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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
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ction

In the course of their employment, radiation workers may be exposed to radioactive materials that
could be incorporated into the body. Intakes of radionuclides need to be monitored to determine that
any exposures are at expected levels. Internal doses resulting from intakes of radionuclides cannot be
measured directly. Estimating the dose requires decisions to be made about the monitoring techniques
and frequencies along with methodologies for dose assessment. The criteria governing the regimes of
such a monitoring programme or for the selection of methods and frequencies of monitoring usually
depends upon regulations, the purpose of the radiation protection programme, the probabilities of
potential radionuclide intakes, and the characteristics of the materials handled.

For these re
(ISO 28218]
workplaces
wound cont
the type of v

This docun
assessment
expert bodi
in radiologi
application
employers.

, and dose assessment (ISO 27048[2]) have been developed and can be applie@\té
where internal contamination may occur. Their application for internal exposures d
hmination with radionuclides requires account to be taken of special aspectsixesulting

ent offers guidance for the design of a special monitoring programme and for

bs and international experience with the practical application-6f these recommenda

asons, ISO standards for monitoring programmes (ISO 20553[11), laboratory requireri'ents

any
le to
from

Found and the associated specific biokinetics of radionuclides at the origimofcontamingtion.

dose

in the case of wound contamination with radionuclides. Recommendations of internatjonal

kions

fal protection programmes have been considered in the devélopment of this document. Its
facilitates the exchange of information between authorities, supervisory institution§ and

Vi
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Radiological protection — Monitoring and dosimetry for
internal exposures due to wound contamination with
radionuclides

1 Scope

This
folloy
at th|
Ssyste

It do

document specifies the requirements for personal contamination monitoring and desg
ving wounds involving radioactive materials. It includes requirements for the direct
e wound site, monitoring of uptake of radionuclides into the body and assessunient
mic doses following the wound event.

bs not address:

including hot particles;
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2 Normative references
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ISO 2

ISO/
term

decontamination and decorporation treatments if appropriate.

$725-1, Accuracy (trueness and precision) of measurement methods and results — Par

etails of monitoring and assessment methods for specific radionuglides;

onitoring and dose assessment for materials in contact with intact skin or pre-exist

herapeutic protocols. However, the responsible entityneeds to address the requi

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document(For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

iples and definitions

assessment
monitoring
of local and

ing wounds,

rements for

heir content
applies. For
hts) applies.

't 1: General

725-2, Accuracy (trueness'and precision) of measurement methods and results — Part 2: Basic method

e determination of repeatability and reproducibility of a standard measurement method

725-3, Accuracy {trueness and precision) of measurement methods and results — Part 3: |
ures of the precision of a standard measurement method

8218, Radiation protection — Performance criteria for radiobioassay

EC Guide 99, International vocabulary of metrology — Basic and general concepts an
5 (VIM)

ntermediate

(I associated

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 99, ISO 5725-1,
[SO 5725-2,1S0O 5725-3 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
— 1
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movement of material into blood regardless of mechanism, generally applied to the uptake (3.32) into
blood of soluble substances and material dissociated from particles

3.2
activity

number of spontaneous nuclear disintegrations per unit time

Note 1 to entry: The activity is stated in becquerels (Bq), i.e. the number of disintegrations per second.

3.3

biokinetic Jnodel

model desc
substance i

3.4
clearance
net effect o
tissue, orgail

3.5

contaminal
activity (3.2
human bodjy

3.6

decision th
value of the
using a give
decided thaf

Note 1 to ent

3.7

ibing the time course of absorption (3.1), distribution, metabolism and excretion
itroduced into the body of an organism

[ the biological processes by which radionuclides are removed from, the body or fr
1 or region of the body

ion
) of radionuclides present on surfaces, or within solids,Hiquids or gases (includin
), where the presence of such radioactive material is utintended or undesirable

reshold
estimator of the measurand which, when excéeded by the result of an actual measure

n measurement procedure of a measurand‘quantifying a physical effect or quantity

the physical effect or quantity is present

y: Otherwise, this effect is assumed totbe absent.

decontamipation

complete or
biological pi

3.8
decorporat

partial removal of radioactive contamination (3.5) by a deliberate physical, chemic
ocess

ion

method aimjing to accelerate’the elimination from the body of an incorporated radionuclide

3.9
detection li

mit

smallest tr

e value of the measurand which ensures a specified probability of being detectable b

measuremeht-procedure

of a

b the

ment
it is

hl, or

Iy the

Note 1 to entry: With the decision threshold, the detection limit is the smallest true value of the measurand for
which the probability of wrongly deciding that the true value of the measurand is zero is equal to a specified
value, 5, when, in fact, the true value of the measurand is not zero. The probability of being detectable is
consequently (1 - f).

Note 2 to entry: The terms detection limit and decision threshold are used in an ambiguous way in different
standards (e.g. standards related to chemical analysis or quality assurance). If these terms are referred to one
has to state according to which standard they are used.

3.10

dose coefficient

committed tissue equivalent dose per unit acute intake h(t) or committed effective dose per unit acute
intake e(7), where 7 is the time period in years over which the dose is calculated [e.g. e(50)]

© IS0 2020 - All rights reserved
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3.11
effective dose
sum of weighted equivalent doses (3.13) in all tissues and organs of the body

3.12

committed effective dose

sum of the products of the committed organ or tissue equivalent doses and the appropriate tissue
weighting factors

Note 1 to entry: In the context of this document, the integration time is 50 years following any intake.

3.13
equiyvalent dose
product of the absorbed dose and the radiation weighting factor for the specific radiations at this point

3.14
local dose
equijalent dose (3.13) in a defined volume or area at the wound site

3.15
systeémic dose
comnitted effective dose (3.12) excluding the local dose at the woundsite

3.16
evert
any [unintended occurrence, including operating erronJequipment failure or other mishap, the
consgquences or potential consequences of which aremot or suspected not to be negligible from the
point of view of protection or safety

3.17
internal exposure
expofsure to radiation from a source inside the body

3.18
intake
<profcess> act or process of takingradionuclides into the body by inhalation, ingestion, absprption (3.1)
throyigh the skin or through woounds

3.19
monjitoring
meagurements made for the purpose of assessment or control of exposure to radioactive naterial and
the ipterpretatiomofthe results of such measurements

3.20
incorporation monitoring
monitoring (3.19) of radionuclides incorporated into the bodies of individual workers by measurement
of the‘quantities of radioactive materials in the bodies of individual workers, or by meagurement of
radioactive material excreted by individual workers

3.21

individual monitoring

monitoring (3.19) 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

3.22

special monitoring programme

monitoring programme performed to quantify significant exposures following actual or suspected
abnormal events (3.16)

© IS0 2020 - All rights reserved 3
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quality assurance
planned 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

3.24

quality control
part of quality assurance (3.23) intended to verify that systems and components correspond to
predetermined requirements

3.25

radiobioas;s
procedure u
by direct (i}
removed frg

3.26

in vitro rad
analyses th
individual

3.27
in vivo radi
measureme

ay
sed to determine the nature, activity (3.2), location or retention of radionuclides inthe
1 vivo) measurement or by indirect (in vitro) analysis of material excreted or (©Other
m the body

iobioassay measurement
ht include measurements of radioactivity present in biological samples taken froj

obioassay measurement
ht of radioactive material in the human body utilizing” instrumentation that de

radiation emitted from the radioactive material in the body

Note 1 to ent

3.28
responsibld
person, bod

3.29

y: Normally, the measurement devices are whole-body/or partial-body (e.g., lung, thyroid) cou

 entity
7 or service that is in charge of the monitgring (3.19) and dosimetry

retention fiinction

function def
organ or ex(

3.30

time of me{
<in vitro an|
concerned

3.31
time of med
<in vivo me

3.32

cribing the fraction of an intake present in a biological compartment (whole body, ti
reta) after a given time haswelapsed since the intake occurred

jsurement
nlysis> time at which the biological sample (e.g. urine, faeces) is taken from the indiv

jsurement
hsurements> time at which the in vivo measurement begins

body
wise

m

an

tects

nters.

ssue,

idual

uptake

translocation of material from deposition site [wound (3.33), lung, etc.] into blood and subsequently to
systemic organs and tissues

3.33
wound

injury to the body in which the skin or other tissue is broken, cut, pierced, torn, scraped, burned, etc.
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4 Symbols and abbreviated terms

4.1 Symbols

A activity (Bq)

<A> measured activities (Bq)

H equivalent dose to skin (Sv)

H equivalent dose rate to skin (Sv-h-1)

E(50 committed effective dose integrated over 50 years (Sv)

e(50] dose coefficient: committed effective dose integrated over 50 years per unit intak
E(50)/1 (Sv-Bq)

3z
-

f) function describing the decay of a radionuclide, et
I intake (Bq)
m(t) predicted fraction of the measured quantity at time t fofainit intake (excretion or fetention

function at time ¢ per unit intake)

4.2 | Abbreviated terms

CIS Colloid and Intermediate State
DTPA Diethylenetriaminepentaacetic acid\(Zn and Ca salts)
[AEA International Atomic Energy-Agency

ICP-MIS Inductively Coupled Plasina Mass Spectrometry

ICRP] International Comniission on Radiological Protection

ICRU International Commission on Radiation Units and Measurements
NCRP National Council on Radiation Protection and Measurements
PABS{ Particles; Aggregates and Bound State

TPA Trapped Particles and Aggregates.

5 Purpose and need for special monitoring programmes for internal exposures
due to wound contamination with radionuclides

Under normal circumstances, workers should not have wounds. There is thus no requirement for
routine monitoring, as defined in ISO 20553[], for intakes of radioactive materials from wound events.

However, accidents leading to wounds are an occupational hazard in nearly all workplace situations.
The risks of accidents can be much higher in situations where manual tasks such as cutting, machining
and drilling or medical injection of radioisotopes are taking place. Thus there is a potential need for
special monitoring following wound events.

The aims of monitoring and dose assessment are to aid in decisions regarding decontamination and
treatment such as irrigating with water/saline, excision of the wound or decorporation therapy, to
assess health consequences, and to ensure compliance with dose limits. For radionuclides that are
highly retained by the body when absorbed through a wound but poorly absorbed through other intake

© IS0 2020 - All rights reserved 5
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routes, significant doses can be received when compared to the inhalation or ingestion of similar

amounts.

Accidents, and thus wound events, can occur at any time. As part of the internal dosimetry programme,
the responsible entity shall:

a) consider the possible types of wounds (e.g., puncture wounds, lacerated skin) and contaminants
(e.g., involved radionuclides, chemical species) in specific work environments;

b) design appropriate special monitoring programmes for these wound events;

c¢) make arrangements in the special monitoring programme for the measurement methods to be

availablle on demand if a wound event should occur.

The special
effective do
feasible.

The respong

The sorts of]
wound§

wound§

6 Gener

6.1 Intro

Wounds act]
material ca

hence to other parts of the body. Insoluble material can be slowly translocated to regional lym

tissue, wher

monitoring programme shall set a target to be able to detect a minimum~comm
e following a wound event. It is recommended that target not exceed 1 mSw.if.techn

ible entity shall define the circumstances under which special monitoring is to be initi
circumstances which might lead to special monitoring include:

occurring or identified in designated contamination areas;

from contaminated objects.

nl aspects of wound contamination

duction

as routes by which radionuclides can enter the systemic circulation. While some o
h be retained at the wound site, soluble material can be transferred to the blood

e it can gradually dissolve and eventually enter the blood. A variable fraction of ins

material ca

be retained at the wound site ‘ot in lymphatic tissue for the life of the individual.

I()Jlruble

itted
cally

ated.

f the
and
atic

[hus,

a contaminated wound can result in antacute intake or a chronic uptake. The National Coundil on
Radiation Protection and Measuremernts (NCRP) developed a compartment-based biokinetic model
for wounds [[NCRP Report 156[3]), inbrder to assess internal exposure resulting from a contaminated
wound. The|NCRP wound model\is’'a compartmental model that deals with material at the wounri site
and transfey to blood. This wound model has to be coupled with the appropriate ICRP systemic npodel
to assess exjposure due tosradionuclides entering the body through a wound. This document useg this
system to agsess internalleXposure due to a contaminated wound.

state
mph
nant

The NCRP Wwound niodel has seven compartments: fragment; particles, aggregates and bound

(PABS); trapped particles and aggregates (TPA); colloid and intermediate state (CIS); soluble; ly
nodes; and hlood, (see Figure A.1). The applicable compartments depend on the category of contam
to be considered for a particular wound case.

6.2 Category of wound contaminants

Seven retention categories of wound contaminants are defined in the NCRP wound modell3l. Four of
these categories describe the retention at the wound site of radionuclides injected in soluble form.
Solutions can be weakly, moderately, strongly or avidly retained, in order of increasing retention half-
time. Soluble wound contaminants can translocate to the blood with a time course that depends on
their dissolution rate in vivo.

Three additional categories are considered to describe the behaviour of radioactive material introduced
into a wound in colloidal, particulate or fragment form. Both particles and fragments are solids. They
differ in that fragments are too large to be ingested by connective tissue macrophages because their size
is greater than 100 um in any dimension. As opposed to soluble compounds, colloids and solids with low

© IS0 2020 - All rights reserved
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solubility can have significant clearance from the wound site to the lymph nodes. Furthermore, due to
the presence at the wound site of significant masses of materials, inflammatory reactions can occur in
the wound tissue, leading to biological sequestration and capsule formation. These phenomena provide
a biological barrier that entrap colloids, particles and fragments at the wound site. Default parameters
for equations describing the retention at the wound site for the seven retention categories are detailed
in Table A.1.

Radionuclides that are initially in a solution and are injected subcutaneously or intramuscularly can
enter the blood directly from the soluble compartment. Wound contamination with a radioactive
material is simulated through a direct deposition in the CIS compartment if a colloidal form is
considered, through a direct injection in the PABS compartment if a particulate form is considered, and

throt
rateq
are d

6.3

The

for 4
cont
into

incof
evoly
agiv
intral

Igh a direct deposition In the Iragment compartment 1f iragments are considered. Det
between compartments in the wound model for the various categories of radionuclidg
etailed in Table A.2.

Types of wounds and their specific retention of radionuclides

NCRP wound model does not differentiate between the different types‘of contamina
xample between puncture wounds and abrasions, because of-a’lack of releva
hminated wounds are assumed to be direct injection or direct deposition of radioact
h compartment of the wound model. Biokinetics of a given physicochemical form of

porated through contaminated wound depends largely on-thie type of wound and its
[tion (e.g., healing). Based on existing literature, it may be assumed that, in general, a
en soluble radionuclide from wounds or skin contamination is in the order (from great
venous injection > puncture wound = laceration = abrasion > burned skin = intact skif

woulnds and their characteristic retention of radionuclidés are detailed in Annex B.

7

7.1

Moni
bioki
an af
prog
impl

Monitoring programmes to assess contamination via a wound

Introduction

toring depends on the type of‘wound as well as the category of wound contamin
netics and physical decay properties of the radionuclide. A contaminated wound ¢
ute uptake and/or in a chronic uptake decreasing or increasing with time. Thus the
ram may need to be adapted with time following the wound event. If medical {
bmented, it should be taken into account when designing the monitoring program.

In thie case of a contaminated wound or a wound suspected to be contaminated, a special

prog
shall
be u
prog
pres

ramme shall-be/implemented, as described in 1SO 205531, This special monitoring
include measurements of local activity of the wound. In vivo and/or in vitro measur¢
bed to détect and quantify systemic contamination. In order to implement a speciall
famme;. information is required on the wound event, including identification of r
ent/in the workplace.

hult transfer
s in wounds

fed wounds,
ht data. All
ive material
fadionuclide
hysiological
bsorption of
est to least):
131, Types of

ant and the
an result in
monitoring
reatment is

monitoring
programme
ements shall
monitoring
hdionuclides

7.2 Main steps for the monitoring and dosimetry for internal exposures due to wound
contamination with radionuclides

Medical treatment of any serious injuries should take priority over dealing with radiological aspects of the
contaminated wound. The sequence of actions in dealing with a potentially contaminated wound are to:

— collect information concerning the type of wound and the type of contaminant;

assess the level of contamination of the wound;

necessary.

© ISO

2020 - All rights reserved
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Figure 1 summarises the main steps for monitoring and dosimetry of internal exposures due to wound
contamination with radionuclides. These steps are discussed in more detail in the next clauses of this
document.

Suspicion of

contaminated
wound

A 4

Collection of I
infi ion

concerning the type
of wound and the
type of contaminant

Involvement
of actinides

Maximum 2 times Maximum 2 tifhes
>

>

Wound decontamination

treatment with water and

soap and/or DTPA (except

Np or U contamination) if
possible

Detection or indication
of activity at the weund site

Detection or indication
of activity at the wound site

Wound Hecontamination
treatmet with water and
sodp if possible

N or after 2 decomtamination
trials wihout success

e
/ If required

\
(medical ddcisions) Decorporation/chelation/blocking Decorporation/chelation
treatment if justified (if such a treatment (injection of
treatment exists for the incorporated DTPA exceptfor NporU
radionuclide) contamination)

Specific wound decontamination treatment or éxcision treatment if complete decontamination has notsucceeded
and
Implementation of a special monitoring program
(In vivo and/or"inwitro bioassay measurements and wound measurements)

| l 1

Systemic and

local dose
assessment

Figure 1 — Proposed response to a contaminated wound

7.3 Collettion of information to characterize the contaminated wound

7.3.1 General

The special monitoring programme shall take into account the characteristics of the contaminated
wound (type of wound, involved radionuclide(s), chemical species of radionuclide(s), radionuclide
activity, surface area of the contaminated wound, depth of the contaminated wound). The collection of
information should be proportionate to the potential dose consequences of the wound event.

Whatever the type of radiological contamination, medical management shall take priority over
radiological assessmentl4l. It may be necessary to consider protection of responders and medical
personnel during the handling of contaminated items. Multiple participants may be involved during
this phase of initial care of a contaminated wound, including radiation protection, medical, internal
dosimetry and in some extent operational personnel. Data of interest concerning the wound case should
be collected by all these participants. To facilitate data collection, a summary sheet should follow
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the contaminated worker during its transfer from one department to another. An example of such a
summary sheet is presented in Annex C.

7.3.2 Information concerning the type of wound

Information regarding the type of wound is important for monitoring and dose assessment of workers
in case of a wound involving radioactive materials.

The type of wound should be described in as much detail as possible in order to categorise it into one of
the categories described in 6.3.

The

— flor puncture wounds, location, depth and diameter of the puncture;
— flor lacerated skin or abraded skin, location, depth and contaminated surface-area of th¢ wound;

— for thermally-burned skin, location, grade, contaminated surface area\of the burn pnd type of
aterial involved in the burn (e.g., cotton, polyester, other workplace-materials, etc.);

— flor chemical-burned skin, the type and concentration of the chemicalthatinduced the byrn, location,
rade, contaminated surface area and type of material involvedin the burn (e.g., cottopn, polyester,
ther workplace materials, etc.).

Whatever the type of wound, the presence and abundance of‘bleeding should be recorded| Apart from
the haemorrhagic risk, bleeding has a mechanical action wihiich tends to remove the radioactive material
pres¢nt at the wound site.

7.3.3 Information concerning the radioactive contaminant

If aspessment of the dose is required, information concerning the radioactive contamipant should
be described in as much detail as possible‘in order to determine which category of confaminant, as
described in 6.2, along with associated-parameters, is most appropriate.

Detajls of the radionuclides at the-origin of the radioactive contamination should be cgllected. The
following information should alse'be collected if available:

— the chemical species;

— {for liquids: concent¥ation and total activity of radionuclide(s); chemical form and condentration of
the carrier;

— flor solids: granhulometry/size of particles/fragments and total activity of radionuclide(s);
— {for vapeurs or gases: total activity of radionuclide(s).

If a cpptaminated object caused the wound, the radionuclides present on the object should e identified

and their activity measured

If the wound is surgically excised, any excised tissue and treatment wastes (e.g., compresses) shall be
analysed for radioactivity. In case of a bleeding wound, treatment wastes (e.g., compresses, bandages,
gauze) shall be analysed for radioactivity. Radionuclides activities in the excised tissue and treatment
wastes should be included in the activity balance for the wound.

Workplace and operational conditions can also be useful in the assessment. For instance, if not enough of
the contaminant is available to incur a significant dose, that can help with subsequent decision making.

7.4 In vivo wound measurements

In vivo monitoring is generally a rapid method (typical counting times of 5 min to 10 min) for assessing
the activity of radionuclides at the wound site. The counting time may be increased depending on
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the desired detection limit. Direct bioassay methods are most effective for radionuclides emitting
penetrating radiation (X- or gamma-ray emitters) or radionuclides emitting energetic beta particles
without accompanying photons (e.g. 32P, 29Y) if near the surface of the skin.

The choice of monitoring technique mainly depends on the radiation emitted by the radionuclide and/
or its progeny. Other factors which influence the choice of monitoring technique are the decay rate of
the radionuclide, the depth of the radionuclide in the wound, the retention of the radionuclide in the
wound and technical feasibility of measurement.

For nuclides emitting X- and gamma radiation the selection of a detection system depends on
sensitivity requirements and energies of the photons emitted. Wound monitoring generally employs

Nal(TI) scin
detection of]
counting ef}
radionuclidé
energy phofj
considered.

;}}CltUl o aud/ux IIPGC DCllli\,Ulldu\,tUl dCtCLtUl o ill all ql)l)l UlJl iCltC Luuutqu BCUlllCtl y fb
most fission and activation products. The main advantage of Nal(Tl) detectors is theix
iciency. In the case of HPGe detectors, the very high energy resolution permits\acci

identification and analysis of complex gamma spectra. For radionuclides, envitting

Nuclides enpitting primarily alpha and beta radiations are difficult to dete¢t)and quantify i

radioactive

material is embedded in the wound. In this case, if associated gamma or X rays are em

by the radionuclide they can be used to assess the activity present.

Alpha or bg
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site. Pure be
interaction
wound site

The measur

To calibratd
should use
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on survey instrument if they are located near or on the/surface of the skin at the w|
ta emitters can be detected with an X-ray detector fromthe bremsstrahlung created b
fbeta radiation with tissue. In both cases, the quantification of radioactive materials ¢
fan be difficult.

ement laboratory shall have a method for calibrating the measurement system.

in vivo monitoring systems for measurements of radionuclides in wound, laborat]
fource phantoms and measurement, geometries corresponding as close as possible t

r the
high
irate
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ons, such as plutonium, detector types that respond well to low energy photons shoulld be

[ the
itted
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b the

case or potential wound scenarios to be measuted.

In order to {
complex prd
measureme

ichieve a more realistic and accurate assessment of local activity it is possible to use
cedures involving nuclear.imaging and Monte Carlo methods[216l[Z] to simulate the w|
nt.

more
pund

Activity may also be measured,at.the local or regional lymph nodes by in vivo techniques.

Local measurements at the wound site and, where appropriate, lymph nodes should be repeated to

determine the time dependent retention of the activity of the radionuclides at these site(s).

7.5 Systemic activity monitoring

Radionuclid
the kidney = = = =
on the bloklnetlcs of 1nc0rporated radlonuclldes The retalned or excreted act1v1ty prov1des data for
biokinetic modelling and the assessment of the corresponding organ doses. Activity retained in organs
can be measured (where appropriate) by in vivo methods. Excretion data can also be used to monitor
the effect of chelation therapy.

ES entermg the bloodstream from a contaminated wound can be excreted in the uri

Urine and/or faeces bioassay measurements should be performed as appropriate to measure activity
transferred to the systemic circulation (see Annex D). The number and time periods over which the
samples should be collected depends upon potential dose consequences of the wound event. Generally,
sample collection should start as soon as possible after the wound event and bioassay samples should
be collected after each chelation treatment. The methods applied are the same as for routine monitoring
as described in ISO 20553[1l. Urine samples should be collected over 24 h periods. Methods may be
applied that do not require a 24 h sample. Faecal samples should be collected over 72 h periods.
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8 Performance criteria for radiobioassay measurements

Radiation detection at the wound site with an external detector, in vivo radiobioassay measurements,
in vitro radiobioassay measurements and treatment waste measurements shall comply with the
performance criteria given in [SO 28218.

9 Procedure for local and systemic dose assessment

9.1 Local (wound site) dose assessment

The purpose of local dose assessment is to determine the likelihood of deterministic-effects at the
wound site and to confirm compliance with dose limits to skin.

Anirtitial conservative assessment of local equivalent dose rate should be performed both fdr the wound
itself and the skin. Annex E provides dose coefficients for particular radionuclides that can be used for
this purpose. Calculation of dose received by the skin should be treated with extreme cautiqn especially
for alpha emitters because of the difficulty of obtaining precise measurements in consideration of the
depth and geometry of the contamination at the wound site.

For spme applications, specialized software has been developed that provides dose to the sensitive target
cells|that requires location and activity of the radionuclides as_ifyputl8l. In the case of a cqntaminated
wound, if the contaminants remain at the wound location, the equivalent dose to the skin should be
calcylated in order to evaluate the radiological risk. The ICRP recommendations do not clearly define
the dose quantity that should be evaluated to assess this yisk. Therefore the annual equjvalent dose
to thie basal cell layer is usually assessed and compared,to an annual limit of 500 mSv ovdr 1 cm?, the
occupational exposure limit for dose to the skinl2l. Fhe use of basal cells, located around 70 um below
the skkin surface, as the target tissue is justified bysthe fact that these cells are the most radiosensitive
(for more details, see 1ISO 15382[101). Equivalent:skin dose, H, is evaluated using Formula 1:

o 2
H=AyH j F()de 1)
t
where '

g s the equivalentskin dose rate;

4l is the initial'deposition activity;
§; is the timle after contamination for which the evaluation starts;
§, is thetime the evaluation ends;

(€J~1s a function describing the reduction in activity of the radionuclide at the wound sife over time.

The time endpoints, t; and ¢,, represent the period over which the dose would be compared to an annual
limit. The total skin dose is the sum of the doses due to each radionuclide. For contaminated wounds,
the dose arises primarily from alpha and beta interactions. The contribution from gamma emission is
usually negligible.

9.2 Systemic dose assessment

When the wound is being initially evaluated and cared for, a crude upper bound of the internal dose based
on the direct measurements of the activity at the wound site can be performed as a quick indication of
whether or not decorporation therapies and/or excision therapy should be initiated[3]. For this type of
evaluation, it is assumed that all the radioactive material is absorbed into the bloodstream, so dose is
calculated by multiplying the activity measured at the wound site by injection dose coefficients. Dose
coefficients, whole body retention fractions and wound retention fractions for intakes of radionuclides
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via contaminated wounds were tabulated on basis of the NCRP wound model for 38 radionuclides in a
report written by Toohey et al. (2014)[11], NCRP report 156[3] and values from the Toohey et al. paper
include injection dose coefficients for selected radionuclides (see Annex F) which can be used for this
type of evaluation.

When results of bioassay measurements performed as described in 7.5 become available, systemic dose
assessment should be performed if those measurements demonstrate that radioactive material has
been absorbed into the systemic circulation from the wound site. This transfer can be determined by
measuring radioactivity in urine or faecal samples or by in vivo measurement showing retention in the
body outside the wound site. Consideration shall be given to possible activity attributable to earlier
intakes or to natural background.

The system(Lc dose assessment shall always include the determination of committed effective)fose.
Equivalent dose to specific target organs of the incorporated radionuclides may also be detersmined if
this is of interest for the assessment of the risk to the individual’s health.
Formulae (2) and (3) should be used for calculation of intake and committed efféctive dose £(50)
resulting fr¢om that intake:
M
- (2)
m(t)

E(50) = [ x e(50) (3)
where

I is the intake (in Bq);

M is the measurement (in Bq or Bq-d1);

m(t) |is the excretion/retention fraction (in retained/excreted Bq per Bq intake); and

e(50) |is committed effective dose coeffi¢ient per unit intake (in Sv-Bq1).
Before using excretion and/or retention.measurements for the calculation of intake in Formula (2], the
values may heed to be corrected for;
— radioactivity due to previous$ intake;
— naturalfbackground;
— Influenge of treatmenton the excretion of the radionuclide. For example, if DTPA is administered, the

radioactivity meastired in excreta should take into account an “excretion enhancement factor[12l,
The procediire for-dose assessment shall be adapted depending upon wound retention. Two scenprios
can be distiqu\guished as determined by results of the local measurements:

— if the activity at the wound site rapidly disappears, the intake route may be approximated by an
acute injection. Predicted values in urine, faeces or from in vivo measurements following an acute
injection intake are given in ICRP publication 78[13] for a selection of radionuclides, and can be used
to estimate the uptake to blood. The injection dose coefficients published in NCRP report 156[3]
and Toohey et al. (2014)[11] can then be applied to that uptake to assess the corresponding internal
doses, see Annex F;

if local measurements over the first few days post intake demonstrate retention at the wound
site, then uptake to the blood should not be determined from early bioassay results as such a
determination may underestimate the transfer to the blood in the aftermath of the acute phase
of the wound contamination and the corresponding dose received. A dose assessment should be
performed using the wound model described in NCRP Report 156[3] or a combination of acute and
chronic uptakes. The IDEAS Guidelines[4] provide recommendations for estimation of committed
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doses from wound monitoring data (detailed in Annex G). The guidelines provide a three stage
approach:

— asimple evaluation using an NCRP wound model category chosen a priori using dose coefficients
proposed in Annex F. The choice of category used in the first stage can be based on the known

physicochemical form of the contaminant and the wound type (see Clause 7);

when sufficient monitoring data becomes available, a dose assessment performed using a

systematic evaluation of which default wound category best fits the excretion/retention data;

if the goodness of fit is not acceptable with a single wound category, a dose

assessment
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9.4

Software tools for bioassay data inmterpretation

The following are requirements for inclusion in a software package for interpretation of bioassay data
and determination of dose:

i

a)

1)

ntake descriptors including:

type of intake such as injection or wound;

2) pattern of intake, such as acute, chronic or mixed; and
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3) date of intake;

information on the contaminant such as presence of radionuclides at the workplace, physicochemical

characteristics of the compound that conform to retention and absorption parameters in wounds

ice between default and/or specific values;

types of measurement (e.g. urine, faeces, whole body, thyroid, lymph node), the possibility of

evaluating multiple data types simultaneously, the flexibility of entering, handling and assessing
data (type of uncertainties, implemented algorithms for automatic and/or interactive data

ing, handling of values close to limit of detection);

available for calculation such as ICRP 78 hiokinetic models/13] the NCRP-156 w

und

b)

and cho
0)

process
d) models

modell3
e) method
9.5 Unce

or other models;

5 of data fitting and interpretation.
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ertainties on local dose assessment

rmation concerning uncertainties on-skin dose assessment is provided in ISO 1538
ally, uncertainties on local dosevassessment should consider assumptions concel
contaminant, the type and characteristics of the wound, radiation measurements
5 used in dose calculation.

ertainties on internal dose assessment

of a measured“\bioassay quantity can be assumed lognormal, with the assoc
quantified by/the' geometric standard deviation also referred to as the scattering fi
s for Kgp aré’provided in ISO 27048:2011, Annex BI2], where the general procedur
Incertainties on internal dose assessment is also described.

9.6 Quality assurance

ht aspect of quality control in individual monitoring is assessinent of the uncertainty of
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The continued—effectiverress—of any radiatiomrprogramme reties—omrthe—individuats—im—char
implementing its various components including the adoption of an effective quality assurance (QA)
programme based on 1SO 28218, SO 2055311, ISO 270482 and ISO/IEC 17025271, A quality assurance
programme includes quality control measures. Such measures evaluate the quality of the specific
evaluation or assessment including the use of tools and procedures against established requirements.
QA requirements may be determined by national regulations.
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10 Recording

10.1 Recording in vivo measurement results

The results obtained by the service laboratory shall be recorded and shall include the following items
as a minimum:

a) subjectidentification;

b) date and time of measurement;

c) identificatiomrof the Tadionuctidesdetected;

d) identification of specific measurement procedures and equipment;

e) quantification of the amount of each radionuclide measured at the wound site ‘and othef body areas
if obtained;

f) estimates of counting uncertainty and the total propagated uncertainty(depending on the client's

fequirements);

g) values of decision threshold and detection limit;

h)

i) identification of the individual responsible for the report.

The s

shall

be retained for a period specified by national regulations.

10.2 Recording in vitro radiobioassay and treatment waste results

ralue of the customer-specified or service laboratory actien level for prompt notification;

ervice laboratory shall retain, in a retrievable form; records required by ISO 28218. These records

Resullts obtained by the service laboratory-shall be recorded and shall include the following items as a

mini

mum:

a) gample identification:

1) subjectidentification;

2) assigned samplehumber;

) total volume,er mass of sample submitted;
) reference-date(s) and start and stop times of sample collection and analysis;
) identification of any specified radionuclides and other detected radionuclides;

)e-sample type;

7) sample preservation;

8) date of sample receipt by service laboratory;

9) condition of package;

b) quantification of sample activity at the time of measurement, taking account of appropriate blanks
and correction factors (e.g. analysis of creatinine);

c) estimates of counting uncertainty and the total propagated uncertainty (depending on the client's
requirements);

d) i

© ISO

dentification of specific procedures for concentrating and extracting analytes;
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e)
f)
g)
h)

percent

or fraction of recovery of added radiotracer or carrier;

identification of equipment and specific measurement procedures;

values of the decision level and detection limit;

identification of the individual responsible for the report.

The service laboratory shall retain, in a retrievable form, records required by ISO 28218. These records
shall be retained for a period specified by national regulations.
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Uncertainties should be reported only if explicitly requested by the customer.
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Annex A
(informative)

Schematic representation of NCRP wound model, default
parameters for retention equations and default transfer rates for
the wound model for the various categories of radionuclides in
wounds (adapted from NCRP report 156 (2007)[3])

&
A.1 | NCRP wound model (b'( :

Accidental Injection or Introduction into the waxund
Particles,
Aggregates and

Fragment
Trapupeud Particles and
Aggregates
(TPA)
|
4
Bound State

- (PABS)

Colloid and
Intermediate State
(CIS)

Figure A.1 — Schematic representation of NCRP wound model?)

1) Adapted from NCRP report 156 with permission of the National Council on Radiation Protection and

Measurements, http://NCRPonline.org.
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A.2 Default parameters for retention equations

Table A.1 — Default parameters for equations describing the retention of various categories of
radionuclides in wounds?)

Wound Retention categories of wound contaminant
retention Radionuclides initially in solution Radionuclides initially sparingly soluble
equation or insoluble in water
parameters? Weak | Moderate | Strong Avid Colloid Particle Fragment
Ay (%) 55 55 50 19 15 5 0,5
Ay (dY] 55 55 1,0 37 3,0 0,05 0,009
A, (%) 40 35 30 81 8 95 99,5
A, (d1 6,0 0,5 0,03 0,001 0,055 4x10°4 6,5 x 1p~6
Az (%) 5,0 10 20 — 77 — —
Az (d1 0,1 0,02 0,001 — 7 x 1074 —€ —
a2 Wound retention equations are expressed as sum of exponentials,
R(t):ziA et
where
R(t) ispercent of injected or introduced amount of radionuclides retained at the wound site,
A; is the partition coefficient (i.e., the percent of the deposited amount retained for retention component i),
A is the retention rate constant for retention component i, and
t is days after injection or introduction.

A.3 Default transfer rates

Tabl¢ A.2 — Default transfer rates for.the wound model for the various categories of
radionuclides in wounds?)

Transfer rate
d-1
Type of transfer Radionuclides initially in solution Rzgizgr::)iffrfsi:lﬁﬁg)i,rfl:va;tienr%ly
Weak” | Moderate | Strong Avid Colloid Particle Fragment

Soluble to bjood 45 45 0,67 7,0 0,5 100 —
Soluble to CIS 20 30 0,6 30 2,5 — —
CIS to soluble 2,8 0,4 2,4x10"2| 0,03 2,5 x 1072 — —
CIS to PABS 0,25 6,5x 1072 | 1,0 x 102 10 5x 102 — —
CIS to lymphnodes ZX 105 Zx107° Zx 107 | Zx 107 Zx 103 = =
PABS to soluble 8x102| 2x102 |1,2x10-3| 0,005 1,5%x10°3| 2x10-4 0,0
PABS to lymph nodes | 2x 1075 | 2x 1075 | 2x1075 | 2x 1075 4x10"% | 3,6x1073 0,004
PABS to TPA — — — — — 4x 1072 0,7
TPA to PABS — — — — — 3,6 x 1073 5x10-%
Fymph nodes to - - - - 3x102 | 6x107* | 3x102
Fragment to soluble — — — — — — 0,0
a2 Radionuclides are injected or introduced directly in the compartment corresponding to their retention category.

2) Adapted from NCRP report 156 with permission of the National Council on Radiation Protection and

Measurements, http://NCRPonline.org.
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Transfer rate

d-1
. . oL . . Radionuclides initially sparingly
Type of transfer Radionuclides initially in solution soluble or insoluble in water?
Weak | Moderate | Strong Avid Colloid Particle Fragment
Fragment to PABS — — — — — — 8x10-3

a2 Radionuclides are injected or introduced directly in the compartment corresponding to their retention category.
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Annex B
(informative)

Types of wounds and their specific retention of radionuclides

B.1 Types of wounds and their specific retention of radionuclides

20 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0783d3e864bb39c5c5e40c85612269c0

:2020(E)

ISO 20031

‘[zzlTZ)0z][8T18T]ZT][c] °1NIEIa]][ WO.1J Pa139[[0D 9.19M 3]1IS punoMm 3] e Sapl[onuolpe. Jo uorjuala. MC_C.HOUEOU ele( e

S[9A9] 12yS1Y 03 UDS 30€IUI 10J

P2A.I3sqO ST jeym 031 MCO—NNV_SU P TOVTOTO( [oA9 O UT[OSEq tOX} Arenxted JUoeurtreIuoy
aAndEOIpEI 93 Jo uonid.Iosqe oy [/PUNom Jo pury| SIy3 Jo urgrio ay3 Je [e21WaYd d13Sned
93 JO uUone.3uaduo0d pue ad A3 §y3 ud spuadap A[oS.1e[ ULS pauIng-[ed1Wayd y3noay
ap1onuorpe. ay3 jo uonnd.aosqefy I, ‘asea Jenonlaed e s1 ‘sa1oads apIrjonuolpe. Jo 213U
-1jo1q Surpuodsa.a109 S31 M ‘ping [eartudyo jo ad A3 yoeq ‘punom patapIsuod ay3 jo

wing ay3 jo eale
doejIns pue apeud
‘uolyesifedo] ‘uinq
93 paonpul eyl

uonjoaa [eardoorsAyd ay3 uo K[od.ae] spuadapyurys pauang-[eo1wayd pajeurwejuod |dpIonuolpe. [[EdTWAYD 9Y3 JO U0} | [[BY[Y 10 pIoe A[[ensn ‘[edl upys pauinq
ySno.ay3 paresod.aoour aprponupiped jo uLioj [Eartuayd0d1sAyd uaaid e jo sonaursorg a[qn[os | -e13uaduod pue adA], | -wayd Jrasned e 03 anp wIng y -[eo1way)
JOLLIEGULNS 913 Jo uonydn.sip jo ased ay3
Ul paseaIour ued aprpnuolpelpyl jo uorndiosqe ayip MIyS 10e3ul YSnoay3 3eyl wo.j uIng ay3 spin[j 1o
JUa.I9JJ1p A[3uedj1udIs 10U ST JBUTWEIU0D JA[IEOIpELSY) JO uolrdosqe ay3 ‘suing |apI[oNuoIpe.l [Jo eade ddeyIns pue|‘s3da(qp 1oy ‘@11 yam 1oel up[s pauinqg
[ewLIay3 [[] 03 | 9peID JO UOIIDI|JUl 193)e A[93eIpoW W] UOIIBUILEIUOD B JO 9SED 93 U] a[qnjos |epe.ls ‘uonyesijeso|-uod wp.ay unnsal uing y -A[rewriay ],
9A0QE UdAI3 SUONORIJ I[NEJIP 9|3 UBY) SS9 ST uond.Iosqe [euolak.1] ay3 ‘sapijonuorpe.l
JIUOIIBD JUSEAI}[NW 10] JBY) paidadxa S131 ‘suonn(os _[-[owH (0OT 03,0T) UeY) Jo3ea.1s
S1uolnjos ureurweiuod ay3 §i1.1a1.L1ed snyd aprpnuorpe. ay3 Jo UG EIIUSOU0D 93 J] A1suryoeuw yrm
"G00 ‘pauleIal A[p1ae iz’ ‘pauleral A[3uodls (G Q ‘paurela A[9relapotu {1 ‘paurelal JUSpIDOE UE .10 ‘90eJIns Yy3no.
A{eam :SMO[[0] Sk ‘saplonuolye. Je[Iwls A[[BOIWAYD 10 dWEeS 3y} Jo punowsinjound e Jsurepe [[e] e QUaWIN.IISUL
e wo.y uonndiosqe Ap1es ay3 J¢ suonoeldy j(nejop se pajewrxordde aq ued upjseiqe jun[q glwo.j mo[q e se yons
u[y[s J0 UOI1eIade] UINS paieajiiun ue wo.dj sapipnuoipel jo (Y ¢ ul) uonndiosqe ‘sAem Aprewr ut pasned aq Aew
A[1ed 9, "po13lWo 9q J0U [[BYS UOIILIdDE] 10 UOISeIqe Wo.1j Jurnsal Spunom/uo pue a3jie[ 1o [[ews oq Aew
eaJde 9dejIns pue yidap Jo 90¢anjur ay) ‘SS9[9YII9AdN "SUOIIEISdE] pajeuweudd uolse.lqe /uor}|Suoisejqe .10 SUOIILIIE] [BU
0} pue UIS pape.lqe pajeulwepuod jo ased ay3 03 parjdde aq A[qeuosea.t ued punom -e.190€[ 93} JO eaJe|-19)XH UOISIOUI.I0 IND B WO.1J
aanjound e woJj uonnd.aosqe sprpnuorpel A[1ea Jo SUOIIOB.IJ I[NeJIp a3 ‘9.10Ja19Y ], doejans pue yidap|paysmgunsip se ‘urys aya
‘punom auanjound e wo.y 10 JOIeI9d.] B WOIJ Se dwes 9y} A[1eau a1e uoiselqe |apijonuoipet |‘uoryesijeso ‘Sur|urderys.o Suiqqni‘Surieal| un|s papeiqe 1o
Uun{S pagJnisipun ue wo.j paglosqe SsapionNuoIpe.l [enplAIpul ay3 JO Syunowe ay |, a[qnes |-paa[q Jo douasad|ayl Aq|paonpoid punom y| umpis pajetsade]
uonoa(ur Jefnosnuwe.iul Iajje ueyl uoda(ul snosueINInS Ialje Jomojs
s1 uonndaosqe apionuoipel a[qhjos ‘urejoad o1 puiq 1o/pue 9SA[0IpAY 03 SIIOUIPUL]
SM pue uol ay3 uo agaeyd aarfisod uiseaoul Yirm aseaoul JUBUIWEIUOD JAI}IEO sopnIed suorjoafur Jenosnwe.ut
-Iped 93 JO 931 punom ay3 Je FaWI} 90UIPISAI puk Syunowe ay3 ‘spunom ainyound ‘sp1o[[0D aJnyound | pue snpaueinoqns sapnoul
doap 104 “Te[IwWIs a.1e aNnssS[} SROaULINIGNS PUB S[ISNUW PIIBUIWEIUOD Ul UOIIUSID.I ‘Op1[onu | a3 jo IIgwelp pue|3] "umR$ ayl sajeqyauad 10
9pI[ONUOIPET SOSED PUNOM UBWNY Ul JBY3} SWNSSE 0} d[qeuoseal sI 1 ‘A[[edn3oeld -olpel|yadap ‘uopesijesof|sadtaid yeys 30alqo pajurod punom
"U01329(Ul Je[NISNWEIIUl PUE [U01329(Ul SN09UBINIGNS SI9A0I SUIPUNOM 3.IN3dUNJ a[qn[os | ‘Surpas|qjo sguasald | e Aq papned st eyl Ain(ur uy aanjoung
jueuIwIR)
: punom ay}
-u02 94N punom
dsLId)OR.IRYD 0}
eSIPI[ONUOIPE.I JO UOIIUIIY -deoipe.l SIqEIIEA J1 109][09 upnIulyap Jjorig pajeurwejuod
punomjo | 4, uoneuLIojuj Joad4y
A10893e) :

SIpI[ONUOIPE.I JO UOIIUIIA.I IIJ103ds I19Y) pue spunom jo sadAJ, — 1°g d[qeL

21

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0783d3e864bb39c5c5e40c85612269c0

:2020(E)

ISO 20031

"2z 0zZ) [Tl ETI[ZTI[E] @1N38I9]I] WOo.1j Pa1da[[ed 9I9M 911S PUNOM Y] JB SaPI[D

nuOIpe.J JO UOTIUSIaI SUIUIadUOD Ble( ¢

(e8eaaa® UO p 008~ dWI-j[eY ) [uonIeIuE[dWI 191 JE JBSA U0 UMOP MO[S A[[BI13eW 1D
uond.aosqe apruoe uayl pue (pSeaaAe uo p )9~ auwil-jey) ajeld [el3Ul 91eI9poWl k Je
SONSSI1 Y3 03 pa1LIO[SUE.I] ST apIUIIde PI[OS pajue[dul 9Y3 JO &, T UeY3 SSI[ Jey3 MOYS
ejep [ejudwWLIadxa 0alA uf "9}is|punom a3 Je sa[nsded sno.uqiy uryim sapu.red pays
pue syuswde.lj [e3aw [enpisal ay3 jo Juswdeius 10 UOIIe[0S] [BNIUSAS PUE SSpOU
ydwA[ [eoo] 03 saponnted apixo ppziafoodeyd sawos jo 3.10dsue.) jo sassadoad [eardojoiq
9Y3 Jo uaye) aq 03 0s[e Sey Jundode ‘syuswde.y 10 sa[d1l.red 9A1}0LOIPE.L JO UOIIN[OSSIP

syuawde.y

puo£aq ‘Teriajewl 9AI}OEOIPE PI[OS YIIMm pajeurureiuod punom doap jo ased ay3 uj|pue sapn.led

y7dep
pue uonesi[edof ‘34
-pa9]q jo aouasald

(wnruean

paiardap Surureiuod pudeys
e £q papnpo.ad punom y *3-9)
SanssIj Je[nasnu 10/pue
snoauginogns ayj Sunoajje
pue urfs ay3l Surieay Jo 3ul
2pea.1q fq paonpoad punom y

(punom
aanjound
pue uordafur
SNOUaABIIUL
guipnpoxa)
punom daaQq

jueUIUIR) unom s
=110 JAI) p 1
| osIIapelep 03
£SOPI[INUOIPE. JO UOIIUIIY -Jeorpel S[qE[IEAE J1 17010
punom jo : :
A1080jey | ©UOREULIONU]

uoniuyap Jorig

punom
pareururejuod
Jo adA4j,

(panunuod) 1°d d1qel

© IS0 2020 - All rights reserved

22


https://standardsiso.com/api/?name=0783d3e864bb39c5c5e40c85612269c0

Annex C
(informative)

IS0 20031:2020(E)

Example of a summary sheet that should follow the contaminated
worker during his initial care

Radiation Protection Department

Medical Department

Internal Dosimetry Department

PATIENT Date and time of arrival: TYPE OF IN VIVO COUNTING RADJONUCHIDE/MEASURED ACTIVITY
NAME: S| 3 Whole bod: ting:
Date 4 birth: urname MEASUREMENT OF RESIDUAL CONTAMINATION AT THE ARRIVAL (Bq) '€ bocy counting
Depaftment or company: Measurement device: Radiation probe:
EVENT LOCATION
BUILDING: ROOM:
Date: Time:
Local counting
TYPE OF EVENT (Specify the loeationlor organ counted):
QO BPDY CONTAMINATION
Infitial measurement (Bq):
QO RJSK OF INHALATION (OR INGESTION):
Afsessment of the level of exposure (Bq or Bq.m?): MEASUREMENT OF RESIDUAL CONTAMINATION AT THE LEAVING (Bq)
Dfiration of the exposure: Measurement device: Radiation probe:
a UNDQ with contamination
Q without detectable contamination NASAL SWABS
Mpasurement of contaminated object Emitter Radiation Protection Departmen{ Medical Department
direct measurement (Bq): « Energy (keV): fineray (keV):
a: Activity (Bq): Wctivity (Bq):
wipetest sample measurement (Bq):
0 CJOSED TRAUMA ] Energy (keV): Energy (keV):
Activity (Bq): Activity (Bq):
RADIPNUCLIDE: v (Ba) ty (Ba)
PHYSJCOCHEMICAL FORM: COMMENTARY:
LOCAL MEASUREMENT OF RESIDUAL CONTAMINATION (Bq) TREATMENTS REQUESTER MMYPLES
(show with an arrow or with a hatched area) Fsﬁz{:ghz?;’g}rin;matm" ; l[\j:s;ésswab ;
Injection of DTPA a Faegts, a
DTPA washing 0 Othex a
Other: Q
REQUESFED-IN VIVO COUNTING
Whole body a
Thyroid Q
Lungs Q
Local (X rays) Q
Local (Y rays) =]
TYPE|OF CONTAMINATION: Q. QB/y Q'] 0°H COMMENTARY-fincluding information about the wound):
Measfirement device: Radiation probe:
IMMHDIATE ACTIONS:
0 Sogp Washing 0O DTPA Washing O NASAL swab Q Other:
COMMENTARY:
Nam¢ of the Radiation Protection Officer: Name of the Nurse: Name of the Physician: Name of the Internal Dosimetry Departnjent Director:
Date pnd Signature: Date and Signature: Date and Signature: Date and Signature:
Figure C.1 — Initial care summary sheet
© IS0 2020 - All rights reserved
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Annex D
(informative)

Overview of typical methods used for in vitro bioassay
measurements

D.1 In vitro bioassay measurements

In general,

beta radiation is measured or to improve detection geometry. In addition, radionuclides that

the sample matrix has to be removed to avoid significant self-absorption'if alpha or

have

spectral ovgrlaps with the analyte shall be removed. Typical separation/purification‘methods in¢lude
coprecipitatfion, liquid-liquid extraction, ion exchange chromatography and extraction-chromatography.

Counting samples for alpha spectrometry are prepared by electrodeposition or microprecipitation.

For radionu¢lides with long half-lives, ICP-MS can be an alternative to radiometric methods and is jmuch

more sensit

Table D.1 giyes an overview of typical methods used for in vitro bioagsay measurements.

Tablle D.1 — Overview of typical methods used for in vitro bioassay measurements

ve for very long-lived nuclides like 232Th or 238U or 239/240py,

Typ e_of Sample preparation Detection method Examplgs
emission
Alpha Radiochemical separation of the sample atrix|Alpha spectrometry with |238/239/240py,
and from other alpha emitters (if necessary) Si detectors 241Am, 210pq
Beta Radiochemical separation of the sample matrix |Liquid scintillation count- |89/90Sr, 32P, §5Fe
and from other beta emitters (jfnecessary) ing/spectrometry propor-
tional counting
Beta (high Radiochemical separation.(if necessary) of the|Cerenkov counting 898Gy, 90y, 32p
energy) sample matrix and from dther high energy beta
emitters
Beta None Liquid scintillation count- |3H, 14C
ing/spectrometry
Gamma None High or medium resolution |137Cs
gamma ray spectrometry
Nuclides with |Radigchemical separation of interfering isobars|ICP-MS 232TH, 238,
long halflivgs |and:sample matrix (if necessary) 239/240py
24 © IS0 2020 - All rights reserved
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Annex E
(informative)

ISO 2003

1:2020(E)

Equivalent dose rate in a contaminated wound (mSv-h-1-kBq~1)
and equivalent dose rate received by the skin (mSv-h-1-kBq~1-cm?)
for selected radionuclides

Table E.1 — Equivalent dose rate in a contaminated wound
rg(tl:ii:a;iz;?:;ei- Equivalent dose r:?te received by Equiyalent dose ra!te
nated wound? the skinb received by the skin¢
Radionuclides (mSv-h-1-kBq-1) (mSv-h-1-kBq~1-cm?) (mSv-h~1-kBq1-cm2)
Diig&irilrtlzgléice contsali;ifﬁ:iiond contfniiel?ation Surface confamination¢
3H 6,3 x 1073 0 13 x 1073
14C 5,4 x 1072 3,2x 1071 1,8 3,05 %1071
22Naq| 1,7 3,2 1,870
32p 7,7 x 1071 1,9 4,2 2,3p7
358 3,5 x 10%L 1,7 3,32 101
36C] L8 3,2 2,18
45Ca 8,5x 101 2,2 8,84 4101
S1Cr 4,8 x 1073 1,5 x 1072 2,7 x 1072
S4My 1,6 x 1072 6,2 x 102 8,1 x 1072
57Co 1,4 x 1072 1,2 x 1071 1,9 x 101 7,8 x [L0~2
58Co 5,0 x 10%2 3,1x1071 5,6 x 1071
60Co 1,5 x1071 7,8 x 1071 3,2 1,146
59Fe 9,6 x 1071 3,3 1,283
63Ni 6,5 x 1077 4,5x 1071
67Ga 3,4 x1071 1,1 3,24 4101
905r{20ye 1,2 3,6 79 4,22
95Zr{?5Nbe 2,0 x 101 1,6 4,3
99mTE 1,5 x 1072 2,5x 1071 4,0 x 1071 2,43 41071
106R 1406 Nbe 1,6 2,2 6,5
110mAg 1,2 x 1071 6,7 x 1071 19
111p 3,8 x 101 6,7 x 101 3,76 x 101
1231 3,7 x 1071 6,8 x 1071 3,65 x 1071
1251 1,6 x 1072 2,1 x 1072 3,5x 1071 4,17 x 1071

¢ Radionuclide is in secular equilibrium with its decay product.

a  Equivalent dose rate to a 10 mm diameter sphere of tissue-equivalent medium surrounding a point sourcel23l.

b Equivalent dose rate to skin target cells located at a depth of 70 um below the skin surfacel24], Data presented in IAEA
publication No. IAEA-TECDOC-869[15] are taken from Chaptinel et al. report (1988)[24],

¢ Data collected from NCRP report No. 111 (1991)[25],

d  Some contaminated wounds primarily affect the upper layers of the skin (e.g., chemical burns or abrasions). In this
case, contamination may be assumed to be due to surface contamination.

© IS0 2020 - All rights reserved
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Table E.1 (continued)

I‘Eg:ii:’lzliz;?;s:i_ Equivalent dose ra}t% received by Equi_valent dose ra!te
nated wound? the skin received by the skin¢
Radionuclides (mSv-h-kBq-1) (mSv-h-1-kBq1-cm?) (mSv-h-1-kBq1-cm?)
Deep point source Sur_face. d Deep Surface contaminationd
contamination contamination contamination
1311 2,1x1071 1,6 31 1,694
137Cs-137mBge 2,8x 1071 1,6 3,4 1,941
144Ce-144m, 1¥7Fpye 1% 1072 3T 8,2
147pm 6,0 x 1071 2,0 6,12 x 1071
1921r 1,9 3,4 1,592
201T] 3,7 x 1072 2,8x 1071 1,0 3,43, 1071
204T] 1,6 3,0 1,803
235y 8,4 x 101 1,8 x 1071 3,0 x 103
238y 9,2 x101 2,3x1073 29 %103
238py 1,2 x 102 3,7x 1073 3,4 %103
239py 1,1 x 102 1,4 %1073 3,2 x 103
241py 5,7 x 1073 1,3 x107° 8,0 %1072
241Am 1,2 x 102 2,0 x 102 3,4% 103

a  Equivalent dose rate to a 10 mm diameter sphere of tissue-equivalent fiedium surrounding a point sourcel23],

b Equivalent dose rate to skin target cells located at a depth of 70 um'below the skin surfacel24], Data presented in[[AEA
publication N§. IAEA-TECDOC-869[12] are taken from Chaptinel et al-Eeport (1988)[241,

¢ Data collgcted from NCRP report No. 111 (1991)[25],

d  Some conftaminated wounds primarily affect the upperilayers of the skin (e.g., chemical burns or abrasions). I this
case, contamipation may be assumed to be due to surface-contamination.

¢ Radionud]ide is in secular equilibrium with its décay product.
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