water that can be
harnessedfor sensingthe liquid'spresence (AlexoffD.L. and Hallaba K., 1993).
For exCmple, the amount of light transmitted from a source through a
transparentcell or tube will vary dependingon whether the cell or tube is filled
with liquid. This laterapproachpossessesthe advantageof being non-invasive
in detection. Unfortunately, it is not entirely amenable to operationsrequiring
high pressure components, and therefore, is limited in use to operations
involvingmanipulationof liquidsdownstreamfrom the highpressuretarget.

.._

H=180 WATER TARGET SYSTEM DESCRIPTION

The Figureshowsa completeschematicof the highpressureliquidwater
target system that is now in operation on the BNL JSW beamline for routine
productionof 18F'. The target is constructedof silver, and is of a standard
keyhole design possessing an active volume of 2.5 mL, and two ports for
manipulatingthe water charge. All operations for configuring target valves,
loading the target, and unloadingthe target are controlled by a PC computer
either through an RS-232 interface that couples to a short-haul modem, or
through I/O triacs for poweringAC solenoids. The computer is located in the
cyclotroncontrol room.

Target loading is carried out using an infusion syringe pump (Harvard
Apparatus, Inc., Model22). The pumpis connectedto the target throughtwo 6-
port high-pressure HPLC valves (Rheodyne Model 7010) that are remotely
operated using pneumatic actuators. These valves configure the target for
receivingwater from the pump, for high-pressureirradiation,and for unloading
the water charge to the vault located resin/recoverystation. In the event of line
rupture in the N2 supply drivingthe pneumaticactuators, the switchingvalves
remain in their last command state thus avoiding a catastrophicoccurrence.
Electricalfeedback is made to a light;boxvia contact switcheslocated on the
valve stems indicatingvalve statusat all timesduringtarget operation.

All connections involved in target loading are made using standard
HPLC fittings,as well as 1/16" o.d. 316 stainlesssteel tubingto maintainhigh-
pressure integrity. The total load volume of liquid necessary to fill the active
target volume and peripheralplumbingis 3.3 mL.

Electricalisolationof the target is accomplishedusinghigh-pressur9 low
dead volume nylon HPLC couplings (Waters) on both lines attached to the
target. When paired in series, the short length of stainless tube couplingeach
insulatorserves as an isolatedprobe for measuringthe resistanceacross the
nylon gap of each target line. The target filling status can be monitoredby
carryingout resistancemeasurementsacrossthe isolationgap of the top port
line using a commercialconductivitymeter (Crystalab Inc., HartfordCT, 120 V
AC, 60 cycle, 1/25 W). The target must fill to capacity before water can exit



throughthe top port and changethe resistanceacross the gap at that location.
Likewise, the target emptying status can be monitored in the same fashion
acrossthe isolationgap of the bottomport line.

The response range for the above meter covers 3 MQ to less than
0.01 M_, correspondingto metal ion levels of 0.1-50 ppm, respectively. The

180-endched water used (Isotec) for 18F-productiongenerally possesses metal
ions in the range of 15-20 ppm, morethan adequate for good meter response.
However, response does drop upon distillingthe water during reprocessing.
Adequate response can be reestablished by leaving the distilled water in
contactwitha silverfoil forappoximately24 h before use.

" The "handshake" software that is an integral part of the pump's
processing software allows the computer to start or stop the pump, and to
monitorthe volume of water dispensedfrom the syringe. If the syringe should
empty prior to dispensinga completecharge of water to the target, the pump
automaticallypauses and flags the computerof its status. Once refilled, the
computerflags the pumpto resumeoperation.

After loadingof the targetis complete,the computerplacesthe Rheodyne
valves intheir properconfigurationforsealingthe target. As the blow-upof the
valve plumbing shows in the Figure, the inlet and outlet ports are coupled
during this action. Once the irradiationis complete,the computer reconfigures
the valves for unloading. Nitrogengas forcedthroughthe top port of the target
during this operation drives the water charge from the target, and into the
resin/recoverystation.

The resin1recovery station is also located in the cyclotron vault
approximately 1 m from the target station. This facilitates target unloading,

maximizes H2180 recovery,as well as prevents long-livedcontaminants from
reachingthe Hot Lab. The stationthat was previouslyreported by us (Ferrieri,
R.A et al., 1992) has been modifiedto include a new leak-free resin column
assemblythat is fabricatedfrom a standardHPLC guardcolumn housing. The
inlet and outlet holes to this housing are enlarged slightly to prevent flow
restriction. The anion resin (Bio Rad AG1X8 carbonate form; 200 mesh) is
packed insidea 114"o.d. lucitetube that hasa polyethyleneliner. Polyethylene
frits (AIItech) are placed at boththe inletand outlet to the tube as it is mounted
within the guard column housing. Connectionsto the guard column housing
are made with finger-tight nylon HPLC connections (Rainin) on 1/16" o.d.
polyethylenetubing.

The outlet tube from the resincolumnpasses through an opticalsensor
which measures light transmissionacross the plastic tube. The sensor unit
emits 915 nm light through a miniatureinfrared phototransistor(Radioshack)
mounted on one side of the plastictube, and receives it through an equally
small photodetector(Radioshack) mounteddiagonally across the tube. The
amount of light transmittedchangesdependingon whether the tube is filled or
notwith liquid. The currentoutputfromthe detector is of course proportionalto
the amountof lightreceived. However,with appropriatecircuitrythe unit can be
configured to transmiteither a 0 VDC or 5 VDC signal directlyto the computer



for remote feedback of the tube's status. This feedback informs the cyclotron
operator of when the endchedwater recoveryis complete. All target operations
are then shutdown,thus transferringcontrolof the resin station via "blackbox"
operation to the Hot Lab, where the chemist has complete control of
radioisotopedelivery.

SYSTEM PERFORMANCE

In the six months since its installation,the described automatic high-
pressure water target systemhas been ableto make and deliver up to 725 mCi

.. of 18F" (EOB) from a 40 minute irradiationon 95% 1SO-enriched water using
15 _A of 17.4 MeV protonson target.• The target should be able to tolerate
higher beam currents, and thus produce larger amounts of radioisotope,
althoughthisaspect has nottestedto date. Automaticoperationspermittarget
loading and valve configuringfor irradiationwithin one minute. In addition,
target unloading and water recovery takes only one minute. Radioisotope
extraction from the resin, as well as its delivery to the hot lab in carbonate
solution through 40 m x .5 mm i.d. of polyethylene tubing generally takes
5 minutes.

With constant daily use of the system, we have observed significant
deteriorationin the responseof the opticalsensor resultingin 50% reduction in
sensitivity. Of course, sensitivityof the unit dependson lightemission,as well
as light detection, both requiringlens that are probably sensitive to neutron
damage.. While the unitis housedinsidea 1"thick lead hot cell that shieldsthe

• resin station,we have nottaken stepsto shieldit against the highneutronfield
induced in the cyclotronvault duringirradiation. We have compensated for the
change in sensitivityby readjustingthethresholdsettingof the unitthat allowsit
to transmita 5 VDC signalto the computer. Eventually,the unitwillbe rendered
nonfunctionalas the radiationdamage becomes overwhelming, and will have
to be i'eplaced.
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