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ABSTRACT

The Gammacell-220 being used for the calibration of dosimeters and subsequently the qualifica-

tion of the large gamma facility for radiation processing has been mapped out. The Ferrous

ammonium sulfate (Fricke) solution was used as the dosimetry standard for the study. Filling the

irradiation chamber with ampoules of the dosimeter, four horizontal planes each of 28 ampoules

were used to obtain four separate isodose curves in the four horizontal planes. Another set of

arrangement was used to determine the isodose curves along the vertical axis of the chamber

through the center. The isodose curves of the radiation field are presented.
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1 INTRODUCTION

The Gammacell-220 was first installed in October 1971 with an activity of 7500Ci for studies in

radiation induced genetic mutation, sterile-male insect control and radiation processing of food. It

was acquired through an International Atomic Energy Agency (IAEA) technical cooperation

assistance programme and supplied by the then Atomic Energy of Canada Limited (AECL) now

Nordion International Limited.

The Center now houses a large SLL-02 type IV, wet storage gamma facility with an initial

installation of 50kCi for the maximum designed capacity of 500kCi. The large facility is a

multipurpose irradiation facility intended for sterilization of medical supplies, food processing,

industrial radiation processing and research and teaching.

Since good and validated dosimetry methods coupled with a qualified radiation field are important

requirements for an effective and reliable radiation processing, the present work has been carried

out to achieve this objective. The Fricke dosimetry system as an accepted dosimetry standard and

the Gammacell-220 with its unique almost uniform dose distribution together fill in for the

calibration of routine dosimeters and the qualification of the large gamma facility.

2. THEORETICAL

The Ferrous Ammonium sulfate (Fricke) solution depends on the oxy-reduction of ferrous ions

(Fe2+ ) to ferric (Fe) with incident gamma radiation. The number of ferric ions produced is

directly proportional to the delivered dose. The dose absorbed by the solution is evaluated form

the expression

D = (A, - A,) N. / ( p $Gd >= AA.N,/( p^Gd) (1)

where

D = Absorbed dose of interest (in Gray) ;

Aj = Absorbance of irradiated solution at 305 nra;

\ = Absorbance of un-irradiated solution at 305 nm;

A A = Change in absorbance of the solution at 305 nm;



N, = Avogadro Number =6.022 x 1O23 mol"1;

p = density of unirradiated dosimetry solution =1.024 x 103 kg/m3;

G = Chemical radiation yield value =9.74 x 10 17 J"1;

£, = Molar extinction coefficient at 305 nm and 25 °C; £, Fe(in))2J = 219.5 m3mol'';
d = Optical path length of the quartz cell or (usually d=l cm = 0.01 m).

If the absorbance of the Fricke solution is taken at a temperature°tC it has to be corrected to

that at room temperature using the relation

^ ) , ( ) , (2)
where

4 Fe(m),Mc" ' s t n e value of the molar extinction coefficient at 25 ° C.
£ Fe(mxic ~IS t n e value of the molar extinction coefficient at t ° C.
C, - is the temperature coefficient of Fe3+ = 0.7 % /deg C .

so that eqn(l) becomes D = 275A A / [ 1 + 0.007 (t-25)] Gy (3)

3 EXPERIMENTAL METHODS

The ferrous ammonium sulfate (Fricke) was prepared along accepted procedures [1-4]. Prepared

solutions were measured carefully into ampoules, flame sealed and placed at referenced positions

(figure 1) and in four horizontal planes within the cell (figure 2). These ampoules were irradiated

for known time intervals and the absorbancrof the Fricke solutions evaluated for the delivered

doses using aspectrophotometer model Specord-M42 at a wavelength of 305nm. The

temperature of the solutions are taken using a digital thermometer Eletrotherm model TM99A.

4 RESULTS AND DISCUSSION

Figure 3 shows the calibration curve obtained for the Fricke dosimeter for the central position of

the irradiation chamber in the second plane (position 17). It obeys a linear graph fitting of the

form

Y = aX + b



where Y represents the delivered dose in Gray,

a and b are the experimentally determined constants,

X is the irradiation time (hr).

The linearity of this curve enables extrapolations to be made within the limits of the curve. The

regression correlation coefficient r = 0.9975 and the dose rate at this Center was 248.27 ± 13.52

Gy/hr as at 20 October 1995. From the results so far, a good uniform dose rate is obtainable at

the Center of the Gamma chamber.

Figures 4-7 presents the isodose curves for the four horizontal planes of the Gamma cell chamber.

The isodose curves follow the same trend showing the contours to be circular, the values of which

increase outwards as the radiation pencils are approached from the center. We observe that taken

collectively, the dose levels in planes 1 and 4 are lower compared to those of planes 2 and 3. This

reason is due possibly to the loading pattern of the sources inside the torpedoes which influence

the doses.

Figure 8 show isodose curves through the vertical axis perpendicular to the base of the chamber.

We see from this figure that the nature of the curves follow a general trend similar to that offered

by the supplier (figure 9).

In our case however, an important distinction must be made regarding the center of symmetry of

the isodose curves presented. The total vertical height considered was 11.25cm above the base of

the irradiation chamber. This arose because the quantity and hence the height of the ampoule

made it quite impossible for a fifth layer to be used which would have enabled us to map out the

uppermost part of the chamber. Information about dose mapping symmetry gained through this

investigation will enable provisions to be made with regard to carrying out routine irradiation's

about this center. The ratio of the maximum to minimum dose rate encountered for the whole

chamber was 1.78 ± 0.03 and is acceptable.

The nature of the dose rate curves as one approaches the boundaries from the middle of the

chamber outwards attest to the presence and influence of the irradiation sources. We also observe



by the nature of the contours that the loading activity of the torpedoes is greatest about the center

as was expected. Taken collectively, we may therefore infer from the curves that the method of

loading of the torpedoes made use of the concept of product rather than source overlap. Therefore

in the calibration of dosimeters or in routine processing, the samples must be placed within planes

2 and 4 of the cell.

5. CONCLUSION

The results of the experiment discussed in this report shows that Fricke dosimeter, as a standard

dosimetry system, is suitable for use in mapping out dose fields of the Gammacell-220 chamber at

the Radiation Technology Center. The isodose curves revealed that there is a volume within the

chamber where practically a uniform dose rate is obtainable for the calibration of other dosimetry

systems and subsequent qualification of our gamma facility. The study also reveals that the

loading pattern of the torpedoes within the cell makes use of the concept of product rather than

source overlap.
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Fig 1: Referencing method of Fricke dosimeters on hard cardboard
for irradiation. The numbers denote positions of the dosimeters.
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Fig 2: View of Gammacell-220 irradiation unit showingexploded view of the chamber and arrangement of dosimeters in the various
planes for irradiation.



Fig 3: Calibration curve for Fricke dosimeter in
central position of the cell.
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Fig. 4 Isodose Curves (surface plot) for horizontal plane 1.
Contour doserates are in Gy/hr.
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Fig. 5 Isodose Curves (surface plot) for horizontal plane 2.
Contour doserates are in Gy/hr.
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Fig. 6 Isodose Curves (surface plot) for horizontal plane 3.
Contour doserates are in Gy/hr.
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Fig. 7 Isodose Curves (surface plot) for horizontal plane 4.
Contour doserates are in Gy/hr.

14



20.60

18.88 -

17.17

I 5.45

g 13.73
U

u
ti 12.02

-5.20 -3.51 -1.82 -0.12 1.57 3.26 4.95

IS]

<u
£ 10.30
a

•H

4J O.DO
tO
Pi

•H
T3

o
o

6.87

5.15

3.43 -j

1.72

n nn

20.60

- 18.88

17.17

15.45

13.73

12.02

e 10.30

- 8.58

f 6.87

5.15

3.43

1.72

Co-ordinates in the X direction

Fig. 8 Isodose Curves (surface plot) for vertical
cross sectional plane through the central
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Fig. 9 A typical isodose curves for vertical
cross sectional plane through the
portion of a Gammacell as provided
by the supplier.
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