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The series of EPRBioDose conferences includes both the

International Symposium on EPR Dosimetry and Dating

(EPR) and the International Conference on Biological

Dosimetry (BioDose). EPRBioDose 2013 was jointly orga-

nized by Leiden University Medical Center (Leiden, The

Netherlands) and the Helmholtz Zentrum München (München,

Germany) and was held on 24–28 March 2013 in Leiden. The

conference topics covered new aspects of traditional EPR

dosimetry applications, retrospective dosimetry with physical

and cytogenetic techniques, dosimetry for mass casualty events

and technical developments in particularly on automatic ana-

lysing systems for biological assays, as well as those applicable

for dose assessment in scenarios of mass casualties. The aim of

the conference was to share technological advances achieved

since the last EPRBioDose conference and to improve the

understanding of physical, biophysical and biological pro-

cesses that can be used in the dosimetry of ionizing radiation.

This volume of Radiation and Environmental Biophysics

includes fifteen papers that were presented at the conference.

Traditional EPR dosimetry applications

In the past, EPR conferences were held in an effort to provide

a platform for presenting new developments in EPR

spectrometry, for measurement of absorbed doses in objects

of geological, paleontological and archaeological interests

with the aim to assess their age. Nowadays, EPR is well

established in dating, and it is an important tool for solving

dating problems beyond an age of about 60,000 years, the

age limit for radio-carbon dating (Skinner 2011). At this

conference, EPR applications were presented on paleonto-

logical dating of fossil mammals teeth, crustaceans, molluscs

and corals, geological dating with quartz and submarine

depositions, and material characterization of obsidians and

archaeological ceramics. A number of these presentations

will be published in a special issue of radiation protection

dosimetry.

In earlier years, a further main topic discussed at EPR

symposia was the investigation of new detector materials

and the comprehensive analysis of known materials for use

in EPR dosimetry for industrial and clinical applications.

One of the most intensively investigated detector materials

for EPR dosimetry is the amino acid alanine. At this con-

ference, applications of the alanine/EPR dosimetry system

were presented as a reference in radiation metrology, for

quality assurance in clinical applications and for dosimetry

at treatments in teletherapy, with ion beams and neutrons.

The challenges and opportunities for extending alanine/

EPR dosimetry into clinical applications were reviewed by

Baffa and Kinoshita (2014).

Retrospective dosimetry with physical and cytogenetic

techniques

Reconstruction of individual doses is typically based on the

assessment of stable radiation end products in human tis-

sues or liquids following exposure to ionizing radiation.

The most important tissue for physical dose reconstruction
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is tooth enamel in which stable radicals are produced and

evaluated by EPR spectrometry. In contrast, in biological

dose reconstruction, chromosomal damage in peripheral

blood lymphocytes is evaluated by means of cytogenetic

techniques and optical microscopy. Due to the limited half-

life of lymphocytes in peripheral blood, however, assays

for assessing chromosomal damages as dicentrics (DC),

premature chromosome condensation fragments (PCC) and

micronucleus frequency (MN) are applicable for more

recent exposures only. In addition, they allow detection of

partial-body exposure with the PCC assay and - for doses

\100 mGy - with the MN assay (Ainsbury et al. 2011). At

EPRBioDose 2013, recent applications of these and other

assays for assessment of occupational doses and doses to

the population were presented.

For example, a high radiation yield, shortly after expo-

sure, is known for protein biomarkers which are signalling

DNA damage. A promising marker for exposure to ioniz-

ing radiation is the phosphorylated histone c-H2AX formed

at the site of DNA double-strand breaks (DSB). Foci of

c-H2AX can be detected by immunofluorescence microscopy

and, accordingly, DSB repair in radiotherapy patients was

quantified by c-H2AX detection for the investigation of

their clinical radiosensitivity (Chua et al. 2014).

For the reconstruction of doses due to exposures which

occurred many years ago, a new cytogenetic assay was

proposed based on the detection of chromosomal inversions

in peripheral blood lymphocytes with the use of directional

genomic hybridization (Ray et al. 2014). The yield of these

inversions was found to depend dramatically on the linear

energy transfer (LET) of the radiation. This finding is

important because it may indicate the potential to discrimi-

nate between exposures with different radiation qualities.

The current assay of choice for the evaluation of exposures

that happened years or decades ago is the detection of stable

chromosomal translocations in peripheral blood lympho-

cytes with single-colour fluorescence in situ hybridization

(sFISH). Intrachromosomal and complex aberrations as

biomarkers of high LET exposure, as from plutonium

exposure of nuclear workers, may be detected with multi-

colour FISH (mFISH). In a study with workers of the Mayak

Production Association with 239Pu burden, mFISH analysis

revealed a considerable number of cells with complex

chromosomal rearrangements (Sotnik et al. 2014). The issue

of estimating radiation doses with FISH in cases of incor-

poration of radionuclides or combined external and internal

exposures has been reviewed by Ainsbury et al. (2014).

Stable radiation-induced radicals are very efficiently

produced by ionizing radiation in tooth enamel. Therefore,

EPR spectrometry with tooth enamel is particularly suit-

able for the reconstruction of exposures to the population

and radiation workers that dated back several years or

decades. The methods of choice for the reconstruction of

historic or chronically exposures are EPR spectrometry

with tooth enamel and the FISH assay with peripheral

blood lymphocytes. Presented were applications to recon-

struct doses of professionals chronically exposed more

recently, and doses of populations exposed historically

because they lived close to the nuclear test site at Semi-

palatinsk, Kazakhstan, and the plutonium production site

Mayak, Russia. An EPR analysis of the absorbed dose in

teeth from citizens of Ozyorsk, the residence of the Mayak

workers and their families, was presented by Wieser et al.

(2014). The populations in the Urals and the Mayak

workers represent important epidemiological cohorts and

dose reconstruction by means of EPR and FISH are both

applied to evaluate and validate the dosimetry systems

developed for these cohorts. The current results of FISH

analysis of translocations induced by chronic exposure due

to 90Sr for the validation of the Techa River Dosimetry

System were presented by Vozilova et al. (2014). The

recently improved Mayak Worker Dosimetry System 2008

was described by Moseeva et al. (2014), and the risk of

circulatory diseases among Mayak workers on basis of this

dosimetry system was presented.

Retrospective dosimetry for mass casualty events

After catastrophic radiological events including radiation

injuries of a large number of individuals, their individual

absorbed dose needs to be quickly surveyed, in order to

decide on the required individual medical treatment and to

manage the catastrophe. Biological and physical dose

reconstruction methods are currently under evaluation in

terms of their ability to comply with this ambitious task.

The challenge is—for any biodosimetry technique—to find

the best compromise between throughput of samples and

accuracy of estimated doses. An overview of the principles

and the requirements to biodosimetry for mass casualty

events was presented by Swartz et al. (2014).

Cytogenetic and genetic techniques are currently most

intensively investigated for use in retrospective dosimetry

for large-scale radiological events. Changes in gene

expression were found to be highly sensitive to radiation

exposure, but their short half-life is disadvantageous. Gene

expression might show some potential for use in biodosi-

metry, but requires more investigations to understand

power and limitations of this technique for dosimetry (Paul

and Amundson 2008). Traditional cytogenetic assays are

currently the most accepted methods for biodosimetry,

although they are time consuming and hence inconvenient

for dosimetric use in mass casualty events. However, dose

evaluation can be accelerated by the automation of the

methods for cytogenetic analysis as was demonstrated by

Rodrigues et al. (2014). In order to evaluate possibilities to
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increase laboratory capacities in DC scoring, experiences

within a network for web-based scoring of images from

metaphase spreads were reported by Romm et al. (2014).

A rapid method for triage of highly exposed victims

during large-scale radiation emergencies is the detection of

protein biomarkers using flow cytometry. The ratio of

c-H2AX foci in lymphocytes to those in granulocytes was

presented as promising biomarker for quick dose assess-

ment provided that blood samples were collected within

24 h after exposure (Wang et al. 2014). An automated

biodosimetry tool with high throughput was developed for

use following large-scale radiological events on the basis

of measurements of fingerstick blood samples. Attempts

were presented to extend this tool to measure the kinetics

of DNA repair proteins like c-H2AX (Turner et al. 2014).

Measurements for dose reconstruction with physical

methods are fast and allow for a high throughput of samples.

However, dose reconstruction with physical methods for

mass casualty events is complicated due to availability of

suitable detector materials. EPR spectrometry with tooth

enamel has very high radiation sensitivity, but teeth need to

be extracted before measurement, and will probably not be

available for measurements in mass casualty events. In order

to overcome this difficulty, attempts were presented to

measure small tooth enamel biopsy samples with Q-band

EPR spectrometry (Romanyukha et al. 2014). Another

option is in vivo EPR tooth dosimetry that is considered

having potential for triage in large-scale accidents. Presented

were the current state of EPR equipment development and

state-of-the-art performance evaluated on the basis of tests in

the laboratory and of practical applications to unexposed

persons and radiotherapy patients (Williams et al. 2014).

Alternatively to teeth, nails are also being investigated for

use in EPR dosimetry. Nails are less radiation sensitive than

teeth, but nevertheless have some potential for use in

dosimetry. The state of the art in nail dosimetry was pre-

sented by Trompier et al. (2014). Alternatively to the tissues

of the human body, materials present in ubiquitous personal

items and their dosimetric properties are currently being

widely investigated. One of these materials is glass found in

the displays of electronic portable devices such as mobile

phones, which probably represent the most ubiquitous per-

sonal items that can be used as a dosimeter, in a large part of

the world. The power and current limitations of EPR mea-

surements of glass from touch screens in triage applications

were presented by Fattibene et al. (2014).
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