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A dose calibrator for nuclear medicine was developed and manufactured. In contrast to
the existing analogs which use ionization chamber as a detecting device, the dose calibra-
tor is based on the system scintillator-photodiode. This allows to considerably decrease the
dimensions and weight of the device and to provide its operation in spectrometric regime.
The latter makes it possible to determine not only the activity of physiological solution,
but also the type of radionuclide. The dose calibrator was pretested at the Institute of
Child and Adolescent Health of Ukraine (Kharkiv) and showed positive results.

Paspaboran u u3roToBJeH KaauOpaTop A03 AJs AgepHON MemuiuHbl. OTJIMYUTENHLHONR
0COOEHHOCTBIO Kaambparopa Q03 SBJIAETCS TO, UTO B OTJHUYNUE OT HB3BECTHBIX AHAJOrOB,
paboTa KOTOPBIX OCHOBAHA HA HCIIOJb30BAHNH B KauecTBe [IEeTEKTHPYIOIIEro ycTpoiicTBa
MOHUBAIIMOHHON KaMephbl, B JaHHOM KaJubpaTope 103 B KAuecTBe IETEeKTHUPYIOIIero yCTPOM-
CTBA HCIIOJB3YETCS CHCTEMAa CIMHTHUJLIATOP-POTOAMON. DTO BHITOJHO OTJUYAET NAHHBIN IIPHU-
0Op OT AaHAJOrOB, TAK KaK, [IOMUMO 3HAUNWTEJIbHOI'0O YMEHBIIEHUS rabapuTOB U Beca M3MepPH-
TeJAbHOro 0JI0Ka, OH PaboTaeT B CIEKTPOMETPUUYECKOM PEKHME, UTO IO3BOJISAET KPOME aKTUB-
HOCTH (PU3PACTBOPA OINPENeJsiTh €me M TUI pPasuHoHyKamga. KamumbparTop [n03 mporresn
IpeIBapUTE]bHBIE HCHBITAHUA B MHCTHUTyTE OXpaHBI 3J0POBbs gereil m moapoctkos AMH
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Vrpaunsl r.XapbKOB U IIOKa3aJ IIOJOKUTEJbHbIE PE3YJIbTATHI.

1. Introduction

Modern medicine uses various kinds of
tomographs, gamma-ray chambers and other
devices for diagnostics and therapy of dif-
ferent diseases of human viscera at their
early stages. For this purpose, a special
physiological solution containing short-lived
radioisotopes is introduced in the circula-
tory system. The use of the above-men-
tioned devices allows to study the intensity
of blood circulation in different viscera, for
identification of deviations from the normal
state. The activity of the introduced ra-
dionuclide is measured by means of special
facilities — dose calibrators.
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The detecting device of all known dose
calibrators [1-3] is an ionization chamber,
normally filled with inert gas under pres-
sure. Located along the axis of well-type
chamber is a cavity for a glass to place the
analyzed sample contained in a syringe or
vial.

The work of calibrators of these types is
based on the absorption of gamma-quanta
by inert gas inside the ionization chamber
followed by ionization of the gas, which re-
sults in the creation of a short current
pulse registered by a control and indication
unit. Since the atomic number of inert gas
is low, the efficiency of gamma-quanta reg-
istration is not high and does not exceed
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Fig. 1. External appearance of the dose calibrator.

15 % for energies of ~0.1 MeV. With the
growth of gamma-radiation energy, the reg-
istration efficiency diminishes, that is why
for raising the efficiency of gamma-quanta
registration by gas counters one has to in-
crease their volume and, correspondingly,
the total dimensions of the measuring
chamber and the lead shield. This causes a
significant increase of the weight and price
of gas counters with dose calibrators.

At present, technical progress in the area
of scintillation crystals [4] and photosensi-
tive elements preconditioned the develop-
ment of dose calibrators based on other de-
tection systems, in particular, those of scin-
tillator — photodiode type [5—7].

2. Experimental

The detecting element of the developed
calibrator of ionizing radiation doses is the
system scintillator-photodiode. It is de-
signed in the form of scintillator — PIN-
photodiode assembly based on Csl(Tl) crystal
(i.e. Csl(Tl)-based spectrometric gamma-ra-
diation detector). This allowed to decrease
the dimensions of the device which in its
turn made it possible to reduce the calibra-
tor weight and cost. Since the density of
Csl(Tl)) crystal is much higher than the one
of inert gas, for ~ 5 mm thick crystal the
registration efficiency of gamma-quanta
with a radiation energy of e.g. ~ 0.14 MeV
(technetium — 99, isotope) reaches -
90 % . Moreover, unlike gas counters, spec-
trometric detectors permit to directly iden-
tify the type of isotope in physiological so-
lution from the radiation energy, which in
the case of gas counters is to be made indi-
rectly. High spectroscopic characteristics
and direct identification of the isotope type
increase the accuracy of activity measure-
ments in comparison with the analogs.
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Fig. 2. Structural diagram for the detection
assembly: I — SC-PD detector; 2 — charge-
sensitive amplifier; 3 — voltage transformer;
4 — shaper; 5 — power amplifier.

Presented in Fig. 1 is the external ap-
pearance of the calibrator. It consists of the
measuring chamber and the unit for regis-
tration and display of the measurement re-
sults.

The main component of the dose calibra-
tor is the detecting unit which is a part of
the measuring chamber. The scheme of the
detecting unit is presented in Fig. 2.

Detector 1 consists of 4x4x5 mm CsJ(TI)
scintillator joined with silicon p-i-n photo-
diode with 4x4 mm photosensitive area by
means of optical cement. The measuring
chamber is designed in the form of rectan-
gular casing made of stainless steel sheet
containing a measuring glass where stand-
ard <10 and 14 mm vials or 1 ml, 2 ml,
5 ml, and 10 ml medical single-use syringes
can be placed. The measuring glass is made
of stainless steel and has ~ 10 mm thick
walls. With the walls of such a thickness,
the glass plays the role of passive attenu-
ator of gamma-radiation, which is required
due to high sensitivity of the detection
block. The working range of gamma-radia-
tion energies registered by the unit lies
within the limits of 0.025+3.0 MeV, thereat
the sensitivity of the assembly ranges be-
tween the natural radiation background and
~ 109 Bq.

Table 1 presents the main technical char-
acteristics of the dose calibrator.

3. Results and discussion

Per se, the developed calibrator is a spec-
trometer with one "window”. With the help
of the control unit, the width of this "win-
dow™ can be set for the whole of the energy
range of 0.025+3.0 MeV. This regime is
useful when a preparation may contain the
impurity of another isotope. For example,
during the making of physiological solution
containing technecium-99,, isotope, the im-
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Table 1. Main technical characteristics of the dose calibrator

No. Characteristic Value
1. Detection unit type scintillator + p-i-n photodiode
2. Scintillator type and dimensions, mm CsI(TI) 4x4x5
3. Range of registered energies, MeV 0.025=3.0
4. Energy resolution, %:
- for 2'Am line 20
— for '¥7Cs line 5
— for 89Co line 4
Sensitivity range, Bq from background level up to 109
Time of measurement, sec 1+10
Dimensions of standard vessels for
measurement of isotope activity:
— vials, mm @10, &14
— syringes, ml 1, 2, 5, 10

8 Calibrator control

— by detecting unit
— by computer

9. Overall dimensions, mm
— detecting unit

— measuring chamber

purity of molybdenum isotope may appear.
However, such a regime leads to a signifi-
cant increase in the noise level which com-
plicates the work of the dose calibrator at
low energies. In the other regime of the
calibrator work, the control unit is used to
narrow the width of the "window"”, and to
shift it smoothly by hand within the whole
of the energy range for adjusting the dose
calibrator to the radiation energy of a par-
ticular isotope. This information is fed into
the main memory, and then the dose cali-
brator is automatically tuned for discrete
energies of isotopes which are most often
used in medical practice.

Presented in Fig. 3, 4 and 5 are the am-
plitude spectra obtained from the detecting
unit of the dose calibrator for different ra-
dionuclides.

As seen from Fig. 3—5, the detecting unit
of the dose calibrator possesses a good en-
ergy resolution. High energy resolution and
sensitivity were achieved due to thorough
elaboration of the construction of SC-PD de-
tector. This work was conducted in several
directions: choice and preparation of the
scintillation crystal, application of light-re-
flecting and spectrum-shifting coatings,
choice of photodiode with optimum electri-
cal parameters, development of the detector
assembly and mounting technologies [8].

Besides this, developed specially for this
detection unit was a low-noise charge-sensi-
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Fig. 3. Amplitude spectrum of Csl(Tl) + PD
assembly at registration of 59.6 keV y-quanta
with from 24'Am source.

tive amplifier with the input characteristics
optimally corresponding to the photodiode
output parameters, i.e. dark current and p-n
transition capacity [9]. The optimum work-
ing point with respect to the minimal noise
level was established by choosing the value
of the voltage shift on photodiode.
Preparation of Csl(Tl) scintillation ecrys-
tal for manufacture of the assembly was
mainly reduced to thermo-mechanical treat-
ment which removed internal stresses and
made the stoichiometric composition in the
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Fig. 4. Amplitude spectrum of CsI(Tl) + PD
assembly at registration of 662 keV y-quanta
from 137Cs source.

Table 2. Results of dose calibrator testing
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Fig. 5. Amplitude spectrum of Csl(Tl) + PD
assembly at registration of 1.17 MeV and
1.83 MeV y-quanta from 89Cs source.

Calculated activity, mBq 400 38 38 280 250 275 46 200
Calibrator-measured activity, mBq | 368 41 40 265 235 270 51 192
Vessel capacity, ml 14 1 1 10 10 12 12

Time of measurement, sec 1 1 5 1 1 1 5

crystal volume homogeneous. On the one
hand, this led to the increase of the crystal
transparency in the region of its own radia-
tion spectrum and, on the other hand, to a
certain rise of the technical light output.
The performed measurements demonstrate
that the technical light output may increase
up to ~ 10 %.

Special attention has been paid to the
choice of the geometrical shape of the crys-
tal. Since the photodiode must possess mini-
mal dark current (Rp > 1010 Ohm) and low
p-n transition capacitance (<50 pf at a shift
tension of ~ 30 V), one must use a photo-
diode with a minimal photosensitive area.
At the same time, to increase the efficiency
of gamma-radiation registration it is neces-
sary to increase the volume (i.e. dimensions)
of the scintillation crystal. To solve this
problem, there was made a chamfer on one
end of the crystal, which cross-section was
larger than the photosensitive area, at an
angle established experimentally and mak-
ing 40+45° with the photodiode surface
[10]. Besides this, the size of the scintilla-
tor output window precisely corresponded to
that of the photodiode photosensitive area.

Thus, all the above-mentioned techno-
logical methods allow to achieve high sensi-
tivity for the small-size detection unit.

The developed dose calibrator was pre-
tested at the radiology laboratory of the In-
stitute of Child and Adolescent Health of
Ukraine in Kharkiv. During the tests con-
trolled was the activity of technecium-99,,
isotope which was obtained in a special gen-
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erator of GT-2m type. Every portion of the
obtained preparation with technecium-99,,
isotope was controlled by the developed dose
calibrator and compared with the calculated
data from a special table drawn up for the
generator. The results of the performed in-
vestigation are presented in Table 2.

As seen from Table 2, the measured val-
ues somewhat differ from the calculated
ones. This is connected with the errors in
establishing the exact volume of physioclogi-
cal solution, caused by small size of the vial
and the presence of a meniscus on its walls.
Overall, the dose calibrator readings coin-
cide well with the calculated data. In our
opinion, they are more reliable, since the
calibrator registers each gammy-quantum
absorbed by the scintillation crystal.

4. Conclusions

Thus, the developed dose calibrator not
only measures the activity of this or that
isotope, but also allows to identify the iso-
tope type in the cases when the main iso-
tope may have the impurity of another iso-
tope. The fact that the dose calibrator can
realize the function of spectrometer signifi-
cantly widens its application field.
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KamxiopaTtop m03 pagioaKkTMBHHX IIpemapariB Ijad
amepHoi MeauIMHU HA ocHOBi Kpucraais Csl(TI)

I0.A.Bopodenko, B.B.Benozy6, b.B.I'punvoé, A.B.I'ekmin,
A.B./lioenko, E.M.Cenezenesé, B.A.Tapacos,
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Po3pobieno i BurorosseHo Kaaibparop m0o3 s AgepHOI MemuiimHA. BigMinHOIO 0C006-
nuBicTIO KasibpaTopa mo3 € Te, [0 y BigmimHOcTi Bix Bimommx amasoriB, pobora SAKHX
3aCHOBAHA HA BUKOPHCTAHHI ioHIBamiiiHOI KamMepu SK [AEeTEKTYIOUOro IIPHCTPOIO, yV LAHOMY
Kauibparopi 103 AK AeTeKTyHuuil IPUCTPiil BUKOPUCTOBYETHCS CHCTEMAa CIIMHTHUIATOP-(OTO-
mion. Ile BurigHo BigpisHse gaHWiT HpuUJIajg Bijg aHAJOriB, OCKiJIBKH, KPiM 3HAYHOIO 3MEH-
mieHHs rabaputiB i Barm BuUMiprOBaJIbHOIO OJIOKY, BiH IIpaIlO€ y CIEKTPOMETPUUYHOMY pe-
JKHMMi, 1[0 J03BOJSAE, KPiM akTUBHOCTI (pisiosioriunoro pos3urHy, BU3HAYATH II€ i THUII Pamio-
"Hykainy. Kaxi6parop mos mpoiiiioB momnepeiHi BUIPOOyBaHHA B IHCTUTYTI OXOPOHU 3L0POB’s
mireit i migmitkie AMH Vipaium (M. XapkiB) Ta nmokasaB MO3SUTUBHI pe3yJbTaTH.
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