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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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micronucleus frequency, leaving the determination up to the head of the laboratory (10.3);
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of 95 % confidence intervals to determine expertise (11.1.3);

addition of reference to other exposure scenarios (11.2.8);

addition of a sample group report (see Annex E);
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addition of details on determining the minimal resolvable dose (10.4), the absorbed dose (11.2.4) and the

removal of reference to coefficient of variance when determining scoring expertise, focussing on the use

removal of Annex on automated micronuclei scoring as it was deemed outside of the scope of the standard;
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— addition of a detailed annex (see Annex F) for calculating the decision threshold and detection limit
along with a sample calculation and R script for performing these calculations.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The purpose of this document is to define the use of the cytokinesis-block micronucleus (CBMN) assay with
human peripheral blood lymphocytes for biological dosimetry of exposure to ionizing radiation. This assay
is intended to be applied for accidental or malevolent exposures involving

a) up to a few casualties to provide individual whole-body dose estimates, or

b)

be improved with more accurate analysis at a later time.

in a triage mode to populations to provide rapid, lower accuracy dose estimates for individuals that can

The CBMN assay is an alternative cytogenetic technique, which is possibly simpler and faster to perform

than the d

than ionizi
slightly lon

As was doie with the dicentric assay, the CBMN assay has been adapted for the emergency tria

scale multi
scorable bi
speed for N
as age, sex
dose expos
cytometrid

This docu
documents
manageme
document

individuals

A part of {
publicatior
biological

to
control, th

conformity
dosimetry.
ISO/IEC GY

centric accay[ﬂ[zl It is alsa rnnfinn]y used-to-demonstrate nvpncnrn o gnnnfnvir‘ 'Jg

ng radiation, which is not covered in this document. Although culture of the blogd
ger than for dicentrics, the scoring of micronuclei (MN) in binucleated lymphocytes-is

-casualty nuclear or radiological incident. The blood volume required for asufficient
nucleated cells (BNCs) is similar to that required for the dicentric assay.rAgain, the fast
IN compensates for the extended culture time. However, it has to be/considered that f:

diet and environmental mutagens can have an influence on theé-results particularl
ures(3I[4][5], In addition, the CBMN assay can be performed in ah automated mode us
technologies but these are outside the scope of this document.

ment provides a guideline on how to perform the GBMN assay for dose assessi
d and validated procedures. Dose assessment using the CBMN assay has relevance

is divided into two parts, according to the use.6f CBMN assay: radiation exposuy
or population triage in a large radiological or nuclear event.

he information in this document is containied in other international guidelines an
s, primarily in the International Atomngic Energy Agency’s (IAEA) technical report
simetry. However, this document expands and standardizes the quality assurance {
criteria of accreditation and the-evaluation of performance. This document is g
with ISO/IEC 17025[€] with particular consideration given to the specific needs o
The expression of uncertainties in dose estimations given in this document conj
ide 98-3[13] (former GUM)-and the ISO 5725 (all parts)[Zl.

nts, other
samples is
easier.
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nt, radiation-protection management, record keeping, and medical/legal requirements. This
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Radiological protection — Performance criteria for
laboratories using the cytokinesis-block micronucleus
(CBMN) assay in peripheral blood lymphocytes for biological

g-response

)

ay scoring,

dosimetry

1 Scope¢

This docurment gives guidance on

a) confidentiality of personal information for the customer and the laboratory,

b) laborafory safety requirements,

¢) calibrdtion sources and calibration dose ranges useful for establishing-the reference dos
curveq that contribute to the dose estimation from CBMN assay yields and the detection limif

d) performance of blood collection, culturing, harvesting, and sample preparation for CBMN ass

e) scoring criteria,

f) conversion of micronucleus frequency in BNCs into an estimate of absorbed dose,

g) reporting of results,

h) quality assurance and quality control, and

i) informative annexes containing sample instructions for customers, sample questionnaire, a icroscope
scoring data sheet, and a sample report.

This docurment excludes methods for automated scoring of CBMN.

2 Normative references

There are po normative references in this document.

3 Term

For the puj
ISO and IE

s and definitions
poses @fthis document, the following terms and definitions apply.

[ lraintain terminology databases for use in standardization at the following addresse

2]

3.1

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

IEC Electropedia: available at https://www.electropedia.org/

background frequency
background level

spontaneous yield (or number) of MN in BNCs recorded in control samples or individuals who are not
abnormally exposed to genotoxins including ionizing radiation

© IS0 2024 - All rights reserved
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binucleated cells

BNCs

cells that have completed one nuclear division after mitogen stimulation but have been blocked from
performing cytokinesis (3.6) and are the cell type in which micronuclei (3.9) are scored in the CBMN assay

Note 1 to entry: These cells are accumulated in culture using cytochalasin-B which is an inhibitor of cytokinesis.

3.3

chromosome
structure that comprises discrete packages of DNA and proteins that carries genetic information which
condense to form characteristically shaped bodies during nuclear division

3.4

confidenc
statistical
with a spe

3.5
cytochala
Cyto-B
reagent us
binucleate

3.6
cytokines
physical py

3.7
dicentric
aberrant c|
chromosom

Note 1 to en

3.8
linear ene
LET
quotient of
where dF i
traversing

3.9

micronucleus

MN
small nuclg
nuclear diy

e interval

range about an estimated quantity within which the value of the quantity is expectd
ified probability

5in-B

ed to block cytokinesis (3.6) in dividing cells allowing once-divided cells to be id

] cells

S
ocess of cell division, which divides the cytoplasm of a;parental cells into two daughte]

hromosome (3.3) bearing two centromerescderived from the joining of parts from 4
es (3.3)

try: It is generally accompanied by an acentric fragment.

rgy transfer

dE/dl, as defined by thedhternational Commission on Radiation Units and Measureme
s the average energy-ocally imparted to the medium by a charged particle of specifi
a distance of d/

us thatarises from lagging acentric chromosome (3.3) fragments or whole chromosot
ision\and chromosome (3.3) segregation at mitosis during anaphase/telophase

d to occur,

entified as

r cells

wo broken

nts (ICRU),
C energy in

nes during

Note 1 to d

chromosom

3.10

pntry: More that 90 % of the micronuclei induced by ionizing radiation arise from lngg
e fragments.

non-refractile

process by

3.11
precision
dispersion

which materials do not have the ability to refract or scatter light

of measurements with respect to a measure of location or central tendency

© IS0 2024 - All rights reserved
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quality assurance
planned and systematic actions necessary to provide adequate confidence that a process, measurement, or
service has satisfied given requirements for quality

3.13

quality control
part of quality assurance (3.12) intended to verify that systems and components correspond to pre-
determined requirements

3.14

service laboratory

laboratory

performing biological dosimetry measurements

4 CMBN assay methodology used in this document

4.1 Gen

In this doc
microscop)

Lymphocy
by their b
incubated
cytokinesi
culture, be
nuclear di
agent are g

BNCs are 1
a mixture

of isolated
followed b}
BNCs and

Microscop
observed i}

bral

iment, the frequency of MN in cultured human lymphocytes blockedin cytokinesis an
 is used for dose estimation after suspected exposure to ionizing radiation.

fes are cultured by a method that permits once-divided cytokinesis-block cells to be

nucleated appearance for analysis. This requires whole Blood or isolated lymphoc
n culture medium with a mitogen that would enable seoring of MN in first-generati
5 blocking agent, cytochalasin-B, is added at least 6 h, ise, approximately 24 h after the

fore the first mitosis commences in order to arrest‘dividing lymphocytes at the BNC
rision is completed. The duration of the cell culture and the timing of addition of th
ptimised to ensure an adequate frequency of binticleated cells.

ecovered from the cultures by centrifugatien, placing in a hypotonic salt solution ar
bf methanol and acetic acid. Fixed cells are placed on microscope slides and stained.
lymphocytes, it is also acceptable to prepare slides by cytocentrifugation of cells
V air-drying, fixation with methanol;,and staining. The exact protocol for cell culture,
taining employed by a CBMN assay*laboratory should be formally documented.

e slides containing stainedw.cells are scanned to identify suitable BNCs. The frequg
h an appropriate number.of scored BNCs is converted to an estimate of radiation dose b

to calibration data.

4.2 Req

Depending]
representi
all cases w
informed g

hests for analysis and blood sampling

on nationalgegulations, the request for an analysis should normally be made by 3
ng the patiént, or the analysis could be requested by another authority due to lega

onsent:-The laboratory head, depending on the national regulations, may be required {

1 scored by

recognized
ytes to be
bn BNCs. A
start of the
stage after
e arresting

d fixing in
In the case
nto slides,
harvesting

ncy of MN
y reference

| physician
claims. In

here itis.riormally possible, the blood sampling for MN analysis shall be made with the patient’s

0 maintain

the record

of the patient's informed consent.

It is the responsibility of the medical staff (e.g. doctor, nurse, etc.) to schedule blood draw and shipping so as
to ensure that the blood sample is received by the laboratory in the best possible conditions (see 13.2.4). The
purpose is to avoid having the blood sample sit for several hours from time of blood draw and before sample
pickup for transportation (see Clause 5 for details).

5 Responsibility of the requestor

This clause includes items that are not controlled by the service laboratory. Prior to blood sampling, an
initial conversation between the requestor and the service laboratory should occur to co-ordinate the
sample collection and shipment. Specific requirements regarding sample collection and shipment should
be explained to the requestor including the approximate delivery time for the assay result(s). A standard

© IS0 2024 - All rights reserved
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instruction sheet (illustrated in Annex B) explaining the requirements should be sent to the requestor. The
requirements include:

a) Blood sampling shall use Vacutainer®1 tubes containing lithium or sodium heparin as the anticoagulant
and the Vacutainer® tubes should either be sent or specified by the service laboratory.

b) Blood shall be collected (ideally about 5 ml), labelled accurately and unambiguously, maintained at
room temperature (around 20 °C), and sent to the service laboratory as soon as possible.

c¢) Precautions shall be taken to ensure the integrity of the container to prevent leakage during shipment.
Blood samples shall be kept at ambient temperature during shipment, i.e. 11° C to 30 °C. A temperature
recording device shall be included to ensure that the temperature during shipment is controlled.
Packaging and labelling shall conform to national and international regulations. If air transportation
is invgtved; @ physicatdosimetersiratt-beinctudedtomomitor wihether tire sampie wasitradiated in
transit.

d) A questionnaire (see Annex C) provided by the service laboratory shall be completed and retyrned prior
to the ftart of blood culturing.

e) The laporatory shall be alerted of biologically contaminated and/or infectious samples so|that extra
precaytions can be taken when handling the sample.

6 Responsibility of the service laboratory

6.1 Setup and sustainment of the quality assurance program

The service laboratory shall establish and maintain a quality assurance (QA) program (see Clause13), which

covers all dspects of the service. The laboratory’s QA progranshall address the following issues:

a) It shall include periodic internal checks of equipment operations, reagent suitability, ahd various

perfor
protod

b) Itshal
a revie
variou

integr}

6.2 Responsibility during(service

The servid
dose asses|
following i

a) The s¢
i.e. ser

ol, scoring, dose estimations, report gerderation, etc.

w of the service laboratory’s dodumentation of equipment operations, reagent suit
s performance checks, i.e. inter-comparison exercises, operator qualifications, samplg
ty, etc.

e laboratory shall provide necessary guidance, procedures, and timely reporting

Ssues:

ervice laboratory shall have documentation, reviewed and endorsed by a qualifj
vicéldboratory radiobiologist or equivalent, including the following:

mance checks, i.e. intra-laboratory comparison exercises, operator qualifications, sample

include periodic external checks-ofithe laboratory’s operations. The external audits shall include

hbility, and
b transport

to provide

sment by the) EBMN assay with a request for service. The service activities shall address the

ed expert,

1)

2)
an

3)

d the exposure scenario (see Annex C);

the dose;

animstructionm stieet to be Sentto the customer describing shipping procedures (See Anmex B);

a questionnaire that shall elicit patient consent and all available information regarding the patient

step by step procedures for processing the blood sample from receipt of the sample to reporting of

b)

The service laboratory is not responsible for sample transport; however, they should provide advice
regarding sample transfer. If required, a kit for the collection of at least 5 ml whole blood in tubes
containing lithium or sodium heparin as the anticoagulant shall be sent to the requestor with the

1)

Vacutainer s an example of a suitable product available commercially. This information is given for the convenience of users of this document and does

not constitute an endorsement by ISO of this product, Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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appropriately labelled and addressed packaging material for the return of the sample to the service
laboratory. The packaging shall conform to national and/or international regulations for the transit of
potentially infectious pathological specimens (see 13.2.4).

c) After receipt of the blood sample, the following steps shall be performed:
1) document the receipt of the blood sample (date, time, recipient);
2) check for conformity of the sample (blood volume, integrity of the tubes);
3) mark the blood sample with a unique code;

4) store samples at room temperature and document the place of storage until the setting up of
cultures:;

5) sefup cultures in parallel as soon as possible and document date, time, and operator;
6) document all the reagents used for culturing with appropriate lot numbers andexpiry dates;
7) document the addition of reagents and the end of the culture (date, time, operator);
8) dogcument the short- and long-term storage of the sample until slide makKing;

9) ddcument the slide codes, number of slides, and location of storage;

10) dgcument the results from scoring;

11) store the slides and case documents in an appropriate placée-for possible medico-legal rejevaluation
ofthe case;

d) The sefvice laboratory shall interpret the results and pfepare reports (see Annex D).

e) The service laboratory shall sustain a dialogue with;and provide results to the requestor.

7 Confidentiality of personal information

7.1 Overview

Biological |dosimetry investigations hade by a service laboratory shall be undertaken in accordance
with natignal regulations regarding confidentiality. This would normally include the mainfenance of
confidentiality of all of the patient's information including identity, medical data, etc. In addition, the
commercidl confidentiality of the patient's employer and any other organizations involved in a rfadiological
or nuclear pccident/incident-should be observed.

This requirement extends to

a) writtep, electronic, or verbal communications between the laboratory and the person/orfganization
requegting the analysis and receiving the report, and

b) the secureprotectiom of confidentiatinformatiomr hetd—withim the orgamizatiom where—the service
laboratory is located.

7.2 Applications of the principle of confidentiality

7.2.1 Delegation of responsibilities within the laboratory

The head of the laboratory may authorize a limited number of laboratory staff to deal with documents
related to the analysis. Persons with this authority shall have signed a commitment to confidentiality
regarding their duties within the laboratory.

© IS0 2024 - All rights reserved
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The laboratory head shall maintain the signed confidentiality agreements and ensure the security and
safety of all confidential documents.

7.2.2 Requests for analysis

Depending on national regulations, the request for an analysis should normally be made by a physician
representing the patient, or the analysis could be requested by another authority due to legal claims. In
all cases, the blood sampling for CBMN analysis shall be made with the patient’s informed consent. The
laboratory head, depending on the national regulations, may be required to maintain the record of the

patient's informed consent.

7.2.3 Transmission of confidential information

Whatever the chosen means of communication, confidentiality shall be ensured during thele
informatiopn and reports between the service laboratory and the requestor of the analysis,

The laborafory head shall define all processes for information transmission and assuranee of conf

7.2.4 Anonymity of samples

The laboratory head shall have established protocols for maintaining the anonymity of sample

the identif
be coded y
according

assigned b
report are

7.2.5 Re|

The final 1
requestor
be passed {

7.2.6 Stq

The laborg

cation of the patient while guaranteeing the traceability of the anhalysis, the blood sam
Fo a standard procedure. The same code is to be used for all the stages of analysis. ]
nlso to be performed by an authorized person.

porting of results

eport containing the results and their interpretation (when needed) is communic3
pf the analysis. Depending on national regtlations, further copy may, with appropriat
o other responsible persons.

Jrage

tory shall store the cultured cell pellet and slides to facilitate review/analysis by 3

expert or another laboratory in the-event of any dispute regarding the analysis.

The laborg
are define
re-evaluati
employer t|
of records

tory head shall define how fixed cells, slides, data and results are stored. Retenti
l by the laboratery“head according to national regulations/policies for possible
on of the case/All laboratory records relating to a case, which could permit the p
p be identifiéd;-Shall be stored in a place only accessible to the authorized persons. Fin
chall be cenducted by secure means such as shredding.

7.2.7 Data security plan

kchange of

identiality.

s. To avoid
bles should

pon arrival in the service laboratory. The coding should be’performed in an unambiguous way

'he code is

y an authorized person, as defined in 7.2. Decoding, intetpretation of results, and compiling the

ited to the
e approval,

n external

pn periods
dico-legal

aﬂeent and/or

al disposal

A data sec

1 1 Loald 1 ol liol o il e 1 c c 1: doao 11 :
Ity pratr—Ssnott ot eStanset Wit wTitteir proceatresStor—Ssareguaratitgaata trat contains

personal identifiable 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 of data should also be included.

8 Laboratory safety requirements

8.1 Overview

Staff shall conform to their national legislation and institutional regulations regarding safety in the
laboratories. There are some particular features concerning safety in service laboratories that are worth
highlighting. These include microbiological, chemical, and optical considerations.
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8.2 Microbiological safety requirements

Handling human blood poses some risk of blood borne parasites and infections being transmitted to
laboratory staff. Specimens shall be unpacked and manipulated in a class 2 microbiological safety cabinet
to minimizing culture failure due to microbial contamination. Suitable disinfectants shall be available to
deal with spills. All biological waste and used disposable plastic ware shall be sterilised, for example by

autoclaving or incineration, before final disposal.

The legal and ethical position regarding pathogen testing of blood samples upon receipt differs between
countries, and researchers should follow their national requirements. It should be noted that when blood
samples are accepted from abroad, depending on the country of origin, airlines might require the sender to

provide a certificate confirming that the samples have been tested and are pathogen negative.

8.3 Chemical safety requirements

Certain chpmicals and pharmaceuticals are routinely used in the procedures covered /in this|document.
When pregdent in cultures or used in staining procedures they are mostly used in simall volull:lles and in

dilutions that generally present no health hazard. They are however prepared and Stored in co

centrated

stock solutions. The main reagents of concern and their internationally agreed~upon hazard ftatements
(H-Stateme¢nts) according to the Globally Harmonized System of Classification and Labelling off Chemicals
(GHS) are listed in Table 1. Note that commercially available products can ¥apy depending on the physical
form/quanitity/composition. Always check the hazard and precautionary Statements on safety dlata sheets

available from suppliers for your own reagents.

Table 1 — List of reagents and corresponding hazard statement

Reagent Hazard statement
Acridine orange 1302, H312, H319, H335, H340
Benzylpenicillin H317 H334
Cytochalasin B H300, H310, H330, H361
(Glacial acetic acid H226,H314
Giemsa stain H225,H301, H311, H331, H370
Heparin H315, H319, H334
Methanol H225,H301, H311, H331, H370
Paraformaldehyde H228,H302,H315, H317, H318, H332, H334

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=86215b72cdd5f9340d8d0f3bdf9d6b1c

ISO 17099:2024(en)

Table 1 (continued)

Reagent Hazard statement

Phytohaemagglutinin

H302, H317, H332

Streptomycin sulfate

H302, H317, H332, H334, H361

Key

H225:
H226:
H228:
H300:
H301:
H302:

fatal
toxic
har

highly flammable liquid and vapour
flammable liquid and vapour
flammable solid

if swallowed
if swallowed
ful if swallowed

H310:
H311:
H312:
H314:
H315:
H317:
H318:
H319:
H330:
H331:
H332:
H334:
H335:
H340:
H361:
H370:

fatal
toxid

caus
caus
can g
caus
caus
fatal
toxid

can (
can ¢
can (
susp
caus

harnpful in contact with skin

harnpful if inhaled

in contact with skin
in contact with skin

s severe skin burns and eye damage
s skin irritation

ause an allergic skin reaction

s serious eye damage

bs serious eye irritation

ifinhaled

ifinhaled

ause allergy or asthma symptoms or breathing difficultiesifinhaled
ause respiratory irritation

ause genetic defects

bcted of damaging fertility or the unborn child

bs damage to organs

8.4 Optical safety requirements

When ultr:
working pr
using micr

8.5 Safe

The laboratory head or responsible person as defined by national regulations shall define wri

procedure

The labors
procedure

violet lamps are used in sterilising the interior of microbiological safety cabinets, sh
ocedures shall be in place totaveid direct irradiation of the skin or eyes of laboratory s
pscope with fluorescent lamps, shielding shall be in place to avoid direct irradiation of

ty plan

b for protectioniagainst microbiological, chemical, and optical hazards.

tory hedd)shall maintain a record of accidents and lessons learned and modify p
5 to ayoid'repeating similar accidents.

elding and
taff. When
the eyes.

tten safety

rotocols or

stances in

Radiation

protection considerations can also apply when the sample contains radioactive sul

significant

quarntities as defimed by matiomat radiationr protection regutatiors:

9 Sample processing

9.1 Culturing

The protocol for the CBMN assay shall be established and documented by each service laboratory. The
protocol used for the calibration curve and for dose estimates of patient samples shall be identical. There are
several critical aspects that shall be adhered to:

a) for calibration curves, blood shall be incubated for approximately 2 h at 37 °C + 1 °C immediately
following irradiation and prior to culture;
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cultures should be set up in duplicate to allow the determination of the intra-experimental coefficient of
variation;

cells shall be cultured at 37 °C £ 1 °C either as whole blood or enriched lymphocyte suspension (buffy
coat layer which includes a mixture of lymphocytes and monocytes) obtained by density gradient
centrifugation (e.g. Ficoll-Paque, Lymfoprep);

culture vessels shall be sterile and handled in a way to avoid microbial contamination. Mostly, cells are
cultured in round bottom cell culture tubes or T25 cell culture flasks. For lymphocyte microcultures

multiwell plates can also be used![8];

specific culture media that allow peripheral blood lymphocytes to proliferate shall be used;

EXAMPLE RPMI-1640 Ham’s F10_ MEM _or Mr‘{“ny cnpp]pmnnfnﬂ with Foetal Bovine Serum (FBS)
betwedn 10 % and 20 %, 200 mM L-glutamine, and penicillin/streptomycin (100 1U-ml-1/100| pg-ml-1) is
commanly used.

mitogén [e.g. phytohaemagglutinin (PHA)], at a concentration determined by the laboratory (e.g. 20 pg/
ml), shall be added to the media to stimulate lymphocytes into mitosis;

cytochalasin-B (Cyto-B) shall be added, 24 h to 44 h after mitogen stimulation at a final concentration

betwe
divisid

the timing of harvest is crucial to maximize the number of BNCs and minimize the

monor]
for ead
betwe
and/of
CBMN

bn 3,0 and 6,0 pg/ml to the cell culture to block cytokinesis in gells' during their fi
n after mitogen stimulation;

ucleated and multinucleated cells. It shall be adapted according to the standard culture
h service laboratory. The recommended culture time aftér mitogen stimulation for cel
en 68 h to72 h but under certain conditions (e.g. wherémitotic delay is anticipated du

high radiation dose >6 Gy), longer culture time,aisé of mitotic delay inhibitors and

I'st nuclear

number of
conditions
| harvest is
b to old age
additional

assay biomarkers might be required to further<optimise biological dosimetry. A modjification of

the CB
as caf

time of 74 h to 78 h. This technique allows cells with high levels of DNA damage to compl
divisidn and be scored as BNCs in the CBMN-assay and was shown to improve biological
accuracy up to 10 Gy from photons and 4 Gy'of mixed neutrons-photons!2l. For high radiation
additignal biomarkers in the standard €BMN assay such as the average micronucleus fr
micronucleus-positive BNCs has been shown to be a better biological dosimeter for low-LET 1

thera

after c
be tred
the lyt]

after t
shall b
solutid
format
acid)

MN assay to overcome mitotic delay is to use inhibitors of the G2/M and spindle checky
ine and/or ZM447439 (an Aurora kinase:ifthibitor) respectively and a slightly delay

ge of 5 Gy to 15 Gy compar&d to using MN frequency in BNCs[10l;

ulture, cells are centrifuged in order to separate the cells from the medium. Thereaftei

hphocytes prior to\fixation;

he addition gfihypotonic solution and centrifugation, the supernatant shall be removg
e fixed infreshly prepared cold fixative I, consisting of methanol:acetic acid:0,9 %Na(
n) (ratieshould be determined by the laboratory) while agitating the cells to prej
ion. Next, the cells are fixed with another three rounds of cold fresh fixative II (meth
ntil\the cell suspension is clear(lll. Additionally, formaldehyde (1 %) can be added

oints, such
ed harvest
bte nuclear
dosimetric
dose cases
pquency in
adiation in

' cells shall

ited with a hypotonic.solution such as cold (4 °C) 0,075 M KCl to lyse red blood cells aind/or swell

d and cells
[l (Ringer’s
rent clump
anol:acetic
to the first

fixativi

. for isalated Iymphm‘y‘rp cultures_it is advisable to add the fm'm;\]dphydp immed

hypotonic treatment(12];

ately after

Optimally, slides should be prepared and stained within a few days after fixation. However, if storage of
fixed cells is required, then cell suspensions shall be kept in the fridge or in a =20 °C freezer;

slides shall be prepared to ensure integrity of the cell membrane and allow an unambiguous
identification of MN in BNCs. Humidity and temperature conditions can be adjusted to increase the
quality of the spreading;

alternatively, when working with lymphocyte cultures, cells may also be transferred to slides by cyto-
centrifugation and then fixed on the slide with absolute methanol after air drying [13],
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9.2 Staining

Cells shall be stained appropriately so that nuclei and MN can be clearly visualized. Commonly used stains
include, but are not limited to, Giemsa (for brightfield microscopy), and acridine orange (for fluorescence
microscopy). DNA-specific stains such as DAPI (4',6-diamidino-2-phenylindole) may also be used. The stain
used shall be specific for nuclei and MN to avoid artefactual staining of other cellular structures that can
resemble MN (e.g. centrioles). After staining, slides should be covered with a coverslip using an appropriate
mounting medium.

9.3 Microscopy

Use a fluorescence or brlghtfleld mlcroscope dependlng on the stain used Observatlon of cells at a

magnificatie

aided scori
9.4 Scorn

9.4.1 Ge

Each samp|
least 1 000
or in triagg
slide score

9.4.2 Cr

9.4.2.1 (

The cytoki
a)
b)

the cel

the tw
bound

the tw]

<

d) the tw

overla

e) thecy
cytopl

9.4.2.2 (

MN are md
characteri

ng an ob]ectlve of x10 magmflcatlon or greater can be used
ing of slides

neral

[e should be analysed by 2 scorers, each scoring 500 BNCs per slideper culture (for g
BNCs scored on 2 slides) for the presence of MN. Fewer BNCs can bé'scored for high do
e mode (see Clause 12). The distribution of MN amongst the BNCs should also be rec
s should be experienced in the scoring of MN in lymphocytes. (see 11.1.3).

teria for scoring

riteria for selecting BNCs which can be scored'for MN frequency
hesis-block cells that shall be scored for MNfsequency should have the following charg
[s shall be binucleated (BNC);

b nuclei in a BNC shall have intact nuelear membranes and be situated within the same c
Or'y;

6x computer-

total of at

se samples
orded. The

cteristics:

ytoplasmic

p nuclei in a BNC shall be approximately equal in size, staining pattern, and staining in

o main nuclei in a BNG-may touch but ideally should not overlap each other. A cel
bping nuclei can be,scored only if the nuclear boundaries of either nucleus are distingu

foplasmic bounpdary or membrane of a BNC shall be intact and clearly distinguishab
hsmic boundari€s of adjacent cells.

riteriafor scoring MN

rphologically identical to, but smaller than, the main nuclei. They also shall have th

|

ensity;

with two
ishable;

e from the

b following

ties:

a)

b)
stalk o

9
shall b

d)

f nuclear material;

e distinguishable from the nuclear boundary;

intense;
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e) MN are non-refractile and can therefore be readily distinguished from artefacts such as staining
particles.

9.4.3 Scoring data sheets

An example of a scoring data sheet is provided in Annex A.

9.5 Automated analysis

Several systems for automated image analysis for the CBMN assay have been developed. Automation at
present is beyond the scope of this document.

10 Calib

10.1 Calil

The servic
physicist o
a) descri]
filame
each ri
b) charag
and tr{

descri]
toast
proced

d) provis

For more details on irradiation parameters and conditions please refer to the IAEA manual [11],

10.2 Calil

It is impor
takes into 3
response c
most likely

A CBMN aq
CBMN assd
analysis in
groups sep
of each sex

ration source(s), calibration curve, and minimum detectable dose

bration source(s)

e laboratory shall provide a report, reviewed and endorsed by a qualified’ expert, i.¢
I the service laboratory head, that addresses the following issues:

ption of radiation quality [e.g. X-ray machine with a 2,1 mm Cu half value layer (HVL
ht current 12,5 mA, and a source-to-surface distance (SSD) of .50 cm] and irradiatioy
hdiation calibration source used to generate in vitro calibration curves;

terization of the radiation calibration source(s) used to‘generate each in vitro calibrz:
\ceability to a national/international radiation standards;

ption of the dosimetry protocol, the procedure to-¢ertify that the dosimetry method ig
hndard, the method used to measure dose uniformity in the experimental array, and {
ures and documentation to verify dose and dose-rate determinations for individual ex

on of a summary dosimetry report for each calibration-source dose-response curve.

bration curve

fant to ensure that the interpretation of the results of a dose assessment using the C
ccount the quality of theTadiation in the case and the calibration source used to generat
hlibration curve. Thie;sélection of the radiation sources for the calibration curve should
cases that are analysed. Typically, acute dose-rates of above 0,3 Gy/min should be chos

say calibratigncurve is required for each laboratory performing biological dosimetr
y. The samg culturing conditions shall be used for establishing the calibration curve
a case-of“suspected unplanned exposure. The curve should be produced for at leas
arated-into 1 to 25, 26 to 50, 51 to 80 years and include at least 1 individual (prefer
if-each group with the same number of BNCs being enumerated from each donor. Th

. radiation

), 250 kVp,
set up for

ition curve

calibrated
he written
periments;

BMN assay
e the dose-
reflect the
en.

y using the
ns used for
[ three age
ably more)
e selection

f h 1'1 b - | a | | 4] - lis h 4] £1 I I
of the calibratroncose Idllgt UTPTIIUS Ul LT T dULAdUUID Yudlity. I UIT L4d5T UT'TUWTLLE T TduldtliUl],

more than

seven doses shall be selected, distributed equally among the linear and quadratic component of the dose
response curve. The typical doses for a low-LET calibration curve should include at least 0 Gy, 0,1 Gy, 0,2
Gy, 0,5 Gy, 1 Gy, 2 Gy, 3 Gy, and 4 Gy. Any substantial deviation from this dose range shall be justified. The
inclusion of 0 Gy data, i.e. data from blood samples unexposed to ionizing radiation, in the calibration dose-
response curve is important because it allows the intercept to be determined and takes account of the effect
of age and sex on base-line MN frequencies[2l.

For doses less than or equal to 0,5 Gy, at least 2 000 BNCs should be scored for MN frequency per dose for
each donor and for doses higher than 0,5 Gy, at least 1 000 BNCs should be scored per dose for each donor.
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The following definitions are used for further calculations:

— y: observed MN: The absolute number of MN observed in n scored BNCs;

— u: observed yield of MN: The observed number of MN per BNC.

Observed frequencies of MN in BNCs should be fitted to the linear or linear-quadratic models as shown in
Formula (1). For most high-LET radiation types, a linear model should be more appropriate.

u=C(Sg ¢ )+o(£Sg o, ) D+B(£Sg 5 )D2

where

)

For curve
shall consi
freedom, s

is the population background;
[} are the linear and quadratic equation coefficients;
is the absorbed dose to tissue in Gy;

is the standard error of the mean for each coefficient and constant.

itting, iteratively reweighted least squares should be used. For, overdispersed data, t
der the overdispersion. When the obtained value of chi-squared is higher than the
andard errors should be increased by (chi-squared/degree ¢ffreedom)!/2 or by using g

linear models with distributions accounting for overdispersion (e.gsniegative binomial).

The effect
errors on
calibration|

The servid

bf age, sex and donor shall be assessed and appropriately accounted for the estimation
he curve, if required (e.g. by including age or sex as parameters in Formula (1) or by
curves stratified by age and/or sex).

e laboratory shall provide a report on the’calibration source, dose range, and dos
it shall be reviewed and endorsed by a qualified expert, i.e. service laboratory radiol
that addresses the following issues:

scription of radiation quality [e.g-Xsray machine with a 2,1 mm Cu half value layer (HV]
ht current 12,5 mA, and a source<to-surface distance (SSD) of 50 cm] and irradiatior
ndiation calibration source uSed'to generate in vitro calibration curves;

terization of the radiatiomncalibration source(s) used to generate each in vitro calibrz:
hceability to a nationaly/international radiation standard;

ption of the dosimetry protocol including details of the quantity that has been mej
ure to certifythat the dosimetry method is calibrated to a standard, the method used

he weights
degrees of
eneralized

fstandard
estimating

p-response
biologist or

L), 250 kVp,
set up for

ition curve

isured, the
[0 measure

niformity inthe experimental array, and the written procedures and documentation to verify

hd dose-rate determinations for individual experiments;

on efia~summary dosimetry report for each calibration-source dose-response curve.

curve and
equivalent
a) fullde
filame
each r{
b) charag
and tr
c) descri]
proced
dose U
dose a
d) provis
For more

etails on irradiation parameters and conditions p]pacp refer to the IAEA manuallll]

10.3 Background MN frequency

It has been well established that the background MN frequency in individuals varies with age and sex and
also due to various confounding factors, i.e. nutritional status, genotoxic exposures, lifestyle factors, mis-
segregation of sex chromosomes[Lll. For the purpose of radiation biological dosimetry using MN frequency
in lymphocytes, it is assumed that an individual’s base-line MN frequency value prior to the ionizing
radiation exposure event is equivalent to the mean MN base-line value obtained across different age groups.
Ideally each laboratory collects its own set of background MN frequency data, and this data should include
a sufficient number of individuals from each sex in each of several age groups (e.g. 1 to 25, 26 to 50, 51 to 80
years) to be representative for this population. This depends on the characteristics of the specific population

© IS0 2024 - All rights reserved
12


https://standardsiso.com/api/?name=86215b72cdd5f9340d8d0f3bdf9d6b1c

ISO 17099:2024(en)

(age, sex and exposure to mutagens) and the exposure scenario. As such, this should be determined by the
head of the laboratory with input from a statistician.

10.4 Comparison with the background level: Characterisation of the minimum detectable dose

In ISO 11929-1[14] two characteristic limits are defined:

— the decision threshold, y;, or minimum resolvable number of MN, which is the threshold above which
the physical effect is assumed to be quantifiably present. In other words, the decision threshold can be
understood as the minimum number of MN that is significantly different from the expected background
number of MN for a given significance level a (e.g. « = 0,05);

— thedetection limit, y,, is the smallest true value of the measurand (number of MN), which can be detected.
It givetinformation on the practical operating range of the assay and is thus used to assess.whether the
measurement procedure is appropriate in a particular set of circumstances.

The decisign threshold and the detection limit should be calculated before the measurement is pgrformed.

Table 2 — Error rates for the inference of positive and negative conclusions

Inferred conclusion

Test person ex- Test pérson not
posed exposed
H, rejected H, accepted
Test person ex-
Type 2 error
o posed True positive li]:lse negati Uj)
E H, false gatlv
7]
Type 1exror
% Test person not yp
= exposed Vil True negative
H true 2

False positive

If a test pefson shows a number of MN greater than the decision threshold, y,, it can be concluded that the
patient wap exposed and a dose estimate sheuld be made. In other words, the null hypothesis, i, that the
test person was not exposed or that the‘observed MN yield is equal to the background MN yigld, can be

. a . . .
rejected wjth a type 1 error rate 7 However, an important parameter to consider is the fact that the dose

value of zdro should not be present within the 95 % confidence interval formed from the dosg-response
curve used. If this were to be-the case, one could not conclude that the person has been expgsed. If the
observed umber of MN, y,Gs,below the decision threshold, y,, it is decided that it cannot be con¢luded that
the personfwas exposed,\Nevertheless, depending on the unknown true state (see Table 2) the probability
for a false pegative reslilt can be relatively high and, therefore, it cannot be concluded that the person was
not exposed (see Figure 1).

In cases where ‘the observed number of MN is below the decision threshold, the detection limit shall be

following way: Given the true state that a test person was exposed (see Table 2) if the true dose or number
of MN of the test person was higher than the detection limit, the probability of observing a number of MN
lower than the decision threshold and thus inferring a false negative conclusion would be less than £.
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]

sampling distribution under H; (mean

mpling distribution under H,, detection limit y,

Given the null hypothesis H,, (test person not exposed) is true, i.e. MN yield, y, of the
the background MN yield, u,, thef¥obability for wrongly rejecting H, or for obser

. . o
ht exceeds the decision threshold,y,, is less than E

Inel: Given that the alterpative hypothesis H; (test person exposed) is true, if the ty
himber of MN, respectiyely, is equal to the decision threshold, y,4, the probability f
1, is approximately 0;5 (light grey area under the curve). If the true dose or the true
tively, is greater thanthe detection limit, the probability for wrongly accepting H,, is 1
type 2 error rate-f(e.g. £ =0,1).

he decision threshold, it is assumed that the test person has not been exposed, i.e. the
rson p isequal to the background MN yield p,(j) for a person of j years old. The null hy
= 1o (j)for'nu = nuy ()], respectively. Assuming that the background MN yield is const

tyq)
ty,)

ire 1 — Illustration of the decision threshgld and the detection limit (u, = constqnt)
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hnt, i.e. has
dispersion

tithe decision threshold, y4, can be defined by the following probability:
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where

y is the observed number of MN;

yq isthe decision threshold;

Uy is the expected background yield of MN;

j is the age of the individual in years

I  isthe gamma function, with I"(n)=(n-1)! For positive integer numbers n or

I'(z)= J.: t*"le~tdt for positive real numbers z.

ny i the number of cells scored for the test person;

T I4the dispersion parameter of the Negative Binomial distribution of type I;

& ig the probability for a type 1 (false positive) error, which is generally takento-be 5 %.
Again, assyming that the number of MN of the test person follows a Negative Bingmial distributig

the detecti

P(y<

The latter
where fis
A detailed
For the CB

the laborat

chosen for
basis. The

curve, as s

lowest dos

If the obse
the null hy
calculation
then the dd

If the true
detectable

probability

pn limit for the number of MN, y,, is defined by the Formula (3):

_ _yd F(k+yZ/T)Tk
GRS Yoy ryrs

Formula 3) can be solved iteratively (see example in Annex F)

k+y,/t -

the type 2 (false negative) error, which would genérally be between 5 % and 20 %;
example for the calculation of the decision thréshold and detection limit can be found

MN assay, the decision threshold and detection limit are a function of number of factor

pnalysis. Therefore, the detection limit and decision threshold shall be assessed on a c4
Hetection limit can be converted t¢ra ‘minimum detectable dose’ by application of the
hown in Annex F. However, in all cases, the minimum detectable dose cannot be low
e used in the appropriate cdlibration curve.

rved number of MN exceeds the decision threshold, this means that there is evidend
pothesis of no significant difference between the background and observed numbers
of observed absorbed dose should then be carried out and reported according to 11
tection limit should be reported.

number of\MN is higher than the detection limit (or the true dose is higher than thg
dose), the/probability of observing a lower number of MN than the decision thresh|
to infer false negative conclusions) is lower than g.

11 Acci

ental exposure involving few individuals

11.1 Procedure for scoring MN in BNCs

11.1.1 Co

ding of samples and slides

n of type |,

(3

n Annex F.

s including
ory’s appropriate measured or chosen‘control background levels of MN, and the numper of cells

se-by-case

calibration
br than the

e to refute
of MN. The

2.4. If not,

minimum

old (or the

All samples, slides, and intra-laboratory or inter-laboratory validation standards shall be coded. Complete

records of

coding shall be maintained.
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11.1.2 Scoring techniques

The laboratory head shall establish and implement procedures for the scoring techniques used. When
scoring is at least partially performed with computer assisted image analysis, the system used should have
been previously subjected to quality assurance trials with results documented.

Methodical scanning of slides is crucial to ensure the scoring of any given cell only once without duplication.

Criteria for scoring should be followed according to 9.4.2.

11.1.3 Laboratory scoring expertise

Analyses shall be conducted by trained and experienced scorers fully familiar with the scoring of MN in

BNCs and
expertise §

The labora
scorers. Al

A scorer is
yield of the

See below
laboratory

11.2 Critq

11.2.1 Ov|

The measu
curve prod
linear ene
least 1 000
in which c4
case where
after obser

11.2.2 Co

The servic
relevant ag
significant
with its up
backgroun
derived an

red MN frequency is converted to absorbed dose by reference to an appropriate in vitro

the handling of soltware tools used In biological dosimetry. Documentation vald
hall be maintained.

fory head is responsible for maintaining the scoring criteria and the qualificationsof thg
scorers shall participate in intra-laboratory and inter-laboratory comparisons regula

regarded as qualified, if the 95 % confidence intervals of the doses estimated based
test sample and on the calibration curve of the lab, include the reference doses.

additional details for the assessment of scoring expertise by ‘performance checl
inter-comparison studies (see 13.2.2) and periodical checks,of'individual scorers (see

eria for converting a MN yield into an estimate of absorbed dose

erview

uced in the same laboratory with radiationef comparable quality with regards to do
gy transfer. This provides an estimate of the mean whole-body dose. In convention
BNCs should be scored from the case specimen, unless the MN yield is high (e.g. >1 M
1se, it is not necessary to proceed béyond scoring enough BNCs to observe 500 MN. In
there exists a high yield of MN Butinsufficient BNCs to observe 500 MN, the dose can k
ving 250 MN.

mparison with controls

e laboratory shall@iovide in case reports the laboratory’s background MN frequet
re and sex groupfor the sample being tested. If the measured MN frequency is not §
y different from the background frequency, the best estimate of dose should be quo
per confiden€e limit. If the measured MN frequency is statistically significantly high
d level, i«€. higher than the decision threshold, then a dose estimate with its uncertaint
d repofted (see 10.3 and 10.4).

11.2.3 Co

nfidence limits on the number of MN

hting their

individual
Irly.

on the MN

ks through
13.2.3).

calibration
se rate and
hl cases, at
[N per cell),
the special
e reported

icy for the
tatistically
ted as zero
br than the
ies shall be

For the derivation of confidence intervals for the yield of MN, overdispersion with respect to Poisson shall be
taken into account, by increasing the Poisson-derived uncertainty by the square root of the ratio of variance
to mean. Alternatively, more appropriate models to describe the distribution of MN can be used, such as
the Negative Binomial, in order to consider both the mean yield of MN and the dispersion coefficient. The
laboratory shall provide justification for and validation of the chosen model(s), with input from a qualified
statistician as required.

11.2.4 Calculation of absorbed dose for whole-body exposures

If the observed excess number of MN satisfactorily exceeds the decision threshold as defined above, then
the absorbed dose should be calculated by comparison with an appropriate calibration curve, created as
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described in 10.2 as defined by Formula (4). It shall be ensured that the data used for the estimation of the
calibration curve is representative for the test person and that confounding factors (e.g. age and sex) have
been accounted for appropriately. Ideally, the service laboratory has curves for different age and sex groups
and should use a curve matching the age and sex of the test person as closely as possible. Alternatively, if age
or sex were included as a parameter in the model for curve fitting, the formula for dose estimation shall be
adjusted accordingly. The absorbed dose, D, is calculated by solving the linear or quadratic equations, which
is possible using freely or commercially available software tools. The information on how the calculations

are performed within the software should be documented and updates performed periodically.

The absorbed dose can be obtained by solving Formula (4):

D=—a+\/a2+4ﬁ(y—c)

where
Calp
Jui

11.2.5 Ca

(4)

2p

are the coefficients of the calibration curve;

is the observed MN yield of the test person.

|culation of uncertainty on absorbed dose

The resulting estimated absorbed dose represents the best estimate possible given the associated

which aris
shall be est

The gener
experimen
brief, the 1
the source

es from the experimental and intrinsic uncertainties. Therefore, the measurement y
imated using appropriate methods.

0l procedure for assessing uncertainty relies on formal combination of all the
tal uncertainty according to standard methods.sf‘error propagation (ISO/IEC Guide
elationship between the absorbed dose and the input quantities should first be cleaj

combined yincertainty should be calculated (ISO 5725+1)[16l,

In practice
the CBMN
calibration|
be achieve
for the est

m
appropriat‘%

experimen

In all cases
The servic
deviation)
also retain
evaluated)
constants ¢

11.2.6 Ac

, the recommended methodology totealculate uncertainty on absorbed dose in the
assay is to combine the confidence limits on the MN frequency with the uncertain
curve coefficients. In many cases; these represent the dominant sources of uncertaint
1 by using Merkle’s methodLZh.1f the MN data shows signs of overdispersion, this shall |
ation of uncertainties of the curve as well as for the MN frequencies of the test pers
distributional assumptions. Additional parameters, such as donor effects, scorer
al conditions can alsgjincrease the uncertainty and should be accounted for if necessg

, the laboratorytiead shall define the methods used to determine the confidence limi

and the expanded uncertainty (which gives the 95 % confidence interval). The laborat

record$\of the uncertainty budget (a list of the uncertainty components and how
together with details of any systematic uncertainties accounted for and all other corr¢
pmployed(13],

variability,
ncertainty

sources of
8-3)[13], In
ly defined,

5 of uncertainty relevant to the particular:case should be identified and quantified and then the

context of
ties on the
y. This can
be included
n by using
effects or
ry.

ts on dose.

b laboratory,shall report the method used to determine the standard uncertainty (thle standard

ory should
they were
bctions and

ute and non-acute exposure cases

If an exposure is known to have been received acutely, i.e. within 0,5 h, the dose estimate may be obtained by
reference to an acute in vitro calibration curve. If an exposure is known to have been protracted beyond 24 h,
the dose estimate may be obtained by reference to just the background level and linear coefficients of the
acute calibration curve. For exposures of 0,5 h to 24 h, if available, the measured yield may be interpreted
from an appropriate non-acute calibration curve. Alternatively, the full acute curve may be used but with a
reduction of the dose-squared coefficient. This may be calculated by the G-function method.

NOTE Further explanations of the G-function can be found in the IAEA technical reports.
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[fan exposure is known to have been intermittent, its individual fractions may be assumed to be independent
i.e. their effects are additive, if the interaction interval is greater than 5 h. If less than 5 h, an interaction
factor should be estimated using a 2 h time constant.

The service laboratory shall state in the result reports the method used to correct for non-acute exposure

dose estim

ates and, when appropriate, also justify its assumptions.

11.2.7 Testing the distribution of MN per BNC

The degree of overdispersion for the distribution of MN amongst BNCs should be tested. This should be
done by the u test which is a normalized unit of the dispersion index § = s2/u (variance/mean), as shown in
Formula (5). For a Poisson distribution 6 should be unity, u values higher than 1,96 indicate an overdispersion

(significan

ce level, @ = 0,025). The degree of overdispersion can give an indication of inhom

geneity of

exposure,
needs furt

shall be ca

11.2.8 Ot

When ther
dose may 1
MN to the

internal ex]

Examples
the literaty

11.3 Rep

11.3.1 Ge|

Routinely,
understan
customer
since this g

however, the use of this approach for partial body exposure estimation using the(C
her investigation. Nevertheless, if the laboratory decides to use this approachsall ¢
refully documented and justified.

is[the number of BNCs analysed;

is[the number of MN detected.

her exposure scenarios

b is a high degree of uncertainty in the conversion of the measured yield to dose, calcul
ot be prudent. In this case, it is possible to\use the comparison of radiation induced fq
background to give an indication of whébher or not an exposure has occurred (e.g. in
[posures).

f several different exposure scenarios in which the CBMN assay has been applied can
rel18][20],

prting of results

neral

the report shall'contain the MN frequency per BNC and its interpretation based on {
ling of mechanisms for radiation-induced MN formation. Relevant information provi
e.g. circumstances of suspected exposure, independent measure of dose, etc.) shall b
an influence the interpretation of the findings in the service laboratory.

The report

BMN assay
onclusions

(5)

htion of the
equency of
the case of

be found in

he current
ded by the
e reported

sheuld be subdivided into the following sections.

11.3.2 Content of the report (see Annex D for a standard form)

The report
a)
b)
9

shall include information on the following points:

title of the report, i.e. “test report”;

name and address of the laboratory performing the analysis;

institutional registry;

d)

name and address of the customer, date of order;
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e) identification of the method of analysis, i.e. providing the number and name of the method as described
in the in-house quality system, and where relevant, any deviations from the test method;

f) unambiguous identification of the sample, i.e. name, internal code, and date of birth of the exposed
subject;

g) description of the case: all information provided by the customer that is relevant to the interpretation of
the result shall be stated (can also be dealt with in the interpretation of the results);

h) date and location of blood sampling, date of sample arrival in the laboratory, date of setting up cultures
(if different), and date of completed analysis;

i) assay results: number of BNCs scored, number of MN found, distribution of MN amongst BNCs;

j) interpretation of test results (see 11.3.3);

k) name(s), title(s), position(s), and signature(s) authorizing the report and contact information

11.3.3 Inferpretation of the results

This varieg depending on the circumstances of each case, but the report shouldiinclude one or hore of the

following:

a) dose estimate based on the frequency of MN, expressed in SI units of absorbed dose (Gy);

b) statemnlent on the likelihood that any MN used in dose estimation/relate to this particular rfadiological
incident;

c¢) the MIN background frequency of the laboratory and the,coefficients of the calibration curye used for
conveifting the dose from the MN frequency;

d) quantification of the uncertainties on the dose estithate. This would normally be an upper and, where
appropriate, a lower confidence limit, and the percent level of confidence;

e) statenlent on whether the dose estimate was made assuming acute or protracted irradiatior] and, if the
latter, how protraction had been accounted-for;

f) if appropriate, the interpretation needs to consider the delay between the accident and blood sampling;

g) summary of the essential key-elements from the points above. This would normally inclugle the best
estimdte of dose based on the cytogenetic findings;

h) at the|end of the report: an invitation for the customer to contact the laboratory if he/she requires
further clarification er\explanation about the results and/or the assay.

12 Population triage

12.1 General

The potential for nuclear and radiological emergencies involving mass casualties from accidental or malicious
acts of terrorism requires generic procedures for emergency 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.

The CBMN assay in triage mode evaluates and assesses approximately and rapidly radiation doses received
by individuals in order to supplement the clinical categorization of casualties.

12.2 Use

of a CBMN assay network for large scale exposures

To deal with mass casualty scenarios, cytogenetic biological dosimetry networks can be established
consisting of a reference laboratory supplemented by satellite laboratories, either nationally or
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internationally. ISO 21243[2] addresses the establishment of cytogenetic networks for the dicentric assay.
This document can equally be applied to the CBMN assay.

12.3 Procedure for scoring MN in BNCs
The same procedure as that described in 11.1 should be used with modifications as follows.

In triage mode, if only individuals exposed to at least 1 Gy of radiation need to be identified rapidly and there
is an overwhelming number of subjects to be tested, scoring of a minimum of 200 BNCs is sufficient, unless
MN yield is high in which case, it is adequate to score enough BNCs to observe 200 MN. In the special case
where there exists a high abundance of MN but few BNCs, the dose can be reported after observing 100 MN.

12.4 Crit
The same (
a) onlya

b) asingl
of 11.2

12.5 Rep

The repor
tabulated i

13 Quality assurance and quality control

13.1 Ove}

Quality m4
quality ass
in each lab
laboratorig

13.2 Speq

13.2.1 Ge|

QA and QC
cytogeneti
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and the res

In the same report if appropriate (see Annex E for group Sample report).
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riteria as described in 11.2 should be used with the following exceptions:
maximum of 200 BNCs shall be scored, unless 200 MN are observed in a smallér numb

e average background level of MN should be used as a control as described in the first
.2. Age matched background values are not required but can be used-if available.

prting of results

should include as much content from 11.3.2 as possibley*However, multiple samp

r'view

nagement shall ensure a continued improvement of operations. This document requiy
urance (QA) and quality control (QE)-procedures required by ISO/IEC 17025 shall }
oratoryl®l. This document defines guality assurance and quality control procedures
s performing biological dosimetry by cytogenetics.
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programs cornparing the proficiency and competency with other certified or suitab]
C biological ‘dosimetry laboratories shall be established and these evaluations |
at regulanintervals. In most instances, either annual or bi-annual assessments are
ults recorded.

1SO 5725 (3

er of BNCs;

paragraph

les can be

es that the
e followed
bpecific for
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Ikparts)lZlis dedicated to statistical analysis to test the reliability and the precision of a

technique.

Each test
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13.2.2 Performance checks by laboratory inter-comparisons

Proficiency tests are essential tools for the quality assurance of the laboratories as they constitute an
objective evaluation of its performance, from both human and technical viewpoints.

Variations in assessment values of individual laboratories that appear to be inconsistent with all other
laboratories may change the outcome of assay results (dose estimates). To discard or correct inconsistent
values, two approaches can be used (I1SO 5725-2[191/1S0Q 5725-5[21):

a) numerical outlier tests (e.g. Cochran and Grubbs tests): To discard data that after a statistic test exceeds
the critical value of the test at the 1 % significance level;
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The procedure is as follows:

)

laboratories for statistical robustness (ISO 5725-116l);

d)

or corrected. The preferred method is the calculation of the robust parameters;

e)

robust methods for data analysis: To yield robust values of the average and standard deviation of the data.

the outlier test for laboratory inter-laboratory comparison performance requires a minimum of five

estimation of the mean value and the standard deviation once the inter-laboratory outliers are discarded

determination of the laboratory’s performance by calculating z-score parameter from the laboratory

results, the reference value, and the estimated standard deviation. To determine u-score parameter
(this evaluation includes both participant measurements and reference value uncertainties).

13.2.3 Pe

A list of
personnel.

To be quali
photons) a
the standa
service lab

A laborato
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scorer find
for a referg
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13.2.4 Pe
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riodical performance check of scorer qualification

ualified scorers is established at least every second year by intra-comparison of

fied, each scorer shall score a sample of lymphocytes exposed to a radiation dose above
hd a sample of lymphocytes exposed to a radiation dose below 1 Gy((acute photons) a
d practice of the laboratory. Scoring of 500 cells is preferable depending on the pract
oratory.

Fy scorer is regarded as qualified if the measured MN yieldin BNCs is within the Po
limits of the test reference yield expected from the labofatory’s calibration curve. For
s that his/her measured yield in a test sample is 48 MNin 1 000 cells (95 % LCL: 0,035, |
nce level test and agrees with the laboratory’s calibration curve that predicts a yield

rformance checks of sample transport integrity

ases, blood collection occurs at sites-distant from the service laboratories and

transport

ion is necessary. The requestor is responsible for assuring the blood samples are t

laboratory

1 Gy (acute
ccording to
ice of each

sson 95 %
example, a
JCL: 0,063)
of 0,05 MN

therefore
Fansported

in optimal temperature conditions (from 18-°Cup to 30 °C). Temperature control should also be maintained

using appropriate packaging material and/or tracking system. When air transportation is
X-irradiatipn at the security checkpoints should be avoided. A physical dosimeter may be incly
shipping package to verify whether Ornot the sample is exposed to X-rays. For international tra
appropriate permits shall be obtainéed in advance and included in the shipment to avoid delays
including declaration about the biosafety of samples. For international shipments a Pro Forma or ¢

invoice is also required. All details concerning blood collection and storage should be recorded.
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either by t
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13.2.6 Performance checks for instrumentation

Performance of all the equipment used for the assay shall be checked and evaluated at regular intervals
while the equipment is in use.

Examples of critical equipment include incubators, water baths, weighing machines, thermometers, pipettes,
centrifuges and freezers.

For example, the stability of the temperature control and humidity of the incubators has to be monitored
and registered in a logbook on a daily basis. If used, the weighing machine has to be checked periodically
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for accuracy. These regular checks shall be sufficient to demonstrate that the assay equipment is properly
calibrated and that all the components are functioning properly.

13.2.7 Performance checks of sample protocol

As an internal quality assurance, negative controls from unexposed individuals and, where possible, internal
positive controls should be included in the study to prove the reliability of the procedure. Blood from both
exposed and unexposed individuals shall be handled in the same manner. The samples of both groups
(exposed and unexposed) have to be taken concurrently and not successively.

For the interpretation of results, it can be useful to prepare a slide for differential count from each blood
sample before starting the cultures to determine whether lymphocyte counts are in the normal range. The

culture, fi

ation, and staining procedures shall be described in detail. Itis recommended that the

same lot of

media and
be checked
quality che

13.2.8 Pe

Uniform crf
different s
number of
from differ
shall be re

13.2.9 Pe

Non-paran

reagents be used throughout the study. The expiry dates for growth media and reage
prior to their use. The composition of all reagents shall be described as accurately|as
ck for lymphocyte proliferation may be required if different batches of serum dreused

rformance checks of sample scoring

iteria for scoring shall be used. Scoring shall be performed by trainedand experiencec
rorers are involved, a balanced scoring design shall be used. Each.scorer should analy{
BNCs from the same slides of all the subjects rather than differént scorers analysing
ent subjects. Cross-validation of scoring results is required. Theidentity of the scorer ¢
rorded.

rformance checks of dose and confidence limits estimation

letric tests should be used for univariate statistical analysis. The confidence inte

exposure h
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as to be calculated from the uncertainty on the MN yields and the variation of the dos
among individuals, typically determined.itva prior study. The dose-response relatig

for chroni¢ and acute exposures has to be appropriate. The results of the negative and positi
quality assurance controls are used to demonstrate'the reliability of the methodology and scorin

13.2.10Pefformance checks for result report generation

The test reports to requestors (preferably physicians who order the cytogenetic biological
testing) shlall be prepared in a manner to ensure that they contain the necessary information
this docunmpent (see 11.3), namely:subject and requestor identifiers, exposure information, exposure and

sampling (
informatio

lates, scoring results;”interpretation of the results in terms of dose and its uncer
n on how these were derived.
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Annex A
(informative)

Sample data sheet for recording MN in BNCs

Sample No./Slide Code:

Microscope No.:

Scorer (La§t Name, First Name]:

Date (Day/[Month/Year):

Slide Micronucleus distribution in BNCs Total No. of BNCs| Total No. of MN
No. 0 MN 1MN | 2MN | 3MN | 4MN | 5MN >5 MN
1 468 27 4 1 0 0 0 500 38
2 472 26 2 0 0 0 0 500 30
1+2 940 53 6 1 0 0 0 1000 68
Remarks:

MN: micrgnucleus
BNCs: binuicleated cells

NOTE The numbers in the table are only given as an example.
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Annex B
(informative)

Analysis of micronucleus yield in human peripheral lymphocytes blood is an alternative to dicentric analysis
for the biological assessment of radiation exposure. It is similarly used when a person's physical dosimeter

is absent of inoperative or when the reading of the physical dosimeter is missing or disputeds. To optimize

the recovely of lymphocytes from the blood, it is very important that the blood be collected a

according to the following protocol:

— Notify|laboratory before the blood sample so that we can prepare for its arrival and)pick up.

Collect about 5 ml of blood into lithium or sodium heparin tubes. Gently rock the tubes f
ensurg proper mixing. Label the tubes unambiguously and complete the questionnaire.

Package the blood sample carefully to prevent breakage of the tubes in transit.

— Blpod samples should be packaged to avoid extreme heatinigyor cooling (18 °C up to 3
meéthod of maintaining blood at room temperature is to place the tubes on a gel pack th
allowed to stay at room temperature for several hours.to ensure that the samples do
during transportation. If temperature extremes are likely to be encountered, a minimum|
thermometer should be included in the package. Blood samples shall not be frozen.

Mark ¢n the external packaging and the shipping documents Biological substances- Categ
NOT FREEZE

Avoid K-irradiation at the security checkpoints when air transportation is used. A physical
should be included in the shipping package to verify this. For international transport, the a

hd shipped

br 2 min to

0 °C). One
it has been
not freeze
Fmaximum

ory B- DO

dosimeter
ppropriate

permits shall be obtained in advance and included in the shipment to avoid delays at custo

s. For air

transplort, packaging and labelling should conform to the current International Air Transport Association
(IATA) regulations. These require-that blood samples should be packed to conform to UN 3373 infectious

materials. The package itself andthe 'Nature and Quantity of Goods' box of the air waybill s
the following wording: "Biglegical Substances - Category B packed in compliance with 1A]
instrugtion 650".

Mark the package and shipping documents DO NOT X-RAY.

Ship the samplesimmediately after blood collection, by special transportation using ove
express so that'we can receive the blood early in the morning following sample collect

ould show
[A packing

rnight air
jon.

Contadtthelaboratory to confirm the shipmentand inform us of the waybill number. THIS IS
FOR TRAEKING THE SAMPLE

PORTANT

For best results blood should be received within 24 h of sampling. All details concerning blood collection

and storage should be recorded.

(Service laboratory Head)
(Service laboratory address)
Phone: (XXX) XXX-XXX
Fax: (XXX) XXX-XXX

E-mail:
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Annex C
(informative)

Sample questionnaire

Exposure Information for Micronucleus Analysis

[TO BE FILLED OUT BY THE SUBJECT or representative (e.g. the medical doctor in charge)]

I, (Name), born (dd/mm/yy) consent to givingp blood
sample for|the purpose of estimating the radiation exposure dose by measuring the micronueleus frequen-
cy in lymphocytes.
Signature

Blood sample taken by: Laboratory name:
Laboratory address:
Telephone [#: Fax: E-mail:
Date and time blood sample taken: (dd/mm/yy)
Exposure Data: Radiation worker or Non-Radiation Worker
1. Date and time of exposure: (dd/mm/yy - time)
2. Place: Company:
3. Brief degcription of exposure:
4. Whole-bpdy exposure [ Partial body exposure [ Internal contamination| O

Dose value: Part of body: Nuclide

Dose value: Dose value:

Acute | Fractionated O Protracted O
How is thid dose value obtained?

5. Type of radiation:

X-ray O kv

Yy O nuclide?
a O  nuclide?
Neutrons O  source
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Patient Data:

1. Patient sex: [1 Male [ Female
2. Previous exposure through medical practice:

Radiation therapy O Date, part of body
X-ray diagnoses 0 Date, part of body
Nuclear medicine 0 Date, part of body

3. Illness within the last 4 weeks before taking the blood sample:

4. Intake of medication: L

Name of mpdication: Dose:

5. Smoker: no: O yes: O number/day:

Date and duration:

6. Known diseases:

HIV O Hepatitis O

Results oflmicronucleus analvsis to | _

Name:

Address:

¥*

Telephone
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Annex D
(informative)

Sample of report for single assessment

Laboratory name, address

Contact da

Test rep

ta

the requirements of ISO 17025[¢])

prt of biological dose assessment/CBMN assay (report form should be 1n accorda

nce with

ID No of report (unambiguous) and date of issue of report:

Requesto1 name, contact data:

Date of reqquest:

Sample received

Sample Sampling date/location Arrival\“Condition of a sample

date

Code, namfe and date

of birth offexposed

subject

Description of case
Method(s)| of analysis: CBMN assay accordifg to Standard Procedure no. issued (date) in compliance
with ISO 1j7099. The dose is estimated using calibration curve for (type of radiation).
Date of beginning of cell culture and:micronucleus frequency analysis

All tests fdllowed a standard method and there were no environmental conditions which may bedr upon the

results (ar]

y deviations shall be described in the report).

Results

Sample cd

de

No. of binucleated cells analysed No. of micronuclei

Dose assessment with units and uncertainties (The dose is estimated using a calibration curve for
type of radiation)

Results reported by
Position, name
Date, Signature

Dose assessment by
position, name
date, signature

Approved by
position, name
date, signature
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