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Radiation Studies Section: Emergency Roles

- Member of the Federal Advisory Team for Environment,
Food, and Health

- Support state and local health partners

» Technical assistance on a range of public health issues
- Population monitoring
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s _____________________________________________
Nuclear/Radiological Incidents

Impact on People

e Fatality
* Injury
e Exposure to radiation
e Contamination with

radioactive material
 Anxiety
 Displacement
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Population Monitoring Guidance

Population Monitoring in Radiation Emergencies

A Guide for State and Local Public Health Planners
Second Edition

@t}m{/@é@g&gﬂgy-ngggtgqyﬁquiation/pdf/population-monitoring-guide.pdf

Planning Guidance
for Response to a
Nuclear Detonation

Second Edition
June 2010

Developed by che Nadional Securicy Scaff
lacecagency Policy Coordination Subcomniciee

http://www.remm.nlm.gov/PlanningGuidanceNuclearDetonation.pdf



T
Guidance

IAEA Safety Standards

Triage, Monitoring and Treatment of people exposed for protecting people and the environment
to ionising radiation following a malevolent act

Criteria for Use in
Preparedness and
Response for a Nuclear or
Radiological Emergency

Jointly sponsored by the
EA, ILO, PAHO, WHO

General Safety Guide

No. GSG-2
Carlos Rojas-Palma = Astrid Lland = Ane Naess jerstad %' I A E A
Ceorge Etherington = Marla del Rosarlo Pérez = Tua Rahola = Karen Smith (Eds.) International Atomic Energy Agency

www.tmthandbook.org/

e Ve e iEs @l www -pub.iaea.org/MTCD/publications/PDF/Pub1467_web.pdf



Guidance

Commentary No. 19

Key Elements of Preparing
Emergency Responders for Nuclear
and Radiological Terrorism

Report 161

Management of Persons
Contaminated With Radionuclides

Restricted Use/Recipients Only www. ncrponhne' Org

Report 165

Responding to a Radiological or
Nuclear Terrorism Incident: A
Guide for Decision Makers

Report 166

Population Monitoring and
Radionuclide Decorporation
Following a Radiological or
Nuclear Incident



Guidance Specifically for Nuclear Power Plants
Off-site Response

NUREG-0654
FEMA-REP-1
Rev. 1

Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and
Preparedness in Support of

Nuclear Power Plants

gﬁﬁxli]:;l;:ﬁ Regulatory ;;c‘i::;Emer;ancy Management Progra I I I Manua]_
Radiological Emergency Preparedness
Jume 2013

www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0654/

Restricted Use/Recipients Only www.fema.gov/media-library/assets/documents/32780
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http://www.fema.gov/media-library/assets/documents/32780

"~ RADIATION CONTAMINATION
VERSUS EXPOSURE

EXTERNAL CONTAMINATION

External contamination occurs when radioactive material
comes into contact with a person's skin, hair, or clothing.

RADIOACTIVE MATERIAL

e 4O L

IN THE AIR sSoLID LiQuip

INTERNAL CONTAMINATION

Internal contamination can occur when radioactive
material is swallowed or breathed in.

Internal contamination can also occur when
radioactive material enters the body through an open
wound.

Different radioactive materials can accumulate in
different body organs.

A person exposed to
radiation is not necessarily
contaminated with
radioactive material.

For a person to be

4 . contaminated, radioactive
material must be on or
\/ inside of his or her body.

us. of
When a person Y i

has an x-ray, he or When a person is exposed to Comterstor O
she is exposed to certain types of radiation, the 75
adiation but is not energy may penetrate the body. http: gency.cdc.gov/

contaminated

hResrictedWeaRgowieoth@abiiation/emergencies/resourcelibrary/infographics.htm



Screening for Internal Contamination

e To identify people who could benefit from
medical intervention (e.g., decorporation
therapy)

* To identify people for long-term health
monitoring

e To provide reassurance

—
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smaller population
more time sensitive

larger population
less time sensitive




Clinical Decision Guide (CDG) INIclRIPI®

To help physicians make clinical decisions about individuals with internal
contamination who may need treatment.

For Adults™ (use the most limiting value):

— 0.25 Sv (50-year effective dose) whole body
— 0.25 Gy-Eq (30-day RBE-weighted absorbed dose) to the bone marrow
— 1 Gy-Eq (30-day RBE-weighted absorbed dose) to the lung

For children and pregnant/nursing women: 1/5t of the Adult CDG

* Except for iodine

Restricted Use/RecipieN<dR Report 161 (2008) Management of Persons Accidentally Contaminated with Radionuclides



Screening a Large Population

rm@'

* Screening criteria

— e.g., 250 mSv for adults

* Detection sensitivity
e Screening method

N




__________________________________________________________________________
Laboratory Analyses

e Conventional methodology
— 24-hr urine sample (1-2 Liter sample)

— 3-6 days turnaround time
— 10-20 samples/day/lab

 Improved methodology (for population screening)
— One 15-70 ml “spot” urine sample
— < 24 hours turnaround time (multiple radionuclides)
— 250-3000 samples/day
— CLIA certified

Field screening and prioritization important
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Direct Bioassay

e Feasible only when contaminants are gamma emitters (with some
exceptions)

* Detection sensitivity does NOT have to be as low as routine occupational
bioassays

e Allows for rapid prioritization of individuals for further analysis

 Needs characterization of instrument response

Restricted Use/Recipients Only
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Examples of Instruments for Use In
Direct Bioassay

* Field Instruments

— Portable Hand-held
instruments

— Portal monitors

* Hospital instruments
— Thyroid Scanners

— Gamma Cameras

Restricted Use/Recipients Only



Example of Direct Bioassay: Goiania Patients

50

Correlation for axilla measurements

e Adults 40—

— 20-60 years Adults

o

P IR |

— 66 kg average weight

e Adolescents

Body burden '¥'Cs (MBa)

20
— 13-15 years
— 41 kg average weight 10+
O-f L
o 50 100 150 200
Hunt and Nogueira de Oliveira, 1990. Radiat Prot Dosimetry 30(4):275-77 Dose rate, axillas (uSv.h)
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Community Reception Center (CRC)

= Place where population is directed after a
radiological incident to receive screening,
decontamination, and other services

= Services include:

e First Aid

* Contamination screening
Wash (Decon)

Dose Assessment
- includes triage for internal contamination

Registration

Population Monitoring in Radiation Emergencies: A Guide for State and Local Public Health Planners, Second Edition.
ReStrict%(alé}s%()l%aé{pggﬁ&rﬁﬂ:,’{ﬁmergency.cdc.gov/radiation/pdf/popuIation-monitoring-guide.pdf

Community Reception Center Flow Diagram




-
Overview of Methodology

Model detectors with
source spread
throughout
phantom using
DCAL biokinetics

\erification of MCNP
Model with
experimental
measurements

Model detectors and
NIST-traceable

sources in MCNP

Calibration factors to
Interpret detector
readings
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Motivation for Developing ICAT
(Internal Contamination Assessment Tool)

= Need for simple, readily available way for rapid triage
and prioritization of individuals suspected of internal
contamination using field deployable instruments

= Create software that incorporates instrumentation
data for easy use by responders

e Only applicable for gamma-emitters
* Not a substitute for laboratory bioassay
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Paper

USE OF TRANSPORTABLE RADIATION DETECTION INSTRUMENTS TO
ASSESS INTERNAL CONTAMINATION FROM INTAKES OF RADIONUCLIDES
PART I: FIELD TESTS AND MONTE CARLO SIMULATIONS

Robert Anigstein,* Michael C. Erdman, and Armin Ansarif

Paper

USE OF TRANSPORTABLE RADIATION DETECTION INSTRUMENTS TO
ASSESS INTERNAL CONTAMINATION FROM INTAKES OF RADIONUCLIDES
PART II: CALIBRATION FACTORS AND ICAT COMPUTER PROGRAM

Robert Anigstein,* Richard H. Olsher, Donald A. Loomis,™ and Armin Ansari}

Health Phys. 111(6):542-558; 2016

Kev words: biokinetics; detector, scintillation; intake, radionuclide;
phantom mathematical

Abstract—The detonation of a radiological dispersion device or
other radiological incidents could result in widespread releases
of radioactive materials and intakes of radionuclides by affected

Anigstein, R, Erdman MC, Ansari A, Use of transportable radiation detection instruments to assess internal contamination from intakes of radionuclides Part I:
field tests and Monte Carlo simulations. Health Phys 110 (6):612-22, 2016.
Anigstein, R, Olsher RH, Loomis DA, Ansari A, Use of transportable radiation detection instruments to assess internal contamination from intakes of
RestricigtbHer/RrsipieatsI@slibration factors and ICAT computer program. Health Phys 111 (6):542-558, 2016.



________________________________________________________________
CAPTUS 3000 Model

SAE 1020 steel Lead Brass Pb-Sb alloy ASTM 513-5 sieel\

Vacuum

PM tube Teflon Polyethylene
)
e e T S ] S e e (o S e S T B

0 10 20 30 40
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*Capintec, Inc. Captus 3000 Uptake Thyroid System. 2015.
. Accessed 19 June 2017.
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http://www.capintec.com/product/captus-3000-thyroid-uptake-system/

Ludlum 44-2 Model

PM tube 5052 Al alloy

2024 Al alloy

Window-, Al.O; powder

Magnetic shields
(mu metal)

Palyurethane
sponge

Nal(TI)

Polyurethane sponge
(compressed)

Optical pad
Glass light pipe

X . *Ludlum Measurements, Inc. Ludlum Model 44-2 gamma scintillator[online]. 2014. http://ludlums.com/images/stories/Product_manuals/M44-2.pdf.
Restricted Use/Recipients QRIN. 4 19 june 2017.
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TPM-903B Model

=

=

=
|

n
=

[=1

PVC

L
=

Lead—

Black vinyl
+ Al foil

—-100

*TSA Systems, Ltd. Transportable portal monitor model TPM-903B: operating and service manual, Doc. #5003 Rev. A [online]. 2006.

Restricted Use/Reuplents Or;'/s%w.laurussystems.com/Service/TPM—903BUser—Guide092009.pdf. Accessed 19 June 2017.



Anigstein et al. Health Phys 111 (6):542-558, 2016.
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ient | Energy Windows | Quick Reference |

i
LaS el b Calculate Results Print Resuts Next Client
[Doe lehn
i Age of client |~ Sexof client Weight of client Resuits
2 & @ Male © Female J
@ Years  Months b kg Calculated intake Cumulative effective dose ~ Committed effective dose
(to present time)
| 5.84E-02 | 8.10E-03 | 027
Instrument MBq mSv mSv
[Mjm 44.2 j h
~— =
Date of measurement Time of measurement P odal\‘ﬁ\ /
[3n3z018 ~| [T2000Pm = R TIOC OF SN )
@® |nhalation G Irgesﬁﬂn Clear Incident Data
|~ Location Puosition
® Chest ¢ Abdomen  Thyroid @ Anterior  © Posterior Date client inhaled or ingested radioactive material ~ Time
[ 3r1172018 =~ [72000PM =
i~ Distance to front of detector
® ot  Other | ~] Principal radionuciide - Lung absorption type
© 11t(30.5cm) © Co-60
@® F - All compounds
) & 13
i Client Background
" ) = : ® Cs-137
Ludium 44-2 Count time (min) Ludium 44-2 Count fime (min)
| 2000 | | 1500 © Ir-192
cpm o cpm -
Notes (optional)




=8 ICAT

Chient Energy Windows |Quick Ralaran::B|

Anigstein et al. Health Phys 111 (6):542-558, 2016.
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Edl! Enargy Saw_a- GG Restore Original
. Windows Windows
Energy windows for TPM-903B
" Default @ Custom 7 Alernate
Lower level Upper level Lower level Upper level Lower level Upper level
discriminator discriminator discriminator discriminatar discriminatar discriminator
v W v V' W A

[ 60 n.ose | 0.068 5.04 0.098 | 4
[ 1131 504 0.068 5.04 0.098 | o
| 137 5.04 0.062 5.04 0.098 | 04
[ 1€ 04 0.068 5.04 0.098 |




B & Centers for Disease Confral and Prevention _
CDC 24/7: Saving Lives, Profecting Peopla™ Search o}

Advanced Search (8

Emergency Preparedness and Response

Information on Specific Types of Emergencies > Radiation Emergencies > Radiation Emergency Training, Education, and Tools 0 O @ @ @

M Radiation Emergencies

Use of Radiation Detection, Measuring, and Imaging
Instruments to Assess Internal Contamination from
Questions About Radiation (FAQ) Intakes Of Radionuclides

Radiation Dictionary 1. Instructions for Using Gamma Cameras to Assess Internal Contamination from Intakes of Radionuclides B8 (1.5
MB/37 pages)

What Should | Do?

Radiation Emergencies & Your
Health

2. ASSESS, a Utility for Using Gamma Cameras to Assess Internal Contamination W (Zip File)

3. Supperting Technical Documents (Parts | - VI Support PDFs)

Types of Radiation Emergencies

Use of portable survey meters and portal monitors for initial
screening and triage of internally contaminated people:
Radiztion Emergency Training Internal Contamination Assessment Tool (ICAT).

Education, and Tools

Information for Professionals

o |CAT Software 'f (Zip File)

Success Stories in Radiation . N L
* Quick Reference Guide for ICAT

Emergency Preparedness
e Part |: Field Tests and Monte Carlo Simulations [

Community Reception Center e Dart lll: Supplementary Data 1@
Electronic Data Collection Too .
(CRC eToal) s Part IV: Instructions for Users B

https://emergency.cdc.gov/radiation/clinicians/evaluation/index.asp
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CDC’s Urine Radionuclide Screen
I Urine “Spot” Sample I
| |

I Gamma Radionuclide Screen I I Alpha/Beta Radionuclide Screen/Quantification I I Alpha (Long Lived) ICP-MS Screen I

Gamma Spectroscopy I Alpha Spectroscopy I Mass Spectrometry High Resolution Mass
Quantification Quantification Quantification Spectrometry Quantification
- i | i y :
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Internal Dose Calculation for Large Batch of Urine
Bioassay Results

v v
Creatinin | Creatinin ce|lu - -
Sample | Matrix 32:::":: Laboratory Sar';l"':ale' . Analytical | . e e LoD rt|m C‘:)‘:IumI:d ::fnt ;‘;ﬂ DOB (Ag:r Gen H:;‘J Weight
Matrix | Qualifier Sample ID P Result Corrected | Corrected| (pCi/L) |ai|e - MMIDDEYYYY | Y der (Kag)
(ml) - units e e s) (cm)
Result Units nt |Co
v |rr
Urine Spot 200 08-901-000001-4RA| CHEZ2018000001 3.39E+01 Bg/L |3.39E+01| Bg/gCr 4.20E+04 Bg/L i0 M
Urine Spot 200 08-901-000002-4RA| CHEZ2018000012 3.39E+01 Bg/L |3.39E+01| Bg/gCr 4.20E+04 Bg/L i0 M
Urine Spot 200 08-901-000003-4RA| CHEZ2018000022 3.54E+01 Bg/L |3.54E+01| Bgq/gCr 4.20E+04 Bg/L i0 M
Urine Spot 200 08-901-000004-4RA| CHE2018000032 3.54E+01 Bg/L |3.54E+01| Bg/gCr 4.20E+04 Bg/L 10 M
Urine Spot 200 08-901-000005-4RA| CHEZ2018000042 3.39E+01 Bg/L |3.39E+01| Bg/gCr 4.20E+04 Bg/L i0 M
Urine Spot 200 08-901-000006-4RA| CHEZ2018000052 3.54E+01 Bg/L |3.54E+01| Bgq/gCr 4.20E+04 Bg/L i0 M
" Laboratory Sample Id 08-901-000006-4F.A
- B/8/2018 6:53:02 AM
Intake
Intalke Date TiB/2018 10:15:00 AN
BioDose v4.2.1 Route wound
- 1131 activity 100%
Vi Bi Person inveolved
12w Bloassa s v s
Import Batch Select Batch v ) Weight not given
Data CENTERS FOR DISEASE Height not given
CONTROL AMD PREVENTION Age Group 10y (reported age 10 years)
i 3 Bioassay Data
Set [?OSE Calculate View Dose E Biokinetics Sample Date 7102018 10:15:00 AN
Options Doses Results ] Time from Intake 2 days
* MNuclide I131
Twype Spot Urine
Currently Selected Batch Reported Result 3.535E+01 Bg/L
Result (Urine24H) 2 47SE+01 Bg (see calculation details at end)
CcDG 5.020E+04 Bg (Model used="WIN)
Drefinition of Dose
Twype Eguivalent Dose (H)
Tissue Thyroid
Time Period 60 vears (21915 days) after intake
Dose Result
. . B Trrake Defaulr dose (Fyifmodell Min dose (Syv)(rodel) Max dose (Fy)imodel)
Current Calculation Options Samples | ®@all Chighcbc O flagged 1131 5.471E-04 (WIN) 5 471E-04 (WIN) 5. 471E-04 (WIN)
Definitions In Calculation Section
IRF Intake retention fraction for bicassay type (from Bigkinetic table)

dese coefficiernt Coefficient from Bickinetic table for dose type. tissue and time period
* See end of Commments section (Bickinctic Tables Used) for values

camst extrapolate  #days exceeds max days in table. use value for max days

Detail Calculation



Thank you!

Armin Ansari
770-488-3654
AAnsari@cdc.gov

For more information, contact NCEH
1-800-CDC-INFO (232-4636)

TTY: 1-888-232-6348 www.cdc.gov
Follow us on Twitter @CDCEnvironment

The findings and conclusions in this report are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.
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