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CALCULATION OF EFFECTIVENESS OF THE VETERINARY
X-RAY SYSTEMS PROTECTIVE CABIN

Introduction. Thetransitionfrom the use of X-ray film to digital radiography (DR)
has made X-ray diagnostics in veterinary clinics simple and efficient. The number of
examinations is small compared to medical use, but a significant part of them is performed
without anesthesia of the animals by manual fixation of the animals. Such fixation of the
animals is usually performed by veterinary clinic staff.

Methods. In this work, we measured the dose loads and calculated the protection
efficiency of a new cabin for a veterinary X-ray system. Cabins provide protection in space in
three coordinates. Accordingly, the calculations of the attenuation coefficients must also be
performed in volume.

Results. Theexperimentally found values of the three-dimensional distribution of the
attenuation coefficients on the surface of the cabin make it possible to calculate the
necessary thickness of lead protection, which guarantee compliance with the relevant
sanitary standards. In the experiment, a decrease in the protection factor of the screen with
a lead equivalent of 0.6 mm was registered up to 2 times, which corresponds to an increase
in the effective anode voltage. Thus, the well-known in X-ray tomography effect of increasing
the hardening of radiation appeared.

Conlusions. Inveterinary medicine, compared to human medicine, the presence of
personnel who fix the animal with their hands is fundamentally different. This workplace is
located in close proximity to both the direct X-ray beam and the maximum scattered
radiation. It requires special attention during calculating X-ray protection. The small size of
the cabin, where the X-ray examination is performed, reduces the area and the price of
structural protection. That determines the economic attractiveness of the concept.

Keywords: digital radiography, protection, veterinary medicine, cabin, computed
tomography, Compton effect.

Introduction

The transition from the use of X-ray film to digital radiography (DR) has made
X-ray diagnostics in veterinary clinics simple and efficient. This led to an
increase in the number of X-ray studies for small veterinary clinics from 20...30
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to 200...300 per month. Such a number of examinations is small, compared to
medical use, but a significant part of them is performed without anesthesia of animals
with the help of fixing animals with hands. Such fixation of animals is usually
performed by the staff of veterinary clinics. As a result, the radiation load on clinic
staff also increased tenfold. In addition, cone beam X-ray tomography scanners
(CBCT) are starting to be used in small veterinary clinics, which also creates X-ray
dose loads. These features necessitate the development of more effective means of
protection for the personnel of veterinary clinics (IAEA, 2024, p. 7).

Methods

The existing concept of protection was developed in the middle of the last century
for film technology. Protection measures include individual means: aprons, gloves,
collars, caps and glasses, as well as structural means: lead sheets, barite platei and
protective curtains (Ministry of Health of Ukraine, 2007, p. 17). Individual means
are put on people, and the X-ray room is equipped with structural means. Individual
protective equipment has a considerable weight — 6...10 kg, which is inconvenient
for clinic staff. Structural means do not protect personnel in the X-ray room. They
cover a large area of walls and ceilings and, as a result, are expensive (Fig. 1a).

TR

Fig. 1. Protection of the clinic staff in the X-ray room with individual protective
equipment 0,25...0,5 mm Pb and structural means — outside
the X-ray room 0,5...1,5 mm Pb (a).
Protection of the clinics staff in and outside the X-ray room with the help of a cabin
0,6...2,0 mm Pb (b)

Places of installation and the lead equivalent of structural protection means are
calculated in advance, which turns the cabinet into a stationary system and excludes
mobility. A detailed description of the X-ray room of the veterinary complex is given
in the US patent N 10,045,751B2 (Okusu, Ohashi, & Okabe, 2018, p. 17), issued in
the name of the Fuji film company.

The concept proposed by us (Miroshnychenko, O., Miroshnychenko, S., &
Nevhasymyi, 2024, p. 14) is new for veterinary implementation, but is commonly used
in population lung screening and non-destructive control systems, based on the use of
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a mobile protective cabin. A fundamentally new feature is the presence of workplace
of staff that fix the animal by the hands (Fig. 1b). This workplace is in close proximity
to both the direct X-ray beam and the scattered radiation maximum. It requires special
attention when calculating X-ray protection. In this work, we offer a combination of
individual and structural means of protection. Structural protection is placed on cabins
tripod, which makes it possible to significantly decrease the dose load and ensure the
convenience of human work. At the same time, the small dimensions of the cabin,
where the X-ray examination is performed, reduces the area and the price of structural
protection. That determines the economic attractiveness of the concept.

The cabin provides protection in space in three coordinates (abbreviated — in 3D,
Fig 2). Accordingly, the calculations of the attenuation coefficients have also to be
performed in 3D. The values of the three-dimensional function K(xy,z) found
experimentally on the surface of the cabin make it possible to calculate the required
thickness of lead protection Pb(x, y, z) according to the tables (Ministry of Health of
Ukraine, 2007, p. 54), which guarantee compliance with the relevant sanitary standards.

Fig. 2. Exterior view of the closed (a) and open (b) DR cabin.
Exterior view of the closed CBCT cabin (c)

Results

In this concept of X-ray protection all radiation divided into two parts: direct one
(zone A, Fig. 3a) — includes direct irradiation not in the way to the receiver, and
scattered (by Compton effect) — includes radiation scattered by an animal (zone B,
Fig. 3a). In both DR and CBCT systems, the direct radiation of the X-ray tube
matches on the X-ray sensitive field of the receiver. This makes it possible to reduce
intensity the direct beam with separate screens behind the receiver and on the back
surface of the emitter.

The basis for the calculation of radiation protection (Ministry of Health of
Ukraine, 2007, p. 42) is the determination of the attenuation factor — K of the dose
rate of X-ray radiation at a given point in the absence of protection Pp to the value
of the protected dose rate Pp,,, in units of the absorbed or exposure dose:

K = PD/PDp . &)
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Fig. 3. Zones of direct (A) and scatered (B) radiation (a). External view of the cabin (b).
Graphs of the annual dose load without (+)
and with the presence (0) of a water phantom

For conducting research, a cabin with protective screens and fabric curtains was
made to reduce direct radiation. In addition, the entire inner surface of the cabin was
covered with a screen with the equivalent of 0.6 mm of lead. The place of the worker
who fixes the animal is located on the side of the fabric curtains and transparent
window (Fig. 3b). During the experiment, the radiation components were measured
separately at points 1-15 (Fig. 3a) in the absence and presence of a water phantom.
The research was carried out in two stages with dosimeter GS-01.

At the first stage, direct radiation was studied by measuring the power of the
radiation dose P, without the protection. Then the protection was installed: 1.0 mm
of lead on the frontal and back side of emitter and 0.5...0.6 mm of lead on the side
walls and the radiation dose with protection Pp,, were measured. The attenuation
factor K of individual screen on the back side of the emitter, Pp,,, equivalent annual
dose with and Pp,,.,, without protection were calculated (Table 1).

At the second stage, the presence of the animal was simulated using an equivalent
water phantom (zone B Fig. 3a). Ppr and Pp,r — the dose rate of X-ray radiation
at a given point in the absence and with protection, Ky — attenuation factor, Pp,.,r
and Ppe,r — equivalent annual dose with and without protection in presence of
phantom respectively.

During the experiment with a water phantom, a decrease in the protection factor
of the screen with a lead equivalent of 0.6 mm was registered up to 2 times; ¢ —
relative reduction of the protection factor — o = Kz /K. That is, the effect known in
computer tomography of increasing the hardness of radiation in the presence of a
biological object in the field of study appeared. Physically, this is due to the fact that
during the formation of scattered radiation by a water phantom, low-energy photons
are absorbed by the phantom itself, and radiation with a more "hard" energy
distribution is emitted the outside of the phantom.
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Table 1
Results of measurement of short-term dose rate and attenuation factor

P&'gt 2| 3| 4|5 |6 | 78| 9|10 11]12]|13]14
Pp, 183| 24 | 50 | 52 | 51 | 50 | 50 | 50 | 51 | 52 | 53 | 24 |18,3
mSv/h

Pop, 079(13|18|19|201091|0,712{0,73(0,78| 0,80 {0,83(0,43|0,46
mSv/h

K 23,21185(27,8|27,4|255|54,9|70,4|68,2|655]| 62,4 |63,8]|558]|39,8

Poey, 53| 6,7(139|14,5|14,3|14,3|14,1|14,3|13,8| 13,4 |14,7| 6,7 | 5,6
mSv/y

I;fé’\‘;}’y 0,23|0,36|0,50|0,53|0,56|0,260,20{0,21|0,21| 0,23 |0,23|0,12|0,14

Por, 18,2| 57 | 55 | 57 | 53 | 52 | 52 | 52 | 53 57 55 | 57 |18,2
mSv/h

Popr, 0932353526 |1,7149|149|1,61| 1,59 |1,62|1,78|0,48
mSv/h
Ky 20,2(14.3|15,6/16,3|20,4|30,6|34,9(34,9(329| 358 (33,9 32 |37,9

Poeyr, 53 (12,9(15,3|15,9|14,7|14,7|14,7|14,7 |14,8|16,11 | 15,3|16,0| 5,7
mSv/y

ﬁfg\‘ﬁ; 0,26 09/0,98|098|0,72|0,48|0,42|0,42/0,45| 0,45 |0,45|0,500,15

c 0,87/0,77/0,56] 06 | 0,8 |056| 05|05 ]05]057|053]0,57|0,95

As a result, the additional protection of the cabin surface with 0.5...0.6 mm of
lead on the border satisfied the condition of the permissible annual dose of less than
5 mSv/year (the graph is marked — 000, Fig. 3c).

Discussion and conclusions

The combination of individual and structural means of protection makes it
possible to significantly increase the degree of protection and the convenience of a
person's work. At the same time, the small size of the cabin, where the X-ray
examination is performed, reduces the area and the price of structural protection.
That determines the economic attractiveness of the concept.

Authors' contribution: Sergii Miroshnychenko — conceptualization, formal analysis, writing —
original draft; Oleksandra Miroshnychenko — formal analysis, writing — review&editing; Yurii Khobta —
investigation.
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PO3PAXYHOK E®EKTUBHOCTI 3AXMCHOI KABIHHU
/111 BETEPUHAPHOI PEHTTEHIBCbKOI CHCTEMH

Bcryn. Ilepexid 8id 8sukopucmaHHs peHmzeHigcbkKoi nsieku 0o yugposoi
penmezeHozpadhii (/IP) 3po6ue penmzaeHodia2HOCMUKY y 8emepuHapHuUx KJAiHikax npocmoio
i efhekmueHor. Kinskicme o6cmediceHb NOPIGHAHO 3 MeOUYHUM BUKOPUCMAHHAM
Hege/UKa, a/1e 3Ha4Ha iX YyacmuHa npoeodumucsi 6e3 aHecme3sii meapuH uL1sAXoM py4HOi
dikcayii meapun. Taky dikcayilto meapun 3a3zeuyail npoeodsamv npayieHUKU
eemepuHapHoi KAIHIKU.

MeTtopau. IlposedeHo eumiplo8aHHs 00306UX HABAHMANMCEHb MA PO3PAXOE8AHO
ehekmugHicmb 3axucmy H080i KaGiHU 011 eemepuHapHoi peHmMezeHigcvbkoi cucmemu.
Ka6iHu 3a6e3ne4yioms 3axucm y npocmopi 3a mpboma KoopduHamamu, 8idnogioHo i
o6uucneHHs1 KoedpiyieHmie oc/n1a6/1eHHs1 HeoGXi0HO BUKOHyeamu, GUKOpUCMO8yH4uU
npocmopoei koopouHamu.

Pe3sysnbTaTu. 3HalldeHi ekcnepuMeHmMaabHO 3HAYEHHA MpUsUMIipHO20 po3nodity
KoeghiyieHma oc1a6.1eHHs1 peHM2eHi8CbK020 8UNPOMIHI0OBAHHS HA NOBEPXHI Ka6iHU dalomb
MOXMCAUBICMb N0 MA6AUYsIX po3paxysamu Heo6XiOHi MoBWUHU CBUHYE8020 3axXucmy, sKi
2apaHmMyioms BUKOHAHHS1 8i0noeidHUX caHimapHux Hopm. B exkcnepumenmi 6ya0
3apeecmposaHo 3HUJCEHHs KoedbiyieHma 3axucmy ekpaHa maiidce y dea pasu npu
BUMIpIOBAHHAX 3 800HUM (HAHMOMOM, NOPIBHAHO 3 GUMIPIOBAHHAMU Ge3 Hboz2o. lle
gidnoegidae nideuujeHHio egiekmueHoi aHOOHOI Hanpyzu. Y npoyeci docaidiceHHs
nposieuecs gidomuii y penmeeHiecwkiii momozpadhii egpekm 36inbWeHHA HcopcmKocmi
8UNPOMIHIOBAHHS, KOAU HOMOHU 3 HU3LKOIO eHepz2ie€l0 No2AUHAIOMbCs HaHmoMoM, a 3
BUCOKOI0 NPOX0051Mb KPi3b Hb020.
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BucHoBKU. [[puHYyunogo HOBUM € HasieHicmbv micys nepcoHasy, sakuil gikcye
meapuHy pykamu. lle micye po3mauiogaHe y 6e3nocepedHiil 6.1u3bkocmi 1Kk 00 npsmMozo
peHmMzeHi8cbKo20 NpomMeHs, makKk i 0o MakKcumymy poO3CisiHo20 sunpomiHeHHs. Po6oue
Micye nompeGye 0c061u80i yeazu 8 po3paxyHKax peHmeeHiecbko20 3axucmy. /1o mozo sc,
3a paxyHoK Ma/n020 po3mipy Ka6iHu, de 8UKOHYEMbCS1 peHMmzeHi8cbKe 06CmeXHCeHHs,
3MeHuyemucs naowa i yina kKoHcmpykyiiiHux 3aco6ie 3axucmy. Lle 3ymoe/110€ eKOHOMIUHY
npueab6augicmes KoHYyenyii.

Knw4yoBi caoBa: yugposa penmzenozpadis, 3axucm, semepuHapis, meduyuHa,
Ka6iHa, komn'tomepHa momozpadhis, efhekm KomnmoHna.

Astopu O. Mipommnyenko ta F0. Xo0Ta 3asBIIOTH PO BiACYTHICTH KOH(IIKTY iHTepeciB. UieH peaakiiiHol
xonerii C. MipoIIHNYEHKO 3asBIIsi€ TIPO BiACYTHICTh KOH(QIIKTY IHTEpEeCiB Ta HEBTPYYaHHS B IPOLEC OLIHIOBAHHSI
1€l CTaTTi BIAMOBIIHO O MDXKHAPOIHUX CTAHAAPTIB myOuikariiinoi etnku. CroHcOpy He Opaimi ydacTi B po3po0IIeHH]
JIOCITDKEHHST; y 300pi, aHaITi31 UM iHTeprpeTarii JaHnX; y HaIlMCaHHI PYKOIKCY; B PIlIeHH] PO MyOIiKaLliio pe3yIbTaTiB.
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