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The essential prerequisite of radiation dosimetry is to provide quality assurance and docu-
mentation that the irradiation procedure has been carried out according to the specification
requirement of correct calibration of the chosen dosimetry system. At the Radiation Plant of
the Vinca Institute of Nuclear Sciences we compared two recommended protocols of irradia-
tion procedures in the calibration of dosimetry systems in radiation processing: (1) by irradia-
tion of routine dosimeters (ethanol-chlorobenzene - ECB) at the calibration laboratory and
(2), by in-plant calibration with alanine transfer - dosimeters. The critical point for in-plant
calibration is irradiation geometry, so we carefully positioned the phantom carrying both do-
simeters in order to minimize dose gradients across the sample. The analysis of results ob-
tained showed that the difference among determined absorbed doses for the construction of
calibration curves between these two methods, (alanine vs. ECB), is less than 1%. The differ-
ence in combined standard uncertainty for each calibration procedure is 0.1%. These results
demonstrate that our in-plant calibration is as good as calibration by irradiation at the cali-
bration laboratory and validates our placement of the irradiation phantom during irradia-

tion.
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INTRODUCTION

Radiation processing requires the proper use and
selection of a dosimetric system for the measurement
of the absorbed dose in all areas. Quality control in ra-
diation processing is essentially based on the valida-
tion of the calibration procedure and the assurance that
the process was performed within prescribed dose lim-
its. International guidelines for dosimeter calibration
recognize two possible procedures [1]: (1) the calibra-
tion of a routine dosimetry system can be carried out
directly in a national or accredited standard laboratory
by standardized irradiation of routine dosimeters; (2)
An alternative method requires routine dosimeters to
be irradiated along with reference or transfer-standard
dosimeters in the production irradiator (in-plant cali-
bration). The first method is preferred by many, how-
ever, one NPL report [2] recommends calibration by
irradiation in the plant where the dosimeters are to be
used in the first place, because this procedure accu-
rately reflects conditions under which actual irradia-
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tion occurs. This is the reason why, in recent times,
in-plant calibration is in use more and more in radia-
tion processing [3, 4]. Although it seems very satisfac-
tory to exclude environmental effects in dose measure-
ments, in-plant calibration can have one principal
shortcoming when it comes to calibration by the first
method: the irradiation geometry is not defined. The
position of the calibration phantom within the product
box undergoing irradiation has to be carefully selected
and has to be validated.

The present paper evaluates both recommended
methods and investigates their advantages and disad-
vantages under concrete irradiation conditions of
gamma radiation processing at the Radiation Plant of
the Vinca Institute where ethanol-chlorobenzene
(ECB) dosimeters were used as routine dosimeters.

MATERIALS AND METHODS

The Radiation Unit of the Vinca Institute has
been described in more detail elsewhere [5], thus only
a brief description illustrative of the irradiation geom-
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etry will be given here. The source frame (1 m x 3 m) is
loaded with 4.81- 10'° Bq of ®°Co placed into source
rods (diameter 11.1 mm, length 451 mm). Several gen-
erations of source rods are mixed in the said source
frame. One automatic conveyer carries boxes (46 cm x
x 46 cm x 43 cm) through the source. A single irradia-
tion run consists of four sequential irradiation cycles
and in each cycle a given box passes through the irradi-
ation room at one of four vertical levels organized in 6
rows (3 rows on each side of the source) with 12 hori-
zontal positions in each one, i. e. every box is irradi-
ated in the same way. The distances between boxes in
neighboring rows, as well as between the source frame
and the boxes in the rows next to them are small (a few
cm), and the dose gradient, particularly in the rows
nearest to the source, is large. Dose distribution was
measured at a distance of 3 cm from the front of the
source frame, using ECB dosimeters.

ECB dosimeters were prepared at the Vinca In-
stitute in accordance with the procedures described in
the corresponding standard [6] and placed in 2 ml
glass, flame-sealed pharmaceutical ampoules. One
batch (I) was calibrated by irradiation in well-defined
conditions at the Riso High Dose Reference Labora-
tory (HDRL) [7]. The second batch (II) was prepared
for in-plant calibration. The HDRL calibration phan-
tom (fig. 1, see also [2]) with dosimeters consisting of:
(1) three ampoules with an ECB solution (batch II), (2)
two ECB ampoules from batch I, and (3) an alanine do-
simeter, supplied by HDRL for in-plant calibration,
were placed in the central part of the box with the prod-
uct for sterilization. The phantom was positioned ver-
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Figure 1. HDRL iradiation phantom showing positions
of alanine pellet and ECB ampoules

tically and perpendicular to the incoming beam, so that
all dosimeters were at the same depth and with no
shielding of each other. The boxes were irradiated in
sterilization cycles of 5 kGy to 35 kGy. The absorbed
doses of the ECB dosimeters were measured by the
OK-302/2 oscillotitrator [6], while the alanine dosim-
eters were sent to HDRL for dose determination.

RESULTS AND DISCUSSION

In-plant calibration is critical in irradiation ge-
ometry. An erroneous positioning of the irradiation
phantom during irradiation can be the source of error
in determining the absorbed dose in calibration, so this
position should be validated. Vertical dose distribu-
tion, just in front of the central part of the source plane,
is presented in fig. 2. The dose distribution shows a
small local minimum in the center of the source, be-
cause source rods are placed in the frame at two verti-
cal levels and this position should be avoided during
calibration. The nearest surface of the box is approx.
15 cm removed from the source, which decreases the
potential dose gradient across the box; nevertheless,
we positioned our calibration phantom facing the
source in the central part of the box. In addition, entire
irradiation runs were chosen for our in-plant calibra-
tion.

180 ~

160 4 M.
E
S,
g 3 .
% - o
S 1204 |28 ]
P S
= : g
<] o P
£ 100 4 n
g @ ",
o
g 5 u
£ o158 o
£ c £
S 2 ‘
@ 604 |2 |
c
o
©
fal
40
20
D T ¥ T ¥ T L T ¥ T L T L T LJ T L] 1
4 6 8 10 12 14 16 18 20

Absorbed dose for 2 hours of irradiation [kGy]

Figure 2. Vertical dose distribution at a distance of 3 cm
from the central part of the source plane, as measured by
ECB dosimeters

The results of the calibration procedure of rou-
tine dosimeters are presented in tab. 1. Absorbed doses
from tab. 1 were used for designing the calibration dia-
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Table 1. Absorbed doses of standard alanine dosimeters
irradiated in Vinc¢a Institute (in-plant) and measured in
HDRL (first row) and ECB dosimeters (batch I)
irradiated in HDRL and measured in Vinc¢a Institute
(second row)

Alanine

dosimeters 62+0.02|12.7+0.1 |23.8+0.38(34.5+0.3
ECB

dosimeters 62+0.05|12.8+0.1|239+0.2(34.1£0.3

gram of the new batch (II) of ECB dosimeters (fig. 3).
The differences in absorbed doses measured by stan-
dard alanine and ECB dosimeters are within 1%,
which is an excellent agreement between the two
methods. This is important since these two dosimeters
have different geometries (thin alanine pellets of few
mmvs. “bulky” ECB ampoules of 10.7 mm % 0.2 mm)
and the dose gradient across the calibration phantom
can induce a difference in the dose delivered to the two
dosimeters.
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Figure 3. Calibration curves for the new batch of ECB
dosimeters (routine dosimeters) for doses between
5kGy and 35 kGys; oscillotitrator readings are compared
to doses measured by two standard dosimeters (tab. 1)

According to international standards [2, 8], the
test for the goodness of a fit for a calibration curve is a
residual: the difference between the measured and pre-
dicted values. A lower value for the residual means a
better fit. Figure 4 represents the residuals of calibra-
tion curves presented in fig. 3. As can be seen, the re-
siduals of these two calibrations are also very similar.
The highest value for residuals is +2% for doses below
10 kGy. Residuals decrease when the absorbed dose
increases, which is to be expected since the relative er-
ror is smaller when the measured value increases. This
goes to show that our in-plant calibration using alanine
dosimeters appears to be as good as calibration by irra-
diation at the calibration laboratory.

For the comparison of two recommended meth-
ods of calibration, overall uncertainties were calcu-
lated according [2, 9, 10]. The uncertainties of the
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Figure 4. Residuals for curves presented in fig. 3

nominal dose for dosimeters irradiated in HDRL are:
ECB ampoules, 3%; alanine, 2.6%. Under the condi-
tions of this study, the difference between the two do-
simeters is less than 1% (tab. 1). The effects of irradia-
tion temperature on dosimeter readings should also be
taken in consideration, since the readings of alanine
dosimeters are temperature-sensitive, while those of
the ECB dosimeters are not. Knowing the temperature
range during irradiation (day/night variations) corre-
sponding to the temperature dependence of dosimeter
responses given in the standard [ 10], the estimated un-
certainty is 1.3%. Hence, the combined standard un-
certainty is 3.1% for in-plant calibration using alanine
dosimeters.

In conclusion, both irradiation procedures of do-
simeter calibration have the same level of uncertainty;
hence, in-plant calibration is certainly the method of
choice, providing a careful placement of the irradia-
tion phantom was realized. The NPL report [2] recom-
mends in-plant calibration verification when calibra-
tion is performed by irradiation in the calibration
laboratory, but the verification is important in in-plant
calibration as well, so as to validate the good place-
ment of the irradiation phantom during irradiation.
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KA/IMBPAIIMJA PYTUHCKOI JO3BUMETPA Y TEXHOJOI'MIX OBPAJIE
O3PAUYMBAIBEM: ITPOUEQYPA BA/IMJALIMJE 3A KAJIUBPALINTY Y
TOKY OBPAJE O3PAYNBABEM

OCHOBHY Wb pafljallioOHE AO3UMETpHje je fa 00e36eA KOHTPOIY KBAIUTETA U JOKYMEHTY]e
Jla ce TMpolec O3pauyuBama OfIBUja0 IpeMa 3axTeBMMa [o0pe mpakce KanuOpanuje wu3zabpaHor
To3UMeTpHjcKOr cucteMa. Y Pagujanmonoj jequannm MHcTHTYTa 32 HyKIIeapHe HayKe ,,BuHua” mopennim
CMO JIBa MpemnopydyeHa MPOTOKOJA O3pavdBama JO3UMETpa MPIINKOM HHXOBE KanumOpanuje Kaja ce
KOpHCTe y TeXHOJormju oOpage o3pauuBameM: (1) o3paumBamkeM pPYTHHCKHX JlO3MMeETapa
(eTaHos-xmopben3eH) y pedepentHoj tabopatopuju u (2) KaruOpanujoM y TOKY TEXHOJIOIIKE o6paje
o3paumBameM KopHWIThermheM aJlaHMHCKAX [Oo3MMeTapa Kao TpaHchep pgosmMmerapa. [eomerpmja
03payunBama je KPUTHIHA TauKa KaInOpanyje y TOKY TEXHOJIOIIKE 00pajie 03paunBameM, 300T yera cMo
naskJbUBO U3abpany MecTo (paHTOMa y KOMe ce Hallaze 00e BpCTe f03UMeTapa Tako Jia je TPaiujeHT fo3e
MHUHHMaNaH Kpo3 paHToM. AHaIM3a pe3yJitaTa je mokasasa jia je pasiuka y ogpebuBamy ancopboBaHuX
103a KOje Cy ce KOPUCTIIIE Y KOHCTPYKIMjH KaTNOpaIOHNX KPUBUX (aJIaHIH IpeMa XJIOpOeH3eHY) Marha
on 1%. Pasznuka m3ameby KkoMOWHOBaHWX CTaHmappHUX HeonapeheHocTn m3mebhy OBUX KanmOpalroOHHX
npouenypa je 0,1%. OBu pesynraTu mokasyjy Aa je Hama kanuOpaluja y TOKY TEXHOIOUIKe o0paje
03payduBabEM je[JHAKO 1o0pa Kao 1 Kaauopaluja 03paduBambeM y pepepeHTHO] 1a00paTOpUju U Balugupa
Hamr n300p MecTa 3a (paHTOM TOKOM O3padnBamba.

Kmwyune peuu: obpada o3paqusarsem, kobaaiii-60, dozumeitipuja, kaaubpayuja y paoujayuoHoj
jeouruyu



