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B8 : B & BRMEF computed tomography, CTIRERBE A NE > EHETHR
Bl {2 B (size-specific dose estimate, SSDE) 7 2 18 .

FEEEE 103105 FERERNEMZ YRR NE cTHE  Sl-SHANS
FHE-EES-H ¥ BINNENE CHEEFSNERTEEERE , 2
AEFEHFE MR CTHRES DA NENI - NBMRE T EERE L2
SSDE,

SR 0 103-105 FHEE 341 & CTHEHE | $THE AN CTHEFHEEA 3271
AR, FHEEHERS 261224om , EPF sz R EMSEBBEES |, SSDES
17.4=7. TmiGv,

S FRRCTARRRAME CT ## 2% A M3 HE SSDE R @R 5T,
EURE

PURPOSE: To investigate the distribution of the effective diameter (Dis) and the size-specific
dose estimate{SSDE) in routine adult abdominal computed tomography (CT) examinations in
Taiwan.

MATERIAT AND METHODS: All the data of the adult abdominal CT examination was
collected from 2014 to 2016. The lateral dimension and anterior-to-posterior thickness located
at the middle of liver of the CT image for each averaged-size patients was measured to
calculate the Dis. The mAs of the CT image was used to calculated the CTDL.. The effective
diameter and the size-dependent factor were used to calculate the imdividual SSDE.

BESULTS: A munber of 341 CT scanners and 3271 patient data was investigated. The value
of Dig was normal distributed. The average Dig was 261 £ 24mm and S5DE was

17.4+7 TmGy. 80% of the CT scanners operated with the antomatic exposure control (AEC)
system. The mechanism of AEC system 1s different for each manufacture. The differences of
AEC system resulted in wide distribution of CTDI; for the same patient size. Therefore, the
value of SSDE varied within the same Dis.

CONCLUSION: The Dyg was used to represent the patient size and the SSDE of adult
abdominal CT examinations was investigated in the three-year survey.
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PURPOSE

The aim of this study is to evaluate the feasibility of using typical breast phantom to
establish national diagnostic reference level (NDRL) for mammography.

MATERIAL AND METHODS

There were 113 mammography units included in this on-site survey, which contained
38 computed radiography (CR) units and 75 digital radicgraphy (DR) wnits. The
methodologies were referred to European guidelines for quality assurance in breast
cancer screening and diagnosis. Compressed breast thickness of 45 com was
represented as the typical breast thickness of Taiwanese women. The 4 cm thickness
acrylic was substituted for the typical breast and was used to acquire the clinical
exposure parameters of typical breast, such as target/filter combinations, kVp and
tube loadings on each unit. The incident air kerma and half value layer (HVL) were
measured at the corresponded specific beam quality for further average glandular
dose (AGD) calculations using the conversion factors tabulated in the Dance’s article.
RESULTS

The AGDs of typical breast from all the units surveyed ranged from 0.34 to 2.45 mGy,
with average AGD of 1.3720.39 mGy. The average AGD of computed radiography (CR)
and digital radiography (DR) are 1.6910.31 mGy and 1.2110.33 mGy, respectively. The
75 percentile of AGD distributions was 1.70 mGy.

CONCLUSION

Typical breast dose investigated based on typical breast phantom could be used for
the large-scale dose survey for further providing the references for establishing
NDRL.
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Purpose:

Th:Paim of this study is to evaluate the image quality and the average glandular dose (AGD) of digital
mammography by using the ACE. Digital Mammo graphy (DM) phantom which was first infroduced in 2016.
Methods and Materials:

There were 20 mammography units included in this on-site survey, which confained 20 computed
radiography (CR) umits and 60 digital radiography (DR) umits. The image acquisitions were performed by
clinical exposure parameters. The incident air kerma and half value laj,'er (HVL) were measured at the
corresponded specific beam quality for further AGD caleulations using the conversion factors tabulated in
the Diance s article. DM Phantom images could be used to evaluate the phantom scores, signal to noise ratio
(SNE.), contrast to noise ratio (CNE) and image distortion The performances of the DM phantom image
should meet the ACE. criterion. The lower linuts for phantom scores of fibers, speck groups, masses, SNE.
and CNE were 2, 3, 2, 40 and 20, respectively. The distance measured across the wax insert parallel to the
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Conclusions:

Most of the units could meet the ACR. criteria by using the new DM phantom.
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Study of the image quality and the position acchracy
of image-guided systems in Taiwan

Tu Chih-Hsuan' , Huang Pei-Yun' |, ¥ang Cheng-Jyun®? , Shiau An-Cheng'?

Chinese society of medical physics, Taipei. 2Department of Radiation Therapy and Oncology China Medical
University Hospital. 3Central Taiwan University of Science Technology, CTUST

m Purpose
To provide information on the current status of the radiation therapy image-guided system and to develop guidelines for quality assurance, and
to provide advice to AEC on the future development of QA regulations.

m Materials & Methods

The Basic data of |G devices in Taiwan were collected. Based on the reports of AAPM T3-142, TG-58, and TG-104, the guidelines and
procedures of QA for radiation therapy |G systems were established. The major items of the QA program included mechanical position accuracy,
image quality, and the accuracy of image-guided positioning. On-site investigations were performed. The recommended tolerance values for
each item were established based on the statistic analysis of the inspect data. A total of 79 linear accelerator and 19 Tomotherapy IGRT systems
were surveyed in this study.

m Results

In the itemn of "Image Proportional Accuracy” and "Image Orientation Accuracy”®, all devices have good results, and the accuracy is within the
tolerance value. In the item of imaging and treatment coordinate coincidence, the differences were less than 2 mm for all the survey data, and
more than 85% of the 2D MV and 2D kV systems, and about 75% of the CBCT systems, the inspections shown the differences were within 1
mm forimaging angles of 0, 20, 180, and 270 degrees. For the item of |G positioning accuracy, according to the inspections, the CECT system
in the two commonly used scannimg mode has more than 85% of the measurement data with displacement accuracy within 1.0 mm.
Tomotherapy |G systemn may be limited to the poor MVCT image quality. The |G positioning accuracy is not as good as the Limac CBCT system.
In the items of image guality, according to inspection data, if the recommended tolerance values of the high contrast (spatial) resolution for 2D
k' system is set at 2 10.0 line pair / cm, and at 2 3.0 line pair / cm for CBCT system, approximate 88% and 85% of the device can meet his
requirement, respectively. According to the poor image quality of 20 MV system, the recommended tolerance values of image quality were setto
meet the baseline values acquired at the time of acceptance and commissioning. For the item of low contrast resolution, depending on different
|5 systems, if the recommended tolerance value for the 20 kV system is set to distinguish 2 12 low contrast inserts, nearly 85% of the devices
meet this requirement. The same QA item, more than 85% of for Varan CBCT devices with the two commaonly used scanning modes can
distinguish 2 1 low contrast insert. The recommended tolerance value of low contrast resolution for Elekta ¥V CBCT system with H&M scan
mode and body scan mode were set at = 8.3% and = 3.0%, respectively. Regarding that requirement, more than 85% of the two commonly used
scanning modes can meet the requirements. . B TR AT
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m'Discussion and conclusions
The quality of the |G system is of great importance. This is the first study to complete the QA program for radiation therapy 1G systems in
Taiwan. Additionally, according to the statistical analysis data, the appropriate adjustment to the recommended tolerance value of each
operation item wags done. The results of this study will provide to the AEC as a reference to enhance the quality of medical care..
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CENLS! ON THE IMAGE QUALITY AND
POSITION ACCURACY OF IMAGE-GUIDED
RADIATION THERAPY SYSTEMS IN TAIWAN

Yang Cheng-Fyun'?, Shiau An-Cheng™, Huang Pei-Yun'2, Yen Miao-Jung? Chen Hsin Haiimg!*
1Central Taiwan University of Science Technology, CTUST, 2Chinese society of medical physics, Taipei, *Department of
Radiation Therapy and Oncology China Medical University Hospital

Purpose :

Imape-guided radiation therapy (IGRT) use imaging techmology to acquire anatornnical images of patients after the completion of patient
set-up, and adjust patient position by companng these images with those i the treatment planning before the treatment. This stody ammed to
establish the IGRT quality assurance program and to survey on the image quality and position accuracy of the IGRT systems in Tarwan
accordingly.

Materials & Methods:

Refeming to reports of the AAPM TG-142, TG-38, and TG-104, and consulting to the clinical department. the mitial version of IGRT QA
program was established The QA program included check tems, operating procedures, and recommended tolerance valne. A total of 79
limear accelerator and 19 Tomotherapy IGRT systems were surveyed i fhis study. Major items of the QA program included mechanical
position accuracy of the imaging device, image quality, and accuracy of the image-puided positioning. The survey data were analyzed and
the QA procedure, especially for the recommended tolerance valnes were adjusted accordingty:

Resnlis:

The data collection of IGRT equipments in Taiwan, personne] training, the IGRT QA program, and the recommended tolerance values were
accomplished in this study. According to the results of item of imaging and treatment coordinate coincidence. the differences were less than
2 mm for the all survey data, and the 2D MV or kV systems had more than £5% and the cone beam computed tomography (CBCT) system
had approximately 73% of the surveys with the differences within 1.0 mm Regarding the accuracy of imape-puided positioning, the CBCT
gystems in two major imaging mode showed more than 85% of the surveys were within 1.0 mm_

L Lp R R R0 L Ep e Es gt e TR FEa 1| N A TRkl RS S

Illﬁ#lﬂﬂlﬁhlt-lﬁ!ﬂl LAt R LB YA 2
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TEMA AR SR kS Ea S ss
TR
Conclusion:
This study is the first to develop the IGRT QA program in Tarwan Based on the statistical analysis of the survey data, appropriate
adjustments for the recommended tolerance values were applied. The present study will be provided to the AEC as a reference for the
improvement of radiabon safety and dosimetry quality:
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Dose inspection and risk assessment on radiation safety for the use
of non-medical X-ray machines in Taiwan

@CmssMark

Fang-Yuh Hsu®™", Shih-Ming Hsu", Jiunn-Hsing Chao®

* Nuclear Science and Technobgy Development Center, Natibnal Thing Hua University, Heinchu, Taiwan, ROC
® Department of Bismedizal Imagine and Radiological Sciences, National ¥ang Ming University, Taipei, Toivan, ROC

ARTICLE INFO ABSTRACT

The subject of this study is the on-site visits and inspections of facilities commissioned by the Atomic Energy
Counal [AFC) in Taiwan. This research was conducted to evaluate the possible dose and dose rate of cabinet-
type Xay equipment with nominal voltages of 30-150kV and open-beam (portable or handheld) equipment,
taking both normal operation and possibly abnormal operation conditions into account, Doses and dose rates
were measured using a plastic scintillation survey meter and an electronic personal dosimeter. In total, 401 X-
ray machines were inspected, including 139 units with nominal voltages of 30-50 kV X-ray equipment, 140
units with nominal voltages of 50-150kV, and 122 open-beam (portable or handheld) X-ray equipment. The
investigated doses for radistion workers and non-radiation workers operating cabinet-type X-ray equipment
under normal safety conditions were all at the background dose level. Several investigated dose rates at the
position of 10 cm away from the surface of open-beam (portable or handheld) X-ray equipment were very high,
such X-ray machines are used by aeronautical police for the detection of suspected explosives, radiation workers
are far away (at least 10 m away) from the X-ray machine during its operation. The doses per operation in X-ray
equipment with a 30-50kV nominal voltage were less than 1 mSv in all cases of abnorm al use. Some doses were
higher than 1 mSv per operation for X-ray equipment of 50-150 kV nominal voltage X-ray. The maximum dose
rates at the beam exit have a very wide range, mostly less than 100 pSv/s and the largest value is about 3.92
m&/s for open-beam (portable or handheld) X-ray deviees. The risk indueed by operating X-ray devices with
nominal voltages of 30-50 kV is extremely low. The 11.5 mSv dose due to one operation at nominal voltage of
50150 kV X-ray device is equivalent to the exposure of taking 575 chest X-rays. In the abnormal use of open-
beam (portable or handheld) X-ray equipment, the effective dose of 3.92 mSv/s is equivalent to taking 19% chest
radiographs within 1 5. This work assessed the annual doses (equivalent and effective doses) and nisks of X-ray
operator staff as reason ably as possible. The results of this research are helpful to the AEC (competent authority
of ionization radistion) to improve the management and perform the safe control of X-ray equipment.

Keywords:

Dose inspection
Risk assessment
Radiation salety
Orpen-beam X-my
Handheld X-ray unit
Cabinet X-ray unit

1. Introduction

¥-ray machines are the most widespread application of radiation
sources, in Taiwan. There are approximately 9000 X-ray machines in
industry, incloding in the mamifacmre of semiconductor components,
eledronic component quality control tests, analysis/ judgment of material
elements, etc. The Atomic Energy Council (AEC) is the competent
anthority for ionizing radiation sources. The AEC acks that radiation
safety testing be carred out for each radiation source at least once every
five years, and test reports should be retained for future reference. A
certain percentage of X-ray machines are selected by the AEC each year,
for radiation safety inspection testing. This is to compel facility operators
to implement the self-management of radiation safety to protect both

= Corresponding authaor.
E-mail address: frheuimen thieeduwtw (F.-Y. Hsu).

hittp: /) de doi.org /101016 fj rad physchem 20 17 02,039

their workers and the general public (IAEA, 2011, 2014; ICRP, 1997). The
characteristics of X-ray machines are usually indicated based on their
nominal voltage or radiation energy. In some cases, although X-ray
machines have the same nominal voltage or energy output, X-ray
machines designed in different manners, nsed for different purposes,
and produced by different manufacturers may create the different
radiation doses and thus present different safety risks to radiation
workers. Therefore, by means of on-site visits and surveys, investigating
X-ray machine types and performance data could help assess the canses of
radiation doses and risks. Based on the dose limitation requirements of
“as low as reasonably achievable”(ALARA) for occupational and public
exposures  recommended by the International Commisson on
Radiolcgical Protection (ICRP) (ICRF, 1991, 1997, 2007), many national

Received 30 September 2016; Received in revised form 13 February 2017; Accepted 17 February 2017
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ICAS-279
Dose Survey and Risk Assessment for the Uses of Handheld X-Ray
Equipment

Fang-Yuh Hsu and J iunn-Hsing Chao
'Nuclear Science and Technology Development Center.
National Tsing Hua University. Tatwan

Email: fyhsu@mx.nthu.edu.tw

The use of x-ray machine is the most widely application in using radiation sources. in Taiwan.
The radiation safety for handhold X-ray equipment is more concerned by the competent
authority (Atomic Energy Council. AEC) in Taiwan than the other X-ray units (such as cabinet
X-ray units) due to its open-beam. This study was conducted to evaluate the possible
occupational dose and dose rate of the handheld X-ray equipment. taking into account normal
operation and possibly abnormal operation conditions. This work considered the abnormal
situation of X-ray irradiation which was caused by the failure of the infrared safety sensor:
enable the hand held X-ray unit can emit the X-ray arbitrarily. An X-ray survey meter was used
to measure the dose (rate) at the beam exit. to measure the maximum possible dose (rate)
resulting from the exposure of the X-ray equipment in the assumed abnormal situation. The
doses at hands. body of the worker were also evaluated. A total of 122 handheld X-ray
machines were surveyed. For normal use, some investigated dose rates at the position of 10 em
apart from the surface of the handheld X-ray equipment were very high. these x-ray machines
are used by acronautical police for the detection of suspected explosives, radiation worker is far
away (at least 10 m away) from the X-ray machine when operation. For abnormal use of
handheld X-ray equipment. maximum effective dose rate of 3.92 mSv/s was measured. This
work assessed the annual doses (equivalent and effective doses) and risks of the X-ray operator
staffs as reasonably as possible. Results of this research are helptul to the AEC (competent
authority of ionization radiation) to improve the management and perform the safety control of

X-ray equipment.

Key Words: dose survey. risk assessment, radiation safety. handheld X-ray
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