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a b s t r a c t
Every year, many countries perform a signiﬁcant number of investigations based on biological radiation dose assessment to check suspected or true overexposure by irradiation of radiation workers and
individuals of the general population. The scoring of dicentrics in peripheral blood lymphocytes has
gradually become the “gold standard” for the biodosimetry-based assessment of accidental situations.
Nevertheless, other “classical” biodosimetric methods such as micronuclei, prematurely condensed chromosomes (PCC) and FISH translocations are relevant in some exposure situations, also for surveillance
of groups of populations at risk. Historical international intercomparison studies have shown discrepancies among dose–effect curves used to estimate doses from blood samples irradiated between 0 and
4 Gy. Recent experimental work performed by the biological dosimetry laboratory of the French Institute for Radiation Protection and Nuclear Safety (IRSN) has shown the impact of some blood harvesting
parameters on the mitotic index, and consequently on the quality of dose assessment. Therefore, it was
relevant to deﬁne the best Quality Assurance (QA) and Quality Control (QC) criteria to harmonize protocols among biodosimetry laboratories. Complementary with several editions of an IAEA technical manual,
ISO standards were written with the view of considering the most used chromosome aberrations assays:
dicentrics and micronuclei. An important feature of these standards is to address the organization of
population triage and laboratories networking that would be required in case of a large nuclear event or
malicious act involving radioactive material. These ISO standards are relevant and helpful to implement
a coordinated response of several biodosimetry networks in Europe, Japan, Canada, and to support European programs such as MULTIBIODOSE and RENEB. A new important ISO standard on the use of FISH
translocations in retrospective dosimetry is now being drafted.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The wide use of radioactive sources and X-rays, for medical,
industrial, agricultural, research and military purposes increases
the risk of overexposure of workers and individuals of the general population. After a radiation accident involving one or more
individuals, the ﬁrst immediate questions asked are generally:
- How many people are involved?
- Who are really overexposed and who are not?
- Which of the clinical symptoms are apparent and due to irradiation?
- How to biologically quantify the overexposure to each person
and what biodosimetry methods are appropriate to assess dose
of each person?

E-mail address: philvoisin@free.fr

- Which health effects could be imminent because of radiation
exposure and later effects of overexposure could be expected?
- How to undertake medical surveillance?
Biological dosimetry is the measurement of radiation-induced
biological and biophysical changes to estimate the exposure dose
reﬂecting an equivalent dose to the whole-body in order to assess
acute and delayed health-risks. Biological dosimetry is a method
used alongside physical dosimetry and clinical assessment to determine, as fast as possible and as precisely as possible, the magnitude
of individual victims exposure to the ionizing radiations and assists
the medical team to deﬁne the best therapeutic strategy [1]. The
biological method most speciﬁc and most usually employed is
the scoring of the unstable chromosomal aberrations in peripheral blood lymphocytes. Converting dicentrics or micronuclei into
absorbed dose is obtained through calibration curves, established
in vitro, by irradiating blood samples with ionizing radiations of
various deﬁned qualities and dose rates. It is important to have sev-
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eral dose–effect curves for a variety of radiation types (for example
X- or gamma-rays and neutron), as well as several dose rates, so
that dose can be assessed when the exposure involves any radiation type by means of a comparison with a suitable calibration curve
generated in the laboratory, as experience has shown that these are
generally the radiations involved in accidents. It is also important
to characterize the heterogeneity of exposure, which inﬂuences
the medical care. This can be obtained by the use of mathematical models applied to the observed distributions of chromosome
aberrations in peripheral blood lymphocytes [2].
Multiparametric complementary strategies are necessary for
radiation dose assessment in different accidental overexposure situations [3]. When the number of individuals potentially exposed
to radiation is relatively small, and doses in such exposures are not
likely to pose an immediate health risk to exposed individuals, the
precision on the estimated dose remains the principal objective for
assessing delayed health risks. Such assessment will require analysis of hundreds of cells per individual, which is labor intensive
and will require several days for completing the analysis. In contrast, in cases of radiation accidents involving a larger number (tens
to several hundreds) of individuals, potentially exposed to higher
doses of radiation, a quick triage dose assessment to assess imminent and immediate health risk is more important than precision.
A triage dose assessment will require a modiﬁcation of the speciﬁc cytogenetic protocol, reducing the number of cells examined
for radiation-induced chromosome aberrations such that a rapid
dose assessment could be accomplished within the ﬁrst few days
following a radiation accident to assist in the medical treatment
of exposed individuals [4]. If the number of individuals potentially
exposed to radiation is relatively large, it may not be possible for
any one biological dosimetry laboratory to assess radiation dose to
all individuals in a timely manner, and therefore, will require help
from other partnering laboratories in a local, national, or international network.
Biological dosimetry serves only as guidance to the medical treatment decision process, but its outcome is likely to be
multifarious inﬂuencing many human and health issues with possible long-term consequences. Therefore, all involved personnel
including radiation-exposed individuals, physicians treating such
individuals, employers, healthcare workers, lawyers as well as
members of the general public must trust the outcome of biological
dosimetry. All this implies that, independent of the biodosimetry method chosen to assess the dose, the method must undergo
the same level of qualiﬁcation, practiced with the same degree of
skill, and similar results should be obtained independently of the
laboratory where such a method is used. In short, there should
be appropriate quality control and quality assurance processes in
place, so that biological dosimetry is practiced in conﬁdence.

2. Which type of biological indicator of exposure to use?
It is well known that exposure to ionizing radiations causes
many structural and functional changes in a cell. These changes
could be visualized at nuclear, cytoplasmic, and membrane levels. Changes at the DNA, RNA and protein levels can also be
measured and can also provide valuable information on absorbed
dose. Although many dose assessment technologies have emerged
during the last several decades, cytogenetic methods of dose
assessment thus far remain most effective [5]. Radiation-induced
changes can be generally measured using peripheral blood samples
obtained from an exposed subject immediately following radiation
exposure. Biodosimetry methods for measuring external radiation
exposure have been previously reviewed [6]: Table 1 provides a
summary of biodosimetry techniques that can be used under various exposure scenarios. Brieﬂy:

- Direct molecular consequences of simple and double DNA strand
breaks induced by exposure to ionizing radiation can be measured by speciﬁc ﬂuorescent probes targeted to measure changes
in proteins such as H2AX, MR11, BP53. Some of these techniques
are amenable and automatable, demonstrate a very good sensitivity at low doses, but their principal disadvantage is the absence
of stability over time.
- Premature chromosome condensation (PCC) assay performed
using peripheral blood lymphocytes after a fusion with Chinese
Hamster Ovary cells or after a chemical induction of chromosomes, can assess damage by standard microscopy, and assess
radiation dose by a comparison of damage with a calibration
curve, which is linear. However, use of this method is conﬁned to
a few laboratories as it requires a high degree of technical skills.
- Measurement of radiation-induced chromosome aberrations
such as dicentrics and acentrics in ﬁrst-division metaphase
spreads obtained from the lymphocyte cultures after DNA repair
is complete or after second interphase leading to the visualization
of cytogenetic damage in the form of micronuclei are routinely
used to assess radiation dose. The sensitivity and the speciﬁcity
of these techniques are reasonably good, they are amenable for
automation and easy to implement in a laboratory. Speciﬁcally
the use of translocations for assessing (very) retrospective exposure is useful but sometimes questionable.
- Mutation rates can be explored individually (HPRT, HLA, Glycophorin A, etc.). However, the inter-individual variations and
the lack of speciﬁcity make this approach not easily usable to
evaluate a radiation exposure.
- Radiation-induced biochemical indicators have been primarily
tested at an individual level in the 80s, but few were revealed
radiation speciﬁc and none have been worked-up to a readily
deployable assay. Recent high throughout platforms have pushed
forward an integrated ‘omic’ biology concept, simultaneously
measuring ﬂuctuations of hundreds/thousands molecules (genes,
proteins, metabolites) and giving a characteristic proﬁle varying
qualitatively or quantitatively with dose exposure. To date, the
potential is considerable, especially for evaluating low doses.
- Biophysical techniques of dose assessment are relatively more
advanced. Optically stimulated luminescence (has taken progressively more signiﬁcance: OSL) technology is a method making
it possible to evaluate the ionizing radiation dose by measuring light emitted by irradiated objects. Body parts such as teeth,
as well as other objects routinely carried by individuals such as:
ceramic prostheses, cellphones or other electronic devices, could
serve as samples for measurement elements. The advantage of the
OSL is its high speciﬁcity to radiation and its sensitivity (threshold
level detection is in the mGy range with an upper level of detection limit in the range of several mGy to several Gy); however a
major disadvantage is a poor stability of the signal over time. ESR
(Electron Spin Resonance) or EPR (Electronic Paramagnetic Resonance) is a spectroscopic technique that can be used to study
radiation-induced radicals in biological materials such as tooth
enamel or bones or ﬁngernails, or man-made materials. ESR has a
good sensitivity in a very large dose range (1–1000 Gy) and a very
long stability of signal over several years. However, the method
has a relatively high threshold level of detection (50 mGy) and is
not sensitive at low doses.
In this mini-review, Table 1 illustrates the concept of a multiparametric approach to biological dosimetry. The so-called “Gold
Standard” no more than any of its challengers does not cover the
entire biological dosimetry requirement regarding overexposure
circumstances (recent, long ago, heterogeneous exposures, large
event) whether applied to accidental event investigations or for
related R&D programs in the ﬁeld. It follows that whilst a biological
dosimetry laboratory could develop and maintain just one standard
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Table 1
Bio-indicators explored for the purpose of biological dosimetry in a variety of possible accidental radiation exposure scenarios. Question mark (?) implies that the validity of
this technique is not documented well enough for the scenario under consideration.
Techniques

Dicentric + centric rings
Micronucleus
Translocations
H2AX
PCC- CHO
PCC- ring
Genes (HPRT, HLA, etc.)
Biochemical indicators
RPE, OSL, TL
- OMICS

Ionizing exposure scenarios
Recent & homogeneous event

Recent & heterogeneous event

Later event

Large event

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
?
YES
?
NO
YES
YES
?

NO
NO
YES
NO
NO
NO
?
NO
YES
NO

YES
YES
NO
?
YES
?
?
?
?
?

technique for its routine tasks, it clearly requires a wider range of
assays for its research activities.
3. Requirements for quality assurance (QA) and quality
control (QC) in biodosimetry
For every R&D program, good laboratory practice is essential
to show the quality assurance. The laboratory has to maintain a
desired level of quality, especially by paying close attention to every
stage of the biological dose assessment process, including before,
during, and after running laboratory protocols. Thus it is important that the laboratory needs to show evidence that the quality
of consumables is of an acceptable standard and the results are
reproducible and ensure desired outcomes. A part of the quality
assurance and also quality control focuses on providing quality
management. Thus, quality assurance refers to administrative and
as well as procedural activities implemented in a quality system, (in
this case, a biological dosimetry laboratory) from designing experiments to publication of results, so that goals of this service are
acceptably fulﬁlled.
From an operational point of view, considering the importance
of dose assessment (sometimes for medico-legal reasons) following
the accident treatment, the laboratory naturally expects all available details about the accident from all those actors involved in the
management of the accident (requestors, ﬁrst responders, medical
team, etc). In fact, radiation accidents are relatively rare, therefore the number of laboratories performing biological dosimetry
are limited to a few, generally one or two per country. Since there
are only a few labs practicing biodosimetry, the absence of real concurrence among biological dosimetry labs, reinforces the needs for
such techniques to be qualiﬁed in order to ensure their reliability
and enhance conﬁdence in results. Even though cytogenetic techniques practiced among various laboratories are similar and are not
exclusively used for biological dose assessment, some variations
exist among laboratories as no universally adopted procedures are
used. These subtle variations in methodology can not only result
in discordance among laboratories but also inﬂuence the quality of
results. It is not fully understood why such small variations in techniques can often introduce large differences in results. Therefore,
it is imperative that each service laboratory develops a QA program to enhance stringency. While such a QA program can serve to
strengthen intra-laboratory expertise, it is mandatory in a network
to be able to respond and assess radiation doses to several individuals in cases of accidents and sustain a concordance with assessed
doses.
As a whole, a QA and QC program is useful to: i) satisfy the
requirements of professionalism, ii) conﬁrm each laboratory’s qualiﬁcation and competence and iii) continue the development of
competence in evolving techniques or the replacement of staff as
and when necessary, e.g., by training and education [7].

4. How does a QA and QC program develop?
Each experimental process in a biological dosimetry laboratory
can be split into methodology and management (Fig. 1). For the
measurement step of any cytogenetic bioindicator, we can highlight speciﬁc harmonization facets at the methodology level (Fig. 3):
- Collection of the blood sample and its transport to the service
laboratory.
- Procedures for culturing lymphocytes, preparing microscope
slides and staining metaphases.
- Procedure for scoring chromosome aberrations in ﬁrst
metaphases.
- Fitting of an appropriate dose–effect reference curve.
- Dose estimation and results reporting.
- Interpretation of the data according to the known circumstances
of the overexposure.
- Qualiﬁcation of an automatic image analysis system when used.
- Quality and reproducibility of chemical and biological products
used in different steps of culturing and slide preparation.
- Reproducibility and maintenance of devices (centrifuge, pipettes,
laminar ﬂow cabinet, balance, etc.).
To ensure the quality of the technical process, several actions
can be undertaken including drafting protocols, performing intercomparisons, checking personnel qualiﬁcations, but it has to begin
with evaluating variations in each step of the technical process [7].
An example of the importance of standardization can be illustrated from the ﬁtting of dose-effect calibration curves, established
by an in vitro irradiation of blood samples at different doses and
dose rates (Fig. 2). Although the shape of the dose–effect curve
is unique and globally similar for known cytogenetic biodosimetry methods, whatever the cytogenetic indicator, coefﬁcients and
slopes vary depending on type of radiation quality and dose rate,
according to the nature of chromosome aberrations analyzed. For
low LET radiations, these curves are best ﬁtted by a linear quadratic
model: Y = c + ˛ D + ˇ D2 where Y is the yield of aberrations per cell,
D is the dose, c is the background measured in a unexposed population, ˛ is the linear coefﬁcient and ˇ the quadratic coefﬁcient
(Fig. 2). This linear quadratic model is explained as a combination
of aberrations produced by single hits caused by one single particle (˛ term) and the quadratic component by two different hits (ˇ
term). Single hit events (˛ term) are predominant at doses below
1 Gy and at doses above 1 Gy the ˇ term predominates. The ˛ and
ˇ coefﬁcients strongly depend on the number of points used to
build the corresponding part of the calibration curve and it would
require many thousands of cells per dose point to obtain a better
estimation of chromosomal aberration yields at low doses [8,9].
Four factors inﬂuence the uncertainty of the dose effect calibration
curve: i) experimental data (i.e. aberration yield) variation which
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Fig. 1. The management of the technical process is a signiﬁcant part of the Quality Assurance and Quality Control of the experimental design, so called Quality management.
It includes many factors, notably human supervision, which are reviewed periodically for validation, correction or improvement.

Fig. 2. Four factors inﬂuence the uncertainty of the dose obtained by converting aberration yield using dose–effect calibration curve: i) experimental data (i.e., aberration
yield) variation which can be described by a probability law (e.g., Poisson Law); ii) statistics related to the population background, which inﬂuences more speciﬁcally the “0”
dose and the ␣ coefﬁcient; iii) Uncertainties on the coefﬁcients curve obtained after iteratively reweighted least squares for maximum likelihood estimation; iv) precision of
the physical dose used to irradiate blood samples for building calibration curves.

can be described by a probability law (e.g. Poisson Law); ii) statistics
related to the population background, which speciﬁcally inﬂuences
the “0” dose and the ˛ coefﬁcient; iii) uncertainties on the coefﬁcients obtained by using ‘Iteratively Reweighted Least Squares for
Maximum Likelihood Estimation Method’ to approximate the nonlinear calibration curve; iv) precision of the physical dose used to
irradiate blood samples for building a calibration curve [10]. To
some extent, with reliable metrology controls, this last uncertainty
can be neglected compared to the biological uncertainties. All these
uncertainties are formally combined to calculate the global uncertainty on the conversion from aberration yield to absorbed dose.
This example shows the requirement for each biological dosimetry laboratory to carefully qualify the experimental process so as
to maximally reduce the uncertainties of the ﬁnal result. It shows
also the requirement to use identical experimental conditions for
obtaining calibration curve and routine data [11].

Another example of interest to standardize the experimental
technique in a biodosimetry method has been recently published
by Roy et al. [12]. Various parameters that are likely to inﬂuence the mitotic index and dicentric yield in the entire workﬂow
process, from blood sampling to chromosome-aberration analyses and metaphase scoring, were evaluated. For example, were
different consumables used for culturing lymphocytes, harvesting and ﬁxing cells, and spreading metaphases on glass slides, or
were scoring methods manual or use image analysis systems, and
how was the dicentrics yield converted to dose? The PlackettBurman experimental design was used to evaluate the inﬂuence
of the above parameters on the outcome [13]. All the sources of
uncertainties linked to the consumables concentrations were taken
into account to determine the range of values to be tested. All
the uncertainties associated with the use of the devices (pipettes,
balance, thermometer, etc.) were added to obtain a combined
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Fig. 3. The quality program is a natural way to achieve a good experimental approach. It is of evidence that the laboratory has controlled all the experimental procedures, and
has checked, before any experiment, the quality of consumables and the reproducibility of the outcomes. It can be performed by testing the most signiﬁcant experimental
factors, using appropriate statistical methods and comparisons, either internally or externally (from [12]).

uncertainty. Finally, a weighting out factor by 5–10 was used to test
the robustness of the assay. Twelve cultures were set up according
to the standard operating procedure used. Statistical analyses of
the results indicated ﬁve parameters to have a signiﬁcant impact
on the mitotic index: i) BUdr concentration, ii) volume of the culturing medium, iii) initial volume of blood, iv) volume, duration of
the culture, and v) incubator temperature. Therefore, to have a good
cell culture quality those parameters need to be controlled. By contrast, none of the above parameters showed a signiﬁcant effect on
dicentrics yield. This study conﬁrms that several parameters as well
as devices used in the protocol can inﬂuence assay results (Fig. 3).
Thus, it is important to look for the effect of any parameter and
device used in every biodosimetry method, presently used or under
development [12].
A recent issue is increased use of automated systems in
biological dosimetry to enhance capability. The automation in cytogenetics is a long story which is started back in the 80s, primarily
employed for ﬁnding metaphase spreads and assisting users to
score chromosome aberrations [14]. Improvements in computational speed and algorithms have further enhanced both metaphase
ﬁnding as well as chromosome-aberration analysis. Therefore routine use of automated systems in some laboratories necessitates
to address the problem of the quality assurance of dose assessment by such methods. For automatic detection of dicentrics in
metaphase spreads, centromere dicentric labeling is performed
with a homogeneous probe. The procedure consists of an automatic metaphase search, followed by image acquisition under
high-magniﬁcation. The metaphases are then scored either manually on a computer screen or automatically by the system. A
list of dicentrics is presented for expert review and validation. A
dose–effect curve for dicentrics obtained by the automated systems
from the irradiation of blood samples shows a relatively lower yield
compared to the curve slope constructed manually. This is primarily due to the fact that some dicentrics are not taken into account
by the system because of their morphology. The validation of
the automated image analysis systems, particularly chromosomeaberration image analysis systems, must address the number of
false-positives and false negatives per comparison to the expert
manual scoring of the same spreads. The outcomes of the studies of
Vaurijoux et al. [15] and of Gruel et al. [16] show that this technique
is reproducible when workﬂow employs QA&QC process. Further,

examination of all the methodological parameters is necessary, if
any changes are desired to an already established method during a
technical validation. Nevertheless, it must be proven that the introduction of any novel method, or the improvement of the old one, is
suitable and reproducible in any laboratory, before being adopted.
This is especially true when several laboratories are implied in
dose assessment, such as being done in a biodosimetry network
to ensure quality assurance.
Beyond the validation of the technical procedures in the quality
assurance program of the laboratory, the quality management is
another aspect which can have a signiﬁcant inﬂuence on the overall
reliability of the estimated dose. This quality management can be
divided into several parts, namely (Fig. 1):
- Management process which includes assurance quality objectives
and periodic quality management review;
- Continual system improvement including corrective and preventative actions, internal audits and client satisfaction measurement;
- Quality management system including quality assurance manual
and other quality documents and quality and technical records
control;
- Resources management including staff education and training,
supplies equipment and reagents, material maintenance.
- Performance test of capabilities and external intercomparison
data with other expert laboratories [7].
To ensure the quality of a biological dosimetry laboratory’s
outputs over extended periods of time, the production process
must be solidly based on scientiﬁc principles, method validation,
and product veriﬁcation (Fig. 1). A complete quality program provides the strategy for safeguarding the quality of the laboratory’s
product, whether it is a measurement or a service. Furthermore,
these requirements need periodic comparison of the laboratory’s
measurement capabilities with those of other certiﬁed or suitably
qualiﬁed cytogenetic biodosimetry laboratories, continued stability of the laboratory procedures, and periodic evaluation of the ﬁnal
product to conﬁrm that it meets pre-deﬁned speciﬁcations.
It must be accepted that QA and QC cannot be quickly implemented in a laboratory, although their acceptance in scientiﬁc
culture is natural and desired. Such a procedure is not sponta-
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neous and requires time to change the practices. The new QA and
QC procedures must be integrated well with a laboratory’s already
established mind-set to be correctly applied. The difﬁculty is to convince the staff of the importance of such a project and to implement
a change in their work practices. This could be relatively easier if
everybody in the laboratory is associated with the project, which is
not often the case. Although establishment of QA and QC requires a
lot of work from the team, the staff can quickly notice an improvement in sample preparation and quality of results, which naturally
lead to an enhanced conﬁdence in the results communicated to the
healthcare providers, once QC and QA procedures are implemented.
When implementing such a quality system many documents are
usually produced and need to be ﬁlled in. Finally the whole process
must be regularly re-evaluated and changes done to improve efﬁciency, but also to make simpler when possible (steps, documents).

5. Quality assessment for networking in biological
dosimetry
As the number of suspected overexposures is relatively small,
in most countries, one or two biodosimetry laboratories should be
able to provide dose assessment service. However, in large countries such as Canada, USA or India, a few biodosimetry laboratories
may be necessary to be able to assess dose in routine suspected
overexposure cases. IAEA encourages dose assessment to be carried out nationally within the country where the accident occurs,
when the number of suspected cases of accidental overexposure
is generally less than 5. However, if the victims are hospitalized
for treatment in a different country, then biological dosimetry may
be generally repeated in the host country. A second dose assessment may also be necessary in a different laboratory, when there is
ambiguity in the assessed dose or it does not correlate with symptoms or uncertainty in exposure conditions. Such dose assessment
may be required to assist medical treatment decisions or to resolve
medico-legal issues. Therefore, it is essential that the biodosimetry
technique used by a second expert laboratory is the same as the one
that is used in the ﬁrst laboratory and both follow similar QA/QC
processes. Thus, a reasonable evidence of standardization and cross
validation of the measured outcomes among the participating laboratories is necessary.
As mentioned above, ongoing research activities in biodosimetry laboratories cannot be excluded from this QA & QC framework.
The collaboration around operational exercises (e.g., international
intercomparisons) or research programs of common interest (e.g.,
EURATOM or NATO programs) requires some homogeneity in practices [17]. For generation of research evidence on the biological
effects of low doses of ionizing radiation using, for example, shared
biological material obtained from many individuals for supporting
molecular epidemiology, the use of sophisticated techniques (such
as OMICS) is required to manage the many parameters involved
[18]. Thus all the participating laboratories must have an equivalent
level of knowledge of the dosimetry techniques and their practical application. Moreover the outcomes and their interpretation
requires access to high-technology, sophisticated and expensive
shared equipment (e.g., mass spectrography, NMR) and including
well qualiﬁed staff. Homogeneity of the practices in the laboratories
is important starting from the biological samples process through
to data acquisition and interpretation. In this context, it follows
that the standardization of the techniques in the laboratories taking part in these research activities is again strongly recommended
to achieve desired outcomes in terms of research data quality.
Lastly, requirement of QA and QC frameworks in a large radiological event with a need for urgent responses also must be
considered. In such a case and even if the ﬁrst triage is based
on the clinical signs, biological dosimetry has proven useful to

conﬁrm ongoing medical decisions. Following the catastrophe of
Fukushima, the Japanese authorities did not consider to carry out a
broad biological dosimetry campaign, because of the relatively low
exposure doses [19]. By contrast this was not the case for the earlier
accident of Tokay-Mura, also in Japan. The doses received by several
individuals were relatively high, and also the public opinion inﬂuenced authorities to assess dose to several tens of radiation exposed
individuals by biological dosimetry [20]. Serious events, potentially involving many irradiated people, could quickly exceed the
capacity of the local laboratory and require assistance from other
biological dosimetry laboratories, national or abroad. Increasingly,
more and more laboratories already inter-communicate either for
common research interests, or in the form of established rapid
response networks and preparedness strategies also by organizing
intercomparison/exercises [21]. This of course requires the need for
these laboratories to have their scientiﬁc, technical level and staff
performance similarly qualiﬁed, eventually by external reference.
6. Relevant standards for implementing QA & QC programs
According to the objectives and roadmap identiﬁed by each biological dosimetry laboratory, the systems of quality assurance and
quality control of the laboratory must be appropriately organized
to conform with external norms. It can initially follow general reference standards, such as:
- IAEA technical report on cytogenetic dosimetry. The IAEA ﬁrst
published a technical report on cytogenetic dosimetry in 1986
then in 2001 which was replaced by a highly updated edition
in 2013. The ﬁrst publication provides scientiﬁc and technical
information about the dicentric assay, covering its advantages,
potential ﬁeld of application and imperfections, statistical analysis. This document was incrementally expanded to include
various cytogenetic indicators in the most recent edition. These
technical manuals have been written in the form of guidelines and
constitute the most comprehensive reference documents in this
discipline. Although the most recent edition of the IAEA manual
addresses a need for QA and QC, it does not provide the practical
aspects of QA and QC program of the service laboratory [9].
- ISO/CEI 17025:2005 General Requirements for the Competence
of Testing and Calibration Laboratories. This describes the essentials of both technical measures and general quality measures
needed in a service laboratory. It is however very stringent, too
general and therefore not speciﬁc to ionizing radiation/biological
dosimetry but instead more pertaining to accreditation. It applies
to any organization that wants to assure its customers of precision, accuracy and repeatability of results [22].
- ISO/CEI 9001:2008 is a standard for Quality Management Systems
and ISO certiﬁcation is rapidly becoming mandatory for companies around the world that are engaged in providing a product
or service. The ISO 9000 Series is generic and not speciﬁc to
any one type of industry or an economic sector. ISO 9001 is the
world’s leading quality management standard, which is based on
a number of quality management principles including a strong
customer focus, the process approach, and continual improvement. This standard is applicable to tangible products, intangible
concepts, or a combination of both. But ISO 9001 certiﬁcation is
not applicable to biological dosimetry laboratories. ISO 17025 is
the general standard used by the testing and calibration laboratories, to which these laboratories must hold certiﬁcation in order
to be deemed technically competent [23].
Since previously developed standards are more general in
nature and could not be adopted to biodosimetry laboratories, more
speciﬁc standards were developed by the ISO working group 18 on
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the “Biological Dosimetry”. This work group formed within ISO’s
sub-committee 2, consisting of a panel of experts from 15 countries, and developed speciﬁc standards for biological dosimetry that
underwent a review by the ISO country members for radiation protection. The ﬁnal approved documents include dose assessment
both at the individual level and large events involving a population.
The following documents so far are available for biodosimetry:
- ISO 21243:2008 Performance criteria for laboratories performing
cytogenetic triage for assessment of mass casualties in radiological or nuclear emergencies – general principles and application
to dicentric assay [24].
- ISO 13304-1:2013 Minimum criteria for electron paramagnetic
resonance (EPR) spectroscopy for retrospective dosimetry of ionizing radiation- Part 1: general principles [25].
- ISO 19238:2014 Performance criteria for service laboratories performing biological dosimetry by cytogenetics [10].
- ISO 17099:2014 Performance criteria for laboratories using the
cytokinesis-block micronucleus (CBMN) assay in peripheral blood
lymphocytes for biological dosimetry [26].
The primary purpose of these standards is to provide guidelines
to all laboratories in order to perform the cytogenetic or biophysical
biodosimetry using documented and validated procedures. Second,
it facilitates a comparison of the results obtained among different
collaborating laboratories in inter-comparison studies or otherwise, allowing the demonstration of concordance. These standards
can also help the laboratories implied in a network to organize and
manage biodosimety service requests as well as manage their own
research work. Finally, it also allows newly commissioned laboratories to perform biological dosimetry that conforms to these
standards, thus ensuring accuracy and reproducibly of data. Similarly to the above-mentioned IAEA technical documents, each
laboratory that plans to embark on biodosimetry, may also obtain
from ISO standards the most useful information in establishing
standard operating procedures and implement best practices in
biological dosimetry.
Some standards 17099, 19238 and 13304-1 are written to provide guidance on procedures to be implemented for determining
overexposures involving a limited number of individuals. The criteria implemented for such measurements will usually depend upon
the purpose of such application of the results, radiation measurements, radiation protection management, medical management of
an accidentally exposed individual when appropriate, record keeping and/or legal requirements. Precisely, these standards address
speciﬁc guidance on several important aspects such as:
1) Conﬁdentiality of personal information, for the customer and
the service laboratory;
2) Laboratory safety requirements;
3) Calibration sources and calibration dose ranges useful for establishing the reference dose-effect curves and the minimum
detection levels for dose assessment;
4) Scoring procedure for unstable chromosome aberrations used
for dose assessment by comparison with the dose–effect curves;
5) Criteria for converting a measured aberration frequency into an
estimate of absorbed dose;
6) Correction for heterogeneous, protracted, delayed exposure, if
any
7) Reporting of results;
8) Quality assurance and quality control procedures;
These documents include informative annexes of examples that
include: questionnaire to be used following a radiation accident to
collect information about the accident, instructions for customers,
data sheet for recording aberrations, sample report etc.
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After a large scale radiation emergency or malevolent act involving radioactive materials, effective medical triage has the potential
to save lives. In order to best use available scarce resources, there
is a need for biodosimetry tools to determine an individual’s
radiation dose. Physicians are primarily concerned about the possibility of individuals developing acute irradiation syndrome. Early
treatment decisions are based on medical signs and symptoms.
Population triage is necessary to guide early treatment decisions
for an effective management of individuals and resources. In this
early response phase, the initial purpose of biological dosimetry
is to: rapidly conﬁrm or refute exposure, assess dose in the event
of exposure, determine if the exposure is acute or protracted, and
uniform whole-body or partial-body. The need for precision on
assessed dose should be set against the competing requirement
for a need for immediate availability of results. This decision must
be made depending on the anticipated number of patients, the
surge capacity of the laboratory, and the rate at which the biological
material is received at the laboratory. The related parts of the ISO
Standards 21243 and 17099 and to some extent 13304-1 provide
guidelines to all laboratories interested in performing the biological
dosimetry for triage of an exposed population using documented
and validated procedures. Considering the limited surge capacity
of any laboratory that has only a limited number of trained staff,
assistance from other laboratories may be required to increase the
number of samples handled and/or to achieve faster availability of
results. This consortium of laboratories may be based on a voluntary
participation of expert laboratories, concerned by the possible consequences of the radiological event, which are qualiﬁed in different
biodosimetry techniques. Such networks upon activation following
a radiation incident have to choose suitable biodosimetry technique or techniques, which will be based on discussions, and can
be unique or complementary.
In this context, these standards address the following questions:
- To adopt a common emergency triage procedure.
- To facilitate harmonization of QA criteria/programs.
- To develop a harmonized worksheet for information collection to
facilitate better interaction between clinicians and biodosimetry
laboratories.
- To identify reference and secondary labs and establish their roles
in the network.
- To coordinate external peer-review mechanisms between labs in
the network for accuracy and reproducibility of data.
- To facilitate external interaction with partners and for sustainability of expertise.
- To provide a common platform/language for information
exchange and evaluation of results.
- To maintain conﬁdentiality through the relationships between
the network and ﬁrst responders.
- To harmonize the biological material collection process and transport from the ﬁeld to the network.
Again, these standards have informative annexes with examples of questionnaire, instructions for customers, a data sheet for
recording the aberrations and an example of a ﬁnal report.
6. Concluding remarks
During the last several years, quality enhancement processes
became for all types of laboratories throughout the world a
label of quality, respectability and ensure conﬁdence among
their customers on their activities. For this purpose, ISO standards 9001:2008 or 17025:2005 are frequently preferred as they
address general objectives that are adaptable to many scientiﬁc
and commercial services or products. Therefore, accreditation and
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certiﬁcation bodies often use such general standards for their
evaluation because of non-availability of expertise in some speciﬁc topics, who can develop speciﬁc standards for a given type
of laboratory. However in the biodosimetry ﬁeld considering the
importance of desired expertise from the medico-legal and operational perspectives, including both service and research area
(e.g., molecular epidemiology), biodosimetry laboratories prefer
ISO standards that speciﬁcally address QA and QC standards to
improve quality. Availability of such speciﬁc standards will provide several beneﬁts. First implementation of such standards will
prove the quality of R&D performed in a laboratory so that the laboratory will beneﬁt from the best practice of techniques, which
are reliable, reproducible, and traceable. Second, working within
a quality framework in a laboratory will also ensure conﬁdence
in the biodosimetry reports among all those involved in radiation
dose assessment, whether in an accidental or a suspected overexposure incident. Finally this process will also be useful in harmonizing
several biodosimetry techniques and demonstrating concordance
between laboratories in a collaborative setting. Enhanced beneﬁt
due to the implementation of QA and QC process to the biodosimetry scientiﬁc community and the stakeholders became apparent by
the systematic introduction of dedicated work packages in recent
European research and operational programs: e.g., MULTIBIODOSE
(Multi-disciplinary Biodosimetric tools to manage high scale radiological casualties) [27] and RENEB (Realizing the European Network
in Biodosimetry) [28]. ISO standards are being discussed and established on a voluntary basis, to develop consensus to implement best
practices to ensure quality. The consensus building process was
much easier in the development of standards for the “classical” bioindicators (e.g., dicentrics or micronuclei) which have already been
widely used and have provided excellent data on factors that would
inﬂuence quality. It is important to continue such work with more
recently developed bioindicators because we feel that their application requires more work on harmonization. For example, analysis
of translocations by ﬂuorescent in situ hybridisation (FISH) technique and automated chromosome aberration scoring using image
analysis systems will beneﬁt from QA and QC programs developed
and accepted by the biological dosimetry community [29].
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