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Due to the epidemiology evidence of cataract and eye lens opacity, ICRP Publication 118 in 2012,
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year exceeding 50 mSv. For the public eye lens dose limit is 15 mSv/year. After ICRP changed the eye lens dose limit, many
reports on eye lens dose measurement using thermoluminescent dosimeter (TLD) from interventional radiologists and
interventional cardiologists were published. Few reports on eye lens dose measurement in nuclear medicine (NM) personnel

were found.

The primary objective of this study is to measure whole body; Hp(10), eye lens; Hp(3), and finger;
Hp(0.07) using Optically Stimulated Luminescent Dosimeter (OSLD) in ten NM staff which consists of one radiopharmacist,
two radiochemists, five technologists, and two nurses who prepare, dispense, and inject radiopharmaceuticals, and scan
patients at King Chulalongkorn Memorial Hospital (KCMH) for six months (March-August 2019). The second objective is to

analyze the correlations between the Hp(10), Hp(3), and Hp(0.07).
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relation between the Hp(10), Hp(3), and Hp(0.07) can be concluded that the eye lens dosimeters are not required for NM
staff at KCMH as they felt inconvenient wearing eye lens dosimeters. Whole body and finger dosimeters must be routinely
used to monitor personnel dose, especially for radiopharmacist due to his high finger dose at 261.83 mSv/year. Eye lens

dose could be estimated from the whole body or finger dose of the same person.
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Occupational exposure represents personnel dose equivalent, Hp(d). It is the
operational quantity for individual monitoring: the dose equivalent of soft tissue
measured under the surface at d millimeters (mm) from the body surface. Hp(d) can be
used for the measurements of superficial and deep organ doses. In 1985, The
International Commission on Radiation Units (ICRU), Publication 39 (1), recommended
that any statement of personal dose equivalent should specify the depth. For superficial
organs, depths of 0.07 mm for skin or hand and feet, and 3 mm for the lens of the eye
are employed, and the personal dose equivalents for those depths are denoted by
Hp(0.07) and Hp(3), respectively. Hp(3) is calculated by multiplying the air kerma (Ka)
with the conversion coefficient, k. For deep organs and the control of effective dose,
a depth of 10 mm is frequently used, with the notation Hp(10).

In 1991, The International Commission on Radiological Protection (ICRP),
Publication 60 (2), recommended the dose limits applied to the whole body, eye lens,
and extremity as represented by Hp(10), Hp(3), and Hp(0.07) respectively. Dose limits
of Hp(10), Hp(3), and Hp(0.07) for radiation staff were 20, 150, and 500 mSv/year,
respectively. For Hp(10), averaged over 5-year periods. No single year exceeds 50
mSv.

Due to the epidemiology evidence of cataract and eye lens opacity (3), ICRP
Publication 118 in 2012, changed the dose limit for the eye lens of occupational
exposure from 150 mSv/year to 20 mSv/year, averaged over 5-year periods no single
year exceeding 50 mSv (4). For the public, the dose limit for eye lens is 15 mSv/year.
After ICRP changed the eye lens dose limit, many reports (3) on eye lens dose
measurement using thermoluminescent dosimeter (TLD) for interventional radiologists
and interventional cardiologists were published. Few reports (5-7) on eye lens dose

measurement in nuclear medicine (NM) personnel were found.



On 5 October 2018, the Government of Thailand announced in the Gazette on the
reduction of eye lens dose limit from 150 mSv/year to 20 mSv/year averaged over 5-year
periods. No single year exceeds 50 mSv.

The NM staff obtain occupational exposure from both unsealed and sealed sources
of ionizing radiation, from many radionuclides in clinical studies. The utilization of
radionuclides in the NM department can be separated into two groups. The first group is

to diagnose the internal organ function; the radionuclides used are e, U, "°F, and

131 177

*Ga. The second group is for cancer treatment, suchas | and " Lu.

As the NM staff has many roles and responsibilities in diagnosis and therapy using
those radionuclides, some NM staff prepare, handle, and inject radionuclides with high
radiation activity, they are exposed to radiation, particularly to the extremities as the
followings:

- Radiopharmacist and radiochemists prepare the radiopharmaceuticals in the hot
lab.

- NM technologists prepare and dispense " for oral dose to treat thyroid cancer
and hyperthyroidism patients and perform radionuclide imaging.

- Nurses inject radiopharmaceuticals to all patients.

Therefore, the measurement of radiation dose in NM staff is very important. In
Thailand, Hp(10) and Hp(0.07) have been measured using Optically Stimulated
Luminescent Dosimeter (OSLD) while and Hp(3) is estimated.

The eye lens dose measurement in NM staff in Thailand has never been measured
before. Therefore, the OSLD will be used in this project. The ratio of Hp(10), Hp(3), and
Hp(0.07) will be calculated to estimate Hp(3) and Hp(0.07) for the eye lens and

extremity doses in the future.

1.2 Research objectives

1. To measure Hp(10), Hp(3), and Hp(0.07) by OSLD in NM staff who prepare and
inject radionuclides at King Chulalongkorn Memorial Hospital (KCMH).

2. To analyze the correlations between the Hp(10) VS Hp(3), Hp(10) VS Hp(0.07)
and Hp(3) VS Hp(0.07).



CHAPTER Il
REVIEW OF RELATED LITERATURE

2.1 Theory
2.1.1 Optically Stimulated Luminescent Dosimeter (OSLD)

Optically Stimulated Luminescent (OSL) was first suggested as a radiation
dosimetry tool in the 1950s (8). The OSL technique has already become a
successful tool in personnel radiation dosimetry. Suzuki Akifumi et al. reported that
the OSLD has been good enough to perform for the gamma-ray, x-rays, and beta

ray dosimetry and practical use as personnel dosimeters (9, 10).
2.1.1.1 Principle of OSL

Optically Stimulated Luminescent Dosimeters (OSLDs) are made of
carbon-doped aluminum oxide (Al,O,:C). It is a passive dosimeter which has been
used extensively for personnel radiation dosimetry for many years (11).

In a crystalline insulator, the conduction and valence bands are
separated by an energy difference of several electron volts (eV), and there are no
intermediate energy levels within this bandgap. Luminescent detectors are created
by adding impurities to these crystals, thus introducing energy levels within the
bandgap in the vicinity of the impurities (12).

The process begins with the ALO,:C crystal of the dosimeter exposed
to ionizing radiation in which the valence electrons, free electrons, and holes are
created within the crystalline structure. Electrons, which are liberated after exposure
to ionizing radiation, are moved to the conduction band and trapped in energy traps
within the forbidden energy gap created by crystal defects. This process creates
semi-stable electron-hole pairs (13, 14).

When the ALO,:C crystal is stimulated with a green light with the
wavelength of 532 nm after the exposure to ionizing radiation, the trapped
electrons/holes will recombine resulting in the luminescence of blue light with the

wavelength of 420-440 nm, detected and measured by a photomultiplier tube (PMT)



using a high sensitivity photon counting system. The intensity of the luminescence

depends on the dose absorbed by the OSLD (15, 16), as illustrated in figure 2.1.

" Conduction band Conduction band
! Stimulate
—‘— Electron trap e —L h
Green light alzl-:)ila;og ht )
nm
Radiation (532 nm)
—Q— Hole
! Valance band Valance band
o e
A B

Figure 2.1 Simple model of the Optically Stimulated Luminescent (14).

A. lIrradiation with ionizing radiation leads to the generation of electrons and
holes, and trapping of free electrons and holes

B. Release of electrons from the traps by green light stimulation and leading

to the emission of blue light

2.1.1.2 Technology of OSLD

Currently, OSLD is commercially available by Nagase Landauer,
Tsukuba, Ibaraki, Japan, and widely used in various studies, including environmental,
personnel dosimeter, and patients dose measurements in both therapeutic and

diagnostic radiology (17-19).

1) InLight dosimeter
OSLD model InLight for whole body measurement designed by

Nagase Landauer, Tsukuba, Ibaraki, Japan, is provided for x-rays, gamma-ray, and

beta ray detection as the personnel monitoring. There are four elements of aluminum

oxide dopes with carbon (Al,0,:C) which the effective atomic number: Z = 11.28 (18)

and powder sandwiched between two layers of polyester are positioned on the slide,
and they are placed in a plastic holder, covered with an open window, plastic,
copper, and aluminum filters for measurement of Hp(0.07), Hp(3), and Hp(10)
(shallow, lens-of-eye, and deep dose, respectively) (16). OSLD is read out by OSL

technology. The reader stimulates the detector with the light-emitting diode (LED)



array causing it to luminesce in proportion to the amount of radiation exposure. The
luminescence is detected and measured by the photomultiplier tube using a high
sensitivity photon counting system. A dose calculation algorithm is then applied to
the measurement to determine exposure results. Individual sensitivity or element
correction coefficient of all elements determined from a factory can be read via

etched code called 2D slide code while the cards are identified by the bar code

attached to the case, as illustrated in figure 2.2 (17, 20).

Case
Case bar code /\ Slide
O E4: OSL, Open window
E3: OSL, Plastic
j E2: OSL, Al
14 E1: OSL, Cu
2D Slide code

Figure 2.2 InLight OSL dosimeter

2) nanoDot dosimeter

The nanoDot is divided into two groups. One concerns with the
photon and the other concerns with beta radiation depends on the type of practices
(20). OSLD for eye lens and finger measurements are designed by Nagase
Landauer, Tsukuba, Ibaraki, Japan. The nanoDot dosimeters are designed for use in
single point radiation assessment applications. The disk of Al,O,:C with effective
atomic number 11.28, disk dimension 5 mm diameter (4 mm active diameter), 0.3
mm thickness, is sealed in thin polyester and encased in a light-tight plastic of 10 x

10 mm?® with 2 mm thickness as shown in figure 2.3.
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Serial no.

X To b

DNOS 1
042837

Figure 2.3 nanoDot dosimeter (21)

A. The front of the nanoDot carrier with alphanumeric sensitivity code and
serial number (DN091=0.91 sensitivity). Either the front or back of the
carrier can face toward the radiation source during exposure.

B. Back of open nanoDot carrier with 2D QR code that includes sensitivity

code and serial number.

The advantages of OSLD are small size, short time for annealing (1
minute), no connecting wires, no preheat before readout, high sensitivity, fast reading
(13 seconds), rereading (signal depleting 0.036%), reusable. Using simpler
synonyms for homogeneity, reproducibility, and good linearity in the diagnostic
energy range (8, 17, 22).

The one potentially problematic aspect of dosimetry using an OSLD is
that no significant fading can occur after irradiation. After irradiation, OSLD needs a
waiting period for the signal to be stabilized, and the constant loss of the signal is
observed. An initial phosphorescence signal occurs in the OSLD immediately after
irradiation is avoided by conducting the first measurements 24 hours after irradiation
(23, 24). Over 100 days, the OSLDs signal is reduced by about 2%. The signal drop
in the first month is due to the low-temperature traps, which can decay at room
temperature. OSLD fading reported by Dunn et al. was 3.5% within six months after
irradiation, normalized to the 1st day (25). There is signal fading of OSLD, and a

correction should be applied for this effect (26).



2.1.2 Radionuclides

Most radionuclides used in NM are “"Tc, 'l °F, ®Ga, and ""Lu. Each

radionuclide has different physical properties, as in table 2.1.

Table 2.1 Radionuclides used in NM

Radionuclides Half life Radiation Energy (keV) | Percentage
Emitter

Diagnosis
e 6.0 hours v 140 98.6
3 8.1 days 14 364 81.5
oF 109.8 mins B 634 97.0
%Ga 67.7 mins B* 836 88.0
"Lu 6.7 days 14 113 6.4
208 11.0

Treatment
1) 8.1 days B 606 89.6
Ly 6.7 days B 497 78.6
384 9.1
176 12.2

2.1.2.1 Technetium-99m (**"Tc)

*™Tc is most conveniently produced carrier-free as a pertechnetate
(99mTC—OA’) in isotonic saline from a Molybdenum generator (*Mo generator) which

has a half-life of 67 hours. *"Tc is the decay product of Molybdenum-99 (*Mo). *"Tc

99m

is a metastable nuclear isomer of *Tc. *"Tc belongs to group 7 of the modern

99m

periodic table with the atomic number of 43. " Tc decays to its stable *Tc by
isomeric transition with a physical half-life of 6.02 hours emitting a 140.5 keV (98.6 %
abundance) gamma-rays, importantly, soon after the procedure ends, no
radioactivity is left in the body.

*Tc itself decays by beta emission to stable Ruthenium-99 (*’Ru) and

has a half-life of 2.1 x 10° years (27-30).
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Figure 2.4 Decay scheme of “"Tc to *Ru (31)

2.1.2.2 lodine-131 ("*'1)

" is successfully used in the treatment of hyperthyroidism and

differentiated thyroid cancer. ) simultaneously emits two types of radiation: beta
minus for the therapy and gamma-rays used for diagnosis. "I is a radionuclide of
iodine with an atomic mass of 131, a physical half-life of 8 days (32). When the
thyroid gland selectively accumulates, | emits beta and gamma-rays, thereby Killing
thyroid cells and decreasing thyroid hormone production.

"I'is an artificial isotope of iodine. It is separated in the form of sodium
iodide (Nal) from the products of uranium fission or neutron irradiation Tellurium-130
("*Te) in a nuclear reactor. On decaying, I most often (89% of the time) expends its

971 keV of decay energy by transforming into the stable Xenon-131 ("'Xe) in two

steps, with gamma decay following rapidly after beta decay.
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The primary emissions of ) decay are thus beta particles with a
maximal energy of 606 keV (89.6 % abundance) and 364 keV gamma-rays (81.5 %
abundance), as illustrated in figure 2.5. Beta-decay, as always in this process, also
produces an antineutrino, which carries off variable amounts of the beta decay
energy. The maximum beta range in water and air are 2 mm and 165 cm,
respectively (33, 34).

1311 (8.02284d)

. 0.971 MeV
P
- 0.334 MeV',
B 7.23%
0.606 MeV : 0.637
B 89.6% v
0.807 MeV 637 keV
0.39% 7.16%
0.364
¥
284 KeV) ¥
612 364 KeV
Blmye (11.9d) 31.5%
Y
ar 50.5| |[164KeV - 0.080
0.021% 'y 00

B3Ixe (stable)

Figure 2.5 Decay scheme of "'l to stable "*'Xe (33).

2.1.2.3 Fluorine-18 ("°F)

"°F fluorodeoxyglucose ("°F-FDG) is most commonly used for positron
emission tomography (PET) imaging of tumor, cardiac, brain, and increasingly being
used to detect infection. A cyclotron produces "°F with proton bombardment of "°0-
enriched water target, a stable naturally occurring isotope of oxygen. The proton
interacts with the "°0 and produces a neutron and "°F,

"®F is an essential source of positrons. It has a mass of 18.0009380

amu. The longest-lived fluorine radionuclide is 109.77 minutes. It decays by positron
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emission (low positron energy, maximum 634 keV) 97% of the time and electron

capture 3% of the time, both modes of decay yield stable oxygen (35).

18F (109.72 min)

1655 Mev < 3.14%

B+ (0.633 MeV) 96.86%

- Y

180
Figure 2.6 Decay scheme of "°F to stable 'O (36)

2.1.2.4 Gallium-68 (**Ga)

®Ga, as shown in decay, the scheme in figure 2.7, is used for prostate
tumor application. ®Ga is a positron-emitting isotope produced from a *Ge/*Ga
generator in NM. The parent isotope *Ge has a half-life of 271 days and can be
easily delivered to hospitals as a generator, where it can be used as the source of
*Ga for at least one year. *Ge decays 100% by electron capture emitting
characteristic x-rays and auger electrons with energy lower than 11 keV. As *Ga has
a half-life of only 67.7 minutes, it is inconvenient for transport. ®Ga is extracted and
used for diagnostic procedures for PET imaging. ®Gais a positron emitter with 88%
positron branching accompanied by low-intensity photon emission (1077.4 keV,
3.23%). The *Ga itself does not emit significant photon radiation. The high branching
positron emission (88%) with maximum and mean positron energies of 1.9 and 0.89

MeV, respectively, provides intense 511 keV annihilation photon emission (37, 38).
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8Ga (67.63 min)

£
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1883.2 <
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1077.4 - ' \
p1.1%
\ EC21%
: p*88.0 %
EC2.1%

83Zn (stable)
Figure 2.7 Decay scheme of *Ga to stable *Zn (38).

2.1.2.5 Lutetium-177 ("""Lu)
"Luis usedina variety of therapeutic procedures in NM. Production of

177 176 )177

Lu using "~ "Lu(n,y) "'Lu reaction by thermal neutron bombardment on natural as
well as enriched lutetium oxide target will be described. "Ly decays in 78% of
events (Ep (max) = 497 keV) to the stable ground state of Hafnium-177 ('"'Hf) with a
half-life of 6.7 days and decays in 9.7% of events (Eg (max) = 248 keV) and
12% of the time (Eg(max) = 176 keV). As a consequence of the de-excitation of the
excited states, gamma-ray is emitted. The most intense gamma-rays are at energies
of 113 keV and 208 keV, with abundances of 6.4% and 11%, respectively. These are
useful for imaging purposes, enabling proper monitoring of in vivo localization of the

injected ""Lu-Dotatate as well as reliable  dosimetric  estimations.

A simplified decay scheme for """Lu is shown in figure 2.8 (39).
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Figure 2.8 Decay scheme of ""Lu to stable ""Hf (39).

2.2 Review of related literature

Dabin J.et. al. (5) measured the whole body and eye lens doses in 45 staffs for 1-4
working weeks from 8 NM Departments in hospitals in Belgium and Poland. They used
TLD attached on a headband or taped on the arm of the operator's eyeglasses and
positioned it on the operator's temple at the eye level. They found that the whole body
dose could roughly estimate the eye lens dose and indicate if specific eye lens
measurements are needed.

Renata K et al. (6) studied at three departments of NM. One department of
conventional diagnostic NM was mostly handling *"Tc (center A), and two PET-CT
departments were handling "°F labeled pharmaceuticals (centers B and C). They
measured the whole body, eye lens, and extremity doses in NM staff at the center A, B,
and C. They suggested that extremity ring dosimetry of center A is especially
recommended for medical staff doing all type of tasks. For the center B and C, Hp(3) of
medical staff could probably be estimated from measurements of Hp(10) and that the
possibility of exceeding the present annual dose limit to eye lens is very unlikely.

Piwowarska-Bilska H. et al. (7) measured the whole body, eye lens, and finger
doses in NM personnel of the Pomeranian Medical University in Szczecin, Poland, for

two physicians, five technicians, and three nurses using thermoluminescence dosimeter
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(TLD). They concluded that the eye lens dose could be estimated from measurements of
Hp(10). Therefore, regular personnel eye dosimetry in NM at this center is not required,
but the monitoring of individual eye lens doses in the most exposed workers is

recommended.



CHAPTER Il
RESEARCH METHODOLOGY

3.1 Research design

This study is an observational descriptive by a prospective study.

3.2 Conceptual framework

O Personal experience

O Type of work

N

[ Type of staff ] [ Type of dosimeter ]

N /

The whole body, eye lens,

and finger doses in NM staff

y

[ Radiation protection at facilities [ Radionuclides ]
O Radiation protection devices O Type of radionuclides
O Source-to-dosimeter distance O Physical property

O Exposure time
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3.3 Research design model

Calibrate OSLD
(TINT)

I
: v

Record personal parameters Measure whole body,

- Number of exposed patients eye lens, and finger doses

- Type of radionuclides

- Study examination v

\ - Duty each month / Calculate annual whole

body, eye lens, and finger

v ,

Determine the correlations between
Hp(3) VS Hp(10)
Hp(0.07) VS Hp(10)
Hp(3) VS Hp(0.07)

Compare whole body, eye lens,
and finger doses to

the ICRP dose limit.
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3.4 Research questions
3.4.1 Primary research question
What are the Hp(10), Hp(3), and Hp(0.07) of NM staff at KCMH?
3.4.2 Secondary research question
What are the correlations between the Hp(3) VS Hp(10), Hp(0.07) VS Hp(10),
and Hp(3) VS Hp(0.07) of NM staff at KCMH?
3.5 Research objectives
3.5.1 Primary objective
To measure Hp(10), Hp(3), and Hp(0.07) using OSLD in NM staff at KCMH.
3.5.2 Secondary objective
To analyze the correlations between the Hp(3) VS Hp(10), Hp(0.07) VS
Hp(10), and Hp(3) VS Hp(0.07).
3.6 Sample
3.6.1 Target population
The NM staffs at KCMH.
3.6.2 Sample population
This prospective study was conducted among 10 NM staff who dispense,
inject radiopharmaceuticals, and scan radioactive patients at KCMH.
3.7 Eligibility criteria
3.7.1 Inclusion criteria

The NM staff who handle radiopharmaceuticals and patients in routine NM

procedures, wear whole body, eye, and finger dosimeters.
3.7.2 Exclusion criteria

Nuclear medicine staff who did not wear the dosimeter.



17

3.8 Sample size determination

The NM staff handle and inject radiopharmaceuticals are ten.

3.9 Materials
3.9.1 Cylindrical head phantom for calibration of nanoDot dosimeters

The cylindrical head phantom is a slab phantom and made of polymethyl
methacrylate (PMMA) of 40 slabs at 16 cm diameter, 20 cm high, and 0.5 cm of
each slab thickness. There are ten holes at a depth of 3 mm from the surface of the
slice rings. Four nanoDot dosimeters were inserted into the holes. Two left, and two
right nanoDot dosimeters represented left and right eye lens, four nanoDot
dosimeters were attached at the surface of the phantom next to the holes as in

figure 3.1.

~ R
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II “ﬂ_‘
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-

Figure 3.1 Cylindrical head phantom with eight nanoDots inserted and attached
3.9.2 Optically Stimulated Luminescent Dosimeter (OSLD)
3.9.2.1 Whole body dosimeter

Whole body dosimeter, as in figure 3.2, model InLight, manufacturer
Nagase Landauer, Tsukuba, Ibaraki, Japan, using four crystals of Al,O,:C (aluminum
oxide doped with carbon). The cover has four windows of copper, aluminum, plastic,

and air, respectively.
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Figure 3.2 Whole body dosimeter

Characteristics of the InLight model are linear from 10 uSv to excess of
10 Sv. For x-rays and gamma-ray, energy range from 5 keV to 20 MeV will be
detected, and from 150 keV to 10 MeV for beta ray. The Minimum dose equivalent

reported is 50 uSv for x-rays and gamma-ray, 100 uSv for beta ray, as illustrated in

table 3.1 (39).
Table 3.1 Technical specifications of InLight model, Nagase, Landauer (39).

Minimum Dose

Radiation Type Energy Range
Equivalent Reported
Photon (X or gamma-ray) 5 keV to 20 MeV 50 uSv (5 mrem)
Beta Particles 150 keV to 10 MeV 100 uSv (10 mrem)

(expressed as average energy)

3.9.2.2 Eye lens dosimeter

Eye lens dosimeter, model nanoDot OSLD as shown in figure 3.3, is
manufactured by Nagase Landauer, Tsukuba, Ibaraki, Japan, using a crystal of
AlLO,:C (aluminum oxide doped with carbon). The crystal diameter is 5 mm, and the
thickness is 0.3 mm. The plastic case has a square shape with a dimension of 10 mm

width and 2 mm thick to protect sunlight. The characteristics of the nanoDot model

are shown in table 3.2.
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il

Figure 3.3 Eye lens dosimeter attached to the head band

Table 3.2 Technical specifications of nanoDot model, Nagase, Landauer (21).

Dose operating range For general applications, useful dose range 10 pGy to >100
Gy; for medical dosimetry applications, linear response with
dose up to 300 cGy, software supported non-linear

calibration up to 1500 cGy.

Lower limit of detection (LLD) | 0.1 mGy

Useful energy range From 5 keV to 20 MeV

3.9.2.3 Finger dosimeter

Finger dosimeter, model nanoDot OSLD as in figure 3.4, is
manufactured by Nagase Landauer, Tsukuba, Ibaraki, Japan. The crystal diameter
and thickness are 5 mm and 0.3 mm with plastic light-tight casing with a dimension of
10 mm diameter and 2 mm thick, to protect sunlight. Characteristics of the finger

dosimeter are the same as the eye lens dosimeter.

Figure 3.4 Finger dosimeter
3.9.2.4 Automatic annealer of OSLD

Automatic annealer (figure 3.5 A and B) was used for clear all of the

dosimetric traps, using an intense light source with minimal UV content by opening
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the dosimeter and placing it under the light source, depended on the intensity of the
light source, the proximity of the dosimeter to it, and the dose on the dosimeter. An

annealed dosimeter should have a dose of around 100 pSv or less.

A B

Figure 3.5 Automatic annealer of OSLD
A: InLight model 50A automatic annealer

B: Automatic annealer of nanoDot OSLD

3.9.2.5 OSLD reader

The irradiated OSLDs were read by the reader (figure 3.6) (Nagase
Landauer, Tsukuba, lbaraki, Japan) by the luminescence process. The irradiated
dosimeters were stimulated by the visible green light (532 nm) from the LED. Then
the blue light (420-440 nm) would be emitted. The luminescent light is detected with
a PMT. During the stimulation, only some fractions of populated electrons will be
depopulated. The amount of light released during optical stimulation is directly
proportional to the radiation dose and remains unchanged significantly after reading.

These characteristics of nanoDot can be read out many times.
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A

Figure 3.6 OSLD reader
A: InLight OSLD reader (The Auto 200 dosimetry reader)
B: NanoDot OSLD reader (MicroStar reader)

3.9.2.6 Participants

The participants are ten NM staff of one radiopharmacist, two
radiochemists, five technologists, and two nurses who dispense, inject

radiopharmaceuticals. Their consent forms were obtained before the study.

3.10 Methods
3.10.1 Calibration of the dosimeters

Calibrate InLight OSLD by standard exposure of ¥Cs (gamma-ray), “sr

(beta ray), and x-rays 80 kVp. Calibrate nanoDot OSLD by standard exposure from

131, 99m.

¥'Cs (gamma-ray), *Sr (beta ray), x-rays 80 kVp, "I, *"Tc, ¥*Ga, and ""'Lu. InLight
and nanoDot OSLD were calibrated at the Thailand Institute of Nuclear Technology

(TINT).

3.10.2 Whole body, eye lens, and finger doses measurement of the nuclear

medicine staff

1) Attach three sets of OSLDs at three different positions at whole body,
eyes (left and right), and finger of 10 NM staff during working hours for
three months.

2) Change new sets of OSLDs for the next three months, and the total time

is six months.
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3.10.3 Nuclear medicine staff consent form
Nuclear medicine staff consent forms were obtained before the measurement.
3.10.4 Record the nuclear medicine staff data

The data consists of position at work, age (year), gender, height (cm),
experience (year), date of work, role, type of radionuclides, study examination,
radioactivity (mCi), number of patients, radiation dose at whole body, eye lens, and

finger in the case record form.
3.10.5 Read out OSLD

Exposed OSLDs represented whole body, eye lens, and finger doses of NM

staff were read by an InLight OSLD reader and a microStar reader.
3.10.6 Estimation of the annual doses

The annual doses were estimated by

Annual doses = Personal dose (six months) x 2
3.10.7 The relationship between personal dose equivalents.
Determine the relationships between the Hp(3) VS Hp(10), Hp(0.07) VS
Hp(10), and Hp(3) VS Hp(0.07).
3.11 Variables measurement
Measure independent and dependent variables as following
3.11.1 Independent variables

Type of radionuclides, radioactivity, source-to-dosimeter distance,
exposure time, staff experience, the use of the radiation protection devices, and

type of dosimeter.
3.11.2 Dependent variables

Hp(10), Hp(3), and Hp(0.07)
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3.12 Statistical analysis
3.12.1 Descriptive statistics

- Average

- Range of minimum-maximum

- Standard deviation (S.D.)

- Ratio of Hp(3) and Hp(10), Hp(0.07) and Hp(10), Hp(3) and Hp(0.07)

3.12.2 Inferential statistics

Inferential statistics were conducted by Spearman’s correlation coefficient
analysis to determine relationships between Hp(3) VS Hp(10), Hp(0.07) VS
Hp(10), Hp(3) VS Hp(0.07) and p-value of 0.05 was regarded as significant
(statistical package SPSS, Version 22, IBM, Armonk, New York, USA).

3.13 Data analysis

Data were reported as average, range (minimum-maximum), standard deviation
(S.D.), the ratio of Hp(3) and Hp(10), Hp(0.07) and Hp(10), Hp(3) and Hp(0.07) and
Spearman’s correlation coefficient between Hp(3) VS Hp(10), Hp(0.07) VS Hp(10),

Hp(3) VS Hp(0.07) in table and chart.

3.14 Outcomes

Average annual whole body, eye lens, and finger doses of NM staff of KCMH.

3.15 Expected benefits

- Average annual the Hp(10), Hp(3), and Hp(0.07) of NM staff at KCMH.

- For the safety of NM staff, if the dose equivalent exceeds the dose limit, then the
method of operation will be reviewed to rectify the amount of radiation received.

- Obtain the value of Hp(3) and Hp(0.07) from Spearman’s correlation coefficient

of Hp(3) VS Hp(10), Hp(0.07) VS Hp(10), Hp(3) and Hp(0.07)
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3.16 Limitation

- With the limited number of NM staff at only one center, each staff member will
have different work at the NM department and a short time of the study.

- Inconvenience in using OSLD attached close to the eyes at work.

3.17 Ethical consideration

This study is the measurement of radiation dose at different organs of NM staff.
Personnel dosimeter, OSLD, will be used. The research proposal had been submitted to
the Institutional Review Board (IRB) Faculty of Medicine, Chulalongkorn University.

The consent form was given to the NM staff who participated before conducting the
study. At the same time, the information was presented to enable the participant to
decide whether or not to participate as research subjects voluntarily. The participants
were informed about procedures undertaken, potential risks, and benefits of this study.
The participants were able to ask any questions they may have about this research. The
principal investigator was available to answer any queries until the participants have a
clear and thorough understanding of the subject. The participants can decide whether

they want to participate or not.

Add Belmont
- Respect for persons

Respect for free and informed consent: The NM staff who participated in

this research made an informed decision about whether or not to enroll in a
study or to continue participation after obtaining the sufficient information.

Respect for confidential: The NM staff data was used for clinical objective

only and concealed to the public. The NM staff name was not appeared in any
oral or written reports resulting from the reports the research according to the
ethics.

- Beneficence

The NM staff who participated in this research did not receive any rewards

for being the participant but the research data can be used to estimate the
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whole body, eye lens and extremity occupational exposures in other NM staff
that work the same position at King Chulalongkorn Memorial Hospital.
- Justice

Selection of subjects for this research had been obvious, inclusion and

exclusion criteria, unbiased.



CHAPTER IV
RESULTS

4.1 OSLD calibration

The whole body, eye lens, and finger personnel dosimeters had been calibrated by

the Thailand Institute of Nuclear Technology (TINT) under ISO 4037.

4.2 Nuclear medicine staff basic information

The NM staff participating in this study consisted of one radiopharmacist, two
radiochemists, five technologists, and two nurses. They are seven males and three
females, the average age, the standard deviation with range were 39+9.10 (26-48)
years old, and their average work experience with range were 13.8+9.70 (0.2-26) years,
and the average height of participant was 163.4+8.9 (150-176) cm. Age, sex, work
experience, and the height of the NM staff were shown in table 4.1. The average age,
work experience, and height of staff were shown in table 4.2.

Nuclear medicine staff had signed the consent form before beginning to measure
radiation dose. They were attached to the whole body, eye lens, and finger dosimeters
for six months from March to August 2019. The data has been collected for six months,
and the annual dose has been rescaled. At KCMH, the radiopharmacist has
responsibility for preparing the ""Lu and ®Ga. Radiochemists prepared the only e,
Technologists involved with many radionuclides by calibrating "F and scanning
radioactive patients who were injected with ®m1e, P "®F, "Ly, and *Ga and

dispensing of LAl radiopharmaceuticals were injected by nurses.



Table 4.1 Basic information of NM staff at KCMH.
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Age Experience Height
No. Staff | Type of personnel Gender

(years) (years) (cm)
1 PH Radiopharmacist 47 Male 15.0 168
2 | cm1 Radiochemist 27 Female 0.8 154
3 CM2 Radiochemist 26 Male 0.2 169
4 RT1 Technologist 48 Male 23.0 158
5 RT2 Technologist 46 Male 26.0 171
6 RT3 Technologist 44 Male 23.0 176
7 RT4 Technologist 41 Male 18.0 170
8 RT5 Technologist 26 Male 2.0 165
9 N1 Nurse 45 Female 13.0 153
10 N2 Nurse 40 Female 17.0 150

Average + S.D. 39+9.1 - 13.849.7 163.4+8.9

Range 26-48 - 0.2-26 150-176

Table 4.2 The average and standard deviation of basic information of NM staff.

Average = S.D. (Range)

Type of
personipl Age Experience Height
(years) (years) (cm)
Radiopharmacist
47.0 15.0 168.0

(N=1)
Radiochemists 26.5+0.71 0.5+0.42 161.5+10.61
(N=2) (26-27) (0.2-0.8) (154-169)
Technologists 41.0+8.77 18.4+9.61 168.0+6.82
(N=5) (26-48) (2-26) (158-176)
Nurses 42.5+3.54 15.0+£2.83 151.5+2.12
(N=2) (40-45) (13-17) (150-153)




4.3 The whole body, eye lens, and finger doses of NM staff

Table 4.3 Hp(10), Hp(3),;, Hp(3)g, @and Hp(0.07) in 6 months.

28

March-May 2019 June-August 2019
No. | Staff
Hp(10) | Hp(3), | Hp(3)g | HP(0.07) | Hp(10) | Hp(3), | Hp(3)g | HP(0.07)
mSv mSv mSv mSv mSv mSv mSv mSv
1 | PH 1.39 1.13 1.21 128.86 0.12 1.21 1.10 2.06
2 | CVM1 0.38 0.17 0.15 0.76 0.42 0.02 0.08 1.30
3 | CM2 0.57 0.07 0.07 1.60 0.39 0.14 0.14 1.98
4 | RT1 0.39 0.06 0.10 0.39 0.03 0.04 0.02 0.23
5 | RT2 0.22 0.19 0.14 0.28 0.32 0.19 0.14 0.28
6 | RT3 0.30 0.34 0.23 1.40 0.22 0.03 0.05 0.76
7 | RT4 0.21 0.13 0.08 0.47 0.31 0.1 0.13 0.70
8 | RT5 0.21 0.24 0.22 1.74 0.60 0.18 0.18 0.09
9 | N1 0.82 0.51 0.50 1.33 0.90 0.48 0.43 0.59
10 | N2 0.37 0.51 0.54 0.41 0.50 0.42 0.42 0.73




4.4 Estimated annual personal dose
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The estimated annual personal dose for ten NM staff, the radiopharmacist, received

the highest eye lens and finger doses. The nurses received the highest whole body

dose among the group.

Table 4.4 Estimated annual personal dose (mSv/year), average, standard deviation,

and range of NM staff.

Personal dose in 6 months (mSv)

Annual personal dose (mSv/year)

Staff
Hp(10) Hp(3),, HP(3)x, Hp(0.07) Hp(10) Hp(3)y, Hp(3)x, Hp(0.07)

PH 1.51 2.33 =3 130.92 3.02 4.66 4.62 261.83
CM1 0.80 0.19 0.24 2.06 1.60 0.39 0.47 412
CM2 0.96 0.21 0.21 3.58 1.92 0.42 0.42 7.16
RT1 0.42 0.10 0.12 0.62 0.84 0.20 0.25 1.24
RT2 0.54 0.37 0.27 0.57 1.08 0.74 0.54 1.13
RT3 0.52 0.37 0.29 2.16 1.04 0.75 0.57 4.32
RT4 0.52 0.24 0.21 117 1.04 0.48 0.42 2.34
RT5 0.81 0.67 0.51 1.83 1.62 0.83 0.79 3.66
N1 1.72 0.95 0.86 1.68 3.44 1.97 1.85 3.84
N2 0.87 0.98 0.92 1.29 1.74 1.85 1.91 2.58
Average 0.87 0.64 0.59 14.59 A 1.19 1.24 29.22
S.D. 0.44 0.67 0.66 40.88 0.87 1.35 1.33 81.75
Range 0.42-1.72 | 0.10-2.33 | 0.12-2.31 | 0.57-130.92 | 0.84-3.44 0.20-4.66 0.25-4.62 1.13-261.83
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Form figure 4.1, the results can be represented into 4 bar charts. These charts are
whole body, finger, left eye lens, and right eye lens doses where the red bars represent
radiopharmacist, green bars represent radiochemists, blue bars represent
technologists, and pink bars represent nurses. The red line indicates the dose limit, and

the yellow line indicates the three-tenth of the dose limit.

Whole body dose : Hp(10) Finger dose : Hp(0.07)
Dose limit
20 — 1000
Dose limit
T ” e
. 26183
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Figure 4.1 Annual Hp(10), Hp(3),, Hp(3)g, @nd Hp(0.07) of ten members of the

NM staff. The ICRP limit (red line) and three—tenths of the ICRP limit (yellow line).



31

The average annual personal doses were reported for each type of NM staff.
The types of NM staff were grouped into the radiopharmacist, radiochemists,
technologists, and nurses. Table 4.5, the radiopharmacist received the highest of the

whole body, left eye lens, right eye lens, and finger doses among these groups with the

values of 3.02, 4.66, 4.62, and 261.83 mSv/year respectively.

Table 4.5 Average annual personal doses (mSv/year) among professions.

Type of Average * S.D. (Range) mSv/year

personnel Hp(10) Hp(3),, Hp(3)g, Hp(0.07)
Radiopharmacist
(N=1) 3.02 4.66 4.62 261.83
Radiochemists 1.76+0.23 0.40%0.02 0.44+0.04 5.64%2.15
(N=2) (1.60-1.92) (0.39-0.42) (0.42-0.47) (4.12-7.16)
Technologists 1.12+0.29 0.60+0.26 0.52+0.20 2.5441.43
(N=5) (0.84-1.62) (0.20-0.83) (0.25-0.79) (1.13-4.32)
Nurses 2.59+1.20 1.93+0.05 1.78+0.09 3.21%0.89
(N=2) (1.74 -3.44) (1.90 - 1.97) (1.72 - 1.85) (2.58 - 3.84)




4.5 Dose equivalent per unit of radioactivity (uSv/GBq)
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The average dose equivalent per unit of the radioactivity in ten NM staff of the whole

body, left eye lens, right eye lens, and finger were 4.94, 4.05, 3.61, and 96.18 uSv/GBq

respectively. The dose equivalent per radioactivity of radiopharmacist was highest. The

dose equivalent per activity of radiopharmacist was 10.27, 15.86, 15.73, and 890.73

uSVv/GBq for the whole body, left eye lens, right eye lens, and finger doses respectively

as shown in table 4.6.

Table 4.6 Dose equivalent per unit of radioactivity (uSv/GBq).

Activity in 6 Dose equivalent in 6 months (mSv) Dose equivalent per unit of radioactivity (uSv/GBq)
Staff months
(GBq) Hp(10) Hp(3)y, Hp(3)g, Hp(0.07) Hp(10) Hp(3)., HP(3)w: Hp(0.07)

PH 146.98 1.51 2.33 2.31 130.92 10.27 15.86 16.73 890.73
CM1 1138.18 0.80 0.19 0.24 2.06 0.70 0.17 0.21 1.81
CM2 578.08 0.96 0.21 0.21 3.58 1.66 0.36 0.36 6.19
RT1 333.97 0.42 0.10 0.12 0.62 1.26 0.30 0.37 1.86
RT2 140.36 0.54 0.37 0.27 0.57 3.85 2.64 1.94 4.04
RT3 222.87 0.52 0.37 0.29 2.16 2.33 1.68 1.29 9.69
RT4 195.34 0.52 0.24 0.21 1.17 2.66 1.23 1.08 5.99
RT5 68.58 0.81 0.67 0.51 1.83 11.81 9.73 7.37 26.68
N1 121.85 1.72 0.95 0.86 1.68 14.12 7.79 7.05 13.79
N2 1245.28 0.87 0.98 0.92 1.29 0.70 0.79 0.74 1.04
Average 419.15 0.87 0.64 0.59 14.59 4.94 4.05 3.61 96.18
S.D. 432.15 0.44 0.67 0.66 40.88 5.09 5.32 5.04 279.28
Range 68.58-1245.28 0.42-1.72 0.10-2.33 0.12-2.31 0.57-130.92 0.70-10.27 0.17-15.86 0.21-156.73 1.04-890.73
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The average dose equivalent per unit of the radioactivity in nine NM staff excluding

radiopharmacist (due to the extremely different in the practice of radiopharmacist from

other staff) of the whole body, left eye lens, right eye lens, and finger were 4.34, 2.74,

2.27, and 7.90 uSv/GBq respectively as shown in table 4.7.

Table 4.7 Dose equivalent per unit of radioactivity (uSv/GBQq)

(Excluding radiopharmacist).

Dose equivalent per unit of radioactivity (uSv/GBq)

Staff
Hp(10) Hp(3),, Hp(3)g Hp(0.07)
CcM1 0.70 017 0.21 1.81
CM2 1.66 0.36 0.36 6.19
RT1 1.26 0.30 0.37 1.86
RT2 3.85 2.64 1.94 4.04
RT3 2.33 1.68 1.29 9.69
RT4 2.66 1.23 1.08 5.99
RT5 11.81 9.73 7.37 26.68
N1 14.12 7.79 7.05 13.79
N2 0.70 0.79 0.74 1.04
Average + S.D. |  4.34+5.02 2.74£3.53 2.27+2.85 7.90£8.16
Range 0.70-14.12 0.17-9.73 0.21-7.37 1.04-26.68
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The average dose equivalent per unit of radioactivity was reported for each type of
NM staff. The types of NM staff were grouped into the radiopharmacist, radiochemists,

technologists, and nurses.

Table 4.8 Average dose equivalent per unit of radioactivity (uSv/GBq).

Dose equivalent per unit of radioactivity + S.D. (Range)
Staff (uSv/GBq)

Hp(10) Hp(3),, Hp(3)g, Hp(0.07)
Radiopharmacist
(N=1) 10.27 15.86 15.73 890.73
Radiochemists 1.18+0.68 0.27+0.14 0.28+0.11 4.00+£3.10
(N=2) (0.70-1.66) (0.17-0.36) (0.21-0.36) 1.81-6.19)
Technologists 4.38+4.25 3.11£3.79 2.41+2.83 9.65+9.95
(N=5) (1.26-11.81) (0.30-9.73) (0.37-7.37) (1.86-26.68)
Nurses 7.41+£9.49 4.29+4.95 3.90+4.46 7.41£9.02
(N=2) (0.70-14.12) (0.79-7.79) (0.74-7.05) (1.04-13.79)
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4.6 Ratio of Hp(3),, /Hp(10), Hp(3)g, /Hp(10), Hp(0.07)/Hp(10), Hp(3),, /Hp(0.07), and

Hp(3)/Hp(0.07)

Average of Hp(3), /Hp(10), Hp(3)z/Hp(10), Hp(0.07)/Hp(10), Hp(3), /Hp(0.07), and
Hp(3)z/Hp(0.07) of all NM staff were 0.63, 0.58, 10.68, 0.58, and 0.22 respectively as

shown in table 4.9.

Table 4.9 Hp(3), /Hp(10), Hp(3)/Hp(10), Hp(0.07)/Hp(10), HP(3), /Hp(0.07), and

Hp(3)z/Hp(0.07) in among each professions.

Staff Hp(3),/Hp(10) | Hp(3)x/Hp(10) | Hp(0.07)/Hp(10) | Hp(3)./HP(0.07) | Hp(3)e/Hp(0.07)
PH 1.54 1.53 86.70 0.02 0.02
CM1 0.24 0.29 2.58 0.09 0.11
CM2 0.22 0.22 3.73 0.06 0.06
RT1 0.24 0.29 1.48 0.16 0.02
RT2 0.69 0.50 1.05 0.65 0.48
RT3 0.72 0.55 4.15 0.17 0.13
RT4 0.46 0.40 2.25 0.20 0.18
RT5 0.51 0.49 2.26 0.23 0.22
N1 0.55 0.50 1.12 0.49 0.45
N2 1.13 1.06 1.48 0.26 0.72
Average + S.D. 0.63+0.42 0.58+0.41 10.68+£26.43 0.58+0.41 0.22+0.23
Range 0.22-1.54 0.22-1.53 1.05-86.70 0.02-0.76 0.02-0.72

Average of Hp(3), /Hp(10), Hp(3)x/Hp(10), Hp(0.07)/Hp(10), Hp(3), /Hp(0.07), and
Hp(3)g/Hp(0.07) of all NM staff varied in wide range. Only the average of
Hp(3), /Hp(10), Hp(3)g/HPp(10), and Hp(0.07)/Hp(10) of nurses were close to 1.

Hp(3), /Hp(10), Hp(3)s/Hp(10), and Hp(0.07)/Hp(10) of nurse were 0.84, 0.78, and 1.30

respectively as shown in table 4.10.
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Table 4.10 Average of Hp(3), /Hp(10), Hp(3)r/Hp(10), Hp(0.07)/Hp(10),

Hp(3), /Hp(0.07), and Hp(3)r/HP(0.07) in among professions.

Staff Hp(3)./Hp(10) Hp(3)/Hp(10) | Hp(0.07)/Hp(10) Hp(3),/Hp(0.07) Hp(3)x/Hp(0.07)
Radiopharmacist 1.54 1.53 86.70 0.02 0.02
0.23£0.02 0.26%0.05 3.15+0.82 0.08+0.03 0.09+0.04
Radiochemists
(0.22-0.24) (0.22-0.29) (2.58-3.73) (0.06-0.09) (0.06-0.11)
0.52+0.19 0.45+0.10 2.24+1.19 0.28+0.21 0.24+0.14
Technologists
(0.24-0.72) (0.29-0.55) (1.05-4.15) (0.16-0.65) (0.13-0.48)
0.84+0.41 0.78+0.40 1.30+0.26 0.63+0.19 0.58+0.19
Nurses
(0.55-1.13) (0.50-1.06) (1.12-1.48) (0.49-0.76) (0.45-0.72)

4.7 Correlations between Hp(3),, VS Hp(10), Hp(3)s, VS Hp(10), Hp(0.07) VS Hp(10),
Hp(3),, VS Hp(0.07), and Hp(3) VS Hp(0.07)

For the analysis of correlation between five pairs of dose equivalent of nine NM staff
excluding radiopharmacist using Spearman’s correlation coefficient, the correlation
coefficient of Hp(3),, VS Hp(10), Hp(3)s, VS Hp(10), Hp(0.07) VS Hp(10), Hp(3),, VS
Hp(0.07), and Hp(3)g, VS Hp(0.07) were 0.54 (p-value = 0.14), 0.58 (p-value = 0.11),
0.46 (p-value = 0.21), 0.03 (p-value = 0.93), and 0.12 (p-value = 0.76) respectively,
show that there was no significant correlation between five pairs of dose equivalent as

shown in figure 4.2.

For the analysis of correlation between five pairs of dose equivalent of five NM

technologist using Spearman’s correlation coefficient, the correlation coefficient of
Hp(3),, VS Hp(10), Hp(3)g, VS Hp(10), Hp(0.07) VS Hp(10), Hp(3), VS Hp(0.07), and
Hp(3)g, VS Hp(0.07) were 0.82 (p-value = 0.09), 0.82 (p-value = 0.09), 0.10 (p-value =

0.87), 0.60 (p-value = 0.29), and 0.60 (p-value = 0.29) respectively, show that there was

no significant correlation between five pairs of dose equivalent as shown in figure 4.3.
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CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Whole body, eye lens, and finger dose measurement in nuclear medicine staff

5.1.1 Estimated annual personnel dose

Among the annual occupational dose, a radiopharmacist received the highest
left eye lens, right eye lens, and finger doses at 4.66, 4.62, and 261.83 mSv/year,
respectively. The radiopharmacist involved the preparation of "Ly and ®Ga. ""Lu
emits beta particles with the highest energy of 497 keV. The activity per case
ranges from 3.7-7.4 GBqg (100 to 200 mCi), and there were thirteen cases for "Lu-
PSMA and eight cases for " u-Dotatate in six months. For the *Ga, this
radionuclide emits positron with 836 keV. The activity per case ranges from 111-185
MBqg (3-5 mCi), and there were eighteen cases for ®¥Ga-PSMA and one case for
*Ga-Dotatate in six months. The cumulative activity within six months was 3.9 Ci.

177 68 .
Lu and ~Ga preparation were manually the whole process

Most procedures of
and complex preparation resulting in long preparation time (about two hours). Also,
during the data collection, we found that the ring dosimeter was worn outside the
rubber gloves; if any contamination occurred, the ring would also be contaminated.
These reasons confirm that the highest finger dose of 261.83 mSv/year, more than
half of the dose limit for finger at 500 mSv/year.

Nurse number 1 received the highest whole body dose at 3.44 mSv/year as
she injects radionuclides of positron emitter, ®F and ®Ga of higher gamma
energies. Radiochemists received lowest average left and right eye lens doses of
040 and 0.44 mSv/year respectively due to the preparation of
radiopharmaceuticals was mostly inside the fume hood with lead shield, and the
eye lens dosimeter was outside the fume hood. The whole body dose was 1.76
mSv/year, while the finger dose was at 5.64 mSv/year because their hands were
mostly inside the fume hood, dispensing high activity with a long-time preparation

each day.
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NM technologists received the lowest average whole body and finger doses
at 1.12 and 2.54 mSv/year respectively because they stayed long-distance from the
patient during the scan, including the radioactive decay. As the patients were well
secure during the scan, there was no need to hold the patients.

NM nurses received the average whole body and finger doses at 2.59 and
3.21 mSv/year, respectively. As there were only two nurses in a workflow, one must
inject for six months. Moreover, the whole body dose resulted from the short
distance and no shielding between the nurse and patient when injected
radiopharmaceutical, including multiple unit doses for injection to patients. The eye
lens doses of nurses were slightly higher than the other staff because they are
shorter than other staff at 150 cm in height. The nurses received low finger doses
than other staff because of the use of a syringe shield with long experience of 15
years in injection.

The annual dose of Hp(10), Hp(3), and Hp(0.07) varied between the NM
staff. According to the guideline of Basic Safety Standard (BSS), the annual dose
should be within three-tenths of the ICRP dose limit. The results show that most of
the dose equivalent were below three-tenths of the ICRP dose limit except for the
finger dose of radiopharmacist was over the three-tenth of the ICRP dose limit.
However, the annual personal dose of ten NM staff was not exceeding the ICRP
dose limit.

The dose equivalent per radioactivity of radiopharmacist who prepared
therapeutic doses with "Lu and *Ga for the patient was highest. This is confirmed
that at the same activity, if the NM staff prepares the high energy radionuclides, he
will receive a higher dose, especially for the therapeutic radionuclides that emit
beta particles. And the radiochemists received the lowest dose equivalent per

99m

activity because the radiochemists prepare only the = Tc.
Radiochemist number 2 received the dose equivalent per unit radioactivity
higher than radiochemist number 1 because of longer experience of radiochemist

number 1.



41

NM technologist number 5 received the dose equivalent per unit radioactivity
higher than other NM technologists because of a few years’ experience compared

to other technologists of more than 18 years.

Nurse number 1, the dose equivalent per unit radioactivity for Hp(10), Hp(3),,,

Hp(3)g, @and Hp(0.07) were 14.12, 7.79, 7.05, and 13.79 puSv/GBq respectively and

were higher than Nurse number 2 at 0.07, 0.79, 0.74, and 1.04 pSv/GBq

respectively because the nurse number 2 did not inject "Fand """Lu.

5.1.2 Comparison of annual personnel occupational dose to other studies

In the comparison of the average dose equivalent with other studies, the
result showed that the whole body and the eye lens dose in this study were higher
than Bilska et al. (7) but lower than Dabin et al. (5) study because, in Bilska et al.,
they used only *®"Tc and 'l but in Dabin et al. involved more than two

radionuclides as shown in table 5.1.

Table 5.1 Comparison of Hp(10), Hp(3),, Hp(3)g; and Hp(0.07) mSv/year among this

study and other studies.

Average (Range) mSv/year

Researchers
Hp(10) Hp(3)|_t Hp(3)Rt Hp(0.07)
Piwowarska-Bilska et al. 13 118 08,08
epartment, sta . ' '
(1NMd t t, 10 staff)
. . (0.4-3.88) (0.80-3.00) (0.40-104.20)
(F"Te, N
Dabin et al.
epartments, sta
(8 NM d t ts, 45 staff)
(0.90-8.00) (0.60-9.30) N/A
(gngC, 18F, 131|, GBGa, 123|’ 11C, QOY,
177LU, 223Ra)
This StUdy 1.73 1.19 1.24 29.22
epartment, sta . - ' '
(1NMd t t, 10 staff)
(0.84-3.44) (0.22-4.66) | (0.25-4.62) | (1.13-261.83)
(gngC, 18F, 131|’ GSGa, 177Lu)
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In the comparison of the average eye lens dose per radioactivity of
technologists to another study, inthis study,the eye lens dose per
radioactivity of technologists were higher than Bilska et al. (7)owing
to technologists in this study had calibrated "F and involved several radionuclide

types from imaging and dispensing as shown in table 5.2.

Table 5.2 Comparison of the average eye lens dose per radioactivity of technologists

to another study.

Hp(3) per unit of radioactivity (uSv/GBq)
Researchers Year
Hp(3),, Hp(3)g,
Piwowarska-Bilska et al.
(1 NM department, 10 staff) | 2018 217
(99mTC 131|)
This study
3.1 2.41
(1 NM department, 10 staff) | 2019
mTe, . 1 %Ga. TLu) (0.30-9.73) (0.37-7.37)

The comparison of the average finger dose per radioactivity of radiochemists
to another study, in this study, finger dose per radioactivity was less than Kopec et
al. due to radiochemists in this study prepared only *™ ¢, but radiochemists in

Kopec et al. prepared several radionuclides.
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Table 5.3 Comparison of the average finger dose per radioactivity of radiochemists to

another study.

Researchers Year Hp(0.07) per unit of radioactivity (uSv/GBq)

Kopec et al.
(3 NM departments, 23 staff) 3.4

Center A (®™Tc, ™I, "*°Sm) 2018

Center B (**F) 419

Center C ("°F) 407
This study
(1 NM department, 10 staff) 2019 4.00

(gngC, 18F, 131|’ GBGa’ 177Lu)

5.2 Correlations between Hp(3),, VS Hp(10), Hp(3)x, VS Hp(10), Hp(0.07) VS Hp(10),
Hp(3),, VS Hp(0.07), and Hp(3)g, VS Hp(0.07)

5.2.1 Comparison of Hp(3),/Hp(10), Hp(3)g, /Hp(10), Hp(0.07)/Hp(10),

Hp(3),,/Hp(0.07), and Hp(3)g/Hp(0.07) to other studies

In this study, Hp(3)/Hp(10) of nurses close to one, similar to Bilska et al. (7)
and Kopec et al. (6) because of the syringe shield, was used when the nurses
injected the radiopharmaceuticals as shown in table 5.4. The average ratio of
Hp(3)/Hp(10) and Hp(0.07)/Hp(10) for nurses were possibly used for eye lens dose

determination.




Table 5.4 Comparison of the average ratio of dose equivalent of nurses to other

studies.
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Researchers

Average Hp(3)/Hp(10)

Piwowarska-Bilska et al. (1 NM department, 10 staff)

(gngC 131|) 0.9
Kopec et al. (3 NM departments, 23 staff)
Center A (P"Tc, ™I, **Sm) 0.7
Center B ("°F) 0.9
Center C ("°F) _
Hp(3), 0.84
This study (1 NM department, 10 staff)
(99mTC 18F 131| 68Ga 177Lu)
Hp(3)gy 0.78

5.2.2 Correlations between Hp(3),, VS Hp(10), Hp(3)s, VS Hp(10), Hp(0.07) VS
Hp(10), Hp(3),, VS Hp(0.07), and Hp(3), VS Hp(0.07)

The correlation between five pairs of dose equivalents of nine NM staff,

excluding radiopharmacist and five NM technologists using Spearman’s correlation

coefficient, shows no significant correlation between five pairs of dose equivalents.

So, the estimation of the eye lens dose in nine NM staff from whole body or finger

doses was not possible.

The correlations of dose equivalents in Bilska et al. and Dabin et al. were

found, but in this study not found because of different personal experience, type of

work in each position, radiation protection devices, source-to-dosimeter distance,

exposure time, type and physical property of radionuclides.
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Table 5.5 Comparison of correlations between Hp(3),, VS Hp(10), Hp(3)g; VS Hp(10),

Hp(0.07) VS Hp(10), Hp(3),, VS Hp(0.07), and Hp(3) s, VS Hp(0.07) to other studiies

Researchers

Spearman’s correlation coefficient

Hp(3),/Hp(10)

Hp(3)g/Hp(10)

Hp(0.07)/Hp(10)

Hp(3),/Hp(0.07)

Hp(3)g/Hp(0.07)

Piwowarska-

Bilska et al.

(1 NM department,
10 staff)

(99m-|-c 131|)

0.61

p-value<0.05

p-va

0.52
lue<0.05

Dabin et al.
(8 NM departments,
45 staff)

1
(gngC, SF, BBGa, 123|,

11C, 131|‘ 9OY, 177Lu’
223Ra)

0.64

p-value<0.05

This study
(1 NM department,
10 staff)

(99m-|-c’ 18F’ 131|‘ 68Ga,

177Lu)

0.54

p-value=0.14

0.58

p-value=0.11

0.46

p-value=0.21

0.03

p-value=0.93

0.12

p-value=0.76

5.3 Conclusion

The average whole body, left eye lens, right eye lens, and finger doses using OSLD

in NM staff at KCMH were 1.73, 1.19, 1.24, and 29.22 mSv/y, respectively. The whole

body and finger doses were less than the ICRP Publication Number 118 dose limit.

Including eye lens does not exceed the new ICRP Publication Number 118 limit of 20

mSv/year. Eye lens dosimeters are not required for NM staff at KCMH. The whole body

and finger dosimeters must be used to monitor personnel doses.

The correlations between the Hp(3),, VS Hp(10), Hp(3)s, VS Hp(10), Hp(0.07) VS

Hp(10), Hp(3),, VS Hp(0.07), and Hp(3),, VS Hp(0.07) are 0.54 (p-value = 0.14), 0.58

(p-value = 0.11), 0.46 (p-value = 0.21), 0.03 (p-value = 0.93), and 0.12 (p-value = 0.76)

respectively, There was no significant correlation between five pairs of dose equivalent.
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Eye lens dose can be roughly estimated from the whole body and finger doses of the
same person.

For recommendation, good radiation protection in radiopharmaceuticals
preparation is one of the methods to reduce the radiation dose, such as using the
syringe shield, also the proper distance between radionuclides and staff, including
organizing the annual training course of radiation protection.

Relations and trends observed in this study are limited by a small number of NM
staff who dispense and inject radiopharmaceuticals. Also, there is only one

radiopharmacist and one department.
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APPENDIX A

Case record form

Table A.1 Basic information of NM staff

Staff

Position

Age

(years)

Gender

Height

(cm)

Experience

(years)

PH

CM1

CM2

RT1

RT2

RT3

RT4

RT5

N1

N2




Table A.2 Data record form for NM staff

UOpH OcMm1

[l cm2

LRT1 ORT2 RT3

[IRT4 [IRT5

LI N1

0 N2

WB dosimeter no
EL dosimeter no

Finger dosimeter no

Date

Role

Type of

radionuclide

Activity
(mCi)

No. of

patients

Radiation dose (USV)

WB

Eye

Finger

Note
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Information sheet
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APPENDIX C

Consent form
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APPENDIX D

Quality control of radionuclide dose calibrator

Hospital King Chulalongkorn Memorial Hospital

Room  Hot lab on the 3" floor, Bhumisiri Manglanusorn Building
Date 28 April 2020

Dose calibrator model CRC-25R Manufacturer Capintec, Inc.
Test performed by Mrs. Siriwan Sisai

Test of precision and accuracy

Objective

To test the precision and accuracy of radionuclide dose calibrator in activity

measurements in standard geometry at selected gamma-radiation energies.

Materials

Sealed low, medium, and high energy gamma-radiation source (standard vial-

type).

137

Radioisotope standard source (57Co, 133Ba, Cs)

Methods

1.
2.

Inspect the instrument housing for evidence of damage.

Note the background reading to be subtracted from subsequently measured
activities. Alternatively, if an adjustable zero control is provided, adjust this
for zero reading.

Insert the source into the source holder by means of the remote handling
device and introduce the source holder into the instrument.

Measure and record the activity of standard source.

Repeat step 4 to a total of 10 successive measurements.
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Data analysis

1. To assess precision, calculate for each source the percentage differences

between the individual measured activities, 4i and their mean, 4 , that is:

.. 100( Ai—-A
% Precision = # %

Ai = The individual measured activity

A = Mean measured activity

2. To assess accuracy, calculate for each source the percentage difference
between the mean measured activity, 4, and the certified activity of the source

corrected for radioactive decay to the day of measurement, ¢, that is:

100( A-C) o
oM 79 70

% Accuracy = <

A = Mean measured activity

C = Corrected decay activity
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Results
1. Precision
Table D.1 Percentage of differences for precision test
Radionuclides activity (Ai)
No. *'Co (uCi) '®Ba (uCi) ¥'Cs (uCi)
A A,- Bg | %Precision A A - Bg | %Precision A A - Bg | %Precision
1 534.1 | 512.9 0.13 2291 | 207.9 0.05 2025 | 1813 0.03
2 532.3 | 511.1 0.22 2284 | 207.2 0.38 202.3 | 181.1 0.08
3 534.5 | 513.3 0.20 2283 | 207.1 0.43 201.3 | 180.1 0.63
4 533.2 | 512.0 0.05 2292 | 208.0 0.00 201.1 | 179.9 0.74
5 534.1 | 512.9 0.13 230.1 | 208.9 0.43 202.9 | 1817 0.25
6 532.5 | 511.3 0.19 228.8 | 207.6 0.19 203.1 | 181.9 0.36
7 532.4 | 511.2 0.20 229.7 | 2085 0.24 202.1 | 180.9 0.19
8 533.6 | 512.4 0.03 2296 | 208.4 0.19 201.4 | 180.2 0.57
9 534.1 | 512.9 0.13 2286 | 207.4 0.29 202.0 | 180.8 0.24
10 533.7 | 5125 0.05 230.2 | 209.0 0.48 202.5 | 1813 0.03
Average | 533.5 | 512.25 0.13 229.2 | 208.0 0.27 202.1 | 180.92 0.31

Limits of acceptability; +5%

Result; Pass

2. Accuracy

Table D.2 Percentage of differences for accuracy test

Radioisotope Initial Activity (UCi)
. Reference
standard activity %Accuracy
_ date Calculated Measured

source (MCi)

*Co 5480 | 24/10/2017 528 534 1.20
'*Ba 264 | 27/11/2017 228.98 229 0.01
YCs 267 | 01/06/2006 194 202 3.90

Limits of acceptability; £10%

Result; Pass
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