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Heavy-ion radiotherapy is currently recognized as the most advanced particle therapy method
and is being vigorously promoted and applied worldwide. This method can rapidly generate
radiation and induce radioactivity during treatment. However, the induced radioactivity,
which is the primary source of exposure for medical staff, does not disappear following thera-
peutic application in the treatment room. In this study, we investigated the characteristics,
dose rate distribution, and impact of this induced radioactivity on medical staff in the treat-
ment room (uniform scanning mode) at Gansu Wuwei Tumor Hospital using experimental
measurement and Monte Carlo simulation. We found that the exposure dose experienced by
medical staff is predominantly related to the irradiated patients for single irradiation and the
irradiated beam delivery system for long-term irradiation. The half-lives of the main
radionuclides ranged from a few minutes to tens of minutes for single irradiation and from
tens of days to hundreds of days for long-term irradiation. The primary radionuclide contri-
butors are 150, 11C, 176Ta, and 177W. We also estimated the personal dose experienced by the
medical staff in the treatment room in relation to their working patterns. The results showed
that the maximum annual exposure dose of medical staffin the horizontal treatment direction
under the current model was 0.728 mSv. We hypothesized that an appropriate increase in the
patient's treatment could reduce the annual exposure dose of medical staff to 0.650 mSv with-
out changing the total treatment time per day. Finally, some suggestions were made to reduce
the exposure of medical staff to unwanted radiation.
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INTRODUCTION

Particle radiation therapy technology has been ap-
plied in clinical practice since 1954 when it was first used
at Lawrence Berkeley National Laboratory [1]. The ma-
jor advantage of this technology is that the proton and
carbon ions used in this therapy provide an effective dose
distribution while preserving normal tissues around the
tumor [2]. Carbon ions are considered to be the most bal-
anced particles with a Bragg peak and more significant
relative biological effectiveness [3]. This means that they
are more likely to be able to control tumors. An increas-
ing number of medical facilities are being introduced to
apply this technology clinical in different institutions
worldwide [4]. The induced radioactivity can be gener-
ated through nuclear reactions when the primary beam
and secondary particles react with materials such as com-
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ponents, air, and the patient's body [5, 6]. However, this
induced radioactivity is the leading cause of exposure to
medical staff and is associated with a wide distribution.
The quantity of induced radiation depends on the compo-
sition of the materials, the size of the activation cross-sec-
tion, the run time of the accelerator, and the decay time
after the run stops [7].

The characteristics of induced radioactivity have
been studied extensively. Agosteo [8] showed that the
primary source of secondary neutrons in the treatment
room was the patient's body which represented a
non-negligible secondary radiation source. Research by
Xu et al. [9] subsequently indicated that air and cooling
water activation was unimportant concerning the envi-
ronment and medical staff. Wu ef al. [10] described the
patient-induced radioactivity during treatment theoreti-
cally and analyzed the activity buildup process of peri-
odic irradiation, deriving the buildup formulas. Tujii et
al. [11] measured the activation levels of both therapeu-
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tic devices and the radiation provided to patients and
used this information to assess the maximum dose re-
ceived by medical staff. However, these previous find-
ings focused on patients, environmental media, or com-
ponents, and did not systematically analyze the induced
radioactivity of the entire treatment room, using simula-
tion or experimental measurements alone. In the present
study, we used two methods to conduct a systematic
study of induced radioactivity in the treatment room
and to evaluate the exposure dose incurred by medical
staff.

For example, Gansu Heavy lon Tumor Hospital
features a therapeutic center that is composed of a car-
bon ion facility that was independently developed by
the Institute of Modern Physics, Chinese Academy of
Science. This center has been used for clinical trials
since 2018 and was officially put into clinical use in
March 2020. The center features a cyclotron that is
used as an injector, a synchrotron, beam transport
lines, and four treatment rooms, with uniform scan-
ning (US) and pencil beam scanning modes. The cen-
ter can offer carbon beams from 120-400 MeV/u (“u”
represents nucleon) with a maximum beam current in-
tensity ofup to 1-10% particles per second (pps) [12].

In the present study, we used experimental mea-
surements and Monte Carlo simulation to investigate
the radioactivity induced in treatment Room 2 of this
center which has two beam delivery systems (BDS),
horizontal and vertical. The beam is deposited in a pa-
tient's tumor after passing through the BDS and com-
pensator during treatment. Based on the primary
working areas and work patterns of the medical staff
involved, the exposure of medical staff to radioactivity
is primarily the result of the induced radioactivity gen-
erated by the multi-leaf collimator (MLC), compensa-
tor, treatment bed, beam dump, and the patient's body.
The workflow for medical staff is shown in fig. 1.

Clinical data indicated that the most commonly
used energy was 330 MeV/u, the beam current inten-
sity ranged from 2.7-107 to 4.2-107 pps and the irradia-
tion time ranged from 2 to 11 minutes. Thus, the thera-
peutic energy was set to 330 MeV/u and the beam
current intensity was set to 3.7-107 pps for single irra-
diation in FLUKA code. It was assumed that the mean
irradiation schedule was 5 minutes with 30 treatment
times per day, 5 working days per week, and 50 work-
ing weeks per year according to hospital conditions.

End of the treatment Start of the treatment

a b c
a: Waiting 1 minute to enter treatment.
b: First, removing the compensator. Next, detaching the patient
fastening device and assisting the patient.
c: Positioning for the new patient.

Figure 1. Diagram showing the workflow performed by
medical staff

MATERIALS AND METHODS

The treatment room operated under US mode
and the BDS system was a fully passive system with
fixed beam modulation. The components of the room
mainly included the BDS, a compensator, a treatment
bed, digital radiography (DR) equipment, and a beam
dump. The BDS system featured a primary collimator,
a ridge filter, an MLC, and a bracket. Figure 2 shows
the layout of treatment Room 2.

Monte Carlo method

In this study, we used the FLUKA [13-15] code
to calculate the induced radioactivity. This is a com-
prehensive Monte Carlo simulation tool for particle
transport and material interactions. The application of
this method includes the shielding design of the accel-
erators, material activation, radioactivity, and radia-
tion therapy. This method provides accurate simula-
tions of more than 60 different particles with energies
ranging from keV to TeV and enables online temporal
inference and tracking of the radiation generated by
unstable radionuclides [16]. The FLUKA version
2021.0 Istituto Nazionale di Fisica Nucleare (INFN)
was used to calculate the radionuclides and their activ-
ity and dose rate distributions produced in the treat-
ment room.

The physical process of heavy ions interacting
with matter is explained by the PHYSICAL card and in-
volves the collision process, the evaporation process of
particles in the evaporation model, and the activation of
coalescence mechanisms. For nuclear reactions in-
duced by neutron activation, low-energy neutron trans-
port (LOW-NEUT) must be activated. Irradiation of the
treatment room and cooling times are described by the
IRRPROFI card and DCYTIMES card, both of which
were measured in seconds. The combination of the
USRBIN card and the AUXSCOR card can determine
the dose equivalent rate distribution around the treat-
ment room. The conversion factor AMB74, from Inter-
national Commission on Radiological Protection
(ICRP), Report No. 74, [17] in the AUXSCOR card
was used to convert the fluence to ambient dose equiva-
lent while the RESNUCLE card acts as a detector to
identify radionuclides in the detection area. Before run-
ning the simulation, it was necessary to link the heavy
ion database Idpmqdm which script to link FLUKA
withRQMD —2.4[18] and DPMJET -3 [19] to achieve
the heavy ion nuclear reaction process.

Figure 2 shows that the MLC and bracket were
the main considerations in the BDS for FLUKA mod-
eling due to their respective roles in the shielding wall.
Since the structure of the MLC and compensator are
complex, both of the FLUKA models were simplified
for the convenience of calculation. Figure 3 shows the
FLUKA calculation model in the horizontal treatment
direction. The relevant physical and geometric param-
eters are shown in tab. 1. The beam shape was rectan-



C. Luo, et al., Study on Occupational Exposure of Medical Staff Caused by ...
Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 1, pp. 39-47 41

—

(b) Scaned beam primary collimator ripple filter

=il

Multi-channel lonization chamber Compensator

Monitor iﬁangeshiﬁer : Multi-leaf collimator

Figure 2. The layout of treatment Room 2; (a) the composition of the treatment room and (b) the composition of the nozzle
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gular (15 cm x 15 cm) on the X- and Y-axes. An 8 cm x
x 8 cm x 6 cmrectangle filled with air acted as a grid in
the middle of the MLC, and a @8 cm x 7.5 cm cylinder
was filled with air to represent the shape of the pa-
tient's tumor in the middle of the compensator. The
size of the treatment room was 16.98 m x 10.90 m
x 4 m and was filled with air. The centers of the MLC,
compensator, patient, and beam dump were on the
isocentric beam line.

Experimental method

Experimental measurements were recorded for
one week starting on the January 4, 2021. Dose equiva-
lent rates were measured using a Fluke 451P ionization

T L T L T : T T T % T

—40 —20 0 20 40 60 80 100
Width [ecm]

chamber positioned 5 cm above the surface of the pa-
tient's body and at Positions A and B (as shown in fig. 2)
at a point 10 cm from the bed, representing the typical
working positions of medical staff. The detector could
detect y and X-rays >25 keV in the measurement range
of 0-5 mSvh™! and had a linear error of £10 %, a re-
sponse time of 1.8 seconds, and was calibrated before
experimental measurements.

While the patient was undergoing treatment, the
researcher recorded treatment energy, total particle
numbers, and irradiation time. After treatment, the re-
searcher entered the treatment room and placed the de-
tector 5 cm above the patient's treatment area for 6 sec-
onds before recording the stabilized value and the
values at Positions A and B using the same method.
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Table 1. The compositions and dimensions of components in the treatment room

Component Material Element Proportion Density [gem ] Dimensions
MLC Tungsten W 1.0 19.3 335.5 cm x 6 cm
Compensator Teflon C 0.3871 2.2 20 cm x 20 cm x 10 cm

F 0.6129
Patient Tissue H 0.101172 1.0 30 cm x 81 cm
C 0.111
N 0.026
(¢} 0.761828
Beam dump Water H 0.111111 1.0 30 cm x 40 cm x 30 cm
(¢} 0.8889
Treatment bed Carbon fiber C 1.0 1.0 243 cm x 53 cm x 5 cm
Wall Concrete H 0.01 23 -
C 0.001
O 0.529107
Na 0.016
Mg 0.002
Al 0.033872
Si 0.337021
K 0.013
Ca 0.044
Fe 0.014
Air Air C 0.0001248 0.0012 -
N 0.755267
O 0.231781
Ar 0.012827
Bracket Iron Fe 1.0 7.874 —

SOURCE TERM ANALYSIS

The radioactivity induced in the treatment room
was investigated by FLUKA modeling. The irradiation
time was 5 minutes and 15 years for single irradiation
and long-term irradiation, respectively. The single irra-
diation and long-term irradiation correspond to a single
treatment for the patient and the service time of the fa-
cility, 15 years was considered as approximately half
the lifetime of the facility. For long-term irradiation, the
average beam current intensity (the total number of par-
ticles of irradiation divided by the running time) was
adopted. The interval between facility rest was far less
than the running time of the facility and the half-lives of
long-lived radionuclides, as shown in eq. (1).

1-108pps~(5min-30 person - 5 days - 50 weeks-60s)

365 days-24 h-3600 s
=71-10° pps
(1

The radionuclide calculation results showed that
most of the radionuclides related to " decay, followed
by~ decay, reduced electron capture, and o« decay. Due
to the relatively short range of 8+ and 8~ in air, the y rays
produced by radionuclides and positron annihilation
represented the primary source of external radiation
dose for medical staff. The dose contribution of the

radionuclides was calculated by combining their activ-
ity and the gamma-ray constant [20-22]. Table 2
describes the main radionuclides and their gamma
dose contribution rates when components are cooled
for 1 minute. Radionuclide dose contributions of less
than 2 % and 1 % produced in the MLC and other com-
ponents are not listed in tab. 2. All components in the
treatment room would be expected to be irradiated over
along period except for the patient, the air, and the com-
pensator. The major dose contributors in the patient's
body, air, compensator, and beam dump are !'C, >N,
150, ¥Ar in the air, and '8F in the compensator.
Long-lived radionuclides, such as *H, "Be, >*Na, '#°Ta,
and others, are known to accumulate during long-term
irradiation. The half-lives of these radionuclides range
from several decades to many years. The major
radionuclides produced in the wall are **Al and ?*Na
while those produced in the bracket are >*Fe, 3>™Mn,
and >*Mn. More than 1300 induced radionuclides are
produced in the MLC, of these the main radionuclides
undergoing accumulation due to long-term irradiation
that form the predominant exposure to medical staff are
178my  176Ta, 187W, and !'"Ta. These radionuclides
have half-lives ranging from hours to dozens of hours.
Our analysis of the surface dose rate for the MLC
after long-term irradiation showed that the induced ra-
dioactivity of the MLC after 10 years of irradiation
was close to the saturation state, and that of MLC after
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Table 2. The main radionuclides and their gamma dose contributions in components after 1 minute of cooling

. . Single irradiation Long-term irradiation
C t | Nuclid Half-lift
omponen uehde e Activity [Bq] Dose contribution [%] Activity [Bq] | Dose contribution [%]
Patient (tissue) | C-11 20.33 min 2.78:10° 35.07 * *
N-13 9.965 min 3.44.10* 3.97 * *
0-15 122.24 s 4.7910° 60.96 * *
Treatment bed C-11 20.33 min 7.74-10* 100.00 2.10-10* 100.00
H-3 12.33 year * * * *
Beam dump C-11 20.33 min 1.18-10* 15.49 1.98-10° 47.73
N-13 9.965 min 3.69-10° 4.41 2.288-10* 5.00
0-15 122.24 s 6.08-10" 80.11 1.90-10° 46.02
H-3 12.33 year * * 2.00-10° *
Be-7 53.12d * * 1.16:10° 1.25
Air C-11 20.33 min 6.34-10° 24.48 * *
N-13 9.965 min 1.06-10" 37.18 * *
0-15 122.24 s 8.91-10° 34.57 * *
Ar-41 109.61 min 9.90-10° 3.77 * *
Compensator C-11 20.33 min 1.19-10° 57.24 * *
N-13 9.965 min 1.46-10* 6.40 * *
0-15 122.24 s 3.33-10° 16.07 * *
F-18 109.77 min 3.61-10" 20.29 * *
Wall C-11 20.33 min 5.28-10° 2.52 3.70-10° 2.60
0-15 122.24 s 2.59-10° 12.45 5.39-10° 3.81
Al-28 2.24 min 1.34-10 80.09 2.68-10° 23.49
Na-24 14.96 h 1.39-10° 1.80 3.45-10° 65.67
H-3 12.33 year * * 5.09-10° *
Na-22 | 2.60 year * * 1.85-10° 234
Others * 3.14 * 2.09
MLC C-11 20.33 min 1.12:10° 5.87 * *
Dy-149 | 4.20 min 3.82-10" 2.94 * *
Lu-165 10.74 min 6.51-10* 3.49 * *
Hf-167 | 2.05 min 1.12:10° 3.53 * *
Hf-169 3.24 min 1.73-10° 5.72 * *
Ta-170 6.76 min 1.23:10° 6.61 * *
Ta-172 36.8 min 6.09-10" 4.92 * *
Ta-178m 2.36h 8.90-10* 5.12 6.37-10° 13.93
W-177 132 min 8.37-10* 3.74 3.43-10° 5.82
W-179 | 37.05 min 5.44.10° 2.14 * *
Re-179 19.5 min 7.76-10* 4.01 * *
Re-180 | 2.44 min 1.91-10° 11.21 * *
W-187 23.72h * * 4.99.10° 4.79
Lu-170 2.012d * * 8.95-10* 3.20
Lu-172 6.70d * * 1.42:10° 4.54
Ta-172 36.8 min * * 9.57-10* 2.93
Ta-174 1.05h * * 1.92:10° 3.35
Ta-175 10.5h * * 2.53-10° 4.96
Ta-176 8.09 h * * 3.68-10° 13.74
Ta-182 114.43 d * * 1.18-10° 247
Others * 40.7 * 40.27
Bracket Fe-53 8.51 min 2.96-10" 37.17 9.77-10° 5.67
Mn-51 46.2 min 2.38:10° 2.56 3.14-10° 1.56
Mn-52m | 21.1 min 1.77-10* 4237 1.28-10* 14.16
Mn-56 2.58h 1.10-10* 15.50 4.59.10* 32.48
Cr-49 42.3 min 2.31-10° 2.41 3.20-10° 1.54
Mn-54 312.3d * * 1.24-10° 44.03
Others * * * 0.57

* The gamma dose contribution of radionuclides less than 2 % is not listed for single irradiation and less than 1 % is not listed for long-term irradiation
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1 year of irradiation reached 95 % of the saturation
state. This means that subjects/staff will be exposed to
the MLC as soon as they enter the treatment room,; this
has been published previously [23]. Consequently, the
long-lived radionuclides produced in the MLC should
not be ignored.

The induced radioactivity produced in the air
can cause both internal and external radiation expo-
sure to the human body. Generally, ventilation is used
to reduce the concentration of radionuclides in the
treatment room to reduce the levels of radiation in the
treatment room. The dose levels incurred by the hu-
man body due to air-induced radioactivity in a treat-
ment room have been investigated previously [23],
these studies have shown the effect of air-induced ra-
dioactivity was negligible.

THE DISTRIBUTION OF DOSE RATE WITH
REGARD TO WORK REFERENCE POINTS

Based on previous research, this study used ex-
perimental measurements and Monte Carlo analysis to
investigate the ambient dose equivalent distribution of
the working area occupied by medical staff in the treat-
ment room.

Experimental results and
comparisons with calculated data

A total of 49 experiments were conducted on 17
patients in this study. One patient was chosen for each
treatment energy. For each patient, the beam and other
relevant parameters were input into the FLUKA code
for simulation. The shape of the compensator for each
patient in the FLUKA model was adjusted as neces-
sary to approximate the real scenario. The dose rates
on the body surface of the patient obtained by experi-
mental measurement and FLUKA calculations are
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Figure 4. The dose rates of FLUKA simulation and
experimental measurement

given in fig. 4. The background value measured in the
treatment room was 0.06-0.15 uSvh™', this is given as
0.1 uSvh7'in fig. 4. The experimental results were
concordant with the FLUKA calculation results. The
differences between the two may be caused by the sim-
plification of the model, the position of the detector,
and the linear error of the detector. The linear error of
the 451P was £0.1 and the error related to the FLUKA
calculation was £0.005.

The FLUKA can be used to calculate the residual
dose rate at any time and position, furthermore, results
can be confirmed to be credible by experimental ob-
servation. This represents a significant advantage over
experimental measurement. Therefore, FLUKA was
used to investigate the dose contribution of each com-
ponent in the treatment room.

Effects of each component
on medical staff

To investigate the contribution of each compo-
nent to the measuring point more comprehensively, we
used the fractional step method to analyze the contri-
bution of each component to Positions A and B with
FLUKA code. It was necessary to remove each com-
ponent from the treatment room to calculate the dose
rate of each component to the measurement points.
Figure 5 shows the variation of dose rate contributions
of different components at Positions A and B over time
after removing the compensator.

Figure 5 shows that each component made dif-
ferent contributions to the dose rates at Positions A and
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Figure S. The dose rate contribution of components with
time at Positions A and B for single irradiation; (a) Posi-
tion A for staff and (b) Position B for staff
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B, the patient was the major contributor at both two
points. The dose contribution of the wall at the two
points reduced over time because the main
radionuclides produced in the wall after single irradia-
tion were dominated by 2®Al and '°O for 10 minutes of
cooling, with half-lives of 2.24 minutes and 2.04 min-
utes, respectively. Both radionuclides were much
smaller than the half-lives of the main radionuclides
produced in the treatment bed and the BDS. At Posi-
tion A, the contribution rate of the beam dump and the
air was generally <2 %. The dose contribution of the
BDS was larger than that of the treatment bed because
the half-lives of the major radionuclides produced in
the BDS were larger than that of the treatment bed. Po-
sition B was relatively far from the BDS and the
half-lives of the radionuclides produced in the BDS
were larger than in the other components, thus, the
dose contribution of the BDS to Position B increased
over time.

The compensator is specially configured accord-
ing to the tumor shape of each patient and the residual
dose with cooling time at different distances from the
compensator isocentric line are shown in fig. 6. Analy-
sis showed that the dose changed rapidly at a distance
of 0-10 cm but changed slowly at a distance of 10-20
cm. This is because the radionuclides produced in the
compensator (mainly decay %) and the resulting posi-
trons were blocked in the air, thus losing their kinetic
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Figure 6. The residual dose at different distances from
the compensator with time (400 MeV/u, 2.4-10" pps, irra-
diation time of 18 minutes)

energy and eventually combining with electrons to
emit two 511 keV photons in opposite directions. The
main radionuclide produced in the compensator ('*F)
has a half-life of 109.77 minutes, thus, the dose is still
present on the surface of the compensator after cooling
for 2 hours. Itis recommended that medical staff main-
tain a distance of more than 10 cm from the compensa-
tor during operation and stay away from the compen-
sator during times of non-operation.

DOSE ASSESSMENT

Based on previous studies, the Monte Carlo
method can be used in combination with the working
mode of medical staff to evaluate exposure doses in
typical positions. In the calculation, the therapeutic
energy was set to 330 MeV/u, the irradiation time was
set to 5 minutes for single irradiation with a beam in-
tensity of 3.7-107 pps, and the irradiation time was set
to 1 year for long-term irradiation with a beam inten-
sity of 7.1-10° pps.

Combined with the data shown in tab. 2, we
found that medical staff was mainly exposed to °O
and ''C generated in the patients and long-lived
radionuclides generated in the MLC. Increasing the
waiting time for cooling and reducing the number of
visits to the treatment room are effective methods for
medical staff to reduce the exposure dose. For the
same patient, a single high dose can be used to reduce
the number of times the patient enters the treatment
room within the prescribed dose. The physiotherapist
can then make different therapeutic plans according to
the condition of the patients. The exposure doses for
medical staff are shown in tab. 3 concerning the mean
irradiation time for 10 minutes with 20 instances of ir-
radiation per day as an example, other conditions re-
mained unchanged in the treatment room. Thus the av-
erage beam current intensity was changed by applying

eq. (2)

1-10% pps - (10min - 20 person - 5days - 50 weeks - 60s) B

365days-24h-3600 s
=95-10° pps )

The results in tab. 3 show that increasing the pa-
tient's single prescribed dose can reduce the number of
times medical staff enters the treatment room per day

Table 3. Exposure doses received by medical staff were evaluated at different treatment frequencies by FLUKA

A(FLUKA)) |  B(FLUKA) A(FLUKA) | B (FLUKA,
Work task (see fig. 1) : ; 3 -
S minutes per treatment and 30 times per day |10 minutes per treatment and 20 times per day

b [uSv] 0.048 0.034 0.064 0.045

¢ [uSv] 0.049 0.037 0.066 0.049

Total dose for single [uSv] 0.097 0.071 0.130 0.094

Total number of the patient per year 7500 5000

Annual exposure [mSv] 0.728 0.533 0.650 0.470
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and thus reduce the annual exposure incurred by staff.
The medical staff wear direct reading personal dosim-
eters at work, their cumulative doses in a single
workflow were below the dosimeter's minimum.
Therefore, thermoluminescence personal dosimeters
were used to obtain the annual dose incurred by medi-
cal staff in 2021. The annual dose of most staff in the
hospital was approximately 0.2 mSv and the maxi-
mum value was 0.96 mSv. These values were less than
the occupational exposure dose limit of 20 mSv rec-
ommended by ICRP Report No. 103 [24].

CONCLUSIONS

The induced radioactivity produced in the treat-
ment room was investigated in US mode which re-
quires the support of multiple components to reach the
patient's tumor for treatment. Thus, part of the beam is
lost from the components along the way. Key
radionuclides, such as 2*Na, !7°Ta, 17Ta, "?Lu, !78W,
and others, can irradiate medical staff every time they
enter the treatment room and even when they are not
providing treatment. Therefore, it is crucial to investi-
gate the accumulation of radionuclides in components
under long-term irradiation.

We found that most of the radionuclides produced
in the treatment room were electron emissions and
gamma rays were the main source of external exposure
for medical staff. The patients themselves and the MLC
were found to be the primary contributors to the exposure
dose incurred by medical staff for single and long-term
irradiation, respectively. The radionuclides produced in
irradiated patients are mainly '°O and !'C. Increasing the
cooling time is an effective means to reduce the exposure
of medical staff to both radionuclides. We also found that
the working positions of medical staff also affected the
exposure doses they received while analysis of the expo-
sure doses at Positions A and B showed that the exposure
dose at A was 1.4-fold higher than that at B.

Although the dose assessment results in the cur-
rent study were far less than the limit recommended by
the ICRP, our data suggest that medical staff at Posi-
tions A and B should be rotated to reduce the exposure
dose of'staff at A and to appropriately increase the sin-
gle therapeutic dose of patients to reduce the number
of times medical staff enters the treatment room. Fi-
nally, medical staff should maintain a distance of more
than 10 cm when touching the compensator.
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Yanrmn 1Y O, Byjyen JIU, bo JAHT, Joysy CY, Janr JIU, lllak603 KACAHOBA, Banr MAO,
Cjyedo /bY, Bejsej JEH, Hynrhanr JIU

CTYIUJA O INPOPECUNOHAIHOM M3JATABY MEIUIMHCKOI OCOB/bA
N3A3BAHOM MHAYKOBAHOM PAJIMOAKTHUBHOIILY Y CAJIA 3A TPETMAH
MEJUIMNHCKOI' TEHMIKO-JOHCKOI' IOCTPOJEIBA

TpenyTHO je pajuoTepanuja TENIKUM jOHUMA MPU3HATa Kao HajHANlpelHuja METOfa Tepamnuje
YyecTHI[aMa M CHaXKHO ce IMTPOMOBHIIIE U IIpuUMebyje mupoM ceeta. OBa MeTofa MoKe GP30 fla TeHepHIe
3paueme U UHAYKYje PAaIHOAKTUBHOCT TOKOM Jieuema. MebhyTuM, nHIyKOBaHa pafimOaKTUBHOCT, KOja je
IpUMapHA U3BOP M3IIOKEHOCTH MEIUIMHCKOT 0co0Jba, He HECTaje HAKOH TepanmjcKe MpUMEHe Y calld 3a
nederme. Y 0BOj cTyauju, Kopucrehn ekcniepuMenTanno meperwe u MonTe Kapio cumynanujy, ucTpaskuinm
CMO KapaKTEpUCTHKE, AUCTPHOYIMjy jaunHe AO3€¢ M YTHIA] OBE HMHAYKOBaHE PAAMOAKTHUBHOCTH Ha
MEJHMIMHCKO 0cOo0Jbe y calu 3a jJeuewe (YHU(OPMHH PekKiM CKeHUpamwa) y OonHuIM 3a Tymope [aHcy
Bygej. OTkpmim cMo fa ce go3a u3iarama Kojy TOKIB/baBa MEIHUIIITHCKO 0CO0JhE TIPETEKHO OJHOCH Ha
O3paucHe TMaljeHTe 3a je[HO 3padeHe W CHCTEM 3a MCIOPYKY 3paka 3a AyroTpajHo 3pauckme. Bpeme
nojiypacnaja riaBHIX PaJUOHYKIIA KPETalo Ce Off HEKOJMKO MUHYTa /10 JeCeTHHA MUHYTA 33 JeJHO
3paderbe U Off JICCeTHHA JlaHa 10 CTOTHHA JaHA 33 AYroTpajHO 3paucke. [Ipumapau nonpuHoc je of
pamuonykauga PO, 1C, 176Ta u 77"W. Takobe cMO IIpOIe HIIN HHAUBATY ATHY 7103y KOjy IPUMa MEJULIHCKO
0co0Jbe y caly 3a JIeUCHE Y OIHOCY Ha pajiHe obaBe3e. Pesynraru cy moka3aiu 1a je MaKCHMalTHA TOfUIIHa
l03a U3llarama MEJUIUHCKOr 0co0Jba y XOPHU3OHTAJIHO] PaBHM TpeTMaHa NpeMa aKTYEITHOM MOJETY
nzHocuia (0,728 mSv. [IpeTnocraBmim cMo j1a 6u ofroapajyhe nosehame TpeTmaHa mamnyjeHaTa MOTJIO
CMaBUTH TONUIIRKY T03Y H3JIaramba MEeIAIMHCKOT 0cobska Ha 0,650 mSv, 6e3 mpoMeHe YKYIMHOT BpeMeHa
nevyerwa THeBHO. KOHAYHO, M3HETH Cy HEKM NMPENJIO3U J1a Ce CMarbl M3JI0KEHOCT MEJUIIMHCKOT 0c0o0Iba
HEXEJbEHOM 3paucHy.

Kmwyune peuu: iieutku jon, Monitie Kapao, uHOykoeana paouoaxkitiueHoci, ipoyeHa 003e



