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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 18310 addresses measurement methods and procedures of ambient dose equivalent rate from
patients administered with 131].

The incidence of thyroid cancer has increased in recent years. Thyroid cancer can be treated by
administering radioiodine, because radioiodine selectively accumulates in thyroid tissue to irradiate
and Kkill the cancerous cells. Thyroid cancers are small and not likely to develop into aggressive
malignancies. Earlier diagnosis and treatment can remove these cancers at a time when they are not

like

ly to have spread beyond the thyroid gland.
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other is the administration after thyroid resection. In recent years, the radioiodine ad
r surgery has become more common.

gy with a few other photons and its radiological half-life is 8,02/d. The administere
brbed in the digestive system, concentrated in the thyroid glandthrough blood circulati
W hours, excreted into the bladder, and released through urine and faeces. For the patie
thyroid removed, the retention time in the body is shorter than that for a patient who |
oid removal.

5 document deals with the determination of ambient dose equivalent rate at a distang
ent treated with radioiodine therapy procedure.{tis based on the estimation of the dosg
zation chamber base dosimetry.

the purpose of the ISO 18310 series, this document is focused on the determination of t
e equivalent rate from the patient. Thécuncertainty of the ambient dose equivalent is als

vever, due to the radiation emitted from patients during treatment, the patientsmedarby or the
boivers could also receive the dose. For this reason, a normative way to assess the'dose|to persons
e to the patient treated with radioiodine should be implemented. There are twe commoh practices
Fhe treatment of thyroid cancer, one is a radioiodine administration withoutcthyroid resgction, and

inistration

most commonly used radionuclides for the treatment is 1311. 131Lrhainly emits 364 keV of photon

iodine is
and after
ht who had
as not had

e from the
rate using

he ambient
h provided.
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Measurement and prediction of the ambient dose
equivalent from patients receiving iodine 131
administration after thyroid ablation —

Part 1:

D trehosoitatizat

1 [Scope

Thip document specifies suitable methods for the measurement of ambient(dose equivalent rate at a

disfance from the patient treated with radioiodine to ablate the thyroidioFor this purp
megsurement of the ambient dose equivalent rate due to the inpatients using an ionization c
other suitable devices) may be employed.

Thif document addresses the measurement methods, the calibration of ionization chamb
uncertainty estimation for the measurement of the ambient desé equivalent rate of the pati
with radioiodine to ablate the thyroid using the ionization chamber.

2 |Normative references

The following documents are referred to in thestext in such a way that some or all of th
congtitutes requirements of this document. Fof’ dated references, only the edition cited 4
undated references, the latest edition of thereferenced document (including any amendmen

ISO[4037-1, X and gamma reference radiation for calibrating dosemeters and doserate met]
detérmining their response as a function of photon energy — Part 1: Radiation characte
profluction methods

[S0|4037-3:1999, X and gamma reference radiation for calibrating dosemeters and doserate

ose, direct
hamber (or

er and the
bnt treated

Pir content
pplies. For
[s) applies.

brs and for
ristics and

meters and

for Hetermining their responseé as a function of photon energy — Part 3: Calibration of area and personal

dosgmeters and the megsurement of their response as a function of energy and angle of incidend
[SO|29661, Referencenadiation fields for radiation protection — Definitions and fundamental c

ISOfIEC Guide 99, International vocabulary of metrology — Basic and general concepts and,
terms (VIM)

3 |Terms and definitions

e
pncepts

associated

For the purposes of this document, the following terms and definitions given in ISO 4037 series,

ISO/IEC Guide 99, ISO 29661 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

© IS0 2017 - All rights reserved
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3.1

0-1:2017(E)

radioiodine

iodine-131

(131]) decays with a half-life of 8,02 d with beta and gamma emissions

Note 1 to entry: On decaying, 1311 most often (89 % of the time) expend 971 keV of decay energy by transforming
into stable 131Xe in two steps with gamma decay following rapidly after beta decay. The primary emissions of
131] decay are beta particles with maximum energy of 606 keV and 364 keV gamma rays. Major application of 131]
is for the direct radioisotope therapy to treat hyperthyroidism and some types of thyroid cancer.

3.2

air kerma

sum of the[iT 2 s charged par s ion,
such as ph¢tons and neutrons in air, divided by the mass of air

3.3

ambient dpse equivalent H*(10)

dose equivilent at a point in a radiation field that would be produced by the correspdnding expanded
and alignegl ICRU sphere positioned at a depth of 10 mm along the central axis of the:aligned field

3.4

ionization chamber

simplest type of all gas-filled radiation detectors that is widely used for the:detection and measurenpent
of certain [types of ionizing radiation (X-rays, gamma-rays and beta’particles) that collects all|the
charges created by direct ionization within the gas through the application of an electric field without

amplificatipn of the liberated electrons

3.5
calibratio
operation

values wit
indicationg

establish a

3.6
standard

calibration)

h
inder specified conditions that, in a first stepy establishes a relation between the quan
h measurement uncertainties provided by, measurement standards and corresponc
with associated measurement uncertainties and, in a second step, uses this informatio
relation for obtaining a measurement result from an indication

ralibration system
system used to establish a réference condition for the calibration (3.5)

tity
ling
h to

Note 1 to eptry: It includes the refergnce’ instrument (reference ionization chamber with measurement unjit of

currentorc

3.7

instrument to be calibrated

instrumen

3.8
air kerma

air kerma (

3.9
reference

harge and ambient conditions such as temperature and pressure) and the standard irradiation sys

F provided by«the client to the standard laboratory for calibration services

of reference
3.2)'determined by the standard calibration system (3.6)

[em.

irradiation system

irradiator unit to establish the reference air kerma (3.8) rate for gamma-ray or X-ray

3.10
reference

irradiation method

method of obtaining a calibration coefficient (3.14) of an instrument by comparing the readout of
the instrument with air kerma (3.2) rate at the calibration point determined by reference irradiation
system (3.9)
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3.11

beam size

area of the irradiation beam within which the radiation dose rate is greater than 50 % of the maximum
value at the centre of the area on the reference plane located at 1 m from the source

Note 1 to entry: This term is usually defined as FWHM (full width half maximum).

3.12

effective beam size
effective area of the irradiation beam within which the radiation dose rate is greater than 95 % of
the maximum value at the centre axis of the area on the reference plane located at 1 m distance from
thelsource

Notg 1 to entry: In this area, radial non-uniformity correction becomes negligible.

31

stapdard ambient condition
stamdard values of temperature and pressure (20 °C, 101,325 kPa) to which the dose rates of the
dosjmeters measured in the laboratory are corrected

3.1

calibration coefficient
factor which converts of the conventional true value of the quantity the instrument is iptended to
megsure divided by the indication of the instrument, corrected o standard ambient condition (3.13)

Note 1 to entry: For example, the calibration coefficient N with.xespect to ambient dose equivalent measured by
ionigation chamber (3.4) is given by N = H*(10)/M, where M is.d dosimetric reading at the reference|point of the
ionigation chamber.

3.15
radjiation field non-uniformity correction
confersion between the dose rate at a certain point in the radiation field and the measurged average
dosg rate over the volume of the cavity ef the detector

4 |Measurement of ambient dose equivalent

4.1] General

Megsurement of ambient dose equivalent rate from a patient treated with radioiodine adminfistration is
donle using an ionizdtion chamber as detailed below.

4.2| Calibration of the ionization chamber in the reference radiation

The calibrafion procedure of the ionization chamber with respect to ambient dose equivajent by the
natjonal standard laboratory or the accredited laboratory is as follows.

The Tonization chamber is calibrated using either the substitution method or the reference radiation
method. In the substitution method, the measurement using the reference ion chamber and the one
to be calibrated is performed at the same position with the exchange of the chambers. The calibration
coefficient is then determined from the ratio of two measured values. On the other hand, the ion
chamber calibration coefficient can be obtained by positioning it in the reference radiation field in
which the dose rate of each position was already determined by the calibration of the radiation field.

a) The user should be trained and competent in the facility’s calibration procedure prior to calibrating
an ion chamber.

b) Make sure that the ionization chamber to be calibrated is in proper working condition.

© IS0 2017 - All rights reserved 3
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f)

g)

h)

j)

k)

Confirm that the centre point of the chamber is on the central axis of the beam. The central axis of
the chamber stem is perpendicular to the direction of the beam and the marker or inscription on

the neck of the chamber faces the radiation source.

Determine that the beam size is greater than the size of the sensitive volume of the chamber by a

factor of 1,5 to 2.

Place the chamber at the calibration point and stabilize it after applying an appropriate voltage

through the measuring assembly.

Measure the leakage current or charge of the chamber at least five times before irradiation

for

calibrdtion purpose.

Establ|sh and maintain environmental conditions for the calibration at 23 °C + 2 °C, and.at,50
20 % relative humidity during the measurement.

Upon [rradiation from the standard irradiation system, measure the current er-charge of
chamber more than five times.

If the dlifference is more than 0,3 % between the initial and final currentymeasurements or 1
than £,2 % in the atmospheric correction factor during the calibration, fepeat steps f), g) and

Configuration of the irradiation system and the ionization chamber shall be arranged in accorda
with the condition in Figure 1.

Ambieht dose equivalent for the reference radiations (137Cs.er*60Co) are obtained by multiply
the conversion coefficient h;; (10)by the air kerma using’the ionization chamber. Conver

coeffidients from air kerma to ambient dose equivalent H (10) for mono-energetic and par

Do

the

ore

h).

nce
ring
fion

h1lel

photorn radiation (expanded and aligned) and the IGRU sphere is given in ISO 4037-3:1999, Table 8

and the conversion coefficients h; (10; S) from air kerma to ambient dose equivalent for radia
qualities of radionuclides is given in [SO 4037-3:1999, Table 8.

4.3 Measurement of ambient dose-equivalent

Measuremgnt of the ambient dose equivalents for 1311 using the ionization chamber during the clin
experiments is as follows.

a)

b)

During hospitalization, at’certain times after the radioiodine administration, the patient g
be insfructed to participate in the measurement of the current using the ionization chambe
positigning the chamber 10 cm away from the neck of the patient and 1 m away from the patien

fion

ical

hall
3 by
t.

Ambiept dose equivalent due to 1311 can be determined by multiplying the ambient dose equivajent

for the|referetnice radiation by the ratio of the conversion coefficients between 1311 and the referg
radiation<THe conversion coefficient for 1311 can be deduced as follows.

nce

1) From ISO 4037-3:1999, Table 8 of the conversion coefficients h;< (10; S) from air kerma to dose

equivalent H (10) in the ICRU sphere for the mono-energetic photon radiation, the graph

between the photon energy versus conversion coefficient can be plotted.

2) For the energy range of 10 keV to 10 MeV, each data point can be fit to the formula

h:;(x):a+b/x+c/x2+d/x3+e/x4+f/x5+g/x6 and thus, from

interpolation, the conversion coefficient for the gamma radiation with energy of 364
liberated from 131] can be determined as 1,27. This fit function doesn’t have a physical mean

the

keV
ing,

but in this energy range, the conversion coefficients for the radioisotopes whose values were

given in the ISO 4037-3, give good matches with each other.

© ISO 2017 - All rights reserved
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3) Thegraphisgivenin Figure 2 and the uncertainty of the interpolation method can be estimated
from the relation, in per cent (%):

2
2[100 y (h:(lso e )/h;so}

N-m

where

*ISQ ictha raforancn vyaliin fon TCN AND7 2.
T TT OO T3

X
n ToCtrrcTroreremtt—vaoaratc

h;cal is the value obtained from the fit function;

N is the number of calculation;

m is the number of parameters in the fit function.

Key]
source to instrument distance (L > 0,5 m)

size of the detecting unit of the instrument (a/L < 1/5)

instrument to back wall djstance (B > 1,5 m)

distance from the central axis of the beam to the floor (H > 1,0 m)

distance from the central axis of the beam to either side wall or ceiling (S > 1,5 m)

D LT W &~

angular distribution of the irradiated beam (6 < 40°)

Figure 1 -~ Geometrical configuration of the reference gamma irradiator and the inJtrument

© IS0 2017 - All rights reserved 5
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Key
X  mono-{
Y convery

Figure 2

2,0
1,5
<
Y 1.0
0.5
0,0 T T T
0 200 400 600 800

nergetic radiation beam (KeV)
ion coefficient

— Plot of conversion coefficient from air kerma to the anibient dose equivalent in
ICRU sphere as a function of photon energy (referenc¢ed from ISO 4037-3)

4.4 Examination of uncertainty elements

Examine t
uncertaint
The uncert
certificate
component
kerma ratg
radiation f
reference

of current
conditions
the uncert

(type B).

5 Math

5.1 Gen

i of the ambient dose equivalent from the mathematical model of the uncertainty calculat
ainty of the calibration coefficient of\iohization chamber is provided from the calibra
and it is a systematic uncertainty \(type B). This uncertainty comprises the uncerta
s of the reference calibration conditions such as the current measurement, reference
, positioning of the ionization chamber, the correction to the standard ambient conditi
ield non-uniformity and conversion coefficients from air kerma to dose equivalent in
Fadiation (137Cs or 60Cogamma-rays). Other uncertainty elements are the uncerta
measurement (statistical uncertainty, type A), the uncertainty of correction of amb
(type B), the uncertainty of positioning the ionization chamber in 131] radiation (type B)
hinty of the ratioof’the conversion coefficients between 1311 and the reference radiat

pmaticallmodel for a calibration of ionization chamber

bral

he

he uncertainty elements involved in the measurement and estimate the total combined

ion.
[ion
nty

air
DS,
the
nty
ient
and
ons

The mathematical model for the calibration of ionization chambers with respect to ambient dose
equivalents in the reference radiation and measurement of ambient dose equivalents in 131] is as

follows.

© ISO 2017 - All rights reserved
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5.2 Calibration coefficient of an ionization chamber in the reference radiation

For the calibration of ionization chamber with respect to ambient dose equivalents from air kerma, the
calibration coefficient of the chamber can be obtained using Formula (1):

. *ref
Kb

N
r
I -ktp

(D

where

Ny is the calibration coefficient of the ionization chamber;

is the air kerma of reference rate;

a
h;ref is the conversion coefficient from air kerma to dose equivalent in the' reference rafliation;
Iy is the measurement of the current in the reference radiatiomn;

kep  is the correction factor of ambient conditions (temperature and pressure) during the cali-
bration; it is only used for open ionisation chamber. Tle current or charge measured by the
chamber is normalized to the reference conditions)20' °C and 101,325 kPa:

_ 273,15+T 'P_O

= 2
P 273,15+T, P (2)

whegre

To isthe reference temperature (20 %C);
T isthe temperature measuredduring calibration;
Py is the reference pressure (101,325 kPa);

P isthe pressure measiired during calibration.

5.3| Measurementof ambient dose equivalent rate using a calibrated ionization
chgmber in an 13¥Dradiation field

H(10) =0 Ny -k (3)

whére

H* (10) is the ambient dose equivalent for 131];
Iy is the measurement of the current for 131J;
Ny is the calibration coefficient of the ionization chamber;

kepu is the correction factor of ambient conditions (temperature and pressure) for 131[;

*131
h I
r = X jsthe ratio of the conversion coefficients between 1311 and the reference radiation.

*ref
hK

© IS0 2017 - All rights reserved 7
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6 Quality control

The ion chamber shall be calibrated to air kerma periodically by either a national laboratory or an
accredited laboratory. As per Bureau International des Poids et Mesures (BIPM) report, stability of the
calibration coefficient of the chamber shall be maintained within 1,5 %. The ionization chamber + the
cable + the electrometer shall be calibrated as a unit. The thermometer, barometer and hygrometer
shall also be calibrated periodically by the relevant accredited laboratory.

7 Uncertainty budget and estimation of uncertainty

7.1 Rel4d

According
square roo|
element fol
of multiplig
in the estir

Sensitivity|

The uncer
reference 1

Ue (N

where

i
u(l)
u(Ke)
u(kep)
u(kq)
u(knu)

a

The calibr

to the uncertainty propagation law, relative combined standard uncertainty js given
t of sum of the square of every uncertainty factor under consideration. Since the uncerta

hation of the combined uncertainty.

r) - \/“2 (ka)J’“z (Ir)+ u? (kE)+“2 (ktp)+u2 (kd)+u2 (knu)+u2 (h;mf)

tive combined standard uncertainty

different calibration set ups may vary from one another and also consists ofithe combina

hS a
nty
fion

ation and division of several quantities, the sensitivity of each componentshould be included

coefficient: all 1,0 because the quantities shown in the formula are independent of each of]

ainty equation for the calibration coefficient of the ionization’ chamber calibrated in
adiation is as given in Formula (4):

is the uncertainty of the air kerma ofreference rate;

is the uncertainty of measurement of the current or charge in the reference radiation|
is the uncertainty of the current measurement unit;

is the uncertainty of correction factor of ambient conditions in the reference radiatio
is the uncertainty of positioning of the chamber;

is the uncertainty of radiation field non-uniformity correction;

is the uncertainty of conversion coefficient from air kerma to dose equivalent in the
reference radiation.

)

tion, coefficient of the ionization chamber with the expanded uncertainty is shown in

her.

the

(4)

the

calibratio

certificate issued by the standard calibration laboratory. The results of detailed uncerta

nty

estimation

can be obtained upon request.

The uncertainty formula for the measurement of ambient dose equivalent using the calibrated ionization
chamber in 131] is as given in Formula (5):

Uc [H

F(10)| = B (V) + w? (1) (kg )+ () + (1)

(5)

© ISO 2017 - All rights reserved
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where

u(Ny) isthe uncertainty of calibration coefficient of the ionization chamber;

u(ly) isthe uncertainty of measurement of the current for 131];

u(kepu) is the uncertainty of correction factor of ambient conditions for 131[;

u(kq) isthe uncertainty of positioning of the chamber for 131[;

u(r) is the uncertainty of the ratio of the conversion coefficients between 131] obtainled from
the interpolation of photon energy versus conversion coefficient fit functigonand the refer-
ence radiation.

7.2] Relative combined standard uncertainty of uc [H*(10)]

The

of ambient dose equivalents due to the patient is given in Table 1.
7.3| Expanded uncertainty
Effdctive degree of freedom should be determined to obtain‘the expanded standard uncerta
can|be done using the Welch-Salterthwaite formula given in Formula (6) according to t
recpmmended in Reference [6].
B uc4 (¥)
Veff 1
S
Vi
Coverage factor k is determined by-thé level of confidence and effective degree of freed

details of the various physical parameters expected to contribute in gombined standard u

ncertainty

inty, which
he method

(6)

lom and is

dependent upon the confidence intérval in t-distribution. When the effective degree ¢f freedom
becpmes infinite, k = 2 in the 95,45 % level of confidence and the expanded standard undertainty is
given as Formula (7):
U [H* (10)} = k-l [H* (10)} =2u, [H* (10)} (7)
Table 1 — Relative combined standard uncertainty of
. Type of Probability | Coverage | [Degree of
Uncertainty element uncertainty | distribution factor freedom
Ungertainty of calibration coefficient of ionization
Ch lllb\/l bﬂ};bl at\,d ;Ll thb I \/f\/l CIICU T ad;at;\lll l'.d' {lA', \ B t 1/2 w
» T

Uncertainty of the air kerma of reference rate, u (Ka ) B N 1/2 oo
Uncertainty of measurement of the current in the
reference radiation, u (Ir ) A t t 4
Uncertainty of current measurement unit, u (KE ) B rectangular 1/ \/g ©
Uncertainty of correction factor of ambient condi-
tions in the reference radiation, u (ktp ) B t 1/2 oo
© IS0 2017 - All rights reserved 9
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Table 1 (continued)

and the ref;

brence radiation, u (r)

. Type of Probability | Coverage | Degree of
Uncertainty element uncertainty | distribution factor freedom
Uncertainty of positioning of the ionization chamber
in the reference radiation field, u (kd ) B rectangular 1 / \/§ o
Uncertainty of radiation field non-uniformity
correction, u (knu ) B rectangular 1/ \/5 ®
Uncertainty.of conversion coefficient from air kerma
to dose equivalent in the reference radiation,
*ref B N 1,0 o)
u h re
K
Uncertainty of measurement of the current for 131],
A t 1,0 4
u(r,)
Uncertainty of correction factor of ambient condi-
i 131 B t 1/2 00
tions for 1311, u (ktpu)
Uncertainty of positioning of the chamber for 131],
u (kd ) B rectangular 1/ \/5 oo
Uncertainty of the ratio of the conversion coefficients
between 131 obtained from interpolation method B N 10 o

Total comb

ned uncertainty, Uc [H* (10)}

U[H* (10

Extended uncertainty

} =k-u, [H* (10)} =2u, [H* (10)}

10

© ISO 2017 - All rights reserved
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Annex A
(informative)

Experimental application to this document: measurement and
prediction of the ambient dose equivalent rate from patients
receiving radioiodine 131 administration after thyroid ablation

A1

Thi
pat

The
thy
tim
exp
the

To ¢
the

General

5 document aims at measuring ambient dose equivalents rate at a distange-from the L
ents who received 131] after thyroid resection due to the gamma radiation’emitted from

ambient dose equivalent rates from the patients receiving high-dose 1311 treatment tg

b can be calculated as an integral of the measurement curve during that time period. B4
erimental data, the prediction equations at 1 m away from the‘chest of patient were pro
administered activity. The effective half-life for the patients\was estimated to 13,9 h.

bvaluate the ambient dose equivalent rates around patient and the corresponding retel
radioiodine administration using a traditional thyv¥oid hormone withdrawal protod

stuglies have been performed. Reference [1] measur€d the dose rates for two groups of p

ablz
The
the
of

rad
of t
+0,

tion group and the follow-up group. The definitions of two groups were cited from Re
measured dose rate decayed bi-exponentially for the ablation group and mono-expon
follow-up group. In this study, they standardized measurement methods allowing the me
W certain distance and upright appeafance with various levels of the patients ing
oactive iodine. Reference [2] evaluated the effective half-life by measuring the externall
e patients. They suggested 14 h as.a’median effective half-life. Reference [3] also sugges
P2 h for the effective half-life.

Summary of measurement

ending on the serigusness of the symptoms, data for the 59 patients treated with high a|
bing from 3,70 GBgto 7,40 GBq (from 100 mCi to 200 mCi) after thyroid resection have
this study. Amongthe 59 patients, 4 patients were treated with 3,70 GBq, 44 patients wit
itients with 6,66 GBq and 4 patients with 7,40 GBq. The treatment was done following a

ody of the
131].

ablate the

foid were measured using ionization chamber. Total ambient doseZequivalent at a certaip period of

sed on the
bosed with

tion, from
ol, several
tients, the
ference [1].
entially for
asurement
esting the
dose rates
ted 11,41 h

ctivity 131]
been used
h 5,55 GBq,
traditional
23 h,26 h

foid hormene withdrawal protocol. During hospitalization, at 1 h, 2 h, 4 h, 17 h, 19 h,
48 h after the radioiodine administration, the patient participated in the measureme

{01HxE onization chamber (STEP, Germany) both at 10 cm from his neck and 1 m aw4

t using an
y from his

tion. The patlents were explamed the detalls of the contents of Instltutlonal Review of Hoard (IRB)

i ' Tefrparticipation
to the measurement The number of measurements was two. The cahbratlon of the detector was
performed in one of the accredited laboratories in Korea, and the calibration uncertainty was within
5 % for the detector.

Measurements were performed in a fixed position in front of the patient room door. At 4 h after
administration, the patients went to bed and the measurement was postponed in order to not
disturb their sleep, which was the reason for the longer time interval of between 4 h and 17 h after
administration. Measurements were carried out by the department of nuclear medicine of Kyungpook
National University Hospital for two months in the summer 2010 by a radiation safety officer (RSO).
Background was measured and subtracted at the measurement location. Background readings were,
on average, 1,39 uGy-h-1 and the standard deviation was 0,775 uGy-h-1. Patient position and distance for

© IS0 2017 - All rights reserved 11
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the detector’s measurement are shown in Figure A.1. The measurement results for the standard dose
rate 1 m away from the body of the patient after radioiodine administration are shown in Table A.3.

2
s

1

Key
1 patient
2 detectofr
Figure A.1 — Detector and patient position
A.3  Repult
For the pafients treated with 131] to ablate the thyroid, the. measurement of ambient dose equivalent
rate was performed both at the position 10 cm away ffom the neck of the patient and at a distdnce
of 1 m awjy from the patient. Since the activity of\I31] administered to the patient was diffefent
depending|on the patient’s clinical symptom, the~unit of measurement was obtained as pSv-h-1|per
MBq of administered activity by dividing ambient dose equivalents rate of each patient by the tptal
administerjed activity to him.
The measufrement results with a detectorfor the same patient are shown in Table A.1.
Table A.1 — Dose rate from follew-up patients (uSv-h-1 per MBq of administered activity)
Hours 1 2 | 4 | 17 19 23 26 | 48
Distance | Administered
activity 3,70 GBq; 5,55 GBq; 6,66 GBq ; 7,40 GBq
Mean 0,6104 | 0,5669 | 0,5178 | 0,2692 | 0,2446 | 0,2022 | 0,1739 | 0,076 6
itar.‘d"’Trd 0,0689 | 0,0470 | 0,0428 | 0,0714 | 0,0606 | 0,0586 | 0,0528 | 0,03§0
10 em eviation
from neck [[S@mple number 59 59 59 57 56 58 59 19
kK=21n
95,45 % level 0,6157 | 0,5385 | 0,4915 | 0,3520 | 0,3115 | 0,2742 | 0,2403 | 0,1350
of confidence
Mean 0,0508 | 0,0470 | 0,0419 | 0,0245 | 0,0213 | 0,0173 | 0,0128 | 0,004 8
Ztar.‘d‘?rd 0,0055 | 0,0053 | 0,0049 | 0,0073 | 0,0055 | 0,0060 | 0,0042 | 0,002 2
eviation
1 m from
patient Sample number 59 59 59 57 56 58 59 19
k=21in
95,45 % level 0,0508 | 0,0471 | 0,0427 | 0,0337 | 0,0277 | 0,0255 | 0,0183 | 0,0080
of confidence
12 © IS0 2017 - All rights reserved
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The measurement results of the dose rate for 44 patients treated with 5,55 GBq of 131I using the
ionization chamber are shown in Table A.2 and the change of dose rate as a function of time are given in

Figure A.2 and Figure A.3.

Table A.2 — Dose rate measurements for patients treated with 5,55 GBq (150 mCi)

Time 10 cm from neck 1 m from patient
(hours) (uSv-h-1 per MBq of administered activity) (uSv-h-1 per MBq of administered activity)

1 0,623 2 0,051 4

2 0,5721 0,047 5

4 0,524 8 0,042 5

17 0,2789 0,0257

19 0,2527 0,02211

23 0,2132 0,018'8

26 0,182 8 0,014

48 0,079 6 0,005

1
?Q‘.
Y
0.‘__...
>
&,
01 : : : : :
0 10 20 30 40 50
X
Key]
X |time (h)
Y |dose rate (uSv/h) per MBq
Figure A.2 — Measurement results of the dose rate as a function of time at 10 cm away from the
neck of the patient
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01
..
¢
Y
..?
Y
e
o
0,01 . . :
0 20 40
X
Key
X  time (h|

Y dose rate (uSv/h) per MBq

Figure A{3 — Measurement results of the dose rate as a function of time at 1 m away from t

Based on
ionization

body of the patient

he exponential fit with a simple regression analysis for the dose rate measured by
chamber with 95,45 % in the level of confidence, the basic formula for determining

external dgse rate from the patient can be calculated asfollows:

a) Doser

The fo

tis thgelapsed time after ingestion of radioactive iodine (h).

The ¢
Signifi
standg

Since

efficient_of~determination of this regression analysis is 0,903, standard error is 0,
cant F value of 2,96 x 10-4, P-values for the y-intercept is 6,17 x 10-6. The distributio
rd residuals are 1,10, approximately 1,48.

hte at 1 m away from the whole body of the patient treated with 5,55 GBq (see Figure A.4)).
'mula derived from the regression.dnalysis is as follows:

2358¢ M mGy/h], for's, 55 GBq intake

D939, effective half-life #13,9 h

the
the

24.
h of

hedintake of 1311 is 5,55 GBq, the dose rate at the time t (DRpody) can be expressed as

Formula (A.1).

DR

where

14

Co is the 131] initial uptake [GBq].

_ —0,0501-¢ _
Body = 4287 %1072 C e [mGy +h 1} (A1)
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Key]

b)

0,25
e,
02| %,
.,
0,15
Y
n.‘.
0,1 .
PN
.
0,05
...... *
0
0 10 20 30 40 50 60
X
time (h)
dose rate (uSv/h) per MBq

Figure A.4 — Dose rate as a function of time at 1. m away from the body of the pa

Dose rate at 10 cm from the neck of the patient treated with 5,55 GBq (see Figure A.5).
The formula derived from the regression analysis at 10 cm from neck was as follows:

-0,044 3.
y=2,6759¢ ot

[mGy/h], for 5,55-GBq intake
RZ = 0,9943, effective half-life = 15;6'h

The coefficient of determination is 0,087, where the standard error is 0,344. Significan

tient

E F value of

7,01x10-4, P-values for the-y=intercept is 1,42x10-5. The distribution of standard residualls are 0,96,

approximately 1,46.

Similarly, the doseate with time t at 10 cm from neck (DRThyroid) also can be expressed

Formula (A.2):

DR

=%,865x 1071 ¢, e O [

-1
Thyroid mGy - h :|

as given in

(A.2)

© IS0 2017 - All rights reserved
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Figur

Essentially
7,40 GBq)

were, the 1
for the acti

In Referenc
rate with 3
of their thy
or stays oV
behaviour

do not follpw the ICRP thyroid model[7h From the derived formula above, the effective half-life of}
b determined at 1 m from the patient was 13,9 h and 10 cm from the patient’s neck was 15
uch shorter than that fdr the general public. The difference of the effective half-life betw
rements can be explained by the following argument; in the measurement of ambient d
rate at 10 cm from the neck of the patient, it is mainly from the radioiodine in thyroid. On
the dose rate at“Dm from the patient is the sum of radioiodine from thyroid, bladder, kid

radioiodin
which is m|
two measy
equivalent
other hand
and blood,
one anothe

0-1:2017(E)

2,5

15

05

10 20 30 40 50 60

ke (uSv/h) per MBq
e A.5 — Dose rate as a function of time at 10 cm away from the neck of the patient

the measurement results for the patients treated with high activities (of 6,66 GBq

ht 1 m from the patient showed that the higher the activities administered to the patig
bss the retentions were. The plot of comparing tlre*change of dose rate as a function of t

vities of 5,55 GBq, 6,66 GBq and 7,40 GBq are given in Figure A.6.

regression analysis instead of the bi-eXponential function. For the patients who had 9

of the radioiodine at the compartment. In other words, the patients with thyroid resec

etc. Also, singeveach organ has a different effective half-life and different metabolism f

10 cm fronj the neck of the patient. The result in this study is close to that in Reference [2].

e [1], amono-exponential function was usedfor the determination of ambient dose equival

1, the doserate at 1 m from the patient is expected to show a different half-life from tha

and
bnts
ime

lent
D %

rroid resected through surgery, the radioiodine in the thyroid compartment is not retained
er very short periods of time. Thus;the mono-exponential function is enough to describe

the
[ion
the
,6 h
een
ose
the
ney
fom
tat
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03 r
|
02 t+
Y
01 f ~
0 1 1 L 1 L
0 10 20 30 40Q 50
X
¢ 555GBq
B 6,66 GBq
A 7,4GBq
—— Regression@f 5,55 GBq
—— Regression of 6,66GBq
—— Regression of 7,4 GBq

Key
X |time (h)
Y |dose rate (uSv/h) per MBq

Figure A.6 — Comparison of dose rate as a function of time for different activities administered
to the patient
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