INTERNATIONAL ISO
STANDARD 16637

First edition
2016-02-15

Radiological protection — Moni[oring

and internal dosimetry-for staff
members exposed tomedical
radionuclides as unsealed sourc¢es
Radioprotection — Surveillance et dosimétrie interne des|travailleurs

exposés lors des utilisations'médicales des radioéléments ¢n sources
non scellées

Reference number

—/@\— ISO 16637:2016(E)

© IS0 2016


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

ISO 16637:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

IS0 16637:2016(E)

Contents Page
FOT@WOTIT ... \%
IIEETOUICEIONN ... vi
1 S0P ... 1
2 NOIIMALIVE FEERIEIICES ...........oo e 2
3 Terms and AeFIMITIOIIS ... 2
4 Symbols and abbreviated terms
5 Purpose and need for monitoring programmes in nuclear medical diagnosis anld therapy 6
51 (155 4 ) ) OO S S 6
5.2 Assessment of the level of likely exposures 6
5.3 MONItOring ProGramIINIeS . ... E e 7
LS T0 00 S €Y U= OSSOSO e S R 7
5.3.2  Confirmatory monitoring programmes.. w7
5.3.3  Routine monitoring programmes................ .8
5.3.4  Triage monitoring programmes........ 8
5.3.5  Task-related monitoring programmes.... 8
5.3.6  Special monitoring programmes ..................8¢-.. .8
5.3.7 Implementation of a monitoring programiue........ ..o 9
CommON FAAIONUCTIAES.........cccooooiiiiiiie e A i e 10
ReferencCe I@VEIS. ...ttt e 10
8 Routine monitoring ProgramiImes... ... .o oo, 11
8.1 GENETAL ASPECES ..o G2 e e 11
8.2 INAiVidUual MONIEOTIIIE oo B0 e e 12
8.3 Methods and monitoring INtEEVALS ... 12
9 Triage MONItOriNg PrOZGTAIMIILES 5\ ......cc...cooireireooeiereeeieeressssssessssesessessssssssssesssssseesessseessssssessesses s 13
10 Special Monitoring ProgramIIAES ... oo 13
10.1  General aspects
10.2  WOorkplace MONTEOTING ...
10.3  Individual MOMIEOTIIIE ..ottt
11 Confirmatory mohitoring programmes
11.1  General@SPects.... .o
11.2 Workplace monitoring
11.3  InAVIAUAL MONTEOTING oot
12 Measurement techniques and performance criteria.............]
0 A €5 4 ) =Y OO
12,2 Measurements performed in a laboratory specialised for radiobioassay
1221 TN VIO .o
T2.2.2 TN VEVO ..o
12.2.3 Quality assurance and quality control for bioassay laboratories..........c.oe. 16
12.3 Measurements performed in nuclear mediCing SEIrVICe. ... 17
13 Procedure for the assessment 0f @XPOSUTES .................ciieeeeee e
13.1 Interpretation of individual monitoring data for dose assessment
155 700 00 €Y' 1= v | OO
13.1.2 Dose assessment based on routine monitoring.................
13.1.3 Dose assessment based on special monitoring ...
13,2 SOFEWATE TOOLS c.oooioeveiiessss s
13.3 UNICEITAINMEIES ..ot
13.4 Quality assurance of the aSSESSMENT PIOCESS ...
14 Reporting and dOCUMENTATION ...t 23

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

ISO 16637:2016(E)

14.1 Reporting results for in vitro measurements......

14.2 Reporting results for in vivo measurements....

14.3 Documentation of the d0SE aSSESSIMENT..........cccuriiuriiiiriieieeieieee e
Annex A (informative) IAEA Safety Guide RS-G-1.2 “decision factor”............ 25
BIDLIOZGIAPIY ..ot 27

iv © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

IS0 16637:2016(E)

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
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rotechnical standardization.
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Introduction

In the course of employment, individuals might work with radioactive materials that, under certain
circumstances, could be taken into the body. Protecting workers against risks of incorporated
radionuclides requires the monitoring of potential intakes and/or the quantification of actual intakes
and exposures. The doses resulting from internal radiation exposure arising from contamination
by radioactive substances cannot be measured directly. The selection of measures and programmes
for this purpose requires decisions concerning methods, techniques, frequencies, etc. for activity
measurements and dose assessment. The criteria permitting the evaluation of the necessity of such a
monitoring programme or for the selection of methods and frequencies of monitoring usually depend

upon the le
radionuclidg

For these re
laboratory 1
be applied i
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in medicine
distance be
laboratories
Internationd

This Intern:
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iSTation, The purpose of the radiation protection programme, the probabilities of pot
intakes, and the characteristics of the materials handled.

asons, ISO standards establishing requirements for monitoring programmes (I1SO 20
equirements (ISO 28218), and dose assessment (ISO 27048) have been developed. Thes
h a straightforward manner to many workplaces where internal contamination may g
hpply these standards to staff involved in diagnostic or therapeutic uses of radionug
the short effective half-life of radionuclides commonly used for these purposes an
tween nuclear medicine department and in vivo counting facilities or radio-analy
shall be taken into account. Consequently, guidance on the“application of the f{
11 Standards cited above to nuclear medicine staff was requested by a number of count]

itional Standard establishes criteria to determine whethier intake monitoring is reqy
osed to medical radionuclides as unsealed sources. It dlso establishes requirements o
ch monitoring programmes, associated dose assgssments, and laboratory requirem
ations of international expert bodies and intérnational experience with the pra
bf these recommendations in radiological protection programmes have been consider
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Radiological protection — Monitoring and internal
dosimetry for staff members exposed to medical
radionuclides as unsealed sources

1 Scope

This
prog
the
It es
prog
analy

This

se of radionuclides as unsealed sources in nuclear medicine imaging and thénapy

fablishes principles for the development of compatible goals and requirements for
rammes and, when adequate, dose assessment. It presents procedures and‘@ssumption
sis, for the monitoring programmes, and for the standardized interpretation of monitg

[nternational Standard addresses the following items:

a)
b)
)
d) {

e) information that has to be collected for the design of a monitoring programme;

f) 4§
g) f

h) irocedures for dose assessment-based on reference levels for routine and special

urposes of monitoring and monitoring programmes;
escription of the different categories of monitoring programmes;
uantitative criteria for conducting monitoring programmes;

uitable methods for monitoring and criteria for, théir selection;

reneral requirements for monitoring pregrammes (e.g. detection limits, tolerated unce

requencies of measurements;

rogrammes;
issumptions for the seléction of dose-critical parameter values;

riteria for determinifig the significance of individual monitoring results;

i) 4
j) o
D

m) 1

k) Iterpretation offworkplace monitoring results;

ncertainties arising from dose assessments and interpretation of bioassays data;

eporting/documentation;

n) quality assurance.

International Standard specifies the minimum requirements for the design af-professional
Ffammes to monitor workers exposed to the risk of internal contamination wiainthalation by

partments.
monitoring
5 for the risk
ring data.

rtainties);

monitoring

This

International Standard does not address the following:

— monitoring and internal dosimetry for the workers exposed to laboratory use of radionuclides such
as radioimmunoassay techniques;

— monitoring and internal dosimetry for the workers involved in the operation, maintenance, and
servicing of PET cyclotrons;

— detailed descriptions of measuring methods and techniques;

— dosimetry for litigation cases;

— modelling for the improvement of internal dosimetry;
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the potential influence of medical treatment of the internal contamination;
the investigation of the causes or implications of an exposure;

dosimetry for ingestion exposures and for contaminated wounds.

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 20553,
contaminati

ISO 27048:}
radiation exj

Radiation protection — Monitoring of workers occupationally exposed to a risk of\int
bn with radioactive material

1011, Radiation protection — Dose assessment for the monitoring of workers for int]
hosure

ernal

ernal

[SO 28218, Radiation protection — Performance criteria for radiobioassay

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and assodiated
terms (VIM)

3 Termsand definitions

For the purposes of this document, the terms and definition§’given in ISO/IEC Guide 99, ISO 20553,
[SO 28218 apd ISO 27048 and the following apply.

31

absorption

movement qf material to blood regardless of mechanism, generally applied to dissociation of parficles
and uptake |nto blood of soluble substances andmaterial dissociated from particles

3.2

absorption|type F

as defined H
from the req

y ICRP, deposited materials that have high (fast) rates of absorption (3.1) into body f
piratory tract

luids

3.3

absorption|type M

as defined bly ICRP, deposited materials that have intermediate (moderate) rates of absorption (3.1) into
body fluids from the respiratory tract

34

activity

number of spontaneous nuclear transformations per unit time

Note 1 to entr

3.5
activity me
AMAD

y: The activity is stated in becquerel (Bq), i.e. the number of transformations per second.

dian aerodynamic diameter

value of aerodynamic diameter such that 50 % of the airborne activity (3.4) in a specified aerosol is
associated with particles smaller than the AMAD, and 50 % of the activity is associated with particles
larger than the AMAD

Note 1 to entry: The aerodynamic diameter of an airborne particle is the diameter that a sphere of unit density
would need to have in order to have the same terminal velocity when settling in air as the particle of interest.
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3.6

contamination

activity (3.4) of radionuclides present on surfaces, or within solids, liquids or gases (including the
human body), where the presence of such radioactive material is unintended or undesirable

3.7

decision threshold

fixed value of the measurand by which, when exceeded by the result of an actual measurement of a
measurand quantifying a physical effect, it is decided that the physical effect is present

3.8
deteetiontimit

smallest true value of the measurand which is detectable by the measuring method

39
annyal dose
committed effective dose (3.11) resulting from all intakes (3.14) occurring duringd calendar|year

Note|l to entry: The term “annual dose” is not used to represent the dose recejved in a year from jall preceding
intakes.

3.10
committed equivalent dose
sum pf the products of the total doses absorbed by an organ orjatissue from radiation types, integrated
over [the commitment period following the intake (3.14) of alradionuclide, and the approprigte radiation
weighting factors

3.11
committed effective dose
sum |of the products of the committed organ \ef’tissue equivalent doses and the appropriate tissue
weighting factors

Note [l to entry: In the context of this International Standard, the commitment period [integration tjme following
the inftake (3.14)] is taken to be 50 years;

3.12
excretion function
function describing the fraction of an intake (3.14) excreted per day after a given time has efapsed since
the iptake occurred

3.13
event = incident
any [unintended,occurrence, including operating error, equipment failure or other mishap, the
consgquences.or potential consequences of which are not negligible from the point of view qf protection
or safety

3.14
intake
activity (3.4) of a radionuclide taken into the body in a given time period or as a result of a given event

3.15

in vitro analyses

indirect measurements

analyses including measurements of radioactivity present in biological samples taken from an
individual

Note 1 to entry: These include urine, faeces, and nasal samples; in special monitoring programmes (3.21), samples
of other materials, such as blood and hair, may be taken.
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in vivo measurements
direct measurements
measurement of radioactivity present in the human body, carried out using detectors to measure the
radiation emitted

Note 1 to entry: Normally, the measurement devices are whole-body or partial-body (e.g. lung, thyroid) counters.

3.17

monitoring
measurements made for the purpose of assessment or control of exposure to radioactive material and

ey £l 1
CAatIoTr OT CIrrC T CSUTtS

the interpre

Note 1 to ent
namely, rout]
programme (|

Note 2 to ent
monitoring (3

3.18

routine mopitoring programme

monitoring
working cor
requiremen

3.19

task-relate
monitoring
limited durd

3.20

triage mon
monitoring

that does nd
isnot surpa

3.21

special monitoring programnie

monitoring
abnormal ey

3.22

confirmatory monitoring programme

monitoring
that signific

ry: This International Standard distinguishes five different categories of monitoring progran

B.20), special monitoring programme (3.21), and confirmatory monitoring programmeé (3.22).

ry: This International Standard distinguishes two different types of monitoring,namely, indi
.23) and workplace monitoring (3.24).

programme associated with continuing operations and_intended to demonstrate
ditions, including the levels of individual dose, remain satisfactory, and to meet regul
S

l monitoring programme
brogramme related to a specific operation, to provide information on a specific operati

toring programme

programme consist of frequent measurements performed in the nuclear medicine ce
t enable one to calculate a dose but to verify that a given threshold of potential intake (|
csed

programme performed to quantify significant exposures following actual or suspg
rents

programme carried out to confirm assumptions about working conditions, for exal

lmes,

ine monitoring programme (3.18), task-related monitoring programme (3.19), triage| moniforing

vidual

that
htory

on of

tion, or following major modifications applied to the installations or operating procedures,
or to confirm that the routine monitoring programme_(3.18) is suitable

ntres
B.14)

pcted

mple,

phtintakes (3.14) have not occurred

3.23

individual monitoring
monitoring by means of equipment worn by individual workers, by measurement of the quantities
of radioactive materials in or on the bodies of individual workers, or by measurement of radioactive
material excreted by individual workers

3.24

workplace monitoring
monitoring using measurements made in the working environment

3.25

monitoring interval
period between two consecutive times of measurement

4
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3.26

quality assurance

planned and systematic actions necessary to provide adequate confidence that a process, measurement,
or service satisfy given requirements for quality such as those specified in a licence

3.27

quality control

part of quality assurance (3.26) intended to verify that systems and components correspond to
predetermined requirements

3.28

qualit_y luauasculcut
all agtivities of the overall management function that determine the quality policy, objlectives, and
responsibilities and that implement them by means such as quality planning, quality coptrol (3.27),
quality assurance (3.26), and quality improvement within the quality system

3.29
reference level
investigation level (3.30) or recording level (3.29)

3.30
recording level
levell of dose, exposure, or intake (3.14) specified by the employer or the regulatory authority, at or
above which values of dose received by workers are to be entered in their individual records

3.31
investigation level
levellof dose, exposure, or intake (3.14) at or above which investigation has to be made in order to reduce
the uncertainty associated with the dose assessment

3.32
retention function
function describing the fraction of an infake (3.14) present in the body or in a tissue, organ,or region of
the Hody after a given time has elapsedisince the intake occurred

3.33
scattering factor
geonpetric standard deviationrof the lognormal distribution of bioassay measurements

3.34
time of measurement
<in vjvo analysis> tiime at which the measurement begins

4 $ymbols and abbreviated terms

ApL Nalue of the activitv detection limit (in hm‘qnprp]) for routine measnurements

AMAD Activity median aerodynamic diameter

B Breathing rate of worker (m3-h-1)
Cm Airborne concentration of radionuclide (Bg-m-3)
DL Detection limit

E(50) Committed effective dose accumulated for an integration period of 50 years following an unit intake (Sv)

e(50) Dose coefficient i.e. committed effective dose accumulated for an integration period of 50 years follow-
ing a unit intake (Sv-Bq-1)

m(t) Predicted value of the measured quantity at time, t, for unit intake (excretion or retention function at
time t for unit intake)

I Intake (Bq)
IAEA International Atomic Energy Agency
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International Commission on Radiological Protection

(in days)

Twork

Time spent by the worker in the radioactive atmosphere (h)

Duration of the monitoring interval between two measurements in a routine monitoring programme

5 Purpose and need for monitoring programmes in nuclear medical diagnosis

and thera

py

5.1 General

The purposg
againstrisk
it forms par;
identify wot
annual likel
the need fot
such a risk g

5.2 Asseq

of monitoring, in general, is to verify and document that the worker is protected adegy
5 from radionuclide intakes and the protection complies with legal requirements:; Therg
t of the overall radiation protection programme, which should start with an-4sséssmg
k situations in which there is a risk of radionuclide intake by workers, and to quantif]
I intake of radioactive material and the resulting committed effective doSe, Decisions §

monitoring and the design of the monitoring programme should be made in the lig
ssessment.

sment of the level of likely exposures

ately
fore,
nt to
y the
bout
ht of

It is necesspry to assess the likely magnitude of exposures without taking into account pergonal
protective measures. If available, this assessment can be donéon the basis of results of earlier
monitoring programmes (individual or workplace monitoring) dnd/or on measurements performied at
the workplalce to characterize the radiological conditions.
In nuclear medicine, workers can be contaminated byiiinhalation of volatile compounds (mpinly
radioiodine] or aerosols. As a result, individual monitoring for internal contamination may be necegsary
for those wqrkers who regularly work with large actiyities of volatile radioactive materials.[1]
In order to [assess the level of likely exposures, quantification of airborne contamination should be
performed in departments where [-131 is used in large amount, i.e. for therapy or where aerosols are
used for pulmonary inhalation examination.
To assess the risk of 1-131 inhalation,/air sampling should be performed in areas where therq is a
potential for airborne radioactivity.‘Fhese areas may include the following:
— hotlabdratory;
— radioiodline treatment'tooms and adjacent areas;
— facility fadioactiVe waste and effluent storage areas.
For a specific radionuclide, the likely committed effective dose due to airborne radioactivity ffor a
worker can p€ealculated by
I xe(50
E (50) _ Ixe(50) (1)
0,001

where

E(50) isthe committed effective dose for the radionuclide (mSv);

I is the intake for the radionuclide (Bq);

e(50) isthe dose coefficient (Sv-Bq-1) for inhalation of the radionuclide and;

0,001 is a conversion factor from Sv to mSv.
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Values for e(50) shall be taken from ICRP 68[2] or, for radiopharmaceuticals used as aerosols, from
ICRP 53I[3] and following addenda. For iodine radioactive isotopes, a vapour form should be assumed
unless material-specific information suggesting a particulate form is available.

The likely intake can be calculated by

I =BXxT,

work

X Cm (2)

where

isthe mean hrp.q‘rhing rate of a sedentarv worker (1 2 m3-h-1)-

Twork is the time spent by the worker in the radioactive atmosphere (h) and;
Cm s the airborne concentration of the radionuclide (Bq-m-3).

If no| other reliable information is available or may be obtained from workplace and/or individual
meagurements, the criteria suggested by IAEA Safety Guide RS-G-1.2[4] an{d presented jn Annex A,
can be used to determine whether an internal monitoring program is needed for nuclepr medicine
worKers[5][6][Z],

5.3 | Monitoring programmes

5.3.1 General

Factors determining the need for a monitoring programme are the following:
— the magnitude of likely exposures;

— the need to recognize incorporation events;

— the need to assess the effectiveness of protective equipment.

A monitoring programme can includenindividual and/or workplace monitoring. These two types of
monitoring provide different information.

— Individual monitoring gives information needed to assess the exposure of a singl¢ worker by
measuring individual Body activities, excretion rates, or activity inhaled (using personal air
gamplers).

— Workplace monitering, either by air monitoring or by measurements of the surface cojtamination,

elps to assess\the potential for internal exposure of workers through inhalation apd provides

information>on the risk of contamination for setting up individual monitoring programmes for
orkers.{lt)complements individual monitoring, since it provides useful indicators for predicting
oses.and for establishing protective measures for the operation.

As stiated in ISO 20553, a monitoring programme for internal contamination is required if the worker is
occupationally exposed and the assessed dose contribution from intakes of radionuclides 1s likely to be
significant and is recommended if the level of the likely annual committed effective dose exceeds 1 mSv.

For workers exposed to medical radionuclides as unsealed sources in nuclear medicine departments,
different categories of monitoring programmes can be implemented depending on the risk assessment:
confirmatory monitoring programmes, triage monitoring programmes, routine or task-related
monitoring programmes, and special monitoring programmes, following an incidental intake.

5.3.2 Confirmatory monitoring programmes

Confirmatory monitoring, which consists of workplace and/or individual monitoring performed
occasionally or at regular intervals, should be required to check the assumptions about exposure
conditions underlying the procedures selected, e.g. the effectiveness of protection measures. Recorded
data should be periodically reviewed as they can demonstrate the need for triage, routine, or task-

© IS0 2016 - All rights reserved 7
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related monitoring. The time of implementation should be during the process identified as the highest
risk of internal exposure.

Confirmatory monitoring is not intended to quantify doses. However, it can be used to review the risk
of contamination and the estimation of the likely dose and, following this review, it can demonstrate
the need to implement a routine or triage monitoring programme.

5.3.3 Routine monitoring programmes

Routine monitoring programmes are performed to quantify exposures where there is the possibility
either of undetected accidental intakes or of chronic intakes. The basis for routine monitoring
programmef 1s the assumption that working conditions, and thus risks of intake, remain reasohably
constant. The design of such a programme of regular measurements strongly depends on the leyel of
the annual dose the quantification of which is ensured. This level should be well below legallyrel¢vant
limits; its d¢finition should take into account uncertainties, for example, in activity meaSurement and
dose assessment. If this level is too high, intakes representing considerable fractions ofdo3e limits ¢ould
be overlooked, whilst a low value can cause the expenditure of unnecessary efforts,dtiow exposurjes.

5.3.4 Trigge monitoring programmes

Triage monitoring programmes rely on frequent individual screening measSurements performed gt the
workplace By local staff using standard laboratory instrumentation to-détect whether potential ifjtake
has occurrefd. Screening measurements, in contrast with in vivo or i@pvitro measurement performed in

the frame o
absorbed dd
threshold if
contaminati

5.3.5 Tas

Task-related
for carrying
programme

[ a routine monitoring programme, do not enable the ¢alculation of an accurate or pr
se but can be used to determine whether a dose threshold is exceeded. If the screg
exceeded, in vivo or in vitro radiobioassays are.performed in order to confirm int
on and to quantify the incorporated activity for dose assessment.

k-related monitoring programmes

monitoring programmes apply to a\specific operation. The purpose and the dose cri
I out task-related monitoring programmes are identical to those for routine monit
5.

In nuclear npedicine, task-related monitoring programmes are required in the case of a new diagn

or therapeu
the radiatio
been applie
routine mor

Fic protocol and operations of limited duration to provide data for dose assessment an
I protection optimisation process. This is also necessary after major modifications
] to the installatiofis)or operating procedures. The general requirements set out in 8|

to routine nmionitoring pregrammes, more information can be available about the circumstances

intake event

The objectiy
for interpre

5.3.6 Spe

, especiallyrelating to the time between measurement and the intake.

es of astask-related monitoring programme and the way it is organized, including the
[ing(the results, shall be documented.

ecise
ening
brnal

teria
hring

ostic
d for
have
1 for

itoring progranimes shall be applied to task-related monitoring programmes. In contrast

of an

basis

cial monitoring programmes

Special monitoring programmes are performed to quantify significant exposures following actual
or suspected abnormal events (by example, the spill of a radiopharmaceutical solution) or in case
of a positive screening during triage monitoring. Therefore, in comparison to routine monitoring
programmes, the time of intake is usually much better known, and additional information can be
available, which helps to reduce the uncertainty of assessment. The purposes of dose assessment in such
cases include assisting in decisions about countermeasures (e.g. decorporation therapy), compliance
with legal regulations, and aiding decisions for the improvement of conditions at the workplace. In
most cases, special monitoring programmes are performed individually. In cases where there is reason
to suspect that the annual effective dose limit could be exceeded, it can be appropriate to extend the
measurements in order to derive individual-specific retention and excretion functions and biokinetic
model parameters.
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5.3.7 Implementation of a monitoring programme

A detailed flowchart is proposed as Figure 1 to contribute to the implementation of monitoring
programmes. This flowchart presents the monitoring programmes to apply following three starting
points corresponding to different situations:

1) the commissioning of a new nuclear medicine facility or the review of an existing facility;
2) the development of a new protocol (by example for a new radiopharmaceutical);

3) the suspicion of an incidental contamination.

Perigdic review of the monitoring programmes shall be conducted, taking into accou e recorded
data|(internal contamination measurements results and, when performed, assessed d

CONFIRMATORY N
MONITORING
s@
R\
START 2
YES
ROUTIN@TORING TRIAGE MONITORING Tﬁg‘;ﬁ%ﬁT g
,z\?j 0
o)
NO YES
'SPECIAL MONITORING

Figure 1 — Flowchart for the implementation of monitoring programmes
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6 Common radionuclides

Most of the radionuclides used in nuclear medicine have short half-lives (Table 1). For diagnostic use,
the emitted energy shall be deposited in the gamma camera scintillator, with minimal absorption by
the tissue. On the contrary, for therapeutic use, the energy shall be deposited in the tissue. Therefore,
radionuclides with y or B+ decay are used for imaging and radionuclides with « or (8- decays are used
for therapeutic purposes.

Table 1 — Most commonly used radionuclides in nuclear medicine

Radionuclides Half-lifea Main emissions
c-11 20,39 m B+, yi
0-15 122,24 s B+, vl
F-18 109,77 m e-, B+ vi
Ga-67 3,26d e, X,y
Ga-68 67,71 m B+, yiy
Sr-89 50,53d B-y
Y-90 64,10 h B-
Tc-99m 6,02 h e- X,y
In-111 2,80d e, X,y
[-123 13,27 h e, X,y
1-131 8,02d e- B X,y
Sm-153 46,50 h e, B- X,y
Er-169 9,40d B-vy
Lu-177 6,65d B-y
Re-186 3,72d e, B-, X,y
Re-188 1700 h e- B, X,y
T1-201 7291h e, X,y
Ra-223 11,43d o B-, X,y
a  According to ICRP 1078l
yi Annihilation photons,
7 Reference levels
Reference ldvels are the,alues of quantities above which a particular action or decision shall be taken.
The purposg of setting'these levels is so that unnecessary, non-productive work can be avoided and
resources can be used where they are most needed. Reference levels include the recording level, gbove
which a doge a$séssment has to be recorded, lower values being ignored; and the investigation |evel,
above which the exposure estimates have to be confirmed by additional investigations (see Table 2).

NOTE The scope of this International Standard does not include the investigation of the causes or
implications of an exposure or intake.

The recording level shall be set at a value corresponding (having regard to the length of the monitoring
interval) to an annual dose no higher than 5 % of the annual dose limit. The investigation level shall be
set at a value corresponding to an annual dose no higher than 30 % of the annual dose limit.
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Table 2 — Reference levels for monitoring internal exposures (ISO 20553)

Level Meaning

Recording level

records. It shall be set at a value corresponding to an annual do
higher than 5 % of the annual dose limit. Results falling below this
may be shown as “below recording level”.

The recording level is the level of dose, exposure, or intake at or above
which dose assessments have to be recorded in the individual exposure

se no
level

Investigation level
which investigation has to be made in order to reduce the uncert

The investigation level is a level of dose, exposure, or intake at or above

associated with the dose assessment. The level shall be set at a value

ainty
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e limited, so that
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dose limit.

1nual

Routine monitoring programmes

General aspects

urements in a routine monitoring programme are made at préesdetermined times
ed to any known intake events. Decisions therefore have to~be made in advance,
ods, frequencies, and the underlying biokinetic models. For‘the evaluation of measur
s of intakes, it also is necessary to make assumptions coneerning the time interval bet

following general requirements shall be observed when specifying a routine
Famme:

he consequences resulting from an unknowmtime interval between intake and measu

— on average, over many monitoring.intervals, doses are not underestimated, and

— the maximum underestimate of the dose resulting from a single intake does not ex
of three;

he detection of all annual'exposures that can exceed 1 mSv shall be ensured;
it least two measurements shall be performed annually.

maximum overeStimation is in nearly all cases greater than the maximum unde
constraint om.the maximum underestimation of a single intake does not exclude a ¢
pstimation.

e requirements together with the assumptions about the pattern of intake and the s
elected methods of measurement determine the frequency of the routine measuremen

and are not
concerning
ed values in
ween intake

monitoring

Ffement shall

eed a factor

restimation.
onsiderable

ensitivity of
ts.

In nuclear medicine, routine monitoring based on 1ndividual measurements should be co

nsidered for

staff members involved routinely in the treatment of patients with significant quantities of [-131.

For this purpose, in vivo thyroid measurements can be performed in a radiobioassay laboratory or in
the nuclear medicine department using gamma cameral?l or thyroid probe[10][11].

The objectives of a monitoring programme and the way it is to be organized shall include the basis
for interpreting the results. The monitoring programme shall be reviewed by means of a confirmatory
monitoring programme after any major modifications have been made to the installation, to operations,

or to
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idual monitoring

Individual monitoring of radionuclides can be made by in vivo measurements or in vitro analyses, by
taking continuous air samples using individual air-sampling devices or by a combination of all these
methods. The selection depends on a number of factors, such as the following:

— radiation emitted by the radionuclide and its progeny;

— decay rate of the radionuclide;

— retention in the body or excretion rate from the body of the radionuclide as a function of the time

betwee
— biokine
— technic
8.3 Meth
The duratid

programme
measureme

committed ¢ffective dose,
This time intervals given in the following formulae comply with the.two requirements:

— the detgction of all annual exposures that can exceed 1 mSy,shall be ensured [Formula (3)];

— The ma

intake dccurred in the middle of the monitoring interval [Formula (4)].

e(50)><-

&
m -
2
m(AT)
where

e(50) i
t
m(t) i
t
AT i

n intake and measurement;

ics, organ deposition and excretion pathway of the radionuclide;

] feasibility of measurement.

pds and monitoring intervals

n of time interval (AT, in day) between two measurements in-a routine monit
depends on the retention and excretion of the radionuclide, the;seiisitivity of the avai
t techniques and the uncertainty that is acceptable when estimating annual intakg

kimum potential underestimation shall not exceed a factor of three; assuming thata s

A
| " DL X @ S 1mSv
m(AT) AT

b the dose cogfficient for inhalation (committed effective dose accumulated for an inte
on period of50 years following a unit intake);

5 the predicted value of the measured quantity at time t, for unit intake (excretion or r
ention’function at time t for unit intake);

5 the of time interval (days) between two consecutive measurements in a routine moni

bring
lable
and

ingle

(3)

(4)

Pra-

tor-

ing programme;

Api, is the value of the detection limit for routine measurements.

For the routine monitoring of I-131, thyroid measurement is the preferred method, and the maximum
time interval between the thyroid measurements derived from the principles laid down above is 15 d,
following the assumptions considered in ISO 20553:

— ICRP 66[12] respiratory tract model for inhalation;

— iodine retention and excretion functions defined by ICRP 78[13];

— acuteintakebyinhalation atthe mid-point of the monitoringinterval. Thisisareasonable assumption
for chronic intakes, and, on average, it prevents the underestimation of intakes;

12
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— with DL values of routine measurements as from ICRP 78. In facilities where the DL of the counting
instrument significantly differ from the value givenin ICRP 78 (100 Bq), a specificroutine monitoring
frequency should be determined.

When thyroid measurements cannot be performed, an alternative is to perform urine in vitro analyses
with the same maximum time interval, i.e. 15 d knowing that for urine monitoring, the 1 mSv detection
level may not be achieved. Tolerance on the time interval should not exceed 2 d.

In a routine monitoring programme, the detection of all annual exposures that can exceed 1 mSv shall
be ensured as stated above. For the monitoring of [-131 intake with a time interval of 15 d, under the
above assumptions, the activities measured that, if detected in each monitoring interval, correspond to
an anphrtateommittedeffectivedoseo Sv-are-the-foHowine

or in vitro urine measurements: 0,4 Bq/d.

9 Triage monitoring programmes

Indiyidual routine monitoring as defined above may not be feasible for radionuclides with a half-
life ghorter than that of 1-131. In this case, when the likely dose(determined following [the method
described in 5.2 is above 1 mSv/year, a possibility is to implemhént triage monitoring in|the nuclear
medicine department and in case of positive result, to initiateihwivo counting or in vitro uifinalysis in a
radigbioassay service laboratory in order to evaluate the cammitted effective dose, E(50) [}4].

Triage monitoring is based on frequent screening meagurements performed at the workplace by local
stafflusing standard laboratory instrumentation. The‘procedure can consist in the followinlg[14]:

— frequent measurements with a calibrated:dose rate monitor placed in front of the gbhdomen for
fadionuclides with very short physical half-lives (<6 h), such as Tc-99m (daily measurements)
and those used in positron emission tomography imaging, i.e. C-11, F-18, and Ga-68 (half-daily
measurements). For 0-15, the triageaiieasurement may be performed following the detection of air
¢ontamination by an alarm;

— 1neasurements with a hand contamination monitor immediately after use for pure beta emitters, i.e.
Y-90, as well as beta emitterswith low-intensity gamma rays, i.e. Sm-153, Lu-177, Re-186,and Re-188;

— 1Ineasurements by a calibrated surface contamination monitor placed in front of the thyroid for
-123 or with a lung-monitor or a calibrated dose rate monitor located in front of the tHorax for Ga-
7, In-111, and T1201. The measurements’ frequency should be determined for each fadionuclide
epending op-the detection limit of the detector.

Workplace monitoring including measurements of surface contamination can also be performed as
partjof a triage monitoring programme.

A IAINN-OC

LT AIIIIIIC O

10.1 General aspects

Special monitoring programmes refer to measurements made when intake is suspected following an
event and shall be conducted to provide data for the following:

— dose assessment required for estimating risk and determining the need for any treatment;
— radiological protection optimization process.

In contrast to routine monitoring programmes, special monitoring programmes can reveal more
information about the circumstances of an intake event, especially relating to the time between the
measurement and the intake.
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The objectives of a special monitoring programme and the way it is organized, including the basis for
interpreting the results, shall be documented.

10.2 Workplace monitoring

Air monitoring and surface contamination monitoring can be used to characterize the localization of
the radioactive contamination.

10.3 Individual monitoring

The goa] of f:pp(‘i;\] individual monitoring is to ensure that anv intake is detected at an early stage and
that the asspciated committed doses are evaluated. Special monitoring programmes are investigative;
they are uspally based on a suitable combination of in vivo measurements and in vitro analysgs in
association with the appropriate biokinetic model.

— Invivomeasurement: The radionuclide content of the body is quickly available and gives an indicption
whether a significant intake has occurred.

— Invitro pnalysis: Usually, a reliable dose assessment on the basis of urinary-analysis requires 4 24 h
sample;|but in the case of special monitoring programmes, it can be helpfulto collect “spot samples”.

Table 3 summarizes recommended methods for individual monitoring; itddoes not take into account the
effects of tr¢atment that can be undertaken to reduce the committed-effective dose.

Table 3 — Recommended methods for special monitoring’/programmes after inhalation

Radionuclide/ In vitro analyses In vivo measurements
material Urine sample Organ
Spot 24 h WB Thyroid
F-1{8 + ++
Gai67 + ++
Sr-89 ++
Y-90 ++
Tc-99m + ++
In-L11 ++
[-1R3 + ++
[-181 + ++
Smf-153 + ++
Er{169 ++ +
Luil77 + ++
Rei186 + ++
Re-188 ¥ ++
T1-201 + ++
Ra-223 ++
++ = Recommended.
+ = Supplementary (helpful but not mandatory).
WB = Whole Body.

In case of suspected incorporation of[18]FDG, in vivo brain monitoring of F-18 is effective to detect levels
below the 1 mSv if the measurement is performed up to 1 d after the event[13].

C-11 and 0-15 are not listed due to their very short half-life (see Table 1), however contamination by
C-11 can be detected by in vivo measurements performed very rapidly after the intake event.
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11 Confirmatory monitoring programmes

11.1 General aspects

Confirmatory monitoring programmes are required to check the assumptions about exposure
conditions underlying the procedures selected, e.g. the effectiveness of protection measures. It may
consist of workplace or individual monitoring. Periodic measurements can be made to ensure that
working conditions are satisfactory. In association with the Radiation Protection Officer, the results
of workplace monitoring (wipe tests and air sample measurements) and contamination measurements
made on individuals can be compared and the radiation protection system modified if necessary.

By e

ample confirmatorv monitoring can demonstrates the need to implement a routi
r 4 P4 (=] r

e or triage

mon

11.2

Worl
may

Worl
volaf]

toring programme.

Workplace monitoring

kplace monitoring is related to the nature of the radionuclides and the typé-of work uy
consist of airborne activity measurements or surface wipe test.

kplace monitoring should include measurements of airborne activitywhen extensive uj
ile materials or radioactive gases (by example large amount of 1131 or Tc-99m-labell

and measurement of surface contamination in the workplace.

In th
surfg
may
the {
othe

e presence of a relatively high radiation background, the direct detection of signific
ce contamination may not be possible, and wipe tests.to assess the degree of loose co
be necessary. In areas where surface contamination may arise or its presence i
ntire area and contents should be regarded as~béing contaminated until monitori
rwise (ICRP 57).

The inain objectives of monitoring airborne activity are:

1

1

[-137]
adjad

The 4

11.3

Indiy
meas
be p
lives

o help to assess the likely internal exposure of workers through inhalation, and
o provide information for setting up individual monitoring programmes for workers.

airborne activity should be'measured in the hot laboratory, radioiodine treatment
ent areas, facility radioadtiye waste, and effluent storage areas.

ssessment of the likely'effective dose based on air monitoring data can be performed as

Individual monitoring

idual monitoring as part of confirmatory monitoring serves to confirm the adequacy

erformed via periodic in vivo measurements or urine analysis. However, due to thg

dertaken. It

e is made of
bd aerosols),

hnt levels of
htamination
suspected,
hg indicates

rooms and

btated in 5.2.

f protective

ures and/of assumptions made regarding the level of exposures. Individual monpitoring can

short half-

of radionuclides in use for diagnostic or therapeutic administration in nuclear med

mead
as Tc

-99m or F-18.

cine, in vivo

lurements are more adequate to detect contamination, particularly by common radionuclides such

The in vivo measurements can be performed in whole body counting facilities located near the nuclear
medicine department. For departments located far from such facilities, mobile laboratories can be
developed in order to perform on-site measurements [16][17][18],

12 Measurement techniques and performance criteria

12.1 General

For routine monitoring, special monitoring, or confirmatory monitoring, in vitro and/or in vivo
measurement techniques, workplace monitoring techniques, or a combination of these techniques, may

© IS0 2016 - All rights reserved 15


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

ISO 16637:2016(E)

be used, depending on factors such as the chemical composition of contaminant involved, the likely
level of contamination, and the availability of these measurement techniques.

As stated above, [-131 presents a high risk of intake and is the largest cause of internal dose to
nuclear medicine workers. Due to the cost associated with transporting workers or bioassay samples
to laboratory, nuclear medicine centres may use their own devices to perform the monitoring of the
workers involved in a radioiodine handling procedure. Measurements can be performed using gamma
cameral?l or thyroid probel[10][11],

As detailed description of the measurement methods and techniques is beyond the scope of this
International Standard, the following subclauses give a brief introduction to the measurement

: AP DRSNS N I 4
teChnlqueS vatraoretortitrvitroanca it vivomeasturement:

Radiobioasday services laboratories which perform in vivo or in vitro measurements for, nuklear
medicine stfaff should apply criteria developed in ISO 28218. These criteria should be appligd by
stationary, 4s well as by mobile laboratories.

For thyroid| measurements performed in the nuclear medicine services, the present Internatfonal
Standard spfecifies the requirements to apply (see 12.3).

12.2 Measurements performed in a laboratory specialised for radiobioassay

12.2.1 Invjtro

In vitro megsurement is applicable for the monitoring of the intebhal contamination by radionudlides
used in the jnuclear medicine department except for those with very short half-lives (C-11 and (-15).
Urine analysis is the only bioassay method usually employed.'Collection of a 24-h urine sample from the
affected indjividual is recommended.

The usual method, for the quantification of y emitting radionuclides, is the measurement of the y
radiations Hy y spectrometry of a test specimen.“The detection limit at the date of measuremgnt is
approximatg¢ly 1 Bq/], for a test specimen of 50Q-n1l and a counting time of 60 min.

The quantifjcation of B emitter radionuclides-by liquid scintillation makes it possible to reach a lirhit of
detection oflapproximately 50 Bq/l, for.a'test specimen of 2 ml and a counting time of 60 min.

These measjirements cannot be performed in the nuclear medicine department, but in a radiobiogssay
laboratory, as they require complex technical equipment.

12.2.2 Invjvo
In vivo meagurements forthe monitoring of nuclear services workers include the following:
— thyroid|measutements;

— whole bjody measurements.

Absence of external contamination, particularly of the hands, should be verified before performing a
whole body measurement. An in vitro bioassay measurement on a urine sample may be performed to
confirm the internal contamination.

12.2.3 Quality assurance and quality control for bioassay laboratories

Performance checks shall be conducted to ensure the conformance of analytical processes,
measurement equipment, and the facilities to predetermine operational requirements. The laboratory
shall have written quality control procedures to verify that the quality of measurements or radioactivity
determinations complies with the accuracy requirements as developed in ISO 28218.

In addition, laboratories performing in vivo or in vitro analyses and/or assessments for internal
dosimetry should participate in national or international intercomparison exercises.
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Measurements performed in nuclear medicine service

[-131 measurements can be performed in nuclear medicine department using pre-calibrated gamma
camera or thyroid probe.[19] A quality assurance programme shall be adapted and the methodology of
measurements shall be written, including the following:

— description of equipment (detector, analyzer, software) used to analyse the spectra;

— description of the phantom used for calibration;

— counting configuration.

Adeduacy of equipment and procedures shall be assessed against established quality assurance
requfrements. These requirements may be determined by national regulations.

The neasurements should be performed in a location with as low a background count rate as possible.
The DL (detection limit) of the unit shall be determined. For routine monitoring, it shall b¢ lower than
300 Bq as stated in 8.3.

13 Procedure for the assessment of exposures

13.1 Interpretation of individual monitoring data for dese assessment

13.1

The
perfq
is pe
mod
abso
pres

In cq
acutq
the n

13.1

For |
(for :
uring
spec

13.1

1 General

reneral procedure for dose assessment is described“in ISO 27048. Internal dose assess
rmed based on individual monitoring data after routine or special monitoring. Dose
'formed using the results of in vivo measurement or urine analysis. When possible, tH
] corresponding to the physico-chemical<form of the contaminant shall be used. Thd
Fption types used to calculate thyroid) or whole body activities and daily urinag
ented in Tables 4 to 15 are taken from-1CRP 68[2].

se of special monitoring, time of.intake is usually known. In routine monitoring, the
 intake is generally unknown, Typically, it is assumed that the intakes take place at thd
1onitoring intervall13]. However, a uniform chronic intake can also be considered.

2 Dose assessment based on routine monitoring

131, the activity’measured in the thyroid corresponding to a committed effective dd
L unique intake.at the midpoint of one monitoring interval) is 7 000 Bq The activity 1}
 corresponding to the same dose is 9,5 Bq-d-1. These values are given for a time intery
fied in 8:3)and for iodine vapour.

3- Dose assessment based on special monitoring

ment can be
assessment
e biokinetic
pulmonary
y excretion

time of any
midpoint of

se of 1 mSv
measured in
al of 15d as

In the case of radioactive iodine contamination, dose assessment can be performed using thyroid
measurements and/or urine analysis. Tables 4 to 6 give the activities of I-131 measured in the thyroid
and the daily urine excretion (Bg-d-1) that correspond to a committed effective dose of 1 mSv from
inhalation of I-131 as elemental vapour (Table 4) or as aerosol (pulmonary absorption type Fand AMAD
5 pm, Table 5) or from injection of [-131 (Table 6). Tables 7 to 9 give the activities of [-123 measured in
the thyroid and the daily urine excretion (Bq-d-1) that corresponds to a committed effective dose of
1 mSv from inhalation of [-123 as elemental vapour (Table 7) or as aerosol (pulmonary absorption type
Fand AMAD 5 um, Table 8) or from injection of I-123 (Table 9).
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Table 4 — Activity in the thyroid and daily urinary excretion after inhalation of I-131 as
elemental vapour corresponding to a committed effective dose of 1 mSv

Time after intake in days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)
1 1,1 E + 04 2,6 E+ 04
2 1,1E+ 04 2,2E+03
3 1,0E + 04 1,3E+02
4 9,3E+03 1,4E+01
5 8,4E+03 8,4E+00
6 77E+03 90E+ 00
7 6,0E+03 9,7E+00
8 6,4E +03 1,0E+01
9 58E+03 1,0E +01
10 53E+03 1,1 E¥01

Table 5 1+ Activity in the thyroid and daily urinary excretion after inhalation of I-131 as an

aerosol (absorption type F, AMAD 5 pm) corresponding to a committed effective dose of 1 mSv
Time affer intake in days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)

1 1,1E+ 04 2,5E+04

2 1,1E + 04 2,0E+03

3 99E+03 1,3E+02

4 90E+03 1,3E+01

5 8,2E+03 8,2E+00

6 7,5 E + 03 8,7E+00

7 6,8 E+03 94E+00

8 6,2E + 03 9,8E+00

9 56 E+03 1,0E+01

10 51E+03 1,0E+01

Tabl¢ 6 — Activity in the thyroid and daily urinary excretion after injection of I-131
corresponding to a committed effective dose of 1 mSv

Time affer intake in days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)
1 1,2 E + 04 2,7E + 04
2 1,1E+ 04 2,0E+03
3 1,0E + 04 1,2E+02
4 94E+03 1,3E+01
6 7,7 E +03 9,2E+00
7 71E+03 99E+00
8 6,4E+03 1,0 E+01
9 58E+03 1,1E+01
10 53E+03 1,1E+01

18
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Table 7 — Activity in the thyroid and daily urinary excretion after inhalation of I-123 as
elemental vapour corresponding to a committed effective dose of 1 mSv

Time after intake in days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)
1 3,4E+05 79E + 05
2 1,0E + 05 24E+04
3 3,0E + 04 4,4E+02
4 8,3E+03 1,3E+01
5 2,3E+03 2,3E+00
6 66FE+02 77 E-01
7 1,9E+02 2,6 E 500
8 52E+01 8,3 E-202
9 1,5E+01 2,6'E-02
10 41E+00 8,2E-03

Table 8 — Activity in the thyroid and daily urinary excretion after_inhalation of I-123 as an
aerpsol (absorption type F, AMAD 5 um) corresponding to a committed effective doge of 1 mSv

[ime after intake in days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)
1 3,7E+ 05 8,4E+05
2 1,1 E+ 05 2,0E + 04
3 3,2E+04 56 E+02
4 9,1E +03 1,6 E+01
5 2,6:E% 03 2,5E+00
6 Z2E+02 8,3E-01
7 2,0E+02 2,8E-01
8 57E+01 9,0E-02
9 1,6 E+01 29E-02
10 4,5E+00 89E-03

Table 9 — Activity in-the thyroid and daily urinary excretion after injection of I-123
corresponding to a committed effective dose of 1 mSv

[ime after intakelin days Thyroid activity (Bq) Daily urinary excretion (Bq-d-1)
1 3,6 E+05 8,4E+05
2 1,1E+05 2,1E+ 04
3 3,0E+04 3,6 E+02
4 8,5E+03 1,2E+01
6 6,8E + 02 8,0E-01
7 1,9E + 02 2,7E-01
8 54E+01 8,6 E-02
9 1,5E+01 2,7E-02
10 4,2E+00 8,4E-03

In the case of Tc-99m contamination in the form of pertechnetate, dose assessment can be performed
using whole body measurements and/or urine analysis. Table 10 gives the activities of Tc-99m
measured in the whole body and the daily urine excretion (Bq-d-1) that corresponds to a committed
effective dose of 1 mSv from inhalation of Tc-99m as pertechnetate aerosol (pulmonary absorption
type Fand AMAD 5 pm).
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Table 10 — Activity in the whole body and daily urinary excretion after inhalation of Tc-99m as
pertechnetate corresponding to a committed effective dose of 1 mSv

Time after intake in days Whole body activity (Bq) Daily urinary excretion (Bq-d-1)
1 1,6 E+ 06 1,9E + 05
2 6,7E + 04 9,2E+03
3 29E+03 3,8E+02
4 1,3E+02 1,6 E+01
5 6,0 E+00 71E-01
In the case [of Ga-67 contamination In the form of citrate, dose assessment can be performed Jising
whole body|measurements and/or urine analysis. Table 11 gives the activities of Ga-67 measurgd in
the whole bpdy and the daily urine excretion (Bq-d-1) that corresponds to a committed effeetive dgse of
1 mSv from [inhalation of Ga-67 as aerosol (pulmonary absorption type F and AMAD 5 pm).
Table 11 4 Activity in the whole body and daily urinary excretion after inhalation of Ga-67 as
citrate corresponding to a committed effective dose of 1 mSv
Time after intake in days Whole body activity (Bq) Daily urinary excretion (Bq-d-1)
1 39E+06 1,0E + 05
2 2,1E+06 9,0E + 04
3 1,3E+06 4,2E+ 04
4 8,5E + 05 2,0E+04
5 6,3E+05 99E +03
6 4,8 E + 05 56E+03
7 38E + 05 3,5E+03
8 3,0 E®05 24E+03
9 24E + 05 1,8 E+03
10 19 E + 05 1,4E+03
In the case pf Sr-89 contamination in the form of chloride, dose assessment can be performed ysing
urine analyfsis. Table 12 gives the.'daily urine excretion of Sr-89 (Bq-d-l) that corresponds|to a
committed effective dose of 1 mSv 'from inhalation of Sr-89 as aerosol (pulmonary absorption type F
and AMAD 5 pm).
Table 12|— Daily urinany excretion after inhalation of Sr-89 as chloride corresponding tg a

committed effective dose of 1 mSv

Time.after intake in days

Daily urinary excretion (Bq-d-1)

4,8E + 04

1,6 E+04

1,1E+04

79E + 03

6,2E+03

50E+03

41E+03

3,5E+03

O[O0 (N | ||| W=

3,0E+03

=
o

2,6 E+03

In the case of In-111 contamination in the form of chloride, dose assessment can be performed using
whole body measurements. Table 13 gives the activities of In-111 measured in the whole body that
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corresponds to a committed effective dose of 1 mSv from inhalation of In-111 as aerosol (pulmonary

absorption type F and AMAD 5 um).

Table 13 — Activity in the whole body after inhalation of In-111 as chloride corresponding to a
committed effective dose of 1 mSv

Time after intake in days

Whole body activity (Bq)

2,0E+06

1LL1E+06

7,2E+05

52E+05

3,9E + 05

3,0E+05

2,4 E +05

1,9E& 05

O |0 || || B w |-

14 E + 05

_
o

1,1E+05

In the case of TI-201 contamination in the form of chloride, dos€,assessment can be perfgrmed using

wholle body measurements and/or urine analysis. Tables 14 gives the activities of T1-201 1}
the whole body and the daily urine excretion (Bq-d-1) that corresponds to a committed effe
1 mSv from inhalation of T1-201 as aerosol (pulmonary absarption type F and AMAD 5 pm)

neasured in
ctive dose of

Tablle 14 — Activity in the whole body and daily urinary excretion after inhalation gf T1-201 as

chloride corresponding to a committed effective dose of 1 mSv

Time after intake in days Whole body activity (Bq) Daily urinary excretipn (Bq-d-1)
1 6,2E + 06 1,4E + 05
2 4,1E+ 06 1,2E + 05
3 29E+06 94 E + 04
4 2,1E+06 70E + 04
5 1,5E+ 06 52E+04
6 1,1E+06 39E+04
7 8,4E+05 29E+ 04
8 6,3 E + 05 2,1E+04
9 4,7E+05 1,6 E+ 04
10 3,5E+05 1,2 E + 04

urin

In tT case of Ra-223 contamination in the form of chloride, dose assessment can be perf:

rmed using
analysis. Table 15 gives the daily urine excretion of Ra-223 (Bg-d-1) that corresponds to a

committed effective dose of 1 mSv from inhalation of Ra-223 as aerosol (pulmonary absorption type M

and AMAD 5 um).

Table 15 — Daily urinary excretion after inhalation of Ra-223 as chloride corresponding to a
committed effective dose of 1 mSv

Time after intake in days

Daily urinary excretion (Bq-d-1)

1 2,6 E-01
2 49E-02
3 3,0E-02
4 2,0E-02
5 1,4E-02

© ISO 2016 - All rights reserved

21


https://standardsiso.com/api/?name=ed6344d62f00626bcbe6319834f56a62

ISO 16637

:2016(E)

Table 15 (continued)

Time after intake in days Daily urinary excretion (Bq-d-1)
6 94E-03
7 6,6 E-03
8 4,7 E-03
9 34E-03
10 2,6 E-03

Alternatively, smaller values in activity median aerodynamic diameter of aerosols or other pulmonary

absorption

process in W

13.2 Softw

The criterial

the require

a) type of|intake (inhalation, ingestion, injection), pattern of intake (acutej.chronic, or mixed)
date of intake;

b) type of|information on the element or compound, such as number of radionuclides avai
physicorhemical characteristics of the compound (AMAD and-absorption parameters), and c
between default and/or specific values;

c) typeof measurement (urine, whole body, thyroid), the possibility of simultaneously treating se
data, the flexibility of entering, handling and treating data (type of uncertainties, implems
algorithms for automatic and/or interactive data précessing, problems of values below the lin
detectiqn);

d) models pvailable for calculation: biokinetic iedels of ICRP 78 or other models;

e) methodf of data fitting and interpretatioh and the possibility of treating several data valuej
data frgm more than one monitoringumethod.

13.3 Uncertainties

The distriby

can be desc
standard de|
values are p

The general

13.4 Quality-assurance of the assessment process

Ypes may be used, provided they are documented, validated, and appropriate 1o
rhich the individual was engaged.

rare tools

for selecting one software or computer code for bioassay data interpretation are bas
hent of the following capabilities of the software:

tions of a measured’bioassay quantity arising from the various components of uncert
ribed using lognarmal distributions, with the uncertainty quantified using the geomn
viation. The geometric standard deviation is often known as the scattering factor (Ksr
rovided in 15O 27048:2011, Annex B.

procedure for the assessment of uncertainties is described in ISO 27048.

' the

ed in

and

able,
hoice

veral
nted
nit of

and

hinty
etric
and

The continued effectiveness of any radiation programme relies on those in charge of implementing its
various components, including the adoption of an effective quality assurance (QA) programme based
on ISO 28218, ISO 20553, and ISO 27048. Quality assurance includes quality control, which involves
all those actions by which the adequacy of tools and procedures is assessed against established
requirements. QA requirements may be determined by national regulations.
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