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Foreword

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

The potential for nuclear and radiological emergencies involving mass casualties from accidental or
malicious acts recommends generic procedures for initial dose assessment to help the development of
medical response capabilities. A mass-casualty incident is defined here as an event that exceeds the
local medical resources. Biological dosimetry, based on cytogenetic analysis using the dicentric assay,
typically applied for accidental dose assessment, has been defined in ISO 19238. Initial assessment refers
to an expedited version of the dicentric assay that evaluates chromosome damage in a small number of
cells and would be used in an emergency situation where rapid analysis is needed. This results in an
estimated dose with high uncertainty but allows for exposure categorization. This document focuses
on tHe use of the dicentric assay for initial cytogenetic analysis il the case of mass-casualty incidents.
Many of the concepts discussed here can be applied to other biological dosimetry method$. The initial
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Itis expected that the cytogenetic methods achieve an initial estimate of dose or response category that
is quantitatively more precise than the clinically derived categories, and take into account any evidence
that the exposure might not have been received acutely or to the whole body. It is expected that the
need for precision be set against the competing requirement for expedited results and it is necessary
that this judgement be made at the time of the event. This will depend on the anticipated number of
patients, the surge capacity of the laboratory and the rate at which the blood samples are received by
the laboratory.

Expert cytogenetic biological dosimetry laboratories typically function to support national radiation
protection programmes and emergency response schemes. Several of these national cytogenetic
biological dosimetry laboratories have independently and successfully performed initial dose
assessment in actual and simulated mass-casualty incidents. Their approaches included pre-planning,
reagent stockpiling, simplified sample processing, automation, as well as modifying some of the
ISO 19238 scoring criteria. Several of these national cytogenetic biological dosimetry laboratories
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have established networks of supplementary, satellite cytogenetic laboratories, both nationally as
well as internationally. Building upon their experience, this document is intended to define criteria for

performing

quality-assured initial assessment of radiation dose using cytogenetic methods.

The primary purpose of this document is to provide a guideline to all biological dosimetry laboratories
for performing the dicentric assay for initial dose assessment using documented and validated
procedures. Secondly, it can facilitate the involvement of cytogenetic biological dosimetry networks
to increase analysis capacity while ensuring dose estimates provided by the network laboratories
are valid. Finally, it is expected that laboratories that are newly commissioned to carry out the initial
cytogenetic analysis conform to this document in order to ensure reproducible and accurate dose
assessments.
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Radiation protection — Performance criteria for
laboratories performing initial cytogenetic dose
assessment of mass casualties in radiological or nuclear
emergencies — General principles and application to
dicentric assay

1 $cope

The purpose of this document is to give an overview of the minimum requirements for penfforming the
dicentric assay with quality control measures using mitogen stimulated peripheral blood lymphocytes
for ipitial assessment of individuals involved in a mass casualty scenariof [Che dicentric jassay is the
use df chromosome damage to quickly estimate approximate radiation déses received by individuals in
ordet to supplement the early clinical categorization of casualties.

This|document focuses on the organizational and operational aspects of applying the dicenltric assay in
an injitial assessment mode. The technical aspects of the dicentfigassay can be found in ISQ 19238.

This|document is applicable either to an experienced biological dosimetry laboratory worling alone or
to a metwork of collaborating laboratories (as defined in Glause 7).

2 Normative references

The following documents are referred to in~the text in such a way that some or all of their content
consfitutes requirements for this document: For dated references, only the edition cited|applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

[SO 19238, Radiological protection — Performance criteria for service laboratories performing biological
dosimetry by cytogenetics

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 19238 and the follpwing apply.

ISO gnd [EC maintain terminology databases for use in standardization at the following addresses:

— SO Online’browsing platform: available at https://www.iso.org/obp

— IE€ Electropedia: available at https://www.electropedia.org/

31

absorbed dose

D

differential quotient of € with respect to m, where ¢ is the mean energy imparted by ionizing radiation
to matter of mass m:

_dE

pD=-%
dm

Note 1 to entry: The gray is a special name for joule per kilogram and is to be used as the coherent SI unit for
absorbed dose.

[SOURCE: ISO/IEC 80000-10, 10.81.1]
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associate laboratory
laboratory that has previously been validated through proficiency testing (3.13) and is prepared to be
contacted for assistance when the capacity of the lead laboratory is exceeded

3.3

biological dosimetry
assessment of the absorbed dose of ionizing radiation using indicators found in biological material,

particularly

3.4

peripheral blood

calibration
graphical o}
irradiation
with these

Note 1 to enf
individual.

3.5

chromosome aberration
e normal structure of a chromosome involving both chromatids of a single chromosoine at

change in th
the same lo(

3.6
cytogenetig
study of the

3.7

determinis|
biological (h
of the effect

[SOURCE: IA

3.8
fractionate|
exposure to

3.9

inhomogenleous exposure

exposure th

3.10
in vitro
technique p

- mathematical description of the dose-effect relationship derived by the in vitro|(
bf blood samples to known physically delivered doses, and the uncertainties.@ssoc

us as observed in metaphase

S
structure of chromosomes

tic effect
ealth) effect of radiation for which a threshold level of dose exists above which the sey
is greater for a higher dose

EA.IAEA Safety Glossary: 2018 &dition. Vienna: [AEA, 2019]
d exposure
ionizing radiation that hals been divided into smaller exposures separated in time

at is not receiyved uniformly over the whole body or is received only by part of the body

brformed in a controlled environment outside of a living organism

3.10)
jated

ry: The curve is used to determine, by interpolation, the absorbed dose to a potentially exposed

erity

<

3.11
lead labora

tory

designated laboratory primarily responsible to lead the coordination of the biodosimetric response in
an emergency

Note 1 to entry: Previously referred to as a reference laboratory.

3.12
network

group of lead and associate cytogenetic laboratories trained and prepared to jointly respond to a
large-scale radiological or nuclear emergency requiring biological dosimetry (3.3)
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proficiency test
evaluation of participant performance against pre-established criteria by means of inter-laboratory
comparisons

3.14

prodromal
early signs and symptoms indicative of the imminent development of the full manifestation of a disease
or illness, in this case related to radiation exposure

EXAMPLE Diarrhea, nausea, vomiting.

3.15
prot
dose

3.16
ring
aber

Note

3.17
stocl
radig
dose

Note
thres

[SOU

4 1]

4.1

racted
received over a long period of time

1 to entry: Rings can be centric or acentric.

hastic effect
tion induced health effect, the probability of occurrence‘of which is greater for a high
and which severity, if it occurs, is independent of dose

1 to entry: Stochastic effects may be somatic effects or hereditary effects, and generally oc
RCE: IAEA. IAEA Safety Glossary: 2018 edition. Vienna: [AEA, 2019. 278]

Responsibility of the laboratéery

Awareness of this document

Itis

effec
resp
nati

existence of the cytogenetic biological dosimetry programme for individual dose

fant circular chromosome resulting from the joining of two breaks withinh one chromosome

er radiation

ur without a

hold level of dose. Examples include solid cancers and haematologic cancers (leukaemia and lymphoma).

necessary that local, stdte; and federal governments’ health care providers and facilities be aware

assessment
critical for

boratory to be.able to receive blood samples promptly and thereby provide an initipl biological
etry responsewithin the time frame that is clinically useful in order to mitigate the pacute health

s. Qualifiéd-laboratories and health care facilities should ensure their organization

s, roles and

nsibilities’ are well defined within radiation emergency concepts of operations at local and
nal levels.

Biological dosimetry investigations made by lead or associate laboratories shall be undertaken
in accordance with the national regulations regarding confidentiality. This normally includes the
maintenance of confidentiality of the patient’s identity and medical data.

This

requirement extends to

a) all written, electronic or verbal communications between the laboratory(ies) and the person or
organization requesting the analysis and receiving the report,

b) protection of confidential information held within the organization where the laboratory is located,
and

c) electronic record management.

©ISO
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Users with different access restrictions should have different privileges within the system as
appropriate. The laboratory head assigns rights and access restrictions to the rest of the laboratory.

4.3 Pre-planning

Qualified laboratories shall be organized and operate in such a way that, upon receiving a request from
the state/health care facility/hospital for biological dosimetry response, they can quickly and efficiently
provide initial individual dose estimates. The laboratory’s organization shall be clearly predefined and
documented.

Each laboratory shall be responsible for

a) maintai|ning documentation, which includes the following:

1) an Instruction sheet to be sent to the local, regional, national health-care facilities|descrfibing
blopd drawing requirements and shipping procedures (see ISO 19238:2014, Anhex A);

2) a questionnaire that shall elicit patient consent (if required) and information on whale or
parftial body exposure, source and quality of the radiation, circumstdnces of the exposure,
exposure location (country, city, company, etc.), date and time“of exposure, preyious
occhipational or medical exposures to radiation, intake of pharmaceuticals, infection, smoking
habits, and significant exposures to any other DNA damaging agents (such as organic solyents
or heavy metals) (see ISO 19238:2014, Annex B) or any other relevant information regarding
the|suspected or confirmed exposure;

b) maintaining a stockpile of its own reagents or having immediate access to reagents and sugplies
from a Ipcal, state or national stockpile or commercial enti€y for receiving blood samples, cultiiring
lymphofrytes, preparing metaphase spreads and analysing samples for cytogenetic bioldgical
dosimetry; these include general laboratory supplies*as well as reagents and supplies specific to
cytogenetic protocols;

¢) maintaining the anonymity of samples. To aveid the identification of the patient while guarant¢eing
the trageability of the analysis, the bloodsamples should be coded upon arrival in the laborgtory.
The coding is performed in an unambiguous way according to a standard procedure. The same
code shpll be used for all the stagestof the analysis. The code is assigned by a designated pefson.
The dedoding, interpretation of results and compiling of the report shall also be performed|by a
designa{lfed person. If it is required to share a sample, the same code shall be used by all assqgciate
laboratgries and for commuunication between them.

d) considefing to join a netswork for assistance in case of a large scale emergency situationlél.

4.4 Responsibilitytduring service
Qualified lalporatories shall be responsible for

a) providipgthe following to local, regional, national health-care facilities:

1) guidance on the appropriateness of the biological dosimetry assay,

2) information on the laboratory’s capabilities in order to select an appropriate cohort of
individuals whose treatment can benefit from cytogenetic biological dosimetry,

3) information to help determine the medical consequences for individuals exposed to radiation;
b) maintaining established communication links with the local/state/federal health care facilities;
c) requesting or recommending activation of a biological dosimetry network when necessary;

d) specifying and documenting the responsibilities, roles and interrelations of all personnel whose
laboratory functions affect the quality of initial biological dosimetry response;

4 © IS0 2022 - All rights reserved
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or exposure categorization, and archiving samples or slides;

f)

receiving appropriate samples, preparing and analysing samples, providing initial dose assessment

tracking, prioritizing (based upon rapid screening or input from requestors), determining the

appropriate tests and reprioritizing as the tests progress or as additional information is received;

g)

reporting results in a timely manner according to the needs of the incident (e.g. faster reporting

of results related to samples from individuals indicating a requirement for urgent clinical

intervention);

h) retaining the responsibility for safety and quality assurance (see Clause 9).

5 1
inci

Biological dosimetry process in radiological or nuclear mass-casualty
dents

See |

biological dosimetry laboratories for different numbers of samples.

6

The
staff]

Emergency response of the lead laboratory

know their role.

By d
dose
the 3
betw

pfault or without additional information, the dicentricyassay is the method-of-choice
estimation. Other methods can be used where appropriate, based on available infor
ccident. The decision to use another method should be documented and made based on
een the head of the laboratory and other qualified emergency response management |

Where possible, blood samples from the most seriously irradiated persons based on clinica
or plyysical dosimetry (when such information is available) are prioritized for processing 3
In thle absence of such information, thedaboratory processes the blood samples in the o
arrivial.

The biological dose estimate(s) is(are) obtained from appropriate, robust calibration curvi

Annex A for an example of a flow diagram indicating the interactions between requestors and

head of the laboratory shall have an emergency response plah in place, so that all meinbers of the

r radiation

o
rﬂlation about

a discussion
ersonnel.

1 symptoms
nd analysis.
der of their

b previously

established by the individual metwork members. An exposure categorization is determined from the

apprppriate predefined procedures.

Orgaization of the workflow should be such that the results of biological dosimetry 4

ble as soon as pessible.

nalyses are

b OCCurs; or

institute tht is already lind thrugh t networ o te lead lborator.

7 Design of a laboratory network

7.1 Overview

or research

A cytogenetic biological dosimetry laboratory network is comprised of a lead laboratory and associate

laboratories that serve as network partners to assist with the response.

In the case of an emergency incident, the lead laboratory (the laboratory that takes primary
responsibility for the response) shall be a selected, qualified and validated laboratory, preferably from
the country where the radiological emergency occurred. When the biological dosimetry capacity of
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the lead laboratory reaches a threshold, activation of the network laboratories might be required to
increase the capacity in order to assess the dose of all potentially exposed individuals.

Laboratories should be prepared to assist in cases where the event takes place in a country that lacks
a biological dosimetry laboratory to lead the efforts. In this case, emergency officials may contact a
biological dosimetry laboratory that is prepared and willing to assist. This laboratory would then
become the lead laboratory for that event, coordinating the response and activating a network if
necessary.

The number of laboratories in a network depends on both the needs specific to the emergency scenario
and the avallablllty of associate laboratorles The associate laboratorles are called upon for assistance

participatio
and intra- or inter-laboratory comparisons. The associate laboratories can be from within ©y‘oultside
the countryjwhere the emergency has taken place.

To be operaftional, a network shall be prepared in advance as outlined in 4.4[6l. Howéyer, beyond the
requirements of the laboratories acting either as the lead laboratory or an associaté laboratory wjithin
the networl, the formation and operability of a network is beyond the scope of this document.

7.2 Preparedness of the laboratory network

To be fully pperational, the established laboratories willing to be pdxp of a network should havg the
following dgcuments ready and available to all network members:

— full contact details (addresses, phones, telefax, e-mail) of the laboratory staff who are involved in
the network together with a mutually agreed process tofapidly activate the network;

— documgntation as described in 4.3;

— a description of the technique(s) used, together with details of established radiation calibration
curves gnd dose and uncertainty assessment/procedures;

— the resylts of proficiency tests.
Laboratory petworks should perform on-xegular basis:

a) standandization of techniques\involved including, for example, formatting of data reporting to
enable pooling of data in a cdmbined response;

b) organizption of reguldr)training activities among network staff in support of validation,
standardization and-maintenance of expertise, to include periodic inter-laboratory comparjsons
with nefwork parthners to ensure the consistency of their analytical procedures and dose estinjates.
This algo can ificlude developing a panel of reference microscope slides that can be usefl for
evaluating individual scorers when there are staff changes and when other laboratories joip the
network;

c) regular exchange In respect of all scientific, technical and administrative questions related to the
network tasks;

7.3 Laboratory network operation

7.3.1 General

This subclause describes the requirements once a lead laboratory has decided to request assistance
from associate laboratories leading to the activation of the network.

6 © IS0 2022 - All rights reserved
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7.3.2 Lead laboratory responsibilities

In an emergency, when the decision to activate the network is taken, the lead laboratory (ideally
the laboratory based in the country where the radiation incident occurs) becomes the nucleus for
communication between the network and other organizations involved in the emergency response.

The lead laboratory informs the associate laboratories of the necessary details of the incident, taking
into consideration required levels of confidentiality and privacy, and together they establish the extent
of cooperation needed. Depending on the situation, the lead laboratory can decide to set up a decision
board involving members of the network. However, in all cases, the lead laboratory and the associate
laboratories should maintain an open dialogue regarding all aspects of the response.

Whep the network is activated, the following items shall be clearly defined by the lead|laboratory/

decigion board:

a) the technical details of the response of the network to the emergency in terms)of techhiques used,
¢ountries/laboratories activated and data interpretation. The lead laboratory maintgins records
pertaining to which laboratories are validated and thus can be relied upon‘to assist, o] the basis of
the results of proficiency testing as well as shared information regarding capacity;

b) logistical organization and planning including sample collection from the field, sharfing samples

yith network partners and collection of results by the lead laboratory.

All these parameters shall be established and maintained by consensus at meetings that ar
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atory, by which it.processes the specimens and then sends fixed cell suspensions or
5 to the associaté’laboratories. These alternatives are decided through a discussior
ners, led by thielead laboratory.

results of.scoring should be reviewed by at least one expert from within the network 3
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| acts as the

central point of communication/I1aison with the physicians.

Following a review with the medical staff, some patients may be selected for increased cell scoring in
order to improve statistical uncertainties on dose estimates and better discrimination of inhomogeneous
overexposure. Such further examination shall be made in accordance with the performance criteria
described in ISO 19238.

7.3.3 Associate laboratory responsibilities

Once involved in an activated network, an associate laboratory shall be responsible for the receipt of
any material arriving to its premises. This can include blood, cell suspensions or slides provided by
another laboratory.
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During the network activation, the associate laboratory should be easily reachable and provide clear
communication to the lead laboratory.

The associate laboratories should send raw data to the lead laboratory in a standardized format and at
agreed frequency/time points, including:

number

distribu

of cells scored;

details of the aberrations detected;

tion of the aberrations, u test results and any other relevant test;
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are linear and quadratic coefficients respectively.
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If there are sufficient grounds to believe that continuous exposure was protracted beyond 30 min or
fractionated with break(s) in exposure of more than about 15 min, the time-dependent G-function
correction to the [ yield coefficient (see IAEA 2011 and ISO 19238) should be applied.

For higher LET irradiations, the quadratic term is omitted (see ISO 19238). Simple linearity, as given in
Formula (2), can also be assumed for doses less than ~0,3 Gy of low LET radiation, where the duration
of continuous exposure is greater than 24 h and also for intermittent irradiations, provided that no

dose fraction is received acutely:

Y=c+aD

(2)

In th

appr
of which the induced aberration yields are additive.

e case of multiple, intermittent acute irradiations (providing the inter-fraction time is

s calculated in reference to the appropriate dose-response curve and uncertainties, €
95 9% confidence intervals (CI) on the dose shall be calculated only from the Statistical un
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coefflicients shall be ignored.
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the laboeratory shall follow the procedures for detection of inhomogeneous irradiation

breater than

pximately 6 h) the exposures may be considered as a number of isolated acute irradiatjons for each

xpressed as
rertainty on
n the curve

rtaphases to
itory should
b associated

ly exposed)
Istances can
b the scored
the Poisson

makes the
[ protracted
erefore, it is
exposure is

ute adverse
r than this,
- inform the
cells scored
such cases,
outlined in

ISO f FaYaiaYal

17200.

One further useful parameter in such cases is a simple calculation of the percentage of undamaged
metaphases observed (i.e. without a dicentric, a centric ring or a fragment). These are indicative
of unexposed cells and, by implication, un-irradiated parts of the body that can include active bone
marrow.

9 Quality assurance and quality control

9.1 Overview

As a minimum, the quality-assurance and quality-control practices cited in 9.2 and ISO 19238 apply to
the network laboratories performing cytogenetic assessment of individual exposures in radiological
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or nuclear mass casualties. If the lead laboratory enlists the services of other laboratories the lead
laboratory should verify that all associate laboratories follow the quality-assurance and quality-control
practices described here.

9.2 Quality control

9.2.1 General

Performance checks shall be conducted to ensure the conformity of analytical processes, measurement
equipment and procedures, as well as the facilities to predetermine operational requirements.

9.2.2 Quality control procedures

Laboratoriep shall verify that the estimation of absorbed-dose measurements complies” with the
accuracy requirements. Procedures should include quality control performance checks onthe following:

a) measurpment systems and use of traceable reference standards;
b) review pf procedures, specifications and operating logs;

c) observdtion of operations and evaluation of quality-control datalto ensure the long4term
consist¢ncy of analytical results;

d) evaluating conformity to the performance and quality control/fassurance criteria of this document.

9.2.3 Performance checks of sample transport integrity

In many cades, blood collection occurring at sites distant'from the processing laboratory may require
transportatjon. A thermometer with minimum and_tWaximum temperature readings placed in the
shipping coptainer provides information on the temperature of the sample during transporft. To
minimize tegmperature changes, it is recommended that samples be shipped in styrofoam contajners
with temperature controlling gel-packs. If aifstransportation is used, packages should be clearly
marked with the need to avoid X-irradiatioh_at the security checkpoints. For international transport,
the approprjate permits shall be obtained in advance and be included in the shipment to avoid delgys at
customs. Al] details concerning blood,eollection and storage should be recorded. Because of the rigk for
infectious d|seases (hepatitis, HIV)appropriate precautions shall be followed when handling the hlood
samples. Se¢ 1SO 19238:2014, Annex A for an example of instructions for customers.

The time befween blood samplifig and arrival and processing of blood samples at the laboratory should
be kept to ajminimum.

Only blood §amples in.a’solution containing lithium or sodium heparin are acceptable for the dicgntric
assay.

9.2.4 Performance checks of sample integrity by the laboratory

A system for recording the collection and storage of the blood samples should be established by the
laboratory receiving the samples so that sample integrity is guaranteed. If it is necessary for one
biological dosimetry laboratory to send blood samples to other laboratories, the sender is responsible
for the shipping and shall follow the rules outlined in 9.2.3.

The use of coded samples is critical for medical confidentiality. This coding scheme should also be used
for communications between laboratories.

9.2.5 Performance checks of instrumentation

The essential instruments and apparatus should be clearly identified. They should be calibrated, and
performance checked periodically.
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9.2.6 Performance checks of sample protocol

The culture, fixation and staining procedures shall be documented, performed under standardized
conditions and periodically checked by an expert. It is recommended that the same batch of media
and reagents be used throughout the response. The composition of all reagents shall be described
as accurately as possible. The laboratory head shall define written safety procedures for protection

against viral, microbial, chemical and optical hazards during sample processing and analysis.

9.2.7 Performance checks of exposure categorization

Regarding the confidence interval obtained after manual scoring of 50 cells or after automatic scoring
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,5 Gy; mild: 0,5 to 1 Gy; mild to moderate: 1 to 2 Gy; moderate: 2 to 3,5.Gyand severe:

Performance checks of sample scoring

rm criteria for scoring shall be used. Scoring shall be performedby trained, skilled and
atory members.

sponsible for maintaining the scoring criteria and the qualifications of the individug
‘dance with the criteria defined in ISO 19238. The(aboratory head is also responsible
umber of skilled staff and the laboratory’s capatity for sample processing (number of
until results). The list of qualified scorers shotild be held by the network.

microscope slides and fixed cell suspensions should be stored such that their quality
bveral years, in case reanalysis is required and for audit purposes.

Performance checks of dose.and confidence intervals estimation

dose-effect calibration curve should be well documented, i.e. radiation dose, radia
rate, type of irradiatoryirradiation geometry, medium used for the dosimetry (water
rtainties, dosimetry method, number of individuals used to set up the curve, number of
tatistical method ef¢urve fitting (dose calculation software used).

vay uncertaintigs’are calculated should also be clearly documented for the dose effe

0 Performance checks of the generation of reports results
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fion quality,
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dates, the scoring results, the interpretation of the results in terms of dose or exposure category and
its uncertainty and information on how this was derived. See Annex C for an example of a group sample
report.

9.2.11 Performance checks of a data security plan

The laboratory head shall define written procedures for safeguarding data that contains personal
information. This should include provisions for the storage of written and electronic data, results and
reports in a secure location accessible only to authorized persons. A plan for secure disposal should
also be included.
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9.2.12 Performance of the network

Laboratories should participate in periodic intra- and inter-laboratory comparisons where samples
exposed under known conditions (radiation doses and qualities) are analysed to determine bias and
precision of the analytical procedures of each network laboratory and within the network. Replicate
samples should also be processed periodically. Statistical techniques, such as quality control charts,
shall be used to evaluate biological dosimetry cytogenetic procedure performance.

Laboratories should have clear educational and training programmes defining

a) the qualifications of staff employed, and

b) the trajning in cytogenetics, radiation cytogenetics, analysis of radiation-induced strucfural
chromogomal aberrations, biological dosimetry (individually, for the specific assays), datalanalysis,
good laboratory procedures, human sample-use protocols and general laboratory saféty; trajning
should also cover laboratory instrumentation and standard operating procedures’ and software
tools for detection of dicentric chromosomes.

The laboratpry head is responsible for maintaining the performance criteria and, the qualifications of
the individujal scorers and implementing performance improvements when necessary.

12 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=64cfdd132530dc5822a6bbfb7a8d8d36

ISO 21243:2022(E)
Annex A
(informative)

Interactions between requestors and biological dosimetry
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Figure A.1 — Interactions between requestors and biological dosimetry laboratories
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