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ABSTRACT 

Objective: To find out the optimal timeline for the safe disposal of radioactive wastes generated at the end of normal and 
anomalous productions of 18F-Fluorodeoxyglucose for positron emission tomography-computed tomography scans. 
Study Design: Quasi-experimental study. 
Place and Duration of Study: Armed Forces Institute of Radiology and Imaging, Rawalpindi Pakistan, from Aug to Dec 2020. 
Methodology: Wastes generated at the end of 18F-Fluorodeoxyglucose production were tested for residual radioactivity at 2, 
12 and 24 hours after synthesis to ascertain the optimal timeline for discarding. The radiation dose at 5 cm from the surface of 
the container was also assessed. 
Results: Fifty productions were included in the study, of which 46(92%) were normal, and 4(8%) were anomalous 
productions. The mean activity at 2 and 24 hours after the end of synthesis was 4.102±0.831mCi and 0.0047±0.00116mCi, 
respectively, in normal productions and 45.125±2.332mCi and 0.005±0.00026mCi respectively in anomalous productions. The 
mean radiation dose at 5cm from the surface of the container at 2 and 24 hours after the end of synthesis was 
8.2107±1.665mSv/h and 0.00000966±0.00000212mSv/h in normal productions and 90.32±4.66mSv/h and 0.00975±0.0005-
mSv/h respectively in anomalous productions. 
Conclusion: The residual radioactivity in wastes was negligible 24 hours after the end of synthesis in both normal and 
anomalous productions. Radioactive wastes from 18F-Fluorodeoxyglucose production should, therefore, be conserved for at 
least 24 hours before their disposal to the environment. 
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INTRODUCTION 

In the present times, positron emission tomogra-
phy (PET) has become a widely used molecular ima-
ging technology for the diagnosis of cancer patients.1 
The facility of PET-computed tomography (CT) and 
Cyclotron has been recently provided at the Armed 
Forces Institute of Radiology and Imaging (AFIRI) for 
the diagnosis of cancer patients. The radioactive iso-
tope of Fluorine 18F is used as the main component to 
serve this purpose. There is a possibility of radiation 
exposure during the management of production and 
administration of radioactive material, constituting an 
unwanted occupational hazard to the radiation wor-
kers.2 Additionally, there is also a possibility of dispo-
sing of unwanted radionuclides in the environment as 
waste products from the synthesis procedure.3 

Positron emission tomography utilizes 18F-
Fluorodeoxyglucose (18F-FDG), which is synthesized 
from 18F fluoride ion and produced from 18O water, 
having the stable O-18 isotope through 18O (p,n) 18F 
reaction in a cyclotron. 18F is later transformed into 
18F 2-fluoro-2-deoxyglucose or 18F-FDG with the help 
of a synthesizer serving the purpose.4 

In our setup, FASTlab 2 synthesizer produces 18F- 
FDG with a synthesis time of about 22–25 minutes. The 
synthesizer uses a consumable FDG cassette that has to 
be inserted into the unit.5 The cassette contains all 
necessary chemicals for synthesising bulk 18F-FDG. 
The synthesis is controlled and monitored with ven-
dorsupplied custom software, which automates the 
process.6,7 It also directs the residual waste material, 
including 18F, to the waste bottle of the synthesizer. In 
normal production, the activity of radioactive waste 
collected inside the waste bottle of the synthesizer is 
approximately 50mCi, but in anomalous conditions, 
this activity can rise to 500mCi. The faulty performance 
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of the cassette used for the synthesis procedure is the 
possible cause of this inefficient outcome. Most of the 
produced 18F is flushed into the waste bottle without 
tagging into Fluorodeoxyglucose. Particular attention 
needs to be paid to the amount of radioactivity present 
inside the waste bottle because the disposal of this 
waste can cause the release of radioactive contamina-
tion into the atmosphere. The radionuclides inside the 
bottle can potentially result in unjustified radiation 
exposure to individuals and the environment.8,9 Quan-
tification of the radiation levels in the waste is required 
to ensure the radiological safety of workers and the 
environment. In normal productions, disposal of acti-
vity is recommended after the completion of 10 half-
lives for the safety of workers and the environment.10 

This study aimed to assess the radioactivity and 
the resultant radiation dose to the environment present 
inside the waste bottle of the synthesizer, irrespective 
of their content, that may be released in the normal 
and anomalous synthesis process of 18F-FDG. In addi-
tion, serial testing for radioactivity will help decide the 
timeline and protocols for the safe disposal of the 
waste produced during normal and anomalous pro-
duction of 18F-FDG. 

METHODOLOGY 

This quasi-experimental study was carried out at 
Armed Forces Institute of Radiology and Imaging, 
Rawalpindi, Pakistan, after getting approval from the 
Institutional Ethical Review Board (No.0033, dated 1 
January 2021). 

Inclusion Criteria: All productions of 18F-FDG from 
August to December 2020 were included in the study. 

Exclusion Criteria: None 

Cyclotron, MINItrace Qilin, GE Healthcare GE 
MS PET Systems AB Box 15024, Husbyborg SE-750 15 
Uppsala Sweden irradiated 18O enriched water, which 
worked as a consumable for the production of 18F. The 
18F fluoride was then transferred into the synthesis 
unit (FASTlabTM 2 synthesizer, GE Healthcare GE MS 
PET Systems AB Box 15024, Husbyborg SE-750 15 
Uppsala Sweden) for the production of injectable FDG. 
The 18F-FDG synthesis was carried out in a disposable 
fluid pathway called the FDG cassette (FDG Single 
Citrate Cassette, GE Healthcare GE MS PET Systems 
AB Box 15024, Husbyborg SE-750 15 Uppsala Sweden). 
To determine the yield in the most precise manner, the 
starting activity, as well as the activity in the waste 
bottle, was measured using a separate dose calibrator 
(CRC®-55t, Capintec, Inc. Sales and Marketing and 

Customer Support 6 Arrow Road Ramsey, NJ 07446 
Phone (800) ASK-4CRC USA). The radiation dose at 5 
cm from the surface of the container was checked 
using a Radiation Alert Ranger detector with an Inter-
nal Halogen Quenched Uncompensated GM tube 45 
mm with a thin mica window. The whole production 
assembly, i.e., synthesizer and waste bottle, were 
placed inside a controlled environment (6-inch lead 
shielding) for the safety and protection of the radiation 
staff to operate and calibrate the instruments. 18F was 
received inside the synthesizer and then converted into 
18F-FDG during the synthesis process. The production 
was regarded as normal if more than 70% of the raw 
18F was converted into Fluorodeoxy-glucose and 
anomalous if less than 70% of 18F was converted into 
Fluorodeoxyglucose. 

Irrespective of the content, the activity in the 
waste bottles was quantified at 2 and 24 hours after the 
end of the synthesis (EOS) by using a 3ml representa-
tive sample of the waste from the waste bottle. The 
radiation dose at 5 cm from the surface of the container 
for each production was also measured using a Radia-
tion Alert Ranger detector at 2 and 24 hours after EOS. 

Statistical Package for Social Sciences (SPSS) ver-
sion 20.0 was used for data entry and analysis. 
Frequency and percentage were calculated for the type 
of production. Mean with the standard deviation of 
residual activity and radiation dose were calculated at 
2 and 24 hours for both normal and anomalous 
productions. The independent sample t-test was used. 
The p-value of≤ 0.05 was considered significant. 

RESULTS 

A total of 50 productions of 18F-FDG were inclu-
ded in our study, out of which 46(92%) were normal, 
and 4(8%) were anomalous productions. 

The mean activity in the waste bottle at 2 hours 
after EOS was 4.102±0.831 mCi with a range of 2.77mCi 
to 5.55mCi in normal productions and 45.125±2.332-
mCi with a range of 42.14mCi to 47.5mCi in anomalous 
productions. 

The mean activity in the waste bottle at 24 hours 
after EOS was 0.0047±0.00116mCi with a range of 
0.0033mCi to 0.0065mCi in normal productions and 
0.005±0.00026mCi with a range of 0.0047mCi to 
0.0053mCi in anomalous productions (Table-I). 

The mean radiation dose at 5 cm from the surface 
of the container at 2 hours after EOS was 8.2107±1.665-
mSv/h with a range of 5.54mSv/h to 11.11mSv/h in 
normal productions and 90.32±4.66mSv/h with a 
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range of 84.35 to 95.07 in anomalous productions. The 
mean radiation dose at 5 cm from the surface of the 
container at 24 hours after EOS was 0.00000966±0.0-
0000212mSv/h with a range of 0.0000072mSv/h to 
0.000013mSv/h in normal productions and 0.0097-
5±0.0005mSv/h with a range of 0.009mSv/h to 0.01 
mSv/h in anomalous productions (Table-II). 

 

Table-I: Activity (mCi) In Waste Bottle In Normal And 
Anomalous Productions At 2 Hours And 24 Hours After EOS 
Showing A Marked Difference In Activity In Both Situations 
Along With A Sharp Decline With Time (n=50 

Type of 
production 

Frequency 
n (%) 

2 Hours After 
EOS (mCi) 

24 Hours After 
EOS (mCi) 

Mean±SD Mean±SD 

Normal (mCi) 46 (92) 4.102±0.831 0.0047±0.00116 

Anomalous(mCi) 4 (8) 45.125±2.332 0.005±0.00026 

 
Table-II : Radiation dose (mSv/h) at 5 cm From The Surface 
Of The Container In Normal And Anomalous Productions At 
2 Hours And 24 Hours After EOS Showing A Marked Diffe-
rence In Dose In Both Situations Along With A Sharp Dec-
line With Time  (n=50)  

Type of 
Production 

Frequency 
n (%) 

2 Hours After 
EOS (mSv/h) 

24 Hours After EOS 
(mSv/h) 

Mean±SD Mean±SD 

Normal  
(mSv/h) 

46 (92) 8.2107±1.665 0.000966±0.000212 

Anomalous 
(mSv/h) 

4 (8) 
 

90.32±4.66 0.00975±0.0005 

 

DISCUSSION 

This study was carried out at the newly installed 
PET/CT scan facility at AFIRI Rawalpindi, Pakistan, to 
analyze the radioactive wastes produced during 18F-
FDG synthesis. The idea was to find out if it was safe 
to discard the wastes to the environment, especially in 
anomalous runs, when more than 70% of the radioac-
tivity was disposed into the waste bottle rather than 
converted into 18F-FDG. 

It was found that 8% of the productions at our 
setup went anomalous during the study period. This 
observation was relatable with a study conducted at a 
Joint Commission International (JCI) accredited ter-
tiary care setup in Pakistan where the chemistry and 
quality control (QC) failure rate during the study 
period was 5.3% (29/545 runs), which was much 
frequent in the early phase after commissioning.11This 
frequency was much smaller than that reported by 
Awasthi et al. which was 13%.12 Design modifications 
in the equipment may have been one of the reasons for 
lesser failure rate in our settings. Gaspar et al. reported 
a dispensing failure of 3% in 2286 productions over a 
9-year period.13 This implies that the frequency of 

anomalous runs reduces gradually over time as the 
working protocols of the departments mature. 

The representative sample of 3 ml, irrespective of 
the nature of the content, was collected from waste 
bottles for both normal and anomalous productions. 
The average activity in the representative sample after 
2 hours of the synthesis process was 45.1mCi and 
4.1mCi for anomalous and normal productions, 
respectively. The average radiation dose at 5cm from 
the surface of the container was 90.3mSv/h and 8.21 
mSv/h at 2 hours after the end of synthesis for ano-
malous and normal productions, respectively. In both 
situations, it exceeded the safe radiation exposure 
limit.2 The disposal of radioactive waste to the environ-
ment at two hours was thus unsafe. The samples were 
conserved for 24 hours and tested again at 24 hours. It 
was found that the activity in the representative 
sample was nearly zero after 24 hours of the synthesis 
process for both anomalous and normal productions. 
The mean radiation dose at 5cm from the surface of the 
container was also negligible 24 hours after the end of 
synthesis for both anomalous and normal productions, 
and thus safe for disposal to the environment. Shaukat 
studied the disposal of radioactive wastes and recom-
mended a safe timeline of 10 half-lives (1100 minutes 
or 18.3 hours) waiting period for 18F-FDG disposal to 
the environment.14 This study, however, did not 
specifically address the anomalous productions and 
had given a general guideline regarding Fluorodeoxy-
glucose waste disposal. Ferguson did different re-
search on cassettes and found out that “the minimum 
time the cassettes should be left in a decay store before 
the specific activity falls below 0.4Bq/g (1.081 mCi), 
the limit for disposal alongside Clinical Waste was 
found to be 24 months.15 

The averaged half-lives for the normal and ano-
malous productions were 110.93min and 110.45min, 
respectively, after 10min measurement from the dose 
calibrator by setting the standard operating procedure 
of the dose calibrator to 20 seconds intervals. The 
measured half-lives appeared to be in the acceptable 
range for 18F (95-105min) therefore, it was concluded 
that the major radioactive material inside the waste 
bottle was 18F. However, further studies should be 
conducted to analyze the chemical nature of waste in 
disposal bottles. Ferguson et al. studied the impurities 
that gather in the cassette during Fluorodeoxyglucose 
production and found that eleven radionuclides, 51-Cr, 
52-Mn, 55-Fe, 56-Co, 57-Co, 58-Co, 95m-Tc, 96-Tc, 109-
Cd, 182-Re and 183-Re. He utilized a gamma-ray 
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spectrometry system consisting of an ORTECs GMX 
Series High-Purity Germanium (HPGe) Coaxial Photon 
Detector operated by GammaVision-32 v6.08 software. 
He found that the greatest contribution to the total 
activity over time was from 109-Cd, which determined 
the length of time the cassettes need to be stored before 
disposal.15 Literature search shows that chemistry and 
quality control failure as being one of the possible 
reasons for such anomalous productions.11 

The study showed that the radioactive waste 
disposal practice currently being followed at our centre 
was adequately safe because the detected activity in 
radioactive waste for all productions was down to 
background level and considered safe for disposal as 
per recommendations of the International Atomic 
Energy Agency (IAEA).16 Thus the standard procedure 
of waste disposal at the end of 24 hours of production 
should continue for normal as well as anomalous 
productions. Furthermore, it should be applied as a 
standard protocol in other centres where 18F-FDG is 
generated at source for PET/CT scans, and potential 
anomalous productions occur, as seen in 8% of the 
productions in our study. 

Occupational radiation exposure of the radiation 
workers during the preparation and administration of 
radionuclides for the PET-CT scanning of the patient 
was expected.17 The doses of radiation workers were 
within acceptable limits. Shielding of cyclotron and 
radiopharmacy facility, daily area monitoring during 
cyclotron run and radiosynthesis, and close collabora-
tion with the patients whose scans were to be carried 
out before the cyclotron run were ensured to avoid 
over production of 18F-FDG to reduce the exposure 
and radiation dose. 

It is recommended that the activity doses to the 
staff injecting 18F- Fluorodeoxyglucose to the patients 
should be closely monitored as they have close 
exposure to the radiation source.18 Additional moni-
toring should be considered before disposal of waste 
materials to the environment. 

LIMITATIONS OF STUYD 

A limitation of this study was that our setup lacked the 
equipment to analyze the chemical nature of the wastes 
generated during the 18F-FDG production. To overcome this 
problem, an indirect parameter was used to assess the nature 
of radioactivity in the waste bottle representative samples by 
considering the half-life of 18F (110 minutes). Another 
limitation of our study is that it did not assess the reasons for 
the anomalous productions as it was mainly aimed at finding 
an optimal timeline for radioactive waste disposal. A 

separate study may be conducted to find the reasons for 
anomalous productions. 

CONCLUSION 

It was found that the radioactive wastes produced at 
the end of normal and anomalous 18F-FDG productions 
were potentially hazardous to the safety of the environment. 
The radioactive content of the waste and the average 
radiation dose was much higher after anomalous produc-
tions than normal productions. Serial testing of the wastes 
showed no residual activity after 24 hours of both normal 
and anomalous 18F-FDG productions, thus suggesting an 
optimal timeline for which the radioactive wastes from 18F-
FDG productions should be conserved before their safe 
disposal to the environment. The current practice of dispo-
sing of radioactive waste 24 hours after the end of synthesis 
was found to be adequately safe for both normal and 
anomalous productions. 
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