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MILITARY REQUIREMENTS FOR RADIOBIOLOGY RESEARCH 

INTRODUCTION 

Acute doses of ionizing radiation are capable of adversely affecting 

both combat performance capability and the survivability of exposed 

soldiers on the modern integrated battlefield. 

become increasingly clear that further research needs to be conducted to 

answer the many remaining questions about the mechanisms, treatment, 

and prevention of radiation effects on humans. 

of constant or even declining resources, hard decisions are required 

regarding the funding of any research agenda. 

regarding the funding of military research programs, a document which 

matches the scientific research thrust to the operational requirements of 

As a result, it has also 

Unfortunately, in this era 

In order to make decisions 

the armed services may assist planners in establishing priorities for 

programs and funding. 

The mission of the Armed Forces Radiobiology Research Institute 

(AFRRI) is to define and elucidate the effects of ionizing radiation on 

military personnel. AFRRI, a part of the Defense Nuclear Agency, is 

singularly capable of conducting the research required for a better 

understanding of the qualita.tive and quantitative degradations produced by 

radiation. 

all of the Department of Defense exclusively devoted to the study of 

radiation effects on living biological material. 

This is because AFRRI is the only research laboratory within 

As such, it is imperative 



that an interaction or two-way communication exist between the three 

armed services and the research scientists within AFRRI. 

Although much has been learned about the effects of ionizing radiation 

during the last forty years, in many cases the scientific results have not 

been translated into operationally meaningful terms for the commander in 

the field. 

capability of asking questions in a manner in which the scientist could 

understand. 

transfer between the radiobiology laboratory and the military in the field. 

The formation of the AFRRI Military Requirements and Applications 

Department in December 1987 provided a vehicle for facilitating this 

communication. 

waa designed both to correct the communication problems and to establish 

military research requirements for the intramural research scientists. 

was accomplished by the use of military scientists serving as liaison 

personnel between the researcher in the laboratory and the soldier in the 

field. 

On the other hand, the military commander has not had the 

That is, there has been a lack of information and technology 

The Military Requirements and Applications Department 

This 

As a first step in the program of developing increased communication 

between the scientist and the soldier, a number of military requirements 

for radiobio1oQ;y research were prepared at AFRRI. 

Army, Navy, Air Force and DoD were requested by the Director of 

Defense Nuclear Agency, VADM J.T. Parker, to independently review this 

list of research requirements and to make any additions, corrections, or 

changes deemed necessary (Encl 1). 

In December 1987, the 

Positive responses were submitted by 



all services and by the Office of the Under Secretary of Defense for 

Research and Advanced Technology (Encl 2-5). 

February 1988, the revised requirements were prioritized by representatives 

of the three services in order to specify those research areas considered 

most important by the three services. This list of prioritized requirements 

was then further refined and organized into 11 major categories of research 

interest. 

research categories have been outlined through the use of research goals 

and a number of specific research tasks. A number of specific research 

tasks may be included under each research goal. In this way a number 

of research studies can be conducted in support of a single research goal 

and the results consolidated to answer a specific military requirements 

question. It is expected that work in the research area might lead to 

attainment of many of the research goals within the next five years. 

A t  a joint meeting in 

These major areas are listed in Table 1. Each of the 11 broad 

TABLE 1 

MAJOR CATEGORIES OF RESEARCH 

Protective and Therapeutic Intervention 

Effect of Biological Repair 

Physical and Biological Dosimetry 

Prediction of Crew and Unit Efficiency 

Adverse Psychological Response 



Reaction to Drugs or Treatment 

Mechanisms of Radiation Damage 

Space Radiation 

Models of the Radiation Casualty 

Interaction with Other Combat Stressors 

Training on Medical Effects 

Compilation of an approved military radiobiology research requirements 

document, allows research project managers to tailor their programs to 

address the research goals relevent to operational concerns. Work unit 

progress forms can delineate which of the research goals are addressed by 

each research study. By doing this, it will be possible to determine the 

level of research effort which is devoted to each of the research 

requirements. 

made available to the requesting military service in a relevant and timely 

manner. 

Further, the progress achieved towards each goal can be 

The research requirements and objectives are not meant to exist as a 

static document. 

changing as the requirement,s of the military evolve. At a minimum, the 

research requirement document will be validated and updated annually at 

a meeting of the representatives of the three services and the staff officers 

of the Military Requirements and .4pplications Department. Following this 

Rather this document is expected to be dynamic; 



MILITARY REQUIREMENTS FOR RADIOBIOLOGY RESEARCH 

MAJOR CATEGORY 

Protective and Therapeutic Intervention 

GOAL: Develop non-pharmacological protective systems in order to 

ameliorate or eliminate the incapacitating and/or performance degrading 

symptoms of the acute radiation syndrome. 

Tasks: 

1. Develop protective measures, either chemical or physical in nature, 

which ameliorate or eliminate degrading or incapacitating symptoms of the 

acute radiation syndrome prodromal phase. 

2. Develop technology that permits the prolonged maintenance of 

irradiated personnel on active duty. 

GOAL: Develop medical formulations for the prevention and/or treatment 

of the performance degrading effects and temporary incapacitating effects of 

the acute radiation syndrome. 

Tasks: 



update, the document will be submitted to the Board of Governors for 

approval or disapproval at their annual meeting, traditionally held in the 

early fall. The continued evolvement of the military requirements list will 

allow AFRRI to keep pace with the changing needs of the armed services. 

This procedure will also allow AFRRI to keep abreast with emerging 

operational developments which could dictate other new radiobiology 

research requirements, such as the development and field deployment of 

antiradiation compounds or the entry of man into space. 



1. Reduce the deleterious effects of ionizing radiation on combat 

effectiveness and survival. This includes the development of specific anti- 

vomiting medications and general preventive pre-treatments. 

2. Lessen the effects of radiation and combined injury on sensitive cell 

systems, such as the hematopoietic, immunologic, and/or gastrointestinal 

systems, by means of the development of novel medical formulations. 

3. Reduce radiation and other injury effects and promote accelerated 

biological repair by the development of radioprotectants and biological 

response modifiers to promote earlier return to duty both during 

conventional conflicts and during space flight. 

4. Develop methods and doctrine/directives for medical treatment of 

radiation injury during space flight. 



MAJOR CATEGORY: 

Effect of Biological Repair 

GOAL: Determine the rate and extent of biological repair for specified 

cell and organ systems when they are damaged by various types of 

radiation. 

Tasks: 

1. For specified cell and organ systems, determine the rate of recovery 

from exposure to various doses of either gamma or neutron radiation to 

include rates of recovery for vulnerable systems during the first 30 days 

post exposure. 

2. Develop a method for measuring both the extent and rate of 

biologic recovery occurring subsequent to single or multiple exposures to 

nuclear radiation as a function of dose and time. 

3. Determine the rate of physiological recovery and behavioral 

efficiency of the soldier following multiple exposures to nuclear radiation as 

a function of dose, task, time between exposures and time since last 

exposure. 



MAJOR CATEGORY: 

Physical and Biological Dosimetry 

GOAL: Develop and implement a system to classify radiation severity 

based on patient symptomology. 

Tasks: 

1. Develop a method for determining acute and chronic radiation doses 

to human body extremities in the range of greater than 10 cGy. 

2. Identify biological or behavioral parameters that will provide an 

early accurate identification of the total radiation dose and degree of 

radiation injury. 

3. Determine the correlation between early biological symptoms due to 

radiation exposure and physical dosimeter readings. 

4. Develop biologic dosimetry methods to quantify exposure to the 

various radiations observed in an extraterrestrial environment. 

GOAL: 

based on in vivo or - in -- vitro assays of biological fluids or specimens 

Develop and implement a system to classify radiation severity 

-- 

Tasks: 



1. Develop a clinical test for use by combat medical personnel to 

quantify radiation injury due to a single exposure. 

based on observable biological parameters and include the development of 

a method for use by field medical personnel to quickly identify lethally 

irradiated personnel. 

This test should be 

2. Develop a method based on observable biological parameters for use 

by medical personnel in combat units to quantify total radiation injury 

from multiple exposures. 

GOAL; Evaluate the accuracy of physical dosimetry devices in order to 

determine the applicability of their use during medical triage or treatment 

of irradiated camaltites. 

Tasks: 
L__ 

1. Develop biomedical criteria for the use of a personal, individual 

dosimeter for both gamma and neutrons which allows the rapid assessment 

of individual doses. 

2. Develop a method of interpreting individual dosimetry results 

(biological or physical dosimeters) to determine expected medical effects. 

The development procedure should include training in interpretation for 

triage staff. 



3. Recommend accurate active and passive physical dosimetry 

performance objectives for measuring radiation components and total doses 

inside spacecraft and EVA suits. 

4. Develop accurate methods to determine the total radiation dose 

after multiple exposures as well as measuring dose rates for special ”time 

critical” missions such as 1a.nding an aircraft; refueling and maintenance of 

military vehicles in the radioactive area or extra-vehicular activities in 

space. 

5.  Determine the biological significance of non-homogeneous dose 

deposition in human and animal irradiation. 

6. Evaluate the possible variations of total radiation dose in military 

operational settings including the necessity and capability for physical 

monitoring of individual soldiers. 

RBE values to be utilized. 

Recommend techniques, criterea, and 



MAJOR CATEGORY 

Prediction of Crew and Unit Enciency  

GOAL: Examine the effect of various doses of radiation in combination 

with tasks required of the soldier either on the modern integrated 

battlefield or in space. 

Tasks: 

1. Determine the overall efficiency of combat crews after a11 or 

selected individuals within the crew suffer degradation of performance or 

temporary incapacitation as a result of exposure to nuclear radiation. 

exposures of interest should range from minimal exposures to those which 

would produce early transient incapacitation. 

The 

2. Determine the degree and incidence of combat ineffectiveness and 

rate of recovery shown by a soldier following multiple exposures to nuclear 

radiation as a function of d.ose, time between exposures, and task. 

3. Determine the degradation of soldier combat effectiveness as a 

result of nuclear detonation phenomena in combination with the effects of 

other weapons, Le., conventional weapons, chemical warfare compounds, 

biological munitions, directed energy (DE) weapons and/or wear of the 

chemical protective suit. 



4. Develop tri-service guidance concerning the appropriate utilization of 

performance decremented individuals taking into consideration both the 

good of the unit and the individual. 

5.  Determine if behavioral decrements will result from exposure to 

acute and chronic radiation in space and determine methods to preserve 

crew performance. 

6. Determine the effect of nuclear radiation exposure, alone and in 

combination with anti-radiation protection, on aircraft sortie generation, 

from the crew performance viewpoint. 

7. Determine the response of personnel to different doses and dose 

rates of radiation as it applies to loiter, C3, and other Air Force missions 

in areas contaminated with fallout. 

8. Identify what aircraft ground crew protective equipment is best 

suited for the nuclear fallout environment in a combat zone. This should 

include a comparison of the tradeofEs involved in spending a long time 

(low work effectiveness) in a heavy protective outfit versus spending a 

shorter time period in a less effcient protective state. 

9. Quantify the suitability of and develop protective factors associated 

with the use of common household items (towels, etc) and clothing items 

(handkerchiefs, etc) which could be expected to be utilized as expedient 



respiratory protective equipment in a fallout environment. (Already done. 

see page 44 of Military Radiobiolow). 



MAJOR CATEGORY 

Adverse Psychological Response 

GOAL: 

real or an anticipated nuclear exposure and outline possible consequences 

of the reactions. 

Identify possible adverse psychological reactions as a result of a 

Tasks: 

1. Estimate the anticipated incidence and degree of combat 

ineffectiveness within various types of military units due to adverse 

psychological responses from exposure to nuclear detonations. 

2. Provide a guide to allow the commander to predict the expected 

numbers of psychological casualties among non-irradiated, sublethally or 

lethally irradiated troops. 

3. Identify maladaptive responses of personnel to the combined effects 

of nuclear weapons and other stressors on the modern integrated 

battlefield. 

4 .  Provide training in the identification of neuropsychiatric casualties 

occurring as a result of real or perceived nuclear detonations and 

instruction in necessary triage and treatment techniques on the integrated 

battlefield. 



M A J O R  CATEGORY 

Models of the Radiation Casualty 

GOAL: Generate data for input to models of the radiation casualty which 

will include all logistical, medical and other pertinent requirements required 

to support, evacuate, and replace the casualty on the modern integrated 

battlefield. 

Tasks: 

1. Generate radiobiological parameters essential for a ”life cycle” model 

of the nuclear casualty (utilizing current dose ranges), predicting the 

patient’s medical status from exposure to disposition, including an analysis 

of logistical requirements to support the casualty. 

2. Estimate the numbers, types and severity of casualties [both 

psychological and biological) which could be expected due to the combined 

insults of nuclear radiation, thermal radiation and the blast effects 

produced by employment of nuclear weapons on a standard tactical unit 

deployment. 

3. Estimate the results of the utilization of nuclear weapons with 

conventional, chemical and/or biological munitions and/or DE weapons on 

combat medic effectiveness and medical unit performance degradation. 



4. Predict possible casualty scenarios arising from nuclear weapons 

attacks on ships and in other situations such as amphibious landings or 

shipldock yards. 

5. Estimate the percentage of casualties who would receive greater 

than lethal but less than immediately incapacitating nuclear radiation 

exposures. 

GOAL: Address the question of the validity of extrapolating experimental 

data acquired from reaearch animals to soldiers in a wartime environment. 

Tasks: - 
1. Determine the validity of extrapolating from radiation doses 

producing behavioral deficits in experimental animals to radiation doses 

that will lead to temporary behavioral incapacitation or combat 

degradation in man. 

2. Estimate the neutron RBE (using a mammalian cell transformation 

model) at low dose rates in the total dose range below lOcGy for nuclear 

weapons intrinsic radiation spectra. 

3. Determine the reliability of extrapolations from cell transformation 

studies to human carcinogenicity. 



MAJOR CATEGORY 

Interaction with Other Combat Stressors 

GOAL: Investigate the interaction of radiation-induced injury with other 

casualty producing factors. 

Tasks: 

1. Establish the LD 50/60 of radiation in laboratory animals alone 

and when they are wearing each level of chemical protective gear (MOPP). 

This may give important insights as to the effects of being exposed to the 

combined insults of nuclear radiation and over garment wear. 

2. Quantify the effects of combined iqjury on sensitive cell systems 

and develop methodologies that foster accelerated biologic repair of the 

systems and promote early return to active duty. 

3. Develop effective treatment regimens for combined injury patients 

and disseminate to the three services. 

GOAL: Determine the behavioral and physiological reactions which may 

appear aa a result of the use of nuclear weapons when used in conjunction 

with the other stressors found on the modern integrated battlefield. 

Tasks: 



1. Determine the behavioral and physiological responses of personnel to  

the combined insults of blast, thermal, and nuclear radiation produced by 

detonation of nuclear weapons. 

2. Determine the effect produced by exposure to nuclear detonation 

phenomena while wearing the chemical protective overgarment. 

3. Determine the responses (biological and behavioral) of personnel to 

the combined insults of nuclear weapons and DE effects, chemical and 

biological weapons and psychological and thermal stresses. 

4. Predict effects of irradiation in conjunction with other injuries in 

order to assess future medical operational performance requirements and 

provide for medical triage and treatment. 

5. In order to reduce radiation injury effects and to promote biological 

repair, radioprotectants and biological response modifiers should be 

developed to achieve post-trauma biological repair. 



MAJOR CATEGORY 

Reaction to Drugs or Treatment 

GOAL: Determine the possible effect that exposure to nuclear irradiation 

may have on a patient’s reaction to pharmacological therapy and other 

medical treatment. 

Tasks: 

1. Identify and quantify the impact of radiation on wound healing and 

the resulting impact on such practical concerns such M medical treatment 

methodologies and return to duty expectations. 

2. Determine the reaction of irradiated personnel to traditional military 

medications, including anesthetics and other compounds, 

acute radiation syndrome and during the recovery cycle. 

3. Develop effective treatment regimens for combine 

30th during the 

injury patients. 

4. Blood products can produce major problems in GVH disease in 

immuno-suppressed patients. 

platelets is standard procedure in peacetime accidents. 

to be given to how this can be achieved in a combat situation. 

Irradiation to destroy all lymphocytes and 

Consideration needs 



MAJOR CATEGORY 

Mechanisms of Radiation Damane 

GOAL: Investigate the mechanisms of radiation damage to biological 

systems in order to provide better protection and/or treatment. 

Tasks: 

1. Determine the extent of recovery from exposure to both gamma 

and neutron radiation, including rates of recovery for vulnerable 

organs/biologic systems in the first 30 days post exposure. 

2. Predict as accurately as possible the biological effects of various 

doses of ionizing radiation (gamma and high LET, prompt and protracted) 

with and without other injuries, particularly those injuries arising from 

nuclear explosions. 

3. Evaluate specific problems arising from neutron irradiations. 

4. Compare the effects of neutron radiation to the effects seen with 

equivalent doses of gamma radiation. 

5. Predict as accurately as possible the biological effects of various 

doses of ionizing radiation (gamma and high LET, prompt and 

protracted). 



0. Investigate and quantify the biological effects of radiation particles 

present inside spacecraft and EVA suits and determine long-term effects 

and risks from radiation exposure during space flight. 

7.  Determine the increased Relative Biological Effectiveness (RBE) for 

small fractionated doses of neutrons, in order to determine the absolute 

risk from those doses. 



MAJOR CATEGORY 

Space Radiation 

GOAL: Determine the effects of radiation found in outer space on 

biological systems. 

Tasks: 

1. Determine biologic effects of high LET radiation, including protons 

and charged and neutral particles of hydrogen in view of future military 

man-in-space efforts in high polar as well as highly elliptical orbits. 

2. Develop biologic dosimetry methods to quantify exposure to the 

various space radiations. 

3. Investigate and quantify the biologic effects of radiation particles 

present inside spacecraft and EVA suits and the long-term effects and 

risks from radiation exposure during space flight. 

4. Investigate, quantify and develop means to mitigate any harmful 

synergistic actions between space radiation damage and microgravity effects. 

5 .  Quantify and preserve crew performance from acute and chronic 

radiation exposure in space. 



6. Identify, evaluate and formulate radioprotectants for space flight 

use. 

GOAL: 

by weapon bursts or by solar flares, to crews during a space flight. 

Determine accepta,ble levels of nuclear radiation, produced either 

Tasks: 

1. Characterize the normal radiation environment inside a manned 

orbital spacecraft or in an EVA suit during extravehicular activity. 

2. Determine the expected radiation dose which will be received by 

crews inside a spacecraft or EVA suit from exo-atmospheric weapons 

bursts and anomalously large solar particle events (ALSPEs) and the 

amount of radiation shielded by the craft. 

3. Evaluate possible physiological hazards of EMP due to the 

introduction of more sophisticated weaponry (S.D.I.) with enhanced EMP 

components. 

4. Develop radiation protection concepts and doctrine for manned 

military space flights in order to mitigate the harmful effects of nuclear 

radiation. 



MAJOR CATEGORY: 

Training on Medical Effects 

GOAL: Provide training to military health care personnel on the 

treatment of radiation and combined injury casualties. 

- Tasks: 

1. Develop a system to transfer the scientific results obtained through 

contract and inhouse efforts to the military doctrine development agencies. 

2. Develop and maintain a working relationship with the appropriate 

personnel from NATO or other non-WARSAW Pact countries in order to 

plan collaborative research efforts and to disseminate the research results 

in a timely manner. 

3. Plan, coordinate and publish the results of a series of seminars on 

the physiological and behavioral effects of radiation and the treatment of 

these effects. 

4. Ensure by education and training that adequate numbers of 

radiobiologists and other military health care professionals, including 

uniformed scientists, are available to research, advise and train others in 

nuclear warfare medical matters. 



5. Provide training for medica1 personnel in the identification of 

radiation and combined injury casualties. This training will also include 

analysis of various treatment techniques designed to expedite a return to 

duty and to minimize long term disability. 


