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Refresher Course Objectives

 Address biodosimetry approach to prepare and
respond to a mass-casualty radiological event

* Give an overview of the generic multiparameter
and early-response approach for radiation
biodosimetry

 Review fundamental components for early-
response multi-parameter biodosimetry with
examples using medical recording tools and
briefly address provisional and emerging
radiation injury and dose assessment triage
assays

* Provide recommendations for biodosimetry
enhancements for mass-casualties radiological
Incidents

Abstract



BiodosEPR-2006 Meeting: Acute Dosimetry Consensus

Committee Recommendations on Biodosimetry Applications

iIn Events Involving Uses of Radiation by Terrorists and

Radiation Accidents

By George A. Alexander, Harold M. Swartz, Sally A. Amundson, William F. Blakely, Brooke

Buddemeier, Bernard Gallez, Nicholas Dainiak, Ronald E. Goans, Robert B. Hayes, Patrick

C. Lowry, Michael A. Noska, Paul Okunieff, Andrew L. Salner, David A. Schauer, Francois

Trompier, Kenneth W. Turteltaub, Phillipe Voisin, Albert L. Wiley, Jr., Ruth Wilkins

1. Introduction and requirements for acute —
dosimetry T

2. Current status of biodosimetry methods
for radiation incidents and accidents

.............

Radiation Measurements

Lt
K
E

2.1 Cytogenetics B ==

2.2 Electron paramagnetic resonance
2.3 Other approaches and technologies

Bt e e, comilncatelmdmeas

TSEX 1150487

3. Recommendations and summary

1. Introduction

Vol. 42(6-7): 972-996, 2007
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BiodosEPR-2006 Meeting: Acute Dosimetry Consensus
Committee Recommendations on Biodosimetry Applications
in Events Involving Uses of Radiation by Terrorists and
Radiation Accidents

Appendlces

Review of Medical Devices for Dose Assessment by the US
Food and Drug Administration

B. Current Practice of Cytogenetic Biodosimetry for Radiation
Incidents and Accidents

C. Current Status of Deployable Mitigating Agents ot

D. Bioassay Sampling for Radioactivity

E. Provisional EPR Biodosimetry Protocols for Use in Radiation [f&g ===
Incidents and Accidents [ I

F. Procedures for Collecting Blood for Hematology,
Chromosomal, and Blood Chemistry Analyses.

G. Radiological Exposure Scenarios

H. Acute Radiation Syndromes Vol. 42(6-7):

|. Dose Estimation Based on Location History 972-996, 2007

J.

Summary of Prior Uses of Biodosimetry

1. Introduction



Acute-phase Cytogenetic Biodosimetry

IN Radiation Accidents

Accident location Year of accident ~ Number of people exposed  Dicentrics ~ PCC References

Cwmdad Juarez, Mexico 1984 ~ ] 77 N/A Littlefield et al. (1989)

Chernobyl, Russia 1986 116,000 158 N/A Sevan'kaev (2000)

Goidnia, Brazil 1987 250 129 N/A Ramalho and Nascimento

Lilo, Georgia 1986-1987 Multiple 4 N/A Roy et al. (2006)

Kiisa, Estonia 1994 4 4 N/A Lindholm et al. (2002}

Istanbul, Turkey (multiple cases) 1995 21 21 187 Koksal et al. (1995)

Tokaimura, Japan 1999 3 I 3 Kanda et al. (2002)
Hayata et al. (2001), and
Sasaki et al. (2001)

Unknown 43

Meet Halfa, Egypt 2000 I 5 N/A El-Naggar et al. (2002)

Bangkok, Thailand 2000 ~ 28 28 28 Jinaratana (2002)

Gent, Belgium 2005 | | I Thierens et al. (2003)

Referral Laboratory—incident summary — 2003-2003 23 18 Uncertain ~ Lloyd et al. (2006)

Referral Laboratory—incident summary — 1968-2003 996 996 Uncertain ~ Lloyd et al. (2006)

Cytogenetic reference standards 2002 Voisin et al. (2002)

*Table expanded from earlier work by Prasanna and colleagues (Prassanna ef al., 2004).

Alexander et al.,

1. Introduction

Radiation Measurements 42: 972-996, 2007.



Acute-phase Dose Assessment
by EPR In Radiation Accidents

Place of accident Date  Type of accident Materials

USA 9] Accelerator; various radiation accidents EPR (bone; digits), Schaver et al. (1993, 1994, 1996,
and Romanyukha et al. (2003)

San Salvador 1991 Co-b0 irradiator EPR (bone; femur), Destosiers (1991)

Tammiku, Estonia 1% RED TL (quartz pots), EPR (sugar samples), Hutt et al. (19%)

Georgia 2000 RED Claarand et al. (2000)

Review of general and combined 2005 Overview of acute-phase dosimetry Swartz et al. (2003), Blakely et al. (20022, 2003),

acute-phase accident dosimetry Trompier et al. (2006, and Kleinerman et al. (2006)

Alexander et al., Radiation Measurements 42: 972-996, 2007.

1. Introduction



|N|C|R|p| Fortieth Annual Meeting April 14-15,

2004
Advances in Consequence Management for

Radiological Terrorism Events

Major Topics/Sessions

VOL 88, NO. 5, NOVEMBER 200

 Radiological Terrorism — Introduction HEALTH

and Preparedness PHYSI(S

 Medical Management of Radiological
Terrorism Events

« Research Advances in Biodosimetry,
Radiation Prophylactic, and
Therapeutic Strategies

« Consequence Management Strategies

10
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Radiological Threat

Table 2. Seizures of radioactive material.

Date Location Material
14 November 2002 Tanzania Uranium
20 Seplember 2007 Ukraine Strontium-20 {1 source)
10} June 2002 Russia Uranium (2 kg)
30 May 2002 Lithuania Cesiom-137 (1 kg)
15 May 2002 Bulgaria - Plutonium-239
] Ma}f 2002 ' Belarus Cesium-137 (6 sources)
z Apn_] Eﬂﬂ? Chechnya Cesium-137 (10 sources)
3 Apnl 2002 Uganda Cobalt-60 (1 source)
2? March 2002 Tajikistan Uranium (639 g)
25 March 2002 Afghanistan Cobalt-60)

“Because of recent terrorist activities and
intelligence information, there is strong sentiment
that it is not a question of if, but when, a radiological

or nuclear terrorist attack will occur.”

- W.C. Conklin, Federal Emergency Management Agency
- P.L. Liotta, U.S. Navy, Armed Forces Medical Intelligence Agency

Health Physics 89(5): 415-470, 2005
11
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Early Biodosimetry Response:
Recommendations for Mass-Casualty
Radiation Incidents and Terrorism

2. Blodosimetry preplanning
- Radiation exposure assessment methods
- Radiation/radiological response teams and networks

3. Biodosimetry — concept of operations
- Stockpiling of reagents and equipment

- Selection of appropriate triage, clinical, and definitive
assays

- Establishment and exercise of specialize response
teams

4. Early-response multiple parameter
biodosimetry

- Medical recording for radiation incidents
- Triage biodosimetry

1. Introduction

12



Direct Recording of Location History A cu te- p h ase

Direct Obzervation of Clinical Signs and Symptoms

Perzonal Monitoring (Direct, non invasive) p at | e n t

- in vive EPR.

- portable hand held meters (friage/sereening) assessmen t

- portal monitors (mags screening)

- whole-body counfing m Et h 0 d S

Perzonal Monitoring (Indirect, invasive)

« Assay parameters to consider

- blood chemstry (i e., amvlase activity) for triage screening

- CBU and differential lvmphocvte count « Assays useful for scoring

- in vitro EPR (1.e., nails) ARS severity levels

- nasal swab » Assay dose and ARS

- stoo] sample response severity levels that
- urne zample (zpot; 24-hr) permit prioritization for

- cvtogeneties (e, 20-30 metaphase triage; 1000 cytogenetic chromosome
metaphase analysis) aberration triage analysis

Area Monitoring
- dosimetry results (e.g. TLDs, aenal measursments)
combined with personal lecation information

Alexander et al., Radiation
Measurements 42: 972-996,
2007.

13
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Table [ Acute-phase patient asseszment methods.®

Azzezsment Method Parameters for considering assessment method | Applicable Doze (Gy) or ARS
for uze in early (<5 d) triage screening for scoring | response category level to
ARS severity select for priority
evtozenetic triage analysis
Time for E:ztimate cost per sample, Triage Response
analysis US Dollars dose, Gy category
levels
Direct Becording of Location History 2 min 17
Direct Obzervation of Clinical Sizns and Symptoms 5 min Tes 17 -4
Personal Monitoring (Direct, non imvasive)
- in vive EPR Unknown Unknown 3-7
- portable hand held meters (riage/screenmg) 5 min - -
- portal monttors (mage/screening) 2 min -
- whele-bodv counfing - 25 mun -
Personal Monitoring (Indireet, mvasive) Detection | Estimate cost
Limit,# per sample,
US Daollars=
- blood chemustry (ie., amvlase activity) 3 o §2 17
- CBC and differential vmiphoovte count 2 min il Tes 17 -4
- in vitro EPR (1.e,, nails) =15 mmn Unknown 17
- nasal swab -1d 30 pCi/swab $70 -
- =tool sample 14 Fpliz 180 -
- urine sample (spot; 24-hr) ld;=14d 10 pCrivial 390 -
- cytegeneticos (Le., 20-30 metaphase friage; 1000 -3 days 1 G Unknown; -
metaphase analvsis) 0.2 Gv S300-3.000
Area Monitoring
- dosmmetry results (e.g. TLDs, aenal measurements) Unknown - 17

combined with personal location mformation

*The Table was modified a version reperted by Alexander and colleagues [2].

WNots that the personal and area momtoring methods are listed i alphabetical crder and, thersfore, thew location m the table does not mfer prionty or

preferencs.

# Radiobioassay detection limits and costs are based on 'Cs isotope znd | min gzmma-ray spectrometry analysis with high priority count (costs 3-times
routine) with no automatic sample changers used. Detection limuts for cvtogenstic analyais are presented in acute photon equivalent dose m umts of Gy,

2. Biodosimetry preplanning




Emergency Medical Response
Organization Radiological Assessment

« On-scene controller

« First responder

 Medical response initiator

« Emergency medical responder
« Emergency medical manager

« Ambulance transport team

« Hospital emergency department
response team

* Medical specialist of appropriate
service

« Referral hospital
 Public health advisor

« Radiological assessor

« Health/medical physicist
« Decontamination team
 Public health advisor

IIIIIIIIIIIII

llllll

e
s
52
EZ

o &

uuuuu

« Medical support team (LOCCSID)

- Biodosimetry team _
Personnel dosimeters ,;

2. Biodosimetry preplanning



Table Il. Selected List of Radiological Response

Teams
Initial Assessment Nuclear, Chemical, and
Biological
Radiation Source Medical Recording and
Search Registry

Radiation Survey and Haematology and
Bioassay Sampling Cytogenetic

Biodosimetry

Sampling

16
2. Blodosimetry preplanning



9 1AEA’s National Assistance Capabilities

Aertal survey Public health protection
Radiation monitoring Biodosimetry Includes

: Cytogenetic
Environmental measurements [nternal dose assessment | Biodosimetry
Source search/recovery Bioassay 2P0ty
Assessment and advice Histopathology
Medical support Dose reconstruction

17
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Strategies to Enhance Rapid Throughput
for Cytogenetic Biodosimetry

« Establishment of one or more national expert
cytogenetic biodosimetry laboratories

- REAC/TS (USA)

« Use of commercial off-the-shelf automation devices
(metaphase harvesters, metaphase spreaders,
metaphase finders)

- Prasanna and colleagues (AFRRI)

 Development of a network of reference and
supplementary national and international cytogenetic
biodosimetry laboratories

- UK/France/Germany; Japan; Canada; USA; Latin

America; South Korea
18

2. Biodosimetry preplanning



WHO Consultancy on BioDoseNet development — 4 20 World Health

17-18 December 2007 =24 Organization

BioDoseNeT

Core
Reference
Laboratory

Reference
Laboratory

Associate
Laboratory
Associate
Laboratory

Reference
Laboratory

Reference
Laboratory

Associate WHO
Laboratory Steering
Committee Laboratory

Reference
Laboratory

Reference
Laboratory

Associate
Laboratory

Associate
Laboratory

2. Biodosimetry preplanning

Reference
Laboratory

Reference
Laboratory

Associate
Laboratory

Meeting Report,
Radiation Research
(in press)



WHO'’s Network of Expert Reference a World Health

. "v\g,, e
Laboratories for Dose Assessment S Organization

Molecular
Biodosimetry
Network

Cytogenetic
Biodosimetry
Network

UN
Agencies
(i.e., WHO,
IAEA)

Electron
Paramagmetic
Resonance
Network

Radiobioassay
Network

20
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Biodosimetry Concept of Operations — Primary Goal

A.
| | |

1.0 5 )

0.8 ~ L
£ i —
@®
a) i —
2 06
IS B -
(@)
g A J
m ) -

0.2 |

0.0+ = [

0 16
B.
Co};tcer'ned- Cytokine or Stem-cell
ublic bt
(Worried ntibiotic Transplant
Well) Therapy Therapy

*Waselenko JK, MacVittie TJ, Blakely WF, et al. (2004) Ann Intern Med.,140(12):1037-1051.
Blakely WF, Salter CA, Prasanna PG (2005) Health Physics, 89(5):494-504.
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Accidental Exposure Processing

PHYSICAL BIOLOGICAL CLINICAL
DOSIMETRY DOSIMETRY DOSIMETRY

| | || |

DOSE CONVENTIONAL PRODROMAL
RECONSTRUCTION CYTOGENETICS SYMPTOMS
(Dicentrics) AND ERYTHEMA

OTHER
BIOINDICATORS PERIPHERAL

(Cytogenetics, BLOOD
cytology, molecular, LYMPHOCYTE

biophysics) DEPLETION

Credits: Modified from materials provided by Voisin (ISPN).
3. Biodosimetry — concept of operations
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= | AFRRI Pocket Guide (2008) - NEW

Radiation Patient Treatment B i O d O S i m et ry

Radlvation ncident with Traumas

Concept of Operations:

* Medical recording

 Clinical signs and
symptoms

« Radiation surveys and
radiobioassays

« Hematology (i.e., CBC with
differentials)

* Blood chemistries (i.e.,
amylase)

« Cytogenetic biodosimetry

AFRRI website:
http://www.afrri.usuhs.mil

23
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Radiation Patient Treatment Algorithm
(Biodosimetry — Concept of Operations)

® Medical Recording
® Radiation Survey

® Radiobioassay
Sampling

® Medical Recording
® Radiation Survey

® Radiobioassay
Sampling

3. Biodosimetry — concept of operations

Access and Stabilize Life
Threatening Problems

Initial Decontamination,
Access and Treat Medical
Problems, and Stabilize
Patient

Prioritize
Decontamination and
Decontaminate

Externally
Contaminated?

Treatment

Follow-up

® Medical Recording

Emergency Medical

Medical Evaluation and

® Medical Recording

® Clinical Signs &
Symptoms

® Haematology

® Blood Chemistries

® Radiobioassay
Sampling

® Alternate Radiation

Screening Assessment
Assays

® Medical Recording

® Clinical Signs &
Symptoms

® Haematology

® Blood Chemistries

® Radiobioassay
Sampling

® Cytogenetic
Biodosimetry

® Alternate Radiation

Screening Assessment
Assays

24



Department of Homeland
Security 2004 Workshop

» Post-exposure dose assessment will
aid in triage.

* A gap exists in funding lanes for
dosimetry devices

* Training & education need to be an
integral part of the US response

« 5 focus areas + Joint Interagency Working Group = DHS
strategy to effectively utilize current assets, identify
assessment tools/technologies that can be rapidly fielded, &
identify mid- and long-term technologies

Triage is a repetitive process. It begins at the scene and continues along each step of medical care. Thus, both
responders who are first at the scene and acute-care givers at each step of the process must make triage decisions
and immediate care decisions in a mass casualty environment. Hospitals will receive self-reporting patients who are
self-transports or transported by friends or good-Samaritans

25
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Joint Interagency Working Group
Diagnostic Pyramid Triage Concept

+ Hand-held diagnostic device with throughput of | assay per
5 minutes or less

+ Fleld-laboratory tumaround time of 24 hours or ess

+ Hand held field laboratory and reference laboratory
radiation dose assessment systems need a detection range
-8 Gy, with thresholds at 1.5 Gy and 4.5 Gy for triage and
2-3 Gy and 6-7 Gy for treatment decisions for hand-held,
field laboratory, and reference laboratory diagnostic dose
assessment syskem.

« Critical need to identify those who do not need immediate
medical attention

http://www.afrri.usuhs.mil/outreach/reports.htm

26
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Biodosimetry—General Guidance*

Actions needed Iin suspected overexposures:

* Perform measurement and bioassay, if appropriate, to
determine radioactivity contamination.

* Record physical dosimetry measurements, if available
* Observe/record prodromal signs/symptoms and erythema.

* Obtain CBC with white blood cell differential immediately,
then every six hours for 2 to 3 days, and then twice a day for
four days.

« Contact qualified laboratory to evaluate performance of
chromosome-aberration cytogenetic bioassay, using the
“gold standard” dicentric assay for dose assessment.

 Consider other opportunistic dosimetry approaches as
available.

*Waselenko JK, MacVittie TJ, Blakely WF, et al. (2004) Ann Intern Med.,140(12):1037-1051.
Blakely WF, Salter CA, Prasanna PG (2005) Health Physics, 89(5):494-504.

27
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Biodosimetry Tools Supporting Medical Recording

www.afrri.usuhs.mil/outreach/biodostools.htm

Medical Recording Forms Software Program for Collection of
Radiation Exposure Medical Data

Biodosimetry Work Sheet ||

Radiocesium Work Sheet

SICGNS & SYAPTONLS

BIODOSIMETRY
ASSESSMENT TOOL

First-Responder Radiological Outreach Distribution

Assessment Triage (FRAT) I I

Expert panel weighted
triage dose based on — Military Medicine
currently available — Operations CDROM
biodosimetric indices

@ A G R R 1 I

28
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JF UNIFORMED SERVICES UNIVERSITY

et Medical Recording

‘n Armed Forces Radiobiology Rescarch Institute
AFRRI Adult/Pediatric Field Medical Record: Forl I IS

This medical record provides a convenient Updated worksheet

AFRRI Field Medical Record

one-page form for gathering emergency —_—— — == includes the

medical information in the field. It is METREPOL ARS
applicable to both adult and pediatric cases. :
severity response

AFRRI Biodosimetry Worksheet:

T scoring system
This data entry worksheet, recently
expanded from four to six pages, provides a \ /
place for recording the facts about a case of roacomers worm oneer 1L
radiation exposure, including the source and
type of radiation, the extent of exposure, and
the nature of the resulting injuries.
Applicable to both adult and pediatric cases.

Prussian blue work sheet: AFRRI Form 335
describes the initial assessment and
treatment of casualties from a radiation
dispersal device (RDD) event that involves
the dispersal of radioactive cesium or
thorium.

AFRRI website: www.afrri.usuhs.mil

29
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Medical Treatment Protocols (METREPOL)
for Radiation Accident Victims

SYMPTOMS GRADING GRADING RESPONSE
SOrgan CODE CATEGORY

Nausea specific)

Vomiting

Anorexia

Fatigue syndrome
N Fewver

Headache

Hypotension

MNeurclogical deficits

Cognitive deficits

Lymphocytes changes

Granulocyte changes
H Thrombocyte changes

Blood loss

Infection

Erythema
Sensationfitching
Swelling/Edema

c Blistering
Desguamation
Ulcer/Necrosis
Hair loss

Onycholysis

N, H, c,.G,.‘ RC = 2

G Diarrhea

Abdominal cramps/pain EXA MPLE:

N = Neurovascular system o/ N2 N2H3c162 RC = 32:,
H = Hematopoietic system .

C = Cutaneous system

G = Gastrointestinal system Capital letter Degree of A RC equal to 3

i = Degree of severity 1-4 for the organ severity was determined

xd = Time point (x) at which RC system, e.g. to describe on the second
was measured in days (d) neurovascular the extent day after exposure
after beginning of exposure system of damage

Adapted from Medical Management of Radiation Accident, Manual on the Acute Radiation Syndromes, The British Institute of Radiobiology, 2001
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Llu \ UNIFORMED SERVICES UNIVERSITY
L7

AFRRI website: www.afrri.usuhs.mil
AFRRI Biodosimetry Worksheet
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severity score for
hematology kinetics
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APPENDIX
Grading Systam for Rasponsa of Neurovascular, Gastrointastinal, Cutanaous, and Hamatopoiatc Systams
Symptoam Chagras 1 Degres 2 Cegres 3 Degraa 4
Nourovascular system
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Complsis imparment

Fatiguaiwoeakness:

A I Wl

Aheferen wih vk
or nomal activly
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Consslancy. | Buky Loaa Wary ose Watery
Mulena (boody stools): | Cooul e minant Parsisian Famisiant largs amount
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AFRRI Biodosimetry Worksheet
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" (Medical Record of Radiation Dose, Contamination, and Acute Radiation Sickness Responsa]

Serum amylase
C-reactive protein

i

Exfermal Exposure: Dogs Assapsment [persons) ceaing this page of the report)

Dos= rate {at distance mexsuned fom):

Aty of sounce (I Knownl:

Last namme: First name: unk

Phone: Fan: E-mait Couniry of origin
Dal= dose assEssss iyymmodl: Time= dose Azsessed: Pace

Maturs of sxpocurs: raciabisn Sounss

Aphatal ™ Yes ™ Mo Bt 2 (™ Yes ™Mo Meulron fni ™ Yes ™ Mo
Gamma iy & Yes Mo Ferayixr ves TR Miv=d {nfyc & ¥es Mo

Cistance o source:

Curation of sxposure:

Tyoe of dosimater (H applicabiz):

Condcunding Tactors used In dose reconstuction (e g, shi=idieg Y22 Na

Eenty lncabion of dosimepers

Facilty whens dosimater mas read:

Dhosimeter raading

iy
1T
L Lt

Adult

Blood chamistry anaiyeic

Ctata collacied (yymmdd):

Doces dictribution

EBlnlogical dosimedry bype and fadiity whens pedfomed (f applicatie

Child 2

‘Essond Third Fourth

Time coleched:

Crafa analyzed (yymmddf:

Tim= anatyzed:

Serur amsiases (LLE
(relerascn v 21-0E0 LWL
m C-reactive protis (mgiL):

(refesare vk -1 gl
Ofer

KPR Form 330 (L372007) Fatant's mevics nw
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Software Program for Collection of
Radiation Exposure Medical Data

* Primarily permits recording
of relevant indices of
radiation injury.

* Interprets dose-related
diagnostic signs and
symptoms (i.e., lymphocyte
cell counts, times onset of
emesis).

BIODOSIMETRY
ASSESSMENT TOOL

www.afrri.usuhs.mil
Summary Pysca Dosmetty | ContamingdonWaund
el mofocye Cyfaggnec m

Pl ymptms

]




Program Schematic: BAT Application

Overview
Information

Patient
Report

S

+

Exposure

Information

Radioisotope
Information

+

Physician’s
Notes

1

Hematology ‘_} —

Physical
Dosimetry

Erythema ‘_} Summary ‘_’ Infection

Lymphocyte
Cytogenetics

A

T

Contamination/
Wound

~—

Prodromal
Symptoms
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General Guidance — Suspected
Internal Radioactivity Contamination*

« Radioactivity decontamination to minimize
local dose to potential wound site

» Metallic (or other) fragment sample collection
for iIsotope identification

* Biological sample collection (e.g., urinalysis,
fecal, wound, swipes from body orifices) for
determination of committed dose

*Recommendations of the Biodosimetry and Devices Subpanel of the
Radiological / Nuclear Threat Countermeasures (RNTC) Working Group for

the Office of Science and Technology Policy — Homeland Security Council.

36
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MEIR, Scenario, 1 -- AFRRI BAT Data Entry Screen 8

File ‘Window. Help

Radioactive Contamination Data Entry Patent: MEIR, Scenarno, 1

- A A s
I Intemal Binazzay Arnourt Amount| Sample | 5 ample teter Fleau:l:J Sl
Unitz | Date Timne

# |Route Chelator/blocking agent:
¥ i

Diozage;  Units:

ool

;I Frequency
[daysz]:

v External Location Reading Time
right hand

Cornments [Include POC, facility far contamination measurements, radiation meter zenal number and calibration date. ];
Mo radioactivity associated with zoldier.

Surmmary Phzical Dosimetny L Contamination L FProdromal 5ymptoms

Hermatology Lymphocyte Cytogenetics J E mpthiema s ound J |nfection
Back to Radioizotope
[rfarmation
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Data for Estimation of
Internal Dose

Internal
contamination

Wounds/

contaminated
wounds

External (non-wound)
contamination

 DOSE

&4

B
o

[ SR
ity W
AT Vile -
SN TN
SIGNIS & SYMPTOMS

| SAL

BIODOSIMETRY
ASSESSMENT TOOL

Isotope

Mode of internalization

Assays: radon/lung, nasal swipes,
Urine samples, fecal samples, others
Time course measurements

Type: abrasion, burn, laceration, puncture
Location: anatomical figure for easy entry
Time course measurements

Whole-body and partial-body counting
Meter pick list

Reading entry

Units with Sievert - Gray conversion

Location: anatomical figure for easy entry
: 38
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n n _3“;\‘“"' ’:
Anatomical Location s
Body Section Selsctor BIODOSIMETRY
— o -Data entry screens that use the Body “EATR%
About the Fods Map Section Selector tool
Click body section.
S “PHYSICAL DOSIMETRY
T—— Select Whale -Location worn on body
ey Lner Jde BIZIEI_'.J
‘ERYTHEMA/WOUND
Coded Value: Cormmorn Mame: —LOC&'[IOH Of el’yth ema
i R -Location of wound
i e *RADIOACTIVE CONTAMINATION
right hand -External contamination location
___Body Section Selector
Accept Eancell S AT M%ﬁ i .
Click body sedon,
- and then Accept.
4L1 4R
Click outside the bady for Urknown e *3: - — Select ok
4.3 SL e 4R32
4L4 : AR4 Coded Value: Cornrnot b arme:
as by e AJRS & JFight Hand
71 L adARE Scientific Mame:
BAT user clicks on affected ra e, AT T D right hand
region, which is automatically R
entered in “location” section of “ N | carcs |
. TL4
appropriate data entry table. é
;ﬁ; Click outzide the body for Unknown
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Bioassay for Internal
Contamination of Radioactivity

Laboratory capability for medical facility/hospital satellite
reception center, field hospital, or medical response
teams

« Biodosimetry and Devices Subpanel® of the RNTC
Working Group recommended critical supply items be
stockpiled and available to provide appropriate medical
response to situations involving mass radiological
casualties and also recommended research efforts to
enhance automation of sample processing by radioactivity
counting laboratories.

« Deployable bioassay sampling is part of the “Medical
Support Team” for IAEA’s Emergency Response Network
now known as RANET.

*Dr. James Smith was a Subpanel participant and provided

significant contributions in this area.
40
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Envthema/Wound Fatient; MEIR, Scenario, 1 -
Data E ntr‘jl" Ak e F s

v Erthema Comments:
g |Date Location - Image of the patient's |Saldier has no wounds.

|1 v emthema or wounds

2] I e Iz availlable
3
4| In the comments,
a | | inziude hiow to obtain
E | i the image.
= | |

v wiound
H [Type Location D ate -

{1 - =
2 -
3 |
4] |
) 4
Hermatology l Lymphocyte Cytogenetics L Erpthemawound Infection
L Surnrnary | Fhypzical Dogimetmy l Contarination l Frodromal Syrnptorms

E ack to Radioizotope
|nfarmation

D
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MEIR, Scenario, 1 -- AFRRI BAT Data Entry

HE=

|l .:_'!.'.' | Helr

o =

Frodromal Symptoms
Data Entry

Check all that apply:
v Mauzea

Screen 9

Patient: MEIR, Scenaro, 1

Had ner $ sonsee

The most crtical information iz BLUE.

r Antiemesis therapy adrmimstered

v Womiting prior ba initial womiting

Start of nitial voniting:
Date; |34/271./2007

Chbtain Doze
Lzzezsment

Time: |05:00

IF THE PATIENT HAS CHAMGED TIME Z0OMES
SINCE ExPOSLRE . provide the number of haurs
that elapzed from the time of expozure to the onzet
af wormiting:

—
—

Hate the seventy of womiting on a scale of 0 [almost
niarie] ko 10 [most severe):

v Dianhea I Tachycardia

v Fatigue

I Weakness I Abdominal pain I~ Headache

Date Time

I Fewver

kethod Temp. [* C] Comments [Click here

32242006 | 12:00

b wiew or edit]:

Rectal 37.00

Body

Hovmarar e o ST

v temperature

e Sard S SRS

measured

ol B e B F e e e

|

Summary

Phyzical D osimetny

L

Contanmination

L Fruﬂqmal S_I,Imptuﬂs

Hematology

J\ Lymphocyte Cytogenetics J\

E ruthemas ound

|

|nfection

4. Early-response multipl

Back to Badioizotope
[rfarmation

D

e parameter biodosimetry




Onset of Vomiting

r Antiemesis therapy adminiztered

v “amiting priar to imitial varmiting

Start of iritial wwamiting;

Doate: (94212007
Time; |05:00

Obtain Doze
Azzessment

IF THE PATIENT HAS CHAKGED TIME ZOMES
SIMCE ExPOSLRE. provide the number of hours
that elapsed from the time of exposure to the onzet
af warmiting:

R ate the sewverity of womiting on a scale of O [almost

rJ

BIODOSIMETRY
ASSESSMENT TOOL

none] ko 10 [most severe);

10—_

Dose (Gy)

Radiation Dose ve Time to Onset of Vomiting
Anno et al. (1989) + Goans et al, (2001)

0

Frint this
fiorm

- - Time from exposure ta
My 5o
TR L - onzet of yomiting;
T, e 700 Hours
"'\-._.L\' G .
. e -?:‘-t:-_ - -
. i . i . T
- - 1:: e {I . Estimated dose at
: ; ““:;g & tirme: of exposure:
~f-- Bir. . 5
. e, B !‘- e o ' Gray [Gy]
[ ] I.. - “'-_-\'--- - _.
* aa i e 5
o .- ::"t 95% CL [Gy]
" N 1119
[ ]
-
— . — - S — Patient:
u_lr : ‘-II'J MEIR. Scenarna, 1

Postexposure Time (Hours)

Anno, G.H., et al., Symptomatology of acute radiation effects in humans after espozure to dozes of 0.5-30
Gy [Health Phyzics, Wal BE[E]: 821-838, 1989). Dose rates ranged from wery high [accident cazez] down
b 0.3 Gy/min [radiotherapy patientz). Goans, RE, Clinical care of the radiation accident patient: patient
prezentation, azzeszment, and initial diagnoziz [Found in: The Medical B aziz for B adiation Accident
Preparedness: The Clinical Care of Yictim, Proceedings of the dth International REACAT S, Orlanda, FL,
karch, 2001, Editars: Robert C. Ricks, Mary Ellen Berger, and Fredenck k. Ohara, Jr., The Parthenon
Publizhing, Boca Raton, FL, 2001.). Ik general, midine dozes are guated. Confidence limits [dazhed blue
line] reprezent one SE from the fitted line [zolid red).

Retum tao
Drata Entry

Per Cent of Patients Who Yomit After Exposure

ORAU Low-Dose Experiments 1964-1975

99.9
99.9 =%= Nausea
g == Emesis
o 99
¢
£ EDy =1.58 Gy
3 90
[4]
0
5 ED,, =2400G
=2, Y
E 50 50
[ 30
3 //V,
|-
& 10
v
1 r r T r r
0 1 2 3 4 5 8

Dose (Gy)

‘\f’umiting induced by exposure to ionizing radistion vomits occurs in & fraction of exposed humans (Goans ef &f, in press).
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Y Forward Deployable Military
Labs and Capability

DTRA/AIr Force Fly-Away
* Physical dosimetry (TLD)
* Blood cell counting (AFRRI)
 BAT software (AFRRI) ———
 Internal dosimetry, radioactivity counting

AR P USRS - v Y | ; y Ao Tl ~ ol = {
- W : e = e - . oy 2 : SR B g Ly y ; Erreey 'y ]
R it e L Ly S UG P 3 g oy ‘- e T T ] L d ] et : — '
o 3 e g b "I"_"'_"\'fl_r'::.; B ‘.E ! '—--?'r LRI ¥ : B : = 5% | o v
g Mot A e A R T R . e = Ol
ol e . " sl iy LR L oL e e~ !
B i N 2 e e i = e =] Y L
BAr AP i RGN Bk R A : = . A e f .
A e A T e 7 et Lo e iy 3 - / =
7]l B 5y gt e N TS A g il TR SNSRI :
Defense Threat Reduction Agency (DTRA)



Deployable Hematology

Laboratory capability for medical facility/hospital
satellite reception center, field hospital, or medical
response teams

* AFRRI provided equipment and supply list for Department of
Defense applications

* Biodosimetry and Devices Subpanel* of the Radiological /
Nuclear Threat Countermeasures (RNTC) Working Group
for the Office of Science and Technology Policy — Homeland
Security Council recommended that similar supply and
equipment items be stockpiled and available to provide
appropriate medical response to situations involving mass
radiological casualties

* Deployable hematology capability is part of the “Medical
Support Team” for IAEA’s Emergency Response Network
now known as RANET

*Subpanel co-chaired by Drs. Robert C. Ricks and W.F. Blakely
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Dose Assessment—

Hematologic Indicators ==

AFRRI Biodoze Aszessment Program [BAT)
File ‘Window Help

Hematology DataEntry  paien vame iones, sally i

HELF an fiie s
~ Blood Count [UNITS--LY:10*3/liter; others: To Be Detemined]
Sk e v dnsbanivn
Lymphocyte data may contain combined o Sishetalng £ st
Magwmamant

Date Time Hrz. Post |Lympho-  |Single Sample | Meutra- | Thrombao- Al
Exposure | cytes (LY 8]| Estimate phils | cptes Liind e Aaf an

1202100 |1200:00 P 27 15 SHOW DOSE Lymphouts Lk
12/23/00  |3:00:00 &M |72 1.3 SHOW DOSE Livsi
12/24/00  |3:00:00 &M |96 1.1 SHOW DOSE
Gt Multi-Sample §
i Doge Estmate
| |
[ Cytokine Therapy _[# Date Cytoking Dose -
1 =
060 Day 2
[raph 3
4 =l
Hematology 1 Lyrphocyte Cytogenetics 1 Emythema l Infection
[ Summary l Physizal Dosimetry l Contaminations‘ound 1 Frodromal Symptoms

BAT user enters hematology in data entry table and then can convert
lymphocyte count to dose estimate. 46



Dose Predictions Based on Lymphocyte

Counts or Lymphocyte Depletion Kinetics

Filter valid
points

:

D4

|y
pg1 calc
for 15t pt

BHA
N

Report: dose
3 or more msg

Report: “0”

Report: “Evidence of exposure, but
can’t make a prediction...” m

eport: “0 Gy”
“normal range” msg
“adult population” msg

Report dose
& Confidence Interval

5 2 138 997

2 o1}

= 3 1.04 7.26

E

2

S 4 0.89 5.66

o

E‘ 5 .83 4. 851

a 001 B 0.81 4.4

E 7 0.83 4.24

a 8 0.95 4.08
9 0.98 4.05

Dose = a-b log, (lymphocyte count)
0.001
0o 2 4 6 & 10

Gamma Dose (Gy)
Patient: MEIR. Scenario. 1

Frint this
farm

i fivr gl srinaan

E stimated dosze at time of exposure:
4.7 Gray [Gy]

3756 95% CL
3 Mumber of valid measurements

The rate of decline and the degree of
depleted lpmphocytes are directly related to
abzorbed doze [Guskova &K et al., Acute
radiation effects in wictims of the Chernabyl
nuclear power plant accident. In Sources,
effects and risks of ionizing radiation, United
Mations S cientific Committee on the Effects
of Atomic R adiation [UMSCEAR], Appendix.
15988). These data, while described in
gamma doze [Gy] equivalentz, may include
zome criticality accidents cazes where a
wariable percentage of the dose invalved
neutrons [Guskova & and Baranoy AE.
perzonal communication).

Return to Data Entry

10 -
8
] e
@ L - //’ [ 4,""
3 ] S
3 4_ = “/’ )’rf"
4 ") e " "
L e P
24 L1t g
] Sy N =35
u 3 T 1 T i T 1
0.0 0.2 0.4 06 0.8 1.0
Rate Constant {day)

Reproduced from the journal Health Physics with permission from the
Health Physics Society.

Table 4Gy

Patient:

Al A Sl et

Frint this
farm %

Estimated dose at time of exposure;

40 Gray (Gy)
31489 952 CL

MHumber of walid
measuremnents

J

Goanz, . E. et. al. Early doze
azzezzment following severe radiation
accidents. Health Phys, Yol 72 (4]
B13-518 [1997). This graph illustrates
the relationship between estimated
phaton dase and lpmphaocyte
depletion rate with a 95% confidence
interval [dotted blue ling).

Return to Data Enty
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Table III. Biodosimetry Based on Acute Photon-Equivalent Exposures™

Dose |Time to Onset| Absolute Lymphocyte count l:xl{]!:'."].iher}tl (Day) |Lymphocyte Relative increase
Estimate of depletion in serum Number of dicentrics®
vomiting rate amylase activity
at 1 d compared
with normals®
Gy %" | Time 0.5 1 2 4 6 8 Rate Per 50 Per 1000 metaphases
(Hr) constant metaphases
0 - -- 245 | 245 | 245 2.45 245 245 - 1 005-01 1-2
1 19 230 | 216 | 1.90 1.48 1.15 0.89 0.126 2 4 88
2 35 463 216 | 1.90 | 1.48 0.89 0.54 0.33 0252 4 12 234
3 54 262 203 | 1.68 | 1.15 0.54 0.25 0.12 0.378 6 22 439
4 72 1.74 190 | 1.48 | 0.89 0.33 0.12 044 0.504 10 33 703
3 86 127 1.79 | 131 | 0.69 0.20 0.06 020 00.63 13 51 1034
6 94 099 168 | 1.15 | 054 0.12 0.03 006 0.756 15
7 08 0.79 158 | 1.01 | 042 072 012 002 0.881 16.3
g 09 0.66 148 | 089 | 033 044 006 =001 1.01 17.3
9 100 | 056 139 | 079 | 0.25 030 003 =.001 1.13 18
10 100 | 048 131 | 0.70 | 0.20 020 001 =001 1.26 18.3

* Table modified from version reported by Waselenko and colleagues [12]. Depicted above are the four most usefnl elements of biodosimetry. Diose range 1s based on acute
photon-equivalent exposures. The first column indicates the percent of people who vomit, based on dose received and time to onset. The middle left section depicts the time
frame for development of lvmphopenia. Two or more determinations of blood lymphocyte counts are made to predict a rate constant which is used to estimate exposure doze.
The middle right section shows the relative increase in serum amylase activity in humans 1 day after radiation exposure. The final column represents the current “gold
standard”™ which requires several days before results are known. CSF therapy should be initiated when onset of vomiting, lymphocyte depletion kinetics, and/or semum
amvlase suggests an exposure dose for which treatment is recommended. Therapy may be discontinued if results from chromosome dicentrics analysis indicate lower

estimate of whole-body dose.

* Cumulative percentage of victims with vomiting.

" Normal range: 1.4-3 5x10°/L. Numbers in bold fall within this range

® The Iymphocyte depletion rate is based on the model Lt =245 x 109/L x e-k(D)t where Lt equals the lymphocyte count [xll};.-"L}, 245x 10°L equals a constant
representing the consensus mean lymphocyte count in the general population, k equals the lvmphocyte depletion rate constant for a specific acute photon dose, and t equals
the time after exposure (days).

% Relative increases in serum amylase activity compared with normals [42].
* Number of dicentric chromosomes in human peripheral blood lymphocytes.

Lymphocyte normal range: 1.4-3.5 x 109/L

4. Early-response multiple parameter biodosimetry
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Radiation Protein Biomarker Concept

Acute Injury Biomarkers Time Course ARS Organ Injury Biomarkers

00
| £
> - ! =
> -
J / = - BGy
\ - - B0y
T- 190Gy
—y\ - éez
4 [ a8 10
Time since WEI (days)
i 1

Lutgens et al. IIROBP 57(4): 1067, 2003

g

g

Plama Fit3-l concentration (pg/mi).
g

7 500
—o— 100R
—e— 150R
6,
51 etal. IURB 77(6): 703-712, 2001
€
€ 4 14 -
E 3 1 E:: 5
¥ ;
§ B 13 ke
& :
x5 ; 80 .
B o g
11 B '
E
z
0 A ' | 3 b
; ; ; " 1 | 105 1 # 3
0 20 40 60 80 / \ Tinoe posts madiackon |days|
/

Time after exposure, h e

Maltsev et al., [Report of Russian Academia Guipaud et al. Proteomics 7: 33024002 3007
of Sciences] 239(3): 750-2, 1978 (in Russian). ’



Radiation Protein Biomarker Concept
Dose Response

Acute Injury Biomarkers ARS Organ Injury Biomarkers
- -

Lo} - 24 hrs 5

- @ i

2 )/ ' ¢

; (
E‘II:ll
il 3

: s |

r ;
Dosa (Gy) [

Dubray et al., Radiother Oncol 24(1), 21 (1992

1 a o A 0 = A o & o 1 s 1 J
0 2 4 6 8 10 12 14 16

Dose (Gy)

Lutgens et al. IIROBP 57(4): 1067, 2003
é 1600

£ 1400

f ] 'g ‘:Eh 1200

: S & 1000

5 g 00
28 soo
g5 400
o 200

‘ D E— :
0 2 4 6 8 10 12 14 i i 2 3 F ] g 5 T a8 a9
22 Radiation dose, Grays
Maltsev et al., [Report of Russian Academia of oU

Sciences] 239(3): 750-2, 1978 (in Russian). Bertho et al. IURB 77(6): 703-712, 2001



First-Responder Radiological Assessment Triage (FRAT)
Outline of Software Application Design

Diagnostic,
hospitalization,

and mortality bod lymphoc
messages

Dose assessment




FRAT Expert Panelists

o

Radiation experts selected by the AFRRI FRAT Team to complete the FRAT survey.

George H. Anno, Ph.D.
(Pacific-Sierra Research
Corp.)

William F. Blakely, Ph.D.
(AFRRI)

Elena Buglova, M.D.
(IAEA)

Nicholas Dainiak, M.D.
(Bridgeport Hospital)

William E. Dickerson, M.D.
(AFRRI)

David Holt, Ph.D.
(Institute of Naval Medicine,
United Kingdom)

John Jacocks, M.D. (Army
Test and Evaluation
Command)

Pataje G.S. Prasanna, Ph.D.
(AFRRI)

Charles A. Salter, Ph.D.
(AFRRI)

Vijay K. Singh, Ph.D.
(AFRRI)
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Frequency Distribution Diagrams of FRAT
Expert Panelist Consensus Survey Results
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FRAT Triage Dose Assessment Pages

Triage Dose Assessment - 1 Triage Dose Assessment -2 Triage Dose Assessment -3
Patient: MEIR, Scenario, 1 Paﬁﬁrﬂ?hhﬂ%’eﬁfﬂiﬁQgéjl Patient: MEIR, Scenario, 1
Radiation OVEREXPOSURE —- ’ ‘ CATEGORY Esg:c‘g,:,’)se
potentially SEVERE medical effect. Signs and Symptoms 160.0
\ ) Dosimetry
(Draw serial blood samplesand 7| |Blood Lymphocyte Counts 465.7
All results are based on acute whole o s led 408.4
body photon exposures of healthy make additional lymphocyte Poole ‘
subjects without medical treatment. measurements. Determination of | 95% Confidence 239.7 - 577.1
Eﬂi[ﬁﬁﬁ POOR POOR
eliabil . l— e . . —— o _ .
Y . Next || || Previous| Reliability . Next || || Previous Reliability . Next |
Triage Dose Assessment -4 Triage Dose Assessment -5
Patient: MEIR, Scenario, 1 Patient: MEIR, Scenario, 1
Reliability/Diagnostic Message: Hospitalization & Mortality Msg
The multiparameter triage 1 Hospitalization (90%) for 60-90
exposure or dose estimate has days with 0-80% fatality risk in
POOR reliahility based on the 3-12 weeks without extensive
FRAT triage parameters. treatment.
Additional patient signs and
symptoms,blood cell counts, and
w
POOR POOR
 Previous | Reliability . Next |  Previous | Reliability . Next |

e  — e - . ey




First-responder’s Radiological
Assessment Tool - (FRAT)

« Handheld software for
estimation of potential
radiation exposure

e Small, <200 kb
e Uses Palm OS

« FRAT and other products
avallable at AFRRI website
http://www.afrri.usuhs.mil.
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File ‘Window  Help

SUMMARY bt Lot
Military unit or organizatior:  United States Army

Doze pebmates and rmeacremeants as shriwn in Flad Fileriarme  MFIR Srarnann 1 mdb

Simple Instructions: Thiz estimate should be provided by an expert in radiological _
doze aszessment. Pleaze uze the infarmation on the Summany page to provide your i wr B Snae
bezt prediction.

E shimate 5 _ Dir. “wéilliam F. Blakely
[rurmber]; S By whom:

Triage doze estimate reliez heavily on the hematology data but are conziztent with the clincal
rezults.

R ationale:

[ate of 94222007

Biodosimetny expert
azzezzment:

E ztimator's
qualifizationsz:

Time of 10:00:00 P
asgessment:

Fririt thiz Return ta Summary
FPatient: MEIR. Scenario, 1 farm

Iil:c.usnla I;:.quiﬂ.e Eq F"-}'u:utcu;"u Eqﬁeut;nr'-l - — 1

F[iht iE . Return To Data
o E @ ‘ Entry Form |

Hote: All dose estimates are insieverts (Sv] or gray [Gy).



Biodosimetry Assessment Tool

Windows
OS

Palm
OS

Palm PDA

'Sﬁﬁ;—i. 1 I .
Sty TRCAAICA SUBpOrt AORKIND Group
SHCAL & .‘r':}x;r'l 1’/’“,;1—7'4%\'
BIODOSIMETRY Distributed by TSWG's
ASSESSMENT TOOL Developer’s of First Responder
Website Download CDROM Release Software Applications

First-responders Radiological Assessment Triage (FRAT)

The First-responders Radiological Assessment
Triage (FRAT) software application for the Palm
OS is being designed specifically for use by first
responders and will provide general guidance
and triage dose assessment tools. The
) information will be based on the components of
the radiation pocket guide and will require
minimal text entry.
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Provisional and Emerging Triage, Clinical,
and Definitive Dose Assessment Methods

Table IV. Select List of Provisional and Emerging Radiation Injury and Dose Assessment

multiple targets

identified and used in the development of
consensus dose-response calibration curves
using an &x vive blood radiation model system

Methods
Method Stams References

EPR

- teeth (im vive) EPE. L-band 15 potentially able to measure 2:54-56
doses as low as 2 to 3 Gv but needs additional
development

- nails (ex vive) EPE. X-band shows a lower limit of detection of | 2; 57-39
05-1Gy

Blood protein

INMUNOASSAY

- C-reactive protein Acute-phase reaction protein denived from liver | 60-62
and demonstrated both as a biodosimeter and
bioindicator of hematology ARS

- Flt-3 ligand Biowmdicator of bone marrow mjury 63-64

- Citrulline Bioindicator of injury to small intestine 63-67
epithelial tissue

- vH2ZAX Protein associated with DINA double strand 68
break repair

- Multiple proteins Candidate multiple protein biomarkers 69-70
proposed for biodosimetry; multiple protein
biomarkers demonstrated using multivanate
discriminant or linear regression analyses
methodology for radiation inyury

Blood lymphocytes gene

SXpPression

- QRT-PCE assay of Multiple radiation responsive gene targets T1-73

4. Early-response mu

tiple parameter biodosimetry
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Integrated Biodosimetry and Diaghostic Systems

Prodromal signs,
symptoms, and
erythema

Physical &
biophysical
dosimetry

Immuno-
diagnhostics

Radioactivity
assessment

Sampling, specimen
processing, and
Integration

Rapid nucleic
acid analysis

Hematology

Rapid
cytogenetic
biodosimetry

Classical
cytogenetic
biodosimetry

v'No single assay is sufficient to address potential radiation exposure scenarios that are
complex and involve mass casualties.

Triage, clinical, and definitive radiation biodosimetry all require multiple bioassays and

analytic technologies designed for use in both chemical, biological, radiological, and
environmental (CBRE) diaanostics and aeneral medical care.
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Recommended Enhancements

* Local, national, and international cooperation to: a) train
and equip first responders/receivers in radiological
triage, b) establish deployable teams, and c) access
specialize reference laboratories.

* Participation in radiological exercises and UN agencies
outreach programs (RANET, REMPAN) including global
networks of reference laboratories (i.e., BioDoseNet).

 |dentification and validation of biomarkers for
biodosimetry and biophysical dosimetry methods to
permit rapid radiological triage, leading towards licensed
and effective hand-held and laboratory devices for
assessing radiation exposure.

 Incorporation of “biodosimetry operations” into the first
responders “all hazard” response concept.

5. Recommended biodosimetry enhancements for mass-casualty 4,
radiological incidents



Summary

A coordinated integration of local and national radiological
response capabilities that are supplemented with international
cooperation can provide critical biological dosimetry capabilities
to support the medical management of a mass-casualty
radiological emergency.

Major gaps in the biodosimetry response capability for mass-
casualty radiological emergencies have been identified and
Include:

- the capability to rapidly identify exposed individuals using
licensed diagnostic hand-held or field-laboratory systems;

- protocols to measure radioisotopes likely used by terrorists
from contaminated individuals;

- enhance assess to deployable radiological teams with
capabilities to perform on-site haematology, assessment of
clinical signs and symptoms, and sampling for radiobioassays;

- funding to establish and sustain functional global networks of
expert reference laboratories performing dose assessment.

International cooperation will enhance biological dosimetry
capabilities through sharing of research discoveries, nations
participating in U.N. agencies radiological assistance programs,
and research efforts focusing on applications for applied
radiological biodosimetry. 63



