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FP7 Project #218817
“HAMLET” Summary Description
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FIGURE Summary-0: FP7 HAMLET LOGO
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Figure Summary-1: MATROSHKA-1: The MATROSHKA facility during the MATROSHKA-1 experiment phase (2004-2005): (a) and (b) outside ISS exposure
(simulation of a spacewalk); (c) inside the ISS.
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Table Summary-1: MATROSHKA-1: Experiment Timeline: The MATROSHKA facility was launched with Progress 13P on the 29 January 2004 to the ISS.
During the EVA on 26 February 2004 the facilty was mounted outside the Zvezda module of the International Space Station, starting its 539 days “Space

Walk”. The facility was brought back inside the station on 18 August 2005 followed by the dismounting of the passive detectors on 14 September 2005 and
sending them back to earth with Soyuz TMA-6 in October 2005.

Experiment Event Performing crew Date
phase
MATROSHKA launch (Progress 13P) Jan. 29, 2004
Docking with International Space Station Jan. 31, 2004
'g Extravehicular activity Kaleri, Foale Feb. 26, 2004
Lo
EI § Outside exposure (active, passive detectors) Feb. 26, 2004-Aug. 18, 2005
=
g— Extravehicular activity Krikalev, Phillips Aug. 18, 2005
Dismounting of passive detectors Krikalev, Phillips Sep. 14, 2005
Passive detector download (Soyuz TMA-6) Oct. 10, 2005 (undocked)
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Figure Summary-2: MATROSHKA-2A: The MATROSHKA facility during the MATROSHKA-2A experiment phase (2006): (a) detector integration; (b) exposure
inside the Russian PIRS module; (c) European astronaut Thomas Reiter removing the radiation detectors after the experiment for read out and data
evaluation on ground.
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Table Summary-2: MATROSHKA-2A: Experiment Timeline: The MATROSHKA-2A passive detector set was launched with Progress 20P on the 21 December
2005 to the ISS. The integration of the passive detectors in the MATROSHKA facility was performed on the 5t January 2006. After integration the facility was
exposed inside the Russian PIRS module up to the 7" December 2006, followed by the dismounting of the detectors.

Experiment Event Performing crew Date
phase
Passive detector upload (Progress 20P) Dec. 21, 2005
« Integration of passive detectors McArthur, Tokarev Jan. 5, 2006
E g Inside exposure (passive detectors) Jan. 5, 2006-Dec. 7, 2006
> Dismounting of passive detectors Reiter Dec. 7, 2006
Passive detector download (STS-116) Dec. 22, 2006
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Figure Summary-3: MATROSHKA-2B: The MATROSHKA facility during the MATROSHKA-2B experiment phase: (a) and (b) exposure inside the Russian Zvezda
module; (c) removal of the radiation detectors after the experiment for read out and data evaluation on ground.
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Table Summary-3: MATROSHKA-2B: Experiment Timeline: The MATROSHKA-2B passive detector set was launched with Soyuz TMA-11 on the 10™ October
2007 to the ISS. The integration of the passive detectors in the MATROSHKA facility was performed on the 18™ October 2007. After integration the facility was
exposed inside the Russian Zvezda (Service) module up to the 18™ March 2009, followed by the dismounting of the detectors and detector return with STS-119.

Experiment Event Performing crew Date
phase
Passive detector upload (Soyuz TMA-11) Oct. 10, 2007
) Integration of passive detectors Yurchikhin, Oct. 18, 2007
o S Malenchenko
o
1 N
e J Inside exposure (active, passive detectors) Oct. 18, 2007—- March 18, 2009
s 3
s Dismounting of passive detectors Lonchakov March 18, 2009
Passive detector download (STS-119) March 30, 2009
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FP7 Project #218817
“HAMLET” MAIN S&T Results
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WP1: Data Processing and Compilation
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Figure Introduction-1: MATROSHKA-Facility: The MATROSHKA phantom from left to right: A: anthropomorphic upper torso equipped with active and
passive detector systems, B: torso with poncho and hood equipped with passive detector systems for skin dose measurements, C: carbon fibre container to
simulate the astronauts space suit, D: facility close to launch equipped with multi layer insulation (MLI) for thermal protection
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Figure Introduction-2: MATROSHKA-Detectors: View of the phantom upper torso (right) and the head (left) of MATROSHKA. It shows the phantom upper torso
and the head of the phantom with the integrated passive and active radiation detectors. Passive detectors are integrated in polyethylene tubes and in the
“organ dose” packages. The sensor for the active SSD instrument is shown with the blue cable connecting to the base structure. The white cable connects to a
temperature sensor in the head of the phantom. Near the periphery, the outline of the skull can be perceived.
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Figure WP1-3: MTR-1 3D: The built up of the discrete dose distribution using data from the passive thermoluminescence detectors for the MTR-1
experiment: (a) Data DLR, Cologne (b) Data DLR, Cologne + TUW, Vienna; (c) Data DLR, Cologne + TUW, Vienna, + IFJ, Krakow
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Figure WP1-4: MTR-2A 3D: The built up of the discrete dose distribution using data from the passive thermoluminescence detectors for the MTR-2A

experiment: (a) Data DLR, Cologne (b) Data DLR, Cologne + TUW, Vienna; (c) Data DLR, Cologne + TUW, Vienna, + IFJ, Krakow
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Figure WP1-5: MTR-2B 3D: The built up of the discrete dose distribution using data from the passive thermoluminescence detectors for the MTR-2B

experiment: (a) Data DLR, Cologne (b) Data DLR, Cologne + TUW, Vienna; (c) Data DLR, Cologne + TUW, Vienna, + IFJ, Krakow
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Figure WP1-6: MTR - All missions 3D: Absorbed dose distribution for the MTR-1 (a) and the MTR-2A (b) experiment measured by ~4,800
thermoluminescence dosimeters distributed in the MATROSHKA torso
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Figure WP1-7: MTR CR-39: (a) left part of the figure shows a picture of nuclear track etch detector exposed during the MATROSHKA-2A mission with a
dimension of 320 x 150 um. Each visible track (round or elliptical shaped) accounts for one heavy charged particle passing the detector surface. (b) the right
part of the figure shows an example of measured Linear Energy transfer spectra — showing the fluence of heavy ions in dependence on their LET.
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Figure WP1-8: DOSTEL-1: Active dosimetry telescope DOSTEL count rates measured in the silicon detector for a two day time interval in May 2004.
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100 1000
COUH’[S/S MATROSHKA/DOSTEL May 2004

Figure WP1-9: DOSTEL-2: Active dosimetry telescope DOSTEL count rates over the orbit of the space station highlighting passage for different time periods
as well as the change in radiation environment conditions over time and orbit of the space station.
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Table WP1-1: DOSTEL-MTR-1: Results measured by the active DOSTEL instrument located on top of the head of the MATROSHKA facility for the outside
MATROSHKA-1 experiment

Experiment Dose Equivalent Absorbed Dose Mean Quality Factor

phase H (uSv/day) D (uGy/day) Q

= Galactic Cosmic Rays 245 78 3

o (GCR)
= & [ South Atlantic Anomal
e N ou antic Anomaly

! 7 2 1.2

E § (SAA) 36 96

= | 7otal 612 374 1.6

Table WP1-2: DOSTEL-MTR-2B: Results measured by the active DOSTEL instrument located on top of the head of the MATROSHKA facility for the inside
MATROSHKA-2A experiment
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Experiment Dose Equivalent Absorbed Dose Mean Quality Factor
phase H (uSv/day) D (uGy/day) Q
Galactic Cosmic Rays

~ 310 116 2.8
o S (GCR)
(o] .
E I South Atlantic Anomaly 7 46 16
) (SAA)

= |7otal 382 162 2.4
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WP2: Detector Characterization
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Figure WP2-1: HIMAC-GSI: (a) left part of the figure: The phantom head positioned for the ion irradiation at the Heavy lon Medical Accelerator (HIMAC) at the
National Institute of Radiological Sciences (NIRS), Chiba, Japan and (b) right part of the figure: at the Gesellschaft fir Schwerionenforschung (GSI), Darmstadt,
Germany.
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Figure WP2-2: NSRL: The MATROSHKA ground based phantom at the NSRL in Brookhaven, USA for the simulation of a Solar Particle Event (left); the depth
doseprofile measured with thermoluminescence detectors after irradiation with 1 Gy of absorbe dose given by protons simulating a Solar Particle Event

F

@ 1 B

ATOMINSTITUT

i

Protection
Agency
DLR =

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts
FP7 Project #218817 FINAL REPORT 2011 / FIGURES Page : 24/62
13 —— ey ——ry —
T Helium LiF:Mg,Ti
1.2 v -
: : m DLR/TLD-600 |
11 ® DLR/TLD-700 | A
; ! A ATUTLD-600 | |
1.0 Carbon v ATITLD-700 |
g | 3 ! 4 IFIMTS-6 ]
S 09 = < IFJMTS-7 ]
(&)
&= i L] A
(]
g 0.8 1 ‘ b
= 1 * Neon
¥ 07 Ui <« Silicon T
0.6 | “ i A Argon Iron 7
05- LR T I
. ] "; -
0.4 ——— ——— —
1 10 100
LET [keV/um]

Figure WP2-2: TLD -1: (a) left part of the figure: Thermoluminescene detectors in detector holders exposed to heavy ions at the HIMAC at NIRS, Chiba, Japan
(b) right part of the figure: The relative thermoluminescence efficiency vs. LET for various LiF:Mg,Ti detectors used by the HAMLET partners.
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Figure WP2-3: TLD-2: Comparison of relative thermoluminescence efficiency of various TLDs measured during different irradiation campaigns at the HIMAC for
helium and carbon ions.
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Figure WP2-4: CR-39: (a) left part of the figure: A microscopic picture of an iron ion passing through a CR-39 detector and (b) right part of the picture: the
calibration curve (etch rate ratio vs. LET) for PNTD from IFJ, Krakow, Poland as measured for of ions from HIMAC and GSI exposures.
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Figure WP2-5: SSD-Detectors: (a) left part of the figure: The SSD Detector positioned inside the head of MATROSHKA and (b) right part of the figure: the
relevant calibration curve established based on the calibrations performed at the HIMAC at NIRS, Chiba, Japan
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Figure WP2-6: HIMAC — Depth Dose: The dose distribution measured inside the head of the phantom (a) left part — after exposure to monodirectional Helium
ions (b) right part — after exposure to omnidirectional Helium ions
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Figure WP2-6: TLD - Properties: (a) left part of the figure: Calibration stand of the Materialpriifungsamt (MPA), Dortmund, and (b) right part of the figure:
Comparison of relative calibration factors for the applied thermoluminescence detectors used by the HAMLET partners in the frame of the experiment.

@ # = ik

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts
FP7 Project #218817 FINAL REPORT 2011 / FIGURES

Page : 30/62

WP3: ISS Space Data Intercomparison
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Table WP3-1: Space Experiments: Timelines of MATROSHKA and other radiation-related research conducted in parallel on the ISS. Green: external exposure;
blue: Pirs Module; red: Zvezda Service Module.

Experiment . 2004 2005 | 2006 | 2007 | 2008

MATROSHKA-1 -

MATROSHKA-2A

MATROSHKA-2B

Pille-MKS

NASA Area Monitoring

DB-8 Area Monitoring

I
MATROSHKA-R T T . . I
I |

NASA TEPC
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Although the MATROSHKA experiment represents the most extensive effort so far in quantifying the radiation exposure of
astronauts, harmenization of the available dosimetric data requires putting the scientific output in the context of other research
in the field of cosmic-ray dosimetry conducted previously or currently. The HAMLET ative addresses this issue by focusing
on phantom studies as well as active and passive radiation monitering on the International Space Station (ISS).

A publication database has focused on the following topics has therefore been set up: (a) phantom experiments on ISS, (b) active
radiation monitoring on 1SS, and (c) passive radiation monitoring on 15S. This web database will be updated in regular intervals to

account for the extensive literature survey being still in progress.

A further source of valuable knowledge is provided by the web-based proceedings of the annual Workshops for Radiation
Monitoring for the International Space Station (WRMISS), available under http:/ /wrmiss.org/.
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Figure WP3-2: PILLE —Results: Dose rates determined by Pille-MKS CaS0,4:Dy thermoluminescence dosimeter bulbs attached to different sides of the
MATROSHKA containment during the exposures in Pirs (left) and Zevzda (right) proved to be in overall agreement with the mission-averaged dose rates of
235+ 12 pGy/d in Pirs and 180 + 9 uGy/d in Zvezda determined at the surface of MATROSHKA.
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Figure WP3-3: MTR-Skin dose: The skin dose profile measured in the anthropomorphic MATROSHKA mannequin in Pirs (left) and Zvezda (right) showed a high
level of both qualitative and (particularly for the heavier shielded Zvezda Service Module) quantitative consistency with dose distributions determined in the
MATROSHKA-R spherical phantom (Pirs: 0.24-0.36 mGy/d; Zvezda: 0.17-0.28 mGy/d).
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WP4: Experimental and Calculated 3D Radiation Model
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Figure WP4-1: CT-Model: The figures shows from left to right (a) the real MATROSHKA phantom, (b) and (c) CT scans of the MATROSHAK phantom, (d) the
Voxel phantom NUNDO with the relevant organs.
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Figure WP4-2: MTR-1 3D: The 3D dose distribution for the MATROSHKA-1 experiment based on the results from the measurements inside the phantom

combined with the data from the skin dose measurements
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Figure WP4-3: MTR-2A 3D: The 3D dose distribution for the MATROSHKA-2A experiment based on the results from the measurements inside the phantom

combined with the data from the skin dose measurements
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Figure WP4-4: MTR-2B 3D: The 3D dose distribution for the MATROSHKA-2A experiment based on the results from the measurements inside the phantom

combined with the data from the skin dose measurements
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Figure WP4-5: MTR Organ Absorbed Dose: The organ absorbed doses for the MATROSHKA-1 the MATROSHKA-2A and the MATROSHKA-2B experiment
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Figure WP4-6: MTR Organ Dose Equivalent: The organ dose equivalent for the MATROSHKA-1 the MATROSHKA-2A and the MATROSHKA-2B experiment
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Figure WP4-7: MTR Effective Dose: The effective dose for the MATROSHKA-1 the MATROSHKA-2A and the MATROSHKA-2B experiment

@@=y # = iy

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts

FP7 Project #218817 FINAL REPORT 2011 / FIGURES Page : 43/62

foundation
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phantom

Figure WP4-8: MTR-1 Simulation Set up: The simulated geometry of the phantom, container and foundation (a) and the simplify ISS geometry with
MTR facility (b) as input for the calculations performed for the MATROSHKA-1 outside exposure
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Figure WP4-9: Simulation Results 1: Simulated daily doses values for slices 3-5 compared to the MTR experimental data ATI, IFJ and DLR.
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Figure WP4-10: Simulations Results 2: Comparison of simulated and measured discrete dose values within the MATROSHKA-1 experiment.

# & il

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887

-

Experiment-MTR1

Eal B Wm0 W

[
TR

| B

PHITS-MTR1
e

B L LL,L L
- B L=

T W Wy I T My

L Y

BN BE R
L

e B

* nw'-‘\ﬁ-ﬂ!
Py ",
"

3

Y

}

-~

Dose [mGy/day]

01 0326

0.42

0.58




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts

FP7 Project #218817 FINAL REPORT 2011 / FIGURES Page : 46/62

- I E=p. data
| IR PHITS, no TE

Bl FH TS, with TE

0.8 - -

0.6 -

Dose rate in mGyiday
PHITS/Experiment

0.4 4 -

‘bﬁhpp‘i\ﬂ?@“n(@-#\?{geﬁﬁﬁ@' d-ﬁﬁ g
& &

Figure WP4-10: Organ Dose: Comparison of simulated organ dose rates to the MTR-1 experimental data. Simulations were done for TP and TE at solar
minimum and GCR for year 2004.
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Table WP4-1: Organ Dose: Organ dose and dose equivalent rates, as simulated by PHITS, in comparison to the corresponding measured data in MTR-1
experiment outside the ISS.

Dose rate (mGy/day) Dose equivalent rate (mSv/day)

Organ/tissue Measured Calc. Measured Calc.
Skin 0.94 1.59 1.64 1.87
Salivary 0.33 0.39 0.56
glands

Breast 0.39 0.62 0.88
Lungs 0.26 0.25 0.41
Esophagus 0.24 0.21 0.34
Stomach 0.24 0.20 0.62 0.33
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foundation
container
phantom

Figure WP4-11: MTR-2B Simulation Set up: The simulated geometry of the phantom, container and foundation (a) and the simplify ISS geometry with
MTR facility (b) as input for the calculations performed for the MATROSHKA-2B inside exposure
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Figure WP4-11: Organ Dose MTR-2B: Comparison of the simulated organ dose rates to the MTR-1 experimental data. Simulations were done for TP and TE at
solar minimum and GCR for years 2007-2009.

-= K= clAalu

ATOMINSTITUT

% © %

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts
FP7 Project #218817 FINAL REPORT 2011 / FIGURES

Page : 50/62

WP5: Dissemination of Results

::w| — ClAlU

ATOMINSTITUT

HUMAN MODEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS | FP7 | CONTRACT NO. 21887

# _.ﬁunh ) 3 ﬁ
Protection
Agency

DLR ~




“HAMLET” - Human ModeL MATROSHKA for Radiation Exposure Determination of Astronauts

FP7 Project #218817 FINAL REPORT 2011 / FIGURES Page : 51/62

| 22 Hamlet - Microsoft Internet Explorer bereitgestellt von T-Systems SR 1= x|
ey hitp fvwwnar Fp7-hamlet.ewfindex. phpicomponent fmtrpas/ =] |##|| % | |uive search £~
ey
E @ Hamet Jﬁh-g - e - | Sete + () Extras -

—

Home  HAMLET ' Inst 5 h D e tivities  Literature  Contacts Internal
Home

Experiment:
MTR-1 =

Matroshka Passive Data Archive

version: 0.4

The presented data sets are property of the following organisations

# German Aerospace Center (DLR)
DLR

’m Vienna University of Technology (TUW)
Slice 12 ~
Slice 13
Slice 14 / Institute of Nuclear Physics (IJF PAN)
»

Slice 15 |

=

The HAMLET project is funded by the European Commission under the EU’s
Seventh Framework Programme (FP7) and coordinated by the
German Aerospace Center (DLR)

Site last modified-Friday 28 October 2011,
worve.fp7-hamlet.eu wevew fp7-hamlet.de v Fp7-hamlet at oo Fp7-hamlet.pl eww fp7-hamlet.se wornfp7-hamlethu  ww.fp7-hamlet.org.uk

Imprint Copyright ©2008-2011 German Aerospace Center General Liability

Figure WP5-1: HAMLET-Science-Database: Screenshot of the MATROSHKA Data Archive included in the HAMLET webpage
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Figure WP5-2: HAMLET-Science-Database Il: Screenshot of the MATROSHKA Data Archive showing one of the slices of the phantom with the related dose

values recorded
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FP7 Project #218817
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Figure MAIN-1: HAMLET Webpage http://www.fp7-hamlet.eu
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Figure MAIN-2: PO-1 Vienna: HAMLET 1** Public Outreach Event, 1-2 April 2009, Vienna, Austria
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Figure MAIN-3: PO-2 Oxford: HAMLET 2" Public Outreach Event, 21 January 2010, Oxford, United
Kingdom
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Figure MAIN-4: PO-3 Budapest: HAMLET 3" Public Outreach Event, 12 October 2010, Budapest,
Hungary
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4TH HAMLET PuBLICc OUTREACH EVENT
Krak6w, 5™ April 2011

Topics

* Human Space Exploration

* Hazards from Space Radiation

* How Do We Measure
Radiation in Space?

* The MATROSHKA Project

* From Apollo to the ISS

* To Moon, Mars and Beyond

Polish Academy of Arts and Sciences (PAU)
Stawkowska 17, 9:30 - 15:30 FREE ENTRY

PLACE AND TIME:

For details see: hamlet.ifj.edu.pl, www.fp7-hamlet.pl
HumaN MoDEeL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS (HAMLET)

THE HAMLET PROJECT IS FUNDED BY THE EUROPEAN COMMISSION ‘S SEVENTH FRAMEWORK PROGRAMME UNDER
CONTRACT NO. 218817.
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Figure MAIN-5: PO-4 Krakow: HAMLET 4™ Public Outreach Event, 5 April 2011, Krakow, Budapest
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5" HAMLET PuBLIC OQUTREACH EVENT
RHEINBACH, 15 September 2011

RADIATION AND HUMAN SPACEFLIGHT

Topics
Human Space Exploration
Hazards from Space Radiation
From Apollo to the ISS
The MATROSHKA Project
How Do We Measure Space Radiation
To Moon, Mars and Beyond

Space Hardware Exhibition

LOCATION

Hochschule Bonn-Rhein-Sieg, CAMPUS Rheinbach
15 September 2011 / 08.30 - 14.00

Human MoDEL MATROSHKA FOR RADIATION EXPOSURE DETERMINATION OF ASTRONAUTS (HAMLET)
The HAMLET project is funded by the European Commission’s Seventh Framework
Programme under contract no. 218817.
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Figure MAIN-6: PO-5 Rheinbach: HAMLET 5™ Public Outreach Event, 15 September 2011, Rheinbach,
Germany
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FP7 Project #218817 “HAMLET” WEBPAGE

http://www.fp7-hamlet.eu
http://www.fp7-hamlet.de
http://www.fp7-hamlet.at
http://www.fp7-hamlet.se
http://www.fp7-hamlet.hu
http://www.fp7-hamlet.org.uk

Giinther Reitz
HAMLET Project Coordinator
Work Package 5 Lead

German Aerospace Center
Institute of Aerospace Medicine
Radiation Biology

Linder Hoehe

51147 Cologne

Germany

Tel: +49 2203 601 31 37

Fax: +49 2203 61 970

e-mail: guenther.reitz@dir.de

Thomas Berger
HAMLET Project Manager
Work Package 1 Lead

German Aerospace Center
Institute of Aerospace Medicine
Radiation Biology

Linder Hoehe

51147 Cologne

Tel: +49 2203 601 31 35

Fax: +49 2203 61 970

e-mail: thomas.berger@dir.de
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Pawel Bilski
Work Package 2 Lead

Department of Radiation Physics and Dosimetry
Institute of Nuclear Physics

Polish Academy of Sciences

Radzikowskiego 152

31-342 Krakow

Poland

Tel: +48 12 662 84 14

Fax: +48 12 662 80 66

e-mail: pawel.bilski@ifj.edu.pl

Michael Hajek
Work Package 2 Lead

Radiation Effects and Dosimetry

Vienna University of Technology

Institute of Atomic and Subatomic Physics
Stadionallee 2

A-1020 Vienna
Austria

Tel: +43.1.58801.141393

Fax +43.1.58801.9141393

e-mail: mhajek@ati.ac.at

Lembit Sihver
Work Package 4 Lead

Chalmers University of Technology
Nuclear Engineering

Applied Physics

Fysikgrénd 3

SE-412 96 Gothenburg

SWEDEN

Tel. +46 (0)31 772 2921

Fax. +46 (0)31 772 3079

e-mail: sihver@chalmers.se
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Jozsef K. Palfalvi

Radiation and Environmental Physics Department
KFKI Atomic Energy Research Institute

Konkoly Thege ut 29-33

1121 Budapest

Hungary

Tel.: +36 1392 2222 1495

Fax: +36 13959162

e-mail: palfalvi@aeki.kfki.hu

Soenke Burmeister

Christian-Albrechts-University zu Kiel
Institute of Experimental and Applied Physics
Extraterrestrial Physics

Leibnizstrasse 11

D-24118 Kiel

Germany

Telefon: +49 431 880-2545

Telefax: +49 431 880-2546

e-mail: burmeister@physik.uni-kiel.de

Luke Hager

Health Protection Agency HPA
Chilton, Didcot

OX11 Oxon

United Kingdom

Tel.: +44 1235 822 827

Fax: +44 1235 833 891

e-mail: luke.hager@hpa.org.uk
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