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Summary

The low-level radioactivity of a 68Ge/68Ga generator is a suitable tool for measuring radioactive growth and
decay after 63Ga milking due to their desirable nuclear decay properties, such as the EC decay of 8Ge with no y-ray
emission and the B decay of 68Ga with a weak Y-ray emission. To experience and understand radioactive equili-
brium during a university laboratory course, we surveyed and tested the production of a small amount of 68Ge and
set up educational programs to manufacture a 8Ge/3Ga generator for measuring the growth and decay of ©3Ga. The
irradiation of ntGa with 25 pA of a 30 MeV proton beam from a cyclotron for 4 h yields ca. 111 MBq of %8Ge,
which was sufficient to supply to several universities. For use as the adsorbent of the generator column, particles of
hydrated tin (VI) oxide were prepared from precipitated tin hydroxide gel. Repeated elution of ©8Ga from the hand-
made 98Ge/%8Ga generator gave constant amounts of 8Ga with acceptable breakthrough of 8Ge. The feedback from
the student’s experience with the 8Ge/*8Ga generator was evaluated by annual questionnaire surveys, which were
given to all students taking the course every year from 2012 to 2014. It has been made clear that more than half of
the students were interested in the 63Ge/%8Ga generator program, and this interest increased from 54.9% in 2012 to
78.6% in 2014. A low-level radioactive %3Ge/*8Ga generator is thus expected to be a suitable experimental tool for
demonstrating the phenomenon of radioactivity to students in an intriguing way.
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Table Representative radionuclide generator systems

. Principal . Principal

Parent Half-life Decay gamma (%) Daughter Half-life Decay gamma (%)

2Ar 329y B none oK 1236 h B 1524.6( 18.1)

‘ 67.9( 93.0) N 511 (188.5)

HTi 9.1y EC 783( 96.4) | 'S¢ 397h - BT EC 757.0( 99.9)
511 ( 16.4

27n 9.18 h B, EC 596.6E 26.03 2Cy 9.673m B+, EC 511(195.7)

#Ge  270.95d EC none |  Ga 6771m B+, EC 18;;3E17;§§

7Se 8.40 d EC 459(572) | TAs 260h Bt EC 2509££

SIRDb 4572h B, EC %ésgﬁgg SimK 13.10s IT 190.5( 67.7)

82 25344 EC none |  ®Rb 12575 m B+ 2;&5E1?2?g

N 511 ( 1.5) .

87y 7980 BUEC gl g3) | VS 2.815h IT 388.5( 82.4)

90Sr 2890y B~ none 90y 64.00 h B~ none
140.5( 4.5)

Mo 65976 h B 18L.1( 6.1) | ®Tc  6.0067h IT 140.5( 89 )
739.5( 12.3)

sy 115.09d EC 391.7( 65.0) | BmIn 99.476 m IT 391.7( 64.9)

137Cs 30.08 y B 661.7( 85.1) | 13mCs 2552m IT 661.7( 89.9)

40Ba  12.7527d B 5373( 244) | M0La  1.67855d B 15962 ( 95.4)

166Dy 81.6h B 82.5( 13.8) | 166Ho  26.824h B 80.6( 6.6)

188V 69.78 d B none | %Re  17.0040 h B 155.0( 15.6)

19405 6.0y B 83.1( 5.4) 194] 19.28 h B 328.4( 13.1)
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Data Source: National Nuclear Data Center, Brookhaven National Laboratory, based on ENSDF and the Nuclear Wallet Cards.

Fig. I Nuclear decay parameters of the ®3Ge/68Ga chain.
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Fig. 2 Radioactive decay and growth of ¢8Ge(parent) and %3Ga
(daughter): (a) Total activity of initially pure parent fraction;
(b) Activity due to parent(Ti2 =270.95d); (c) Decay of
freshly isolated daughter fraction(Ti2=67.71 m); and (d)
Daughter activity growing in freshly purified parent fraction.
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Mo A 7 > 22k g (AG50W-X8, Bio-Rad) 7 7 4 |23l
L, %Zn, Ga 7% & 2 WE S HRAAIC 1M HCL RO
8Ge i & L7z, FEBUAW A 13 68Ge & & D ITAL
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OVARES 20 & & ICHEBRE ICEI L 720 B O
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WCHCRE L7z 7 v — M OEMICE T A SR EHENIC
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Fig. 3 Gamma-ray spectrum of the ¢8Ge/®3Ga solution [Top:
Ge detector, Bottom: Nal (TI) scintillation detector].
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Fig. 4 Elution efficiency of ®3Ga and breakthrough 8Ge after ©Ga milking. The data are expressed as
a percentage based on the total ®3Ga activity at the first time elution.
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Figure: decay curve of 8Ge and decay & growth curve of %Ga
(In the case of 100% ®Ga elution from the generator)

Fig. 6 An example of the experimental program using the 8Ge/%8Ga generator.
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Fig. 7 Student understanding of the 9Mo/*mTc generator mechanism and milking procedure.

2014

2013

2012

0% 20% 40%

B Very intriguing B A little intriguing ® Neither

22.6% 6.5%

60% 80% 100%

Less intriguing  Not at all intriguing

Fig. 8 Student opinions of the ®8Ge/%8Ga generator program.
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Fig. 9 Student understanding of radioactive equilibrium through the 68Ge/*®Ga generator pro-

gram.
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