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Performance assessment of O-18 water purifier
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In the synthesis of '®F-FDG by the nucleophilic substitution method, '#0-H,O is usually used as
target water. The target water should be recovered after synthesis and reused, because it is
expensive, but recovered water contains impurities such as organic substances, and it must be
purified before reuse. For this reason Sumitomo Heavy Industries, Ltd. developed an O-18 water
purifier for elimination of organic substances in recovered water. This instrument consists of a UV
irradiation unit and low-temperature distillation unit. Our institution had an opportunity to test use
this instrument and evaluated its performance. The concentrations of organic substances after UV
irradiation was greatly reduced, and recovery efficiency after distillation by the low-temperature
distillation unit was very satisfactory at 99.3 £ 0.5%. Furthermore, the yield of '3F-FDG from '80-
H;O purified with this instrument was sufficient for the clinical use.
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INTRODUCTION

F-18-labeled fluorodeoxyglucose ('®F-FDG), which is
used for PET at many facilities, is generally synthesized
by the nucleophilic substitution method, which rapidly
produces '8F-FDG at a high yield.!= By the nucleophilic
substitution method, '#0-H,0 is irradiated by protons
accelerated with a cyclotron, and '®F-fluoride produced
by means of nuclear reaction of '80(p,n)!3F are used for
synthesis of '8F-FDG. '80-H,0 is still expensive although
its market price fluctuates, and its procurement may be
difficult due to the high demand for it. Therefore, '30-H,O
used for the synthesis of '8F-FDG must be recovered and
reused. But recovered '*0-H;0 has passed the piping of
the synthetic apparatus and ion-exchange resin so that it is
contaminated to various degrees by organic substances
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(ethanol, methanol, acetonitrile, etc.) and inorganic ions
(K*, Na*, CI, etc.).*> If recovered water containing many
of these impurities is reused as target water, problems
such as abnormal increases in target pressure during
irradiation and a reduction in the target chamber life-span
may occur.®’ It may also result in a reduction in the
production yield of '8F-fluoride, so that the yield of '8F-
FDG is reduced. Therefore, organic substances and
various ions contained in recovered '#0-H,0 must be e-
liminated as much as possible for its reuse. Moreover, the
loss of '80-H;0 by purification must be minimized. This
instrument is designed to optically decompose organic
substances present in recovered '#0-H,0 by means of an
ultraviolet (UV) irradiation unit and further purify it in a
low-temperature distillation unit with a halogen lamp.
Our institution tested this water purifier and evaluated its
performance. We first compared the concentrations of
organic substances contained in '30-H,O before and after
UV irradiation and examined the recovery efficiency of
H>O after distillation. Next, we synthesized '8F-FDG for
clinical use from '#0-H,O purified with this instrument
(purified water) and from '30-H,0 with a isotopic enrich-
ment of 95% immediately after purchase (virgin water)
and compared the yield of '®F-FDG.
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OUTLINE OF '¥0-H,0 PURIFIER

Structure

This instrument consists of a UV irradiation unit (left) and
a low-temperature distillation unit (right) as shown in
Figure 1. The UV irradiation unit consists of a metal
cylinder, the inside of which is given a mirror finish, and
a UV lamp in the center of the cylinder. Glass sample
tubes to contain recovered water can be arranged around
the UV lamp. Each sample tube contains 2 m/ of recovered
water, and about 12 m/ of water can be irradiated at a time.
The low-temperature distillation unit consists of a glass
distiller, halogen lamp for heating, aspiration pump to
create a negative pressure inside the distiller, and a dewar
bottle to contain liquid nitrogen for cooling and condensing
the vapor. The glass distiller, which consists of a dome-
shaped glass upper part and an inverted conical condenser
made of quartz (lower part), is sealed with packing and a
special fastening device. A Glassy Carbon reservoir with
a capacity of 30 m/, which holds UV irradiated '80-H,O
before distillation, is placed in the glass evaporator. About
30 m/ of water can be distilled at a time. The distillation
rate is 2-3.5 m//hour. Both units are equipped with a timer
so that the time of UV irradiation or low-temperature
distillation can be readily prolonged or shortened.

Operation method

After filling the sample tubes with recovered target water
and sealing them, the water is irradiated with UV in the
UV irradiation unit for 4 hours. The UV irradiated water
is transferred manually to the reservoir in the glass dis-
tiller of the low-temperature distillation unit, and a nega-
tive pressure is produced inside the distiller with an
aspiration pump to promote evaporation of '80-HO. The
180-H,0 is gradually distilled at low temperature by
directing the halogen lamp into the water from above the
distiller. Distillated '80-H>O is cooled in the condenser
part with liquid nitrogen and frozen. It is thawed at room
temperature and used as purified water.

MATERIALS AND METHODS

130-H,0, with a purity of 95%, was obtained from ROTEM
INDUSTRIES, Israel. '°0-H,0, as an injectable distil-
lation water, was purchased from Otsuka Pharmaceuti-
cal Co. Ltd., Tokyo. All other reagents were purchased
from Aldrich Chemical Company, Milwaukee, WI. '8F-
FDG was synthesized by the nucleophilic substitution
method with a '8F-FDG-synthesizing instrument, F-100
(Sumitomo Heavy Industries, Co. Ltd., Tokyo) and a
cyclotron, CYPRIS-325R (Sumitomo Heavy Industries,
Co. Ltd., Tokyo).

Comparison of concentrations of organic substances
The effect of UV irradiation for the elimination of organic
substances was evaluated. Methanol is a contaminant in
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Fig.1 Appearance of the instrument. UV irradiation unit (left)
and low-temperature distillation unit (right).

the recovered '80-H>0 if '8F-FDG is synthesized with
FDG MicroLab (GE Medical Systems, Milwaukee, WI).
Ethanol could be a contaminant in the recovered water
because 70% ethanol is used for sterilization of the FDG
synthesizer. Moreover, because acetonitrile is used for the
solvent to synthesis of '8F-FDG, organic substances that
may be contained in the recovered water include metha-
nol, ethanol and acetonitrile. These 3 organic solvents
were therefore added to '°0-H,O simultaneously, the
water was UV irradiated with the UV irradiation unit. The
concentrations of organic substances in the sample before
and after UV irradiation were analyzed by gas chromatog-
raphy with a Shimadzu GC-14B gas chromatograph and
a Shimadzu TSG-1 15% SHINCARBON A 60/80 glass
column (3.1 m X 3.2 mm L.D.) at a column temperature of
90°C, an injector temperature of 180°C, FID temperature
of 180°C, and flow rates of 50 kPa for Hz, 50 kPa for air,
and 70 kPa for He. The retention times for methanol,
ethanol and acetonitrile were 2.6-2.7, 3.1-3.2 and 4.9-
5.0 min, respectively.

Evaluation of the recovery efficiency for water after
distillation

The recovery efficiency for water after distillation was
evaluated. '0-H,0 which varied from about 10 to 25 m/
was weighed with a chemical balance (AT250, Methler)
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Fig.2 Decomposition of organic substances by UV irradiation.
00, methanol, ©; ethanol, ©; acetonitrile. Each point presents
mean and s.d. of 3 experiments.
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Fig. 3 Effect of purification of '%Q-H,0 on the amount of
organic substances. Pre-purification of '30-H,O (upper) and
post-purification of '#0-H,0 (lower).

and distilled with the low-temperature distillation unit.
After distillation, the water obtained was weighed again
and the recovery efficiency was calculated.

Comparison of the yield of synthesized 'SF-FDG

13F-FDG was synthesized by using virgin water and with
purified water as target water, and the yields were com-
pared. The isotopic enrichment of virgin water was 95%.
Purified water had been used 3-5 times at our institution
with purification by means of this instrument, and the
percent content of '80-H>O in this experiment was not
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Fig. 4 Comparison of the yield of '8F-FDG synthesis. Each
point presents the yield of '¥F-FDG determined by correcting the
synthetic condition for an irradiation time of 60 min and a beam
current of 15 uA.

known. '8F-FDG was synthesized 29 times with virgin
water and 39 times with purified water. Since the irradia-
tion time and the beam current are not always fixed at
certain levels, they were corrected as follows. The radio-
activity produced is in proportion to the beam current on
the target and 1—e~" at the irradiation time ¢ (A: the
decomposition constant of F-18). Therefore, the yield of
BE_.FDG was determined by correcting the synthetic
conditions for an irradiation time of 60 min and a beam
current of 15 yA.

RESULTS

Comparison of the concentrations of organic substances
before and after UV irradiation

As shown in Figure 2, organic substances contained at
1,000 ppm or above could be decomposed nearly com-
pletely in 1 hour for methanol and ethanol and in 3 hours
for acetonitrile.

Evaluation of the recovery efficiency for water after
distillation

As shown in Table 1, the recovery efficiency was ex-
tremely high at 98% or higher on all runs, and the mean
value was 99.3 £ 0.5%.

Example of purification of '50-H;0

Figure 3 shows one example of pre-purified '#0-H,0 and
post-purified '80-H,O with this instrument. Purification
was carried by UV irradiation for 4 hrs followed by low-
temperature distillation. A sample of 30-H>O used for
BF_FDG synthesis with '®F-FDG-synthesizing instru-
ment (Sumitomo Heavy Industries, Co. Ltd.) was ana-
lyzed. 128 ppm of acetonitrile was detected as a major
peak in pre-purified water (upper). After purification of
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Table 1 Recovery efficiency of the water after distillation
procedure

Pre-distillation  Post-distillation Recovery yield

Run No. @ © (%)
1 9.83 9.69 98.6
2 10.05 10.05 100.0
3 9.96 9.89 993
4 24.13 24.00 99.5
5 21.65 21.59 99.7
6 19.55 19.26 98.5
7 14.80 14.66 99.1

this sample, almost all organic substances were elimi-
nated from the water (lower).

Comparison of the yields of '"8F-FDG

Figure 4 shows the yields of '8F-FDG. Each point presents
the yield of '3F-FDG determined by correcting the syn-
thetic condition for an irradiation time of 60 min and a
beam current of 15 #A. The yield of '3F-FDG synthesized
from virgin water was 202 * 82 mCi, and that from
purified water was 159 + 73 mCi. The time needed for 8F-
FDG synthesis was about 60 minutes in both cases.

DISCUSSION

In this study the recovery efficiency for water after distil-
lation was 98% or higher (Table 1). Each part of the unit
is dried before it is used to distill recovered water, so that
the isotopic enrichment of '80-H;O does not decrease
during distillation, and there is no loss of '*0-H2O during
UV irradiation, so that 180-H20 was purified with this
instrument with minimum loss of '*0-H,0.

Organic substances (methanol, ethanol, and acetoni-
trile) contained in recovered water were almost com-
pletely decomposed by 4-hour UV irradiation, as ex-
pected.® The purified water is therefore considered to be
free from these organic contaminants after 4-hour UV
irradiation and low-temperature distillation with this in-
strument, and inorganic ions and metal ions considered to
be derived from the target box are not considered to enter
the purified water, because it is distilled at low tempera-
ture, although the amounts were not measured in this
study.

BE-FDG is considered to be synthesized from purified
130.H,0 by means of this instrument with a satisfactory
yield for clinical use, although the yield of ¥ F-FDG
synthesized from purified water was reduced in compari-
son with that from virgin water. During synthesis of '8F-
FDG, the recovered water is diluted as it passes through
the lines and anion exchange resin for '8F-fluoride extrac-
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tion from the bombarded target water, and the purified
water used for '8F-FDG synthesis in this study had been
used 3—5 times at our institution, so that the isotopic
enrichment of '80-H,0 was not known. On the other
hand, the yield of '8F-FDG varied both when virgin water
was used and when purified water was used for '*F-FDG
synthesis, probably because of variation in '3F-FDG
production efficiency and the beam pattern. From these
observations, this instrument appears to be useful for
clinical '8F-FDG synthesis by efficiently eliminating im-
purities from recovered '%0-H,O without the loss of
volume.
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