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Using even low-power sources of millimeter waves, the
local increase in temperature of the sample can be several
degrees. At the same time, the results indicate the absence
of non-thermal effect of millimeter waves on the water.

The application of non-contact temperature sensing
based on the temperature sensitivity of florescent dyes is a
simple and novel method to detect temperature change in
biological objects irradiated by millimeter waves.
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BUMIPIOBAHHSI TEMNEPATYPU B CUTEMI ONPOMIHIOBAHIN ENEKTPOMArHITHUMM XBUISIMU
MINNIIMETPOBOIO AIAMNA30OHY 3 BUKOPUCTAHHAM TEMNEPATYPO3AJIEXXHUX
®JIYOPECLUEHTHUX OPTAHIMHUX BAPBHUKIB

TemnepamypHy Yyyminusicms ¢briyopecueHyii po34yuHie opaaHidHux 6apeHukie suKopucmaHo 0r1s1 6e3KOHMaKMHO20 8UMIPHOBaHHSI Mo2MIUHaHHS efleKmpoMagHImHuUX
Xxsunb Minimemposoeo Oiana3oHy y 800i. 3a dorlomozoto 080X bapsHUKIE 3 MPOMUMIEXHUMU meMrepamypHUMU egbekmamu 8U3HAYEHO II0KarbHEe MiOBULLEHHS

memriepamypu 8 Karinsipi, PO3MilyeHOMy 8 cepeOuHi MPsSIMOKYMHO20 X8unegody.

BacmocysaHHs 6e3KOHMaKmMHo20 memrnepamypHoO20 0amyuka € HO8UM, POCMUM MemodoM 8U3HAYEHHSI 3MiHU memnepamypu Manux 6iosiogidHUX 06 ’ekmis.
Knro4vosi cnoea: minivemposi xauri, 6e3KkoHmMakmHe 8UMIpto8aHHs1 memrepamypu, ¢hriyopecueHuisi, opaaHiiyHi 6apeHuku, 8o0a, bioMeduyHe 3acmocyeaHHsl.

Ba6wuu [., ctya., Ky3sbkoBa H., acn., MoneHko A., cTyA., lkyHOB A., KaHA. (hu3.-maT. HayK,

kacheapa onTuku, hnsnyeckun chakynotet
KvneBckuin HauMoHanbHbIW YyHUBepcUTeT UMeHun Tapaca LLleBYeHko

W3MEPEHMA TEMNEPATYPbl B CUCTEME OBJTYYAEMOW 3/IEKTPOMArHUTHbIMU BOJTHAMU
MW/IJIMMETPOBOI 0 ANAMA30HA C UCMNOJIb30OBAHMEM TEMINEPATYPO3ABMCUMbIX
OJIYOPECLUEHTHBIX OPFTAHUYECKUX KPACUTEJIEN

TemriepamypHas 4ys8cmeumesisHoCMb ¢hlyopecueHUUU pacmeopos opaaHuYecKux Kpacumernel ucnonb3osaHa 0r1si 6eCKOHMaKMHO20 U3MEPEeHUs] Mo2roLeHust
37IeKMPOMagHUMHbIX 80/IH MUNIUMemposo2o duarnasoHa e eode. C romowbio 08yX Kpacumesell C MpomueONoNOXHbIMU memnepamypHbIMU  3gbghekmamu
orpederieHo fI0KaibHOE MosbIeHUe meMriepamypbl 8 Kanumispe, PasmeueHHoM 8HympuU npsiMoy20i1bHO20 80THO800a.

lNpumeHeHue 6eCKOHMaKMHO20 memnepamypHo20 OamuyuKka Sersiemcsi HO8bIM, MPOCMbIM MemoOOM OrpedesieHUsi U3MEHEHUs1 memrepamypbl MaribiX

buoroau4eckux 06beKmos.

Knroveebie cnosa: munnumemposble  80JIHbI, b6eckoHmMaxkmHoe usmepeHue memrnepamypbl, d)nyopecueHuug, opeaHu4YecKue Kpacumernu, 800a,

6buomeduyuHCKoe npumeHeHue
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RADIATION SAFETY ASPECTS DURING 11-MEV MEDICAL CYCLOTRON OPERATION
AND MAINTENANCE

The paper brings up the question of radiation safety aspects dealing with exploitation of cyclotron Eclipse RD (Siemens), that is used
for positron-emission tomography with fluorodeoxyglucose ("®F-FDG). The main sources of radiation exposure and the efficiency of a
cyclotron shielding were analyzed. The dose rates were measured from the activated details and wastes and the effective dose to
personnel, performing operation and technical support of a cyclotron was estimated with the help of electronic personnel dosimeters EPD

Mk2+ and thermoluminiscence dosimeters TLD Harshaw 100.
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Introduction. Positron-emission tomography (PET)
plays a crucial role in cancer diagnostics and can give
information about the location of neoplasm and
metastases, the intensity of metabolism and allows to
estimate the efficiency of performed treatment [4]. PET
requires radioactive tracers, and in this connection the
low energy cyclotrons (up to 20 MeV) have found
widespread applications in nuclear medicine for tracer
production technologies 12]. The most commonly used
PET radioisotopes (''C, "N, "0, "®F) can be produced
through the proton induced reactions, such as (p,n) and
(p,a). It is obvious, that the usage of cyclotrons leads to

radiation exposure, caused by prompt radiation, produced
tracer and induced activity. Moreover, in most cases
cyclotron maintenance requires handling of radioactive
components and wastes. Therefore special attention
should be paid to the radiation safety aspects, providing
additional shielding and dose control for personnel, who
perform cyclotron operation and technical support.
Besides, the analysis of the dose values enables to make
a conclusion about the achieved radiation safety
conditions and implementation of new safe measures,
directed at a minimization of radiation exposure to
personnel according to the ALARA principle.
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F-18 production. PET-Cyclotrons produce different A, GBq
isotopes through the proton induced reactions, shown in 801 New target assembly
table 1. For the different isotopes different types of (. o
targets are used (gas and liquid), and they have special 604 P (?or(r)\c’f:ﬂ?)
properties, that ensures effective tracer yield in a harsh (,-'“' ,,,,,,,,,,,,,, 1
irradiation conditions. e
Table 1 40+ ™ e"1300 2A-h
PET tracers, produced by medical cyclotrons - (2 month)
1I;’roduct Target Type Half-life, min o Reac1tgon e 19507Ah
11F Liquid 110 14O(p,n)HF """""" (3 month)
C Gas 20 N(p,a) 'C
"N Liquid 10 0(p,a)"N . : ' .
®0 Gas 2 ®N(p,n)"0 60 80 100 120

In All-Ukrainian center for radiosurgery of the Clinical
Hospital "Feofaniya" the fluorodeoxyglucose (FDG)
production technology was successfully implemented using
self-shielded Siemens cyclotron Eclipse RD [1]. The self-
shielding consists of concrete, borated polyethylene and
lead, ensuring good radiation protection from neutrons and
%amma rays. For 8¢ production the enriched water with

O 98% enrichment and 1.2 ml volume is loaded to a
target and due to 18O(p,n)wF nuclear reaction isotope ®Fis
produced. For this production technology the liquid target is
used, shown in fig.1a. It consists of silver target body,
collimator and target window, made of Havar alloy [5],
which is pressure and temperature resistant (melting point
for Havar is 1753 K). During bombardment the target body
and Havar window are cooled by water and helium
systems respectively (fig. 1b. demonstrates target working
conditions during irradiation). The beam extraction is
performed through the 25 pm aluminum vacuum window,
behind which a target is installed.

Target Body

Vacuum

Havar window

Carousel \

Water coolin

Target Body Spacer Helium
(Collimator) Cooling

Space
Collimat:

Fig. 1. ®*0 liquid target:
a) construction b) irradiation conditions

The tracer yield decreases with time, which is caused
by target deterioration during irradiation. Therefore the
target and its components must be cleaned and replaced
periodically. Fig.2 demonstrates the ®F  tracer yield
depending on a target usage. These data were obtained
after 150 production runs without target rinse, and it should
be note that with assumption of 4 working days/week and
1 hour/day production, the target lifetime of 1950 pAh will
be reached after 3 months.

Radiation exposure and dose rate measurements.
Cyclotron exploitation is accompanied by several sources
of radiation, that cause additional exposure to personnel:
prompt gamma rays and neutrons, produced tracer and
induced activity of a cyclotron components. The prompt
radiation exists only during irradiation and the greater part
of it is absorbed by the cyclotron self-shielding. The dose
rate on shielding surface during irradiation is 15 pSv/h for
neutrons and 75 pSv/h for gamma rays respectively. The
working place is located in the control room, where dose
rate does not exceed 0.3 uSv/h.

t, min

Fig. 2. Tracer yield dependence on a target usage

Table 2
Dose rates from vacuum window,
target and its components
Element Usage, Time after last D;s;;rante
mkA-h | bombardment, hours
mSv/h

Target body 5210 60 0.14
Collimator 5210 60 0.05
(spacer)
Havar foil 1950 60 5.42
Vacuum 3540 60 2.52
window

After bombardment and tracer delivery to the lab, the
relicts of produced tracer and induced activity become as
the main sources of radiation. The shielding fully absorbs
this radiation, but when the shield is open the dose rate
near the target module can be very high (>15 mSv/h), and
hence for technical maintenance it is necessary to wait at
least for a one day for short-lived radionuclide decay.

The dose rates from different target components,
measured after 60 hours from last bombardment are shown
in table 2. The highest dose rate was measued from Havar
window (about 5 mSv/h). Apart from the Havar foil long-
lived isotopes are also induced in other target components
and vacuum window, where dose rate can be up to
2.5 mSv/h. The technical maintenance of a cyclotron is
performed by engineer-physicist and taking into account
these dose rates, the effective dose to engineer is mostly
caused by the actions, to be done in a close proximity to the
target module (these works include target replacement,
extractor replacement, ion source maintenance, vacuum
window replacement and other). Regardless of type of
work, almost all of them include 3 steps, mixed with
exposure: there are demounting and installation,
transportation and handling of radioactive parts of a
cyclotron. Each of these steps must be executed using
different types of shielding, such as lead screen, lead
containers and fume hood with lead shielding and leadglass
window for wastes handling. Activated details handling must
be done very carefully using tweezers and after usage they
should be enclosed in a special storage for farther decay.

Effective doses and data analysis. The vyearly
effective dose to engineer depends on the number of
works, that should be done during a year. Since the
irradiated target is the most activated detail, its
maintenance forms the bigger part of dose. The average
target lifetime appeared to be 1950 pAh (3months), so
there are minimum 4 target replacement actions per year,
excluding periodic target leakages and blowing of vacuum
window. Table 3 shows the type and number of technical
works, that were done in 2013 and corresponding effective
doses to engineer, measured with the help of EPD MK2+
and TLD Harshaw 100 dosimeters. There were 6 target
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rebuilds, 1 extractor and cathodes replacement and 2
vacuum window replacements.

Table 3

Doses to engineer-physicist for different types
of actions (10.01.13-26.12.13; 150 productions)

Dose/action, pS_v and Effective dose
Type of work numIlE);:)ol\fnitzzﬂons mSvlyear (TLI5
( measurements)
measurements)

Target rebuild 0.152 (6) -
Extractor 0.075 (1) -
replacement
Cathodes of ion 0.063 (1) -
source replacement
Vacuum window 0.078 (2) -
replacement
SUM 1.206 1.06 | 0.85™

For the works, presented in table 3, the sum effective
dose for EPD measurements is 1.206 mSv/year, and
almost 80% of it goes from the target rebuild actions. For
TLD measurements dose value is slightly lower: our results
give 1.06 mSy, and in the Department of Nuclear Medicine
of All india institute of medical Sciences, where the same
cyclotron with the same parameters is used, the effective
dose to engineer is 0.85 mSv/year [3]. Summarizing these
data it is clear that all doses are considerably lower than
dose limits, adopted by International Commission of
Radiological Protection (ICRP) [6] and the average dose is
about 1 mSv/year, which is comparable with the average
background dose per year.

Conclusions. The radiation safety aspects during
cyclotron exploitation were considered and the main
sources of radiation exposure were analyzed. The dose
rate measurements were performed and the effective dose

Bonpap B., inxeHep-papiodi3uk, kniHiuHa nikapHa "®eodaHia™;

to engineer, occupied with tracer production and technical
maintenance was determined using EPD Mk2+ and TLD
Harshaw 100 dosimeters.

One of the ways to get higher radiation doses is the
increment of production runs, which leads to faster target
degradation and therefore to bigger number of works.
Since April, 2014, Hospital has started tracer productions
not only for own, but also for external needs, and now
production intensity increased twice. In these conditions
the effective dose is expected to be 2.4 mSv/year, and
even in this case the effective dose is sufficiently low and
does not exceed 15% of dose limits, adopted by ICRP. So,
it can be concluded, that providing good shielding and
organization of work, the usage of low energy cyclotrons
can be absolutely safe and secure.
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MixHuubku# 1., inxeHep-paaiodisuk,
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Kniniyna nikapHs "®eodaHia"

PAAIALINHA BE3MNEKA NMPU POBOTI
TA TEXHIYHOMY OBCJTYTOBYBAHHI 11-MEB MEAUYHOIO LIMKJIOTPOHY

B pobomi sucsimsntorombcsi OCHO8HI nMumaHHsi padiauitiHoi 6e3nexku npu ekcrinyamauil yukiompoHy Eclipse RD (Siemens), wo eukopucmosyembcsi Onsi
103UMpOHHO-eMicitiHOI momozpaqii 3 gpmopdesokcuarntokosoro (PAr). MNMpoaHanizoeaHo 0CHOBHI AXepera ioHI3yrH020 8UMPOMIHIO8aHHS Ma egheKmUBHICMb 81acHO20
3axucmy yukrompoHy. [posedeHi sumiptosaHHs momysxHocmeti 003 8i0 akmusosaHux Oemariell ma padioakmusHUX 8i0xo0i8, OUIHEHO echekmusHi 003U repcoHary 3
8UKOPUCMAaHHSIM e/IeKMPOHHUX iHOusIOyarbHUX do3umempie EPD Mk2+ ma mepmortomiHecyeHmHux 0o3umempie Harshaw 100.

Knro4osi crnoea: nozumpoHHo-emiciliHa momozpadbisi, (omopde30KcuasioKo3a, YUKIIompoH, padiauitiHa 6esneka, egpekmueHa 003a.

BoHpap B., unxeHep-paanodumsnk, knmHmyeckasa 6onbHuua "®deodcaHun";

kadp. apepHon usmnkm, omsnyeckun pakynbTteT, KueBcknin HaumoHanbHbIW YHUBepcTUTET MMeHu Tapaca LLleBuyeHko

MuxHuukun U., nHxeHep-pagnodusmk,
KmeTiok f1., pykoBoauTenb BceykpanmHckoro LieHTpa pagmoxupyprum,
KnuHuyeckas 6onbHuua "®eocaHuna”

PAANALIMOHHASA BE3SOMNACHOCTDb NPU PABOTE
N TEXHUYECKOM OBCJTY)KUBAHUM 11-MEB MEANLIMHCKOIO LIUKJ/IOTPOHA

B pabome npusedeHbl eornpockl paduauyuoHHol 6e3ornacHocmu npu  aKcrmyamayuu uyuknompoHna Eclipse RD (Siemens), komopbil ucrionb3yemcsi 0nisi
103UMPOHHO-3MUCUOHHOU momoepaghuu ¢ gpmopde3okcuantoko3oli (®Ar). MNpoaHanu3uposaHbl OCHOBHbIE UCMOYHUKU U3ITyHeHUst U 3ghghekmusHocmb cobcmeeHHOU
3awumsl yukrnompoHa. [lposedeHb! uamepeHusi mowHocmel 003 om akmusuposaHHbIX Oemariell U paduoakmueHbIX Omxodo8, a maKk xe cdenaHa OUEeHKa
aghghekmueHbix 003 repcoHana ¢ UCosb308aHUEM 31eKMPOHHbIX UHOUBUOYarbHbIx do3umempos EPD Mk2+ u mepmoriomuHecyeHmHbix do3umempos Harshaw 100.

Knrodesble croga: no3umpoHHO-3MUCUOHHasi momoepachusi, hmopde30KCUIoKo3a, UUKITOMPOH, paduayuoHHas 6e3onacHocms, aghghekmueHasi 0o3a.



