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Humor Me 
• Many of you know me as a 

contractor for BARDA as a Science 
Advisor for the Chem-Rad-Nuc 
contracts…… Not Today. 
 

• I am presenting  here through my 
own company and NOT as a 
representative of the US 
government. 
 

• In addition, products described 
herein, or methods, used  as 
examples are not endorsed or 
advocated by myself, my company, 
or the US government.  
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What this talk will present 
o Introduction to concepts of emergency planning – what 

are the consequences / risks from a radiologic incident 
 
o Consequences of an RDD and isotopes of interest 

 
o Nuclear measurement in the clinic 

o Applications of these systems 
o Spectral analysis and spectral stripping 
o Making a whole body camera 
o Use of nuclear cameras as whole body systems 

 
o Partnership with local, state and federal planning 
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The Problem? 
 

• In a Mass Casualty - What are our major concerns? 
– A 10 KT IND may result in >500K injured or exposed 
– An RDD may result in >100 exposed  
– An incomplete 10 KT IND ignition > 1M exposed (U or Pu 

mainly) 
– Isotopic mixed dispersion chemistry (air/dust, oxide vs 

soluble, shrapnel, general environmental contamination) 
– Single isotope – distinct:  spectral signature, half life 
– Multiple isotopes – variable spectra = mixed signature, 

multiple half-lives; incomplete IND ignition (U or Pu 
dispersion) 
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• In a Mass Casualty - What are our major concerns? 
– A 10 KT IND may result in >500K injured or exposed 
– An RDD may result in >100 exposed  
– An incomplete 10 KT IND ignition > 1M exposed (U or Pu mainly) 
– Isotopic mixed dispersion chemistry (air/dust, oxide vs soluble, 

shrapnel, general environmental contamination) 
– Single isotope – distinct:  spectral signature, half life 
– Multiple isotopes – variable spectra = mixed signature, multiple 

half-lives; incomplete IND ignition (U or Pu dispersion) 
• Staged approach to decontamination  

• FIRST – attend to life threatening injuries / initial decontamination 
• SECOND - assess the isotopic distribution ON the subject – remove 
• THIRD– assess the total bioburden (mix signature; not the absorbed dose)  
• LASTLY – election of path to minimize internal isotope retention  
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• In a Mass Casualty - What are our major concerns? 
– A 10 KT IND may result in >500K injured or exposed 
– An RDD may result in >100 exposed  
– An incomplete 10 KT IND ignition > 1M exposed (U or Pu mainly) 
– Isotopic mixed dispersion chemistry (air/dust, oxide vs soluble, 

shrapnel, general environmental contamination) 
– Single isotope – distinct:  spectral signature, half life 
– Multiple isotopes – variable spectra = mixed signature, multiple 

half-lives; incomplete IND ignition (U or Pu dispersion) 
• Staged approach to decontamination  

• FIRST – attend to life threatening injuries / initial decontamination 
• SECOND - assess the isotopic distribution ON the subject – remove 
• THIRD– assess the total bioburden (mix signature; not the absorbed dose)  
• LASTLY – election of path to minimize internal isotope retention  

• We will need advanced triage  throughput  – where  and how? 
• Potential Resource:  The nuclear medicine community 
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What are the isotopes of concern? 
• They are alpha, beta and gamma emitters and thus different 

detection methods, systems, and geometry issues are of 
importance. Radioisotopes of interest include:  

• Alpha emitters:  
– Po-210 (pure), U-235/238, Pu-238, Np, Cm, Cf-252,  Am-241,others 

• Beta emitters:  
– P-32, Sr-90, Ir-192……..more 

• Gamma (x-ray) emitters: 
–   Cs-137, I-131, Ir-192, Co-60, Mo-99, Tc-99m, Ga-67, Ge-68, Ir-192 

• Some of these are mixed emitters  
 Some form insoluble oxides in detonations  
• Deep lung inhalation will be variable 
• CAN THE NUCLEAR MEDICINE FACILITIES HELP IN TRIAGE?   

– YES – but with limits and within the scope of triage 
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Mass Casualty  
What do we need to measure? 

Co-60:  Terrorists would need 9000 kg of commercial irradiator Co-60 to deliver a lethal 
dose to cover 1 sq km   (WMD Terrorism: Science and Policy Choices,  edited by 
Stephen M. Maurer, 2009, MIT Press) Examine environmental count rate  
 
Medical isotopes in commercial traffic are at insufficient capture volume to provide a 
mass casualty  risk  (C-14, tritium, S-35, Mo-99, Tc-99m, Cf-252, P-32, In-111, Ge-68, 
etc.):  RISK:  Psychological / social disruption / fear 
 
Ir-192:  used for building radiography; capture probable; usually only 30  Ci sources 
 
Alpha emitters:   surface alpha radiation is low risk -   It is the secondaries –that we can 
exploit as they are potentially  measurable.    

There are some specific physical limits for  the 
“isotopes of risk”  
In a mass casualty focus on determine the 
isotope(s) – some may require limited action  
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Isotopes of Primary Interest 
Mass Screening will be difficult using conventional methods (urinalysis, 
nasal swabs, laboratory services) -  The use of local nuclear medicine 
facilities may be a resource which could provide excellent throughput 
 
Count rates from single discrete radioactive emissions, i.e. from I-131, Co-
60, Cs- 137, Ir-192 and Am-241, etc, using a Philips AXIS gamma camera, 
an Atomlab thyroid uptake system, and a Ludlum waste monitor can be 
very useful in rapid identification of the isotopes or a mix. 
 
Co-60, Cs-137 and Ir-192:  Measure their discrete gamma photopeak and 
their respective signature emission profiles relative to the photopeak 
 
Sr-90, Am-241, high energy actinides:   bremsstrahlung x rays following 
the beta decay of 90Sr and its short-lived daughter, Y-90;  low energy 
scatter and electron knock-outs.  Exploit the spectra.   
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Gamma Spectra – Multi-Threat 
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IAEA Comments on RDDs 
• …….A “dirty bomb” is likely to result in some immediate deaths 

and serious injuries, caused by the explosion – not by radiation.  
• Effects on the health of those exposed to radioactivity depends 

upon how long they remain in the contaminated area, the size of 
the particles released by the explosion, and the type of 
radioactivity emitted. 

•  Decontamination would be very costly and would last for weeks, 
if not months. According to one estimate, a terrorist attack on a 
major port could result in losses of $1.5-2.7 billion per day for the 
first few days, $5 billion a day for the next two weeks, and could 
then rise exponentially thereafter. ……. 

From:   
• CHEMICAL, BIOLOGICAL, RADIOLOGICAL OR NUCLEAR (CBRN) DETECTION:  A 

TECHNOLOGICAL OVERVIEW, NATO Parliamentary Assembly, 167 CDS 05 E, 
DRAFT SPECIAL REPORT,  LORD JOPLING (UNITED KINGDOM) , SPECIAL 
RAPPORTEUR* , International Secretariat , 26 September 2005  
 
 
 
 

http://82.112.217.105/documenti/repository/lavori/affariinternazionali/nato/167
CivileJoplingEN.pdf  
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Natural and Processed Uranium 

 
All RDDs will have a unique energy spectral signature representing 
specific radioactivity, isotopic purity (spectral mixing) and it will 
be sample dependent 
…….. The spectra will also be “detector – dependent” 
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Am-241 Decay 

CdTe detector ( A ) versus a NaI detector ( B ) 
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Cs-137 Decay 

All RDDs will have a unique energy spectral signature representing specific 
radioactivity, isotopic purity (spectral mixing) and it will be sample dependent 
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Typical Approach to Evaluate  
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Typical Approach to Evaluate  

NUCLEAR MEDICINE 
TECHNOLOGIES 
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What Can Imaging  
Detectors Measure?  

o The counts arriving at a detector as well as the count event rate(s) 
 
o Energy discrimination to assign specific energies to a data collection 
 
o Energy scatter and combinatorial events that are physical properties 
 
o Location….Location …..and…….LOCATION   !! 
 
o Computational energy analysis – signatory spectra embedded in “noise”  

IMAGING AND 
COMPUTATIONAL 

CAPABILITIES 

NUCLEAR MEDICINE 
TECHNOLOGIES 
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Nuclear Medicine “Cameras” 
The eye and a standard 
camera collects light and 
the optics invert the image.  
Also the light collection 
capacity is variable.  

The nuclear medicine “simple cameras” (not 
PET or SPECT) are true cameras as they 
collect “light” of different energies and 
translate the image through a “lens” (a 
collimator but does not invert the image) to 
record positional information of the emitter 
from an object.  
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“Camera” Structure and Circuits 

Am-241 spectra  
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“Camera” Structure and Circuits 
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Nuclear Med Detectors: 
Alpha, Beta and Gamma 

Alpha Detectors:  Ge (Li) under liquid nitrogen conditions (highest efficiency) 
Thin-foil hand held detectors (low efficiency) 
NOTE:   Not commonly found in the nuclear medicine facility  
 
Beta Detectors:  ionization detectors, liquid scintillation , Geiger-Mueller, 
Ludlum, others 
 
Gamma Detectors:  NaI (Tl) room temperature , cryo set Ge(Li)  detectors;  
newer high density detectors, i.e. BGO , CdTe and others 
 
Detectors generally available at a Nuclear Medicine clinic: 
Anger Camera, flat bed scanners,  PET/SPECT cameras,  high and low 
efficiency hand held probes, deep well counters,  I-125/I-131 counters,  
“dose” calibrators (dial in settings / low efficiency) 
 
CONVENTIONAL GAMMA CAMERAS WITHOUT COLLIMATION MAY ASSIST 
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“Camera” View of Am-241 
What is likely to be found is dispersion of contamination 

 Am-241 Images from:  http://www.vmcsoftware.com/......  (A Monte Carlo image package )  

Am-241 spectra  

Am-241 Images  
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What do we have in the Field to 
Detect Radioisotopes? 

Environment/Transportation 
Advanced Spectroscopic Portal 

DOE/DHS systems 

Personnel/Nuclear Med Labs 
\ Geiger-Muller counters 
\ Whole body counters 
\ scintillation counters…. more 

I-131 
Whole body image 
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Isotope Field Detection - ORTEC 
  

• Hand-Held Radio Isotope Identifiers (HHRIIDS or RIIDS) 
• Cryo-cooled HPGe detectors coupled to unique identification 

algorithms 
• High resolution (HPGe) detector to have a resolution of 1.0 keV at 122 

keV and 2.5 keV at 1.3 MeV 
• The background spectrum with no collimation is shown on right and is 
 typical of unshielded detectors.  The total count in the spectrum is  34.3 x 
10**5 counts in 12 hours.  
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Cs-137 Spectra 

Silicon strip detector.  High 
efficiency in the < 40 KeV 
counting range 
 

LOW efficiency detector 
Poor channel resolution 
Shorter count time 
Increased noise/ “cross talk” 
 

Different Detectors See Different Things 

http://spie.org/x20060.xml  
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Cs-137 Spectra 

Silicon strip detector.  High 
efficiency in the < 40 KeV 
counting range 
 

LOW efficiency detector 
Poor channel resolution 
Shorter count time 
Increased noise/ “cross talk” 
 

Different Detectors See Different Things 

http://spie.org/x20060.xml 

Imaging CONTAMINATION may 
require us to employ not the 
true photopeaks but rather the 
scatter and associated low 
energies.  
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Optical Surface Fluorescence  
for Alpha Emitters 

 
 
 

Surface skin contamination may be optically sensed 
through alpha air fluorescence 
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Optical Fluorescence  
for Alpha Emitters 

Alpha radiation measurement on the skin is possible by measuring the ionization-
induced fluorescence of air molecules.  
A localized alpha emitter on a surface – a point source - acts as light source:  
 
 
 
 
 
a) Alpha particles can induce fluorescence photons in a volume of air adjacent to 
the deposition site.  A 5 MeV alpha particle can travel a Dmax of nearly 4 cm in air 
producing a fluorescence field of a radius of 4 cm. 
b) Fluorescence photons are emitted and scattered  in random directions  
 
A device called HAUVA (Handheld Alpha UV Application) utilizes spectral filtering 
and it is designed to detect alpha emitters from a distance of about 40 cm. Using 
specially selected room lighting, the device is able to separate 1 kBq alpha emitter 
from the background lighting with 1 second integration time.  
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HAUVA - Handheld Alpha UV  
• The collected light is divided with a beam splitter (BS) to the lower 

channel and the upper channel.   
• The spectral selection of wavelengths is done with interference filters 

seen as F1 and F2.  
• Two photomultipliers (PMTs) – Background and Signal 

– PMT1 detects the fluorescence signal at 300 nm – 340 nm  
– PMT2 detects background lighting at 300 nm  

• The fluorescence intensity (S/N ratio) is collected on a computer 

Schematic model of a HAUVA device  
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Multi-Spectral Optical  
Stripping Analysis 

Spectral Stripping is a method of finding the contribution of a single radioisotope  
from a larger spectrum consisting of multiple radioisotopes, which is performed by 
first locating the peak of highest energy.   
Here are examples of overlaying light wavelengths. 
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Light Spectra or Radioactivity 
can be handled similarly 

Three fluorescent probes 
alone and mixed to provide an 
“unknown” 

Three radioactive isotopes alone and 
mixed to provide an “unknown” 
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Multi-Spectral Stripping Analysis 

Salmon, L. “Analysis of Gamma-Ray Scintillation Spectra by the Method of Least Squares,”  
Nuclear Instruments and Methods 14 (1961) 
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Example of Stripping Analysis 
Microspheres for Blood Flow 

Rudolph and Heymann (Circ Res 21: 
162, 1967) described a method for 
determination of fetal blood flow 
  
• 50 um microspheres labeled with 

selected isotopes  
• The physiologic baseline blood 

flow was determined using the 
first microsphere 

• Perturb the flow via drug action 
and measure flow with a second 
microsphere 

• Recovery  to baseline is measured 
using a series of other uniquely 
labeled microspheres 

• The blood flow is measured as 
relative to the deposition of each 
microsphere 

Multiple radioisotopes can be “stripped” from 
each other if spectral libraries of the energies 
are known for the isotopes 

Example:  Four radioactive microsphere 
populations labeled each with unique isotopes Co-
57, Sn-117, Ru-103 and Sc-46;  the isotopes are 
counted together as an “unknown”   



KCFC is potassium 
hexacyanocobalt(II)-ferrate 
(II)  used in ion-exchange 
enrichment of Cs-137/134 
vs K-40  (40L filtered) 
 
http://www.bsh.de/en/Mar
ine_data/Observations/ 
Radioactivity/Cs_Schnelltest
.jsp  

Cs-137 Counting in Sea Water using a 
Stripping Method plus a baseline K-40 

Baltic Sea Cs-137 counts  
1999 to 2013 



Clinical Detectors 

Multichannel pulse 
height analyzer 



Gamma Camera Design 

A large “field of view” (FOV) device can encompass nearly half a body length 
 
Some systems are bed scanners that move the body across two parallel detectors   
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Clinical Counting 
Typical mapping of regional 
areas for counts, count rates 
and signal energies 
Am-241:  60 keV photopeak  
 
Achievable MDA with assumed 
chest thickness of 20 mm  and a 
counting time of 50 min is: 
600 Bq for Pu-239 
4 Bq for Am-241 
2-3 mg for natural Uranium 
Valuable for  routine 
monitoring 
 The t ½ for inhaled AmO2 is about 1440 days (~4 yrs)  
 
REF:  Surendran, et al., Radiat Prot 
Dosimetry  (1995) 59 (1):15-24. 

Pre  
lavage 

Post- 
lavage 
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How to Convert a Gamma Camera 
into a Whole Body Counter 

http://www.irpa.net/irpa9/cdrom/VOL.2/V2_132.PDF 

These systems are useful for gamma emitters; 
i.e. Cs-137, I-131, others 
 
The background must be maintained as “low 
as possible” (a protected/contained room) 
Phantoms should be whole body (150 cm long 
x 20 cm high x  30 cm wide) water filled. 
Thyroid phantoms (for I-131) should be about 
20 mL 
A phantom should be filled with water with 
the addition of 1.5-2 g of K/kg of water  



Multi-Spectral Stripping 
Uncollimated / Unshielded Counting 

METHOD:  Here we have libraries are made for U-235, Cs-137, and Co- 60 using 
a NaI detector.  There is no shielding used in this problem. Count spectra has a 
Gaussian broadening applied.  Computational “stripping” of each library 
sequentially in order of highest to lowest map creates a “residual” .  

Isotopes:      U-235                                       Cs-137                                         Co-60 
 

Poisson statistics are applied to the spectra in order to randomize the sample.  From here, 
a spectral maps are “stripped” using Co-60 and Cs-137 unshielded  spectra. The residuals 
are then shown and analysis is performed revealing the remaining U-235 in the sample. 
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Gamma Cameras for Spectral Analysis  

Prepared for the Centers of Disease Control and Prevention 
National Center for Environmental Health  

Division of Environmental Hazards and Health Effects 
Radiation Studies Branch   

January 2010 
http://emergency.cdc.gov/radiation/clinicians/evaluation/pdf/Instructions.pdf 
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Gamma Camera Assessments 
 
 Chap 1.  INSTRUCTIONS TO NUCLEAR MEDICINE TECHNOLOGISTS  
GOAL:  evaluate radiation detection and imaging systems commonly 
found in hospitals to determine their suitability for rapidly scanning 
individuals for internal contamination, and to develop 
recommendations regarding their potential use.  
Procedures have been developed for the assessment of six 
radioisotopes: Co-60, Sr-90, I-131, Cs-137,  Ir-192, and Am.-241 

Pre event spectral libraries using the system configurations are required 
  

Procedures have been developed for two gamma camera models:   
 Siemens e.cam   
 Philips SKYLight (cameras similar to the ADAC SKYLight  
 (both from ADAC Laboratories, now a division of Philips) 
Other camera systems can be adapted to this method 
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Patient Position in the Dual Camera  

Child positioning 
versus adult 

Specific Rando Phantoms and 
position of camera faces 
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Tables for Reference Corrections 
o Experimental measurements were performed using sources in 

the lung region of a Rando Phantom—an anthropomorphic 
phantom that contains a human skeleton embedded in a 
tissue-equivalent urethane rubber matrix.  

o Five radionuclides examined – libraries acquired – stripping 
analysis employed 

o Count rates from each of five radionuclides— Co-60, Sr-90, Cs-
137, Ir,-192 and Am-241—were measured on: 
o a Siemens e.cam gamma camera,  
o an Atomlab thyroid probe,  
o a Ludlum survey meter, and  
o a Ludlum waste monitor.  
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Method to Calculate/Confirm Isotope 
and Dose -  Example:  a 15 yr old 

o  Exposure to radioactive dust occurred at 2 p.m.  
o  Counting was 3 hrs later. 
o The patient weighs 50 kg.  
o Based on Table 5 from Anigstein (below), Use the  closest weight 

classification and not age.  
o The isotope is presumed to be Am-241 (spectral library application) 
o Thus see Table -11 under “15-yr old” and calculate calibration 

factors for 3 hours post exposure. Interpolate between the 2-h and 
4-h factors using the camera count rates table: 

ICRP Height/Weight Tables:  
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Table for Am-241 
 Inhaled activity of Type M for 15 yr old 

• You obtain the following values for the 3 hr  post -inhalation:  
Anterior factor =  “X” + “Y”/ 2 =  1,204+1,262/2 =  “Z” Bq/kcpm 
Posterior factor = “X2” + “Y2”/2 =  2,035+2070/2 = “Z2” Bq/kcpm 
You calculate the intake separately for the anterior and posterior counts:  
Intake (anterior) = ant count rate  × 821 = 1,888 Bq  
Intake (posterior) = post count rate  × 2,291 = 1,856 Bq  
Average of the two values: est intake is:   1,872 Bq (0.051 uCi).  

Assuming the camera is 
the Siemens e-cam we 
calculate as follows: 
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Conclusions 
o A mass casualty event should have a hospital nuclear medicine 

facility fully trained as a back-up for screening and as part of the  
triage for election of countermeasure intervention 
 

o Provided proper calibrations are carried out and routines for 
measurements are established, a gamma camera is useful for fast 
identification and quantification of internal contamination from 
gamma-emitting radionuclides as well as scatter spectra from beta 
and associated decay energies, i.e. alpha=> gamma/x-ray transitions 
 

o The measurements can be done with a mix of contaminating 
isotopes and separation is possible by spectral stripping analysis 
 

o Evaluation of the biokinetics is also possible and may be very 
informative for lung M or S type deposition of a radionuclide 
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Conclusions 
o We need to Include the nuclear medicine (SNMMI), American 

Association of Physicists in Medicine (AAPM), NIST, IAEA and ICRP 
communities in this new responsibility.     Four considerations: 
 

o An invitation for collaboration with the HEIR community  
 

o Inclusion of the imaging communities with state and local 
planning efforts as well as with the CDC and Federal responses 

 
o Regulatory acceptance of the utility of the clinical gamma 

camera as an alternative clinical configuration to aid in 
population triage is a critical element.  

 

o Lastly, NM technical training and even licensure on how these 
specialized approaches and instruments may be included to 
improve mass casualty and standardize these methods  
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A Shameless Plug  

AVAILABLE VIA 
AMAZON AND 
OTHER BOOK 
VENDORS ON 
OCTOBER 31st 
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BACKUPS 



Isotopes of Interest and Energies 



Uranium -  5 Enrichment Spectra 
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Plutonium – Burnup 
Change in the Pu-239:Pu-241 ratio  

HEIR Conference 2013, Berkeley CA  October 13-17, 2013  



Am-241 
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