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Radiation Exposure Scenarios

Accidents
• Nuclear power 

generators
• Medical radiation 

therapy
• Industrial radiator
• Lost/stolen medical or 

industrial radioactive 
sources 

Attacks
• Radiological dispersal 

device (dirty bomb)
• Attack or sabotage of a 

nuclear facility
• Use of nuclear weapon

Chernobyl 1986

Fukushima 2011
War Fighters Specific Scenarios
• Increased likelihood of being in 

proximity to a weapon or attack 
• May receive orders to enter a 

contaminated arena for search 
and rescue or asset recovery 
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Radiation Subsyndromes and Treatment 

Images prepared with Google Gemini
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Radiation Medical Countermeasure Development

• All approvals will be conducted in Animal models
• No drugs are currently approved as prophylactics

Approved mitigators for Acute Radiation Syndrome

• Neupogen (filgrastim) – approved March 2015

• Nypozi (filgrastim-txid) - approved June 2024

• Zarxio (filgrastim-sndz) - approved October 2024

• Releuko (filgrastim-ayow) - approved April 2025

• Ennumo (pegfilgrastim-pccg) – approved May 2026

• Neulasta (pegfilgrastim) – approved November 2015

• Udenyca (pegfilgrastim-cbqv) – approved November 2022; single-dose 

prefilled auto-injector approved March 2023

• Stimufend (pegfilgrastim-fpgk) - approved September 2023

• Ziextenzo (pegfilgrastim-bmez) – approved February 2024

• Fylnetra (pegfilgrastim-pbbk) – approved April 2025 

• Armlupeg (pegfilgrastim-unne) – approved November 2025

• Leukine (sargramostim) – approved March 2018 

• NPLATE (romiplostim) – approved January 2021 
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Neutron to Gamma Ratios and RBE
• Neutron/ mixed Field = Detonation
• Gamma = Fall Out

• Neutrons = High LET = More Damage
• Gamma = Low LET = less damage

NATO Handbook 1996, UNCLASSIFIED

From DTRA-TR-13-045 (R1) - Monte-Carlo Modeling 
of the Prompt Radiation Emitted by a Nuclear 
Device in the National Capital Region, Revision 1

• Depending on numerous factors, 
Neutron to Gamma Ratios are 
highly variable

• Neutrons Produce more damage 
than Gammas for the same dose

• In an urban environment 
shielding may lead to non-
homogeneous exposure



8

Animal Models for Radiation Exposure at AFRRI
TRIGA Reactor

High Level Cobalt-60
Linear Accelerator

• Gamma irradiation, Akin 
to nuclear fallout

• Total Body Irradiation in 
mice (and other species)

• Represents a worst-case 
scenario in terms of 
damage to the organism

• Produces H-ARS

• Variable Neutron Gamma 
Ratios, akin to nuclear 
detonation

• Total Body and Partial 
body Irradiation in mice 
(and other species)

• Produces H-ARS, and GI-
ARS

• X-Ray irradiation, akin to 
nuclear fallout

• Partial body Irradiation in 
mice (and other species)

• Produces GI-ARS
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Lethality in the Co60 source (TBI)
▪ Total Body Irradiation (Co60)- mouse

• Males are slightly more 
radiosensitive

• LD50 ~8 Gy
• Males 7.86 (95% CI 7.76-7.97)
• Females 8.10 (95% CI 8.00-

8.19)
• LD70 ~8.2Gy

• Males 8.10 (95% CI 7.98-8.22)
• Females 8.33 (95% CI 8.23-

8.45)

• LD90 ~8.5Gy
• Males 8.43 (95% CI 8.29-8.61)
• Females 8.68 (95% CI 8.55-

8.86)
Very Robust model, 10+ years of data

~0.6Gy/min

For Internal Use/ Not for Distribution
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Lethality in the AFRRI TRIGA (TBI) Ways to Modulate Neutron 
Gamma Ratios
1. Shielding
2. Distance

1. In exposure room 
2. Core in pool

3. Power
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Lethality in the AFRRI TRIGA (TBI)
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Lethality in the AFRRI TRIGA (TBI) Ways to Modulate Neutron 
Gamma Ratios
1. Shielding
2. Distance

1. In exposure room 
2. Core in pool

3. Power
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Lethality in the AFRRI LINAC (PBI)

Model Credit: 
Dr. Vidya Kumar
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Development of PBI model in the AFRRI TRIGA
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Conclusions

• We have established several models relating to real scenarios
• TBI Gamma – Fall Out
• TBI Mixed Field – Detonation
• PBI X-ray – Fall out with Shielding
• PBI Mixed field – Detonation with Shielding

• A real exposure is likely to be non homogenous, with sufficient shielding from an urban environment it is possible to 
induce GI-ARS 

• We have established lethality curves in all these models
• We have tested Medical Countermeasures in all of these models to identify candidates to improve survivability
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Questions?

Thank you


