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The aim of this work is quantifying the radionuclidic impurities of the irradiated [18O]water originated
by the [18F]FDG synthesis process, and characterizing, from a radioprotection point of view, the waste
streams produced. Two samples of 2.4 ml [18O]H2O, contained in two different target cells, have been
irradiated with a proton current of 37 mA in a PETtrace cyclotron for about one hour each; after
irradiation, without performing any chemical puriﬁcation process but waiting only for the 18F decay,
they have been transferred in two vials and measured by HPGe gamma spectrometry and, subsequently, by Liquid Scintillation Counting. Previously, Monte Carlo calculations had been carried out in
order to estimate the radionuclides generated within the target components ([18O]H2O, silver body and
Havars foil), with the aim to identify the nuclides expected to be found in the irradiated water.
Experimental results for the two samples, normalized to the same irradiation time, show practically the
same value of tritium concentration (about 36 kBq/ml) while gamma emitters activity concentrations exhibit
a greater spread. Considering that tritium derives from water activation while other pollutants are caused by
activated cell materials released into water through erosion/corrosion mechanisms, such a spread is likely to
be attributable to differences in the proton beam shape and position (production of different natural
circulation patterns inside the target and different erosion mechanisms of the target cell walls).
Both tritium and the other radioactive pollutants exhibit absolute values of activity and activity
concentrations below the exemption limits set down in EURATOM Council Directive 96/29.
& 2011 Elsevier Ltd. All rights reserved.
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1. Introduction
From an operative point of view, the process ﬂow chart of the
industrial synthesis of [18F]2-ﬂuoro-2-deoxy-D-glucose [18F]FDG for
Positron Emission Tomography (PET) may be considered as divided
into two main phases: cyclotron-based radionuclide production and
chemical synthesis of the marked molecule. Cyclotron operations
are aimed to produce 18F by means of nuclear reactions induced by
16–30 MeV protons into a [18O]H2O target. Subsequent chemical
operations perform the extraction of 18F from the water target and
the [18F]FDG preparation in the ﬁnal radiopharmaceutical form.
Unavoidably, interactions of protons with the materials of the cell,
which contains the enriched water sample (or with the sample
itself, as in the case of tritium production), as well as activation due
to the neutron secondary radiation ﬁeld produced by the reaction
18
O(p,n)18F, causes the formation of unwanted radionuclides (radionuclide pollutants) that are important not only from a radiological
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point of view but also because they may reduce the yields of 18F
ﬂuorination reactions (Tewson et al., 1988; Berridge and Kjellström,
1999). All these pollutants are successfully removed in the [18F]FDG
synthesis process; however, as a direct consequence, the puriﬁcation process is the source of the occurrence of a radioactive waste
stream. A basic requirement to perform a correct treatment of the
waste stream is the quantiﬁcation of its radionuclidic content.
This work deals with radiometric characterization of proton
irradiated [18O]water samples, carried out by HPGe gamma spectrometry and Liquid Scintillation Counting. Experimental measurements were optimized by previous Monte Carlo calculations.
Proton irradiated [18O]water samples were produced in the
Advanced Accelerator Applications (Italy) S.r.l (AAA) establishment of Colleretto Giacosa (TO), Italy.

2. Fluorine-18 production process
[18F]FDG production performed in the AAA establishment of
Colleretto Giacosa is based on GE Medical System PETtrace
cyclotron (Bergström, 2004). [18F] is produced by 18O(p,n)18F

