










MEDICAL NBC BA TTLEROOX 

Purpose and Scope 

The purpose of this battlebook is to address operational health concerns in environments where 
Nuclear, Biological, and Chemical (NBC) threats exist. Potential NBC threats range from 
weapons of mass destruction to contamination of the battlefield by hazardous material. Medical 
personnel, in conjunction with chemical personnel, must be able to advise commanders on a wide 
range of issues including the health effects of NBC threats, protective clothing and measures, and 
management of NBC casualties. 

This manual is not an emergency response book or treatment guide. It is intended to provide a 
quick reference for decision making as to whether to request expert consultation in a given area. 
Except in extreme emergency, the contents should not be C O ~ S ~ N ~  as definitive. 

Intended Audience 

The Medical NBCBaitlebook is designed for the AMEDD soldiers in the field or training for the 
field. 

Use of Trade Names or Trademarks 

The use of trade names or trademarks in this publication are for illustrative purposes only. Their 
use does not constitute endorsement by the Department of Defense. 

User Comments 

The proponent of the publication is The Office of the Surgeon General through the Center of 
Health Promotion and Preventive Medicine. Please fonvard all recommendations to 
Commander, CHPPM, ATIN: MHCB-TS-OMH, APG-EA, MD, 21010-5422. 

Gender Statement 

Unless this publbation states othenuise, masculine nouns and pronouns do not refer exclusively 
to men. 
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Introduction 

References for Chapter One: FM 3-6, FM 3-7, FM 3-100, FM 8-10-7, FM 8-10-8, FM 8-10-1 7 
(Draft), FM 8-42, FM 8-285, FM 100-5, FM 101-5, STP 21-I-SMCT, and TC 3-10. 

The US A m y  conducts operations in areas where potential adversaries could use NBC weapons. 
These weapons range from a megaton nuclear weapon used to destroy an entire city to a barrel of 
industrial chemicals used to contaminate an important road intersection. In addition to their 
destructive power, NBC weapons have political, psychological, operational, and strateg~c impact. 
The w e  of passive measures such as proactive NBC defense procedures is a potential tool to 
reduce the threat of NBC weapons. In the event of the use of NBC weapons, the medical 
personnel must be prepared to provide a variety of services including medical treatment, site 
hazard surveys, and medical hazard assessments. 

Threats 

Nuclear Weapons. Although the threat of global nuclear annihilation has diminished, Russia and 
China still maintain large numbers of nuclear weapons. While direct confrontation wrth these 
nations is not likely at the present time, medical units must still be prepared for such conflicts. 
Several potential adversaries such as North Korea, Iraq, and Iran have tried to develop nuclear 
weapons. These countries could use nuclear weapons either to gain a tactical advantage or as a 
terrorist weapon. The employment of nuclear weapons in stability and support operations such 
as Bosnia is not likely; however, commanders must be prepared for their use. With the advent of 
new technologies, it is conceivable that a terrorist or terrorist organization could obtain a small 
nuclear device. This device could then be used to hold a city or state at ransom. The employment 
of nuclear weapons could rapidly escalate a stability and support operational scenario into a 
major war. 

Radiological Hazards. Adversaries and even terrorist could spread radioactive material in an 
effort to deny US forces access to key terrain, roads, and buildings. The use of radiation 
dispersal devices and destruction of local nuclear reactors by terrorists are examples of 
radiological threats. Other radiological hazards present during deployments may include 
improperly dumped waste and accidents involving radioactive commodities. 

Biological Warfare. Biological warfare agents range in spectrum from sophisticated, specifically 
engineered infectious microorganisms aid toxins produced in modern biotechnology 
laboratories, to simple expedient food contaminants employed by insurgents or terronsts. Health 
care personnel must be alert to any increase in infectious disease rates or disease cases not 
commonly found in the area of operations. Because the use of biological weapons is not always 
initially evident and symptoms may take days to weeks to appear, epidemiology may provide the 
first clue to an attack. 

Chemical Warfare Agents. Chemical agents are relatively simple to make and employ. Since 
their effects are immediate and dramatic, chemical weapons are used to kill and injure and also 
for terrain denial for persistent agents. For example, Iraq used large quantities of blister agents in 
its war against Iran. Although not classed as chemical warfare agents, incendiadflame 
munitions, phosphorus compounds, and irritants 0-chlorobenzyhdene (CS) and 



chloroacetophenone (CN) could be encountered by US forces In stability and support operations. 
Industrial chemicals, either by accidents or intentional dispersion by adversaries, also pose 
possible threats to US forces. In order to predict potentially hazardous situations, treat casualties, 
and decontaminate areas and personnel, US forces should be aware of the industrial chemical 
hazards in their area. Toxic industrial chemicals (TICS) and radioactive material are collectively 
referred to as toxic industrial materials (TIMs). 

Lasers and Radiofrequency Hazards. The threat of laser injuries on the battlefield is both real 
and significant. Lasers of many types, powers, and wavelength characteristics have been 
integrated into and are used by most force strucZures of the world. While the US and many other 
countries prohibit the use of lasers specifically designed to cause permanent blindness, the threat 
from such weapons must be considered. While the main symptom of laser injury is reduction in 
visual acuity, they may also be used to dazzle or startle. The US and many other countries 
currently use lasers as range finders and target designators. These sources, as well as 
radiofrequency sources used in communications, target detection, and a multiple of other uses, 
present occupational health hazards if used improperly. 

The Range of Military Operations 

The US seeks to achieve it strategic objectives in three divem environments: peacetime, conflict, 
and war. The Army classifies its activities during peacetime and conflict as operations other than 
war. Some operations such as Joint Endeavor in Bosnia are also referred to as support and 
stability operations. During peacetime and conflict. possible NBC threats include terrorist use of 
biological weapons or covert release of toxic industrial materials. During war, nuclear and 
chemical weapons are also possible NBC threats. 

Units of Special Consideration for Medical NBC Operations 

General. This section briefly discusses some of the possible units that would be involved in the 
medical NBC aspects of operations. Each operation will have a unique combination of these 
units, therefore prior coordination before deployment is suggested. 

Intelligence - SZIGZ. The S2IG2 section gathers and prepares intelligence about the enemy and 
the terrain. When preparing for deployment, commanders can obtain information on the types of 
endemic diseases in the area, the biological and chemical agent potential, and other medical 
threats. Additionally, once deployed, the SZG2 maintains records regarding NBC use and 
potential use in the theater. With this information, the commander can brief his troops to enable 
them to recognize signs and symptoms of possible biological agent use, or endemic disease 
outbreaks. The commander can also ensure that his troops are either in MOPP or prepared to 
assume a MOPP when necessary. To determine the relative safety of his facility, the commander 
directs his SUG2 to conduct a vulnerability analysis of their position. The S2IG2 produces 
intelligence information about the enemy's NBC equipment and activity; he provides a detailed 
characteristics review of an area. Weather and terrain information, coupled with the enemy's 
NBC equipment and doctrine, result in an understanding of whether the environmental factors 
are conducive to employment of NBC weapons. The S2lS3 coordinates with the supported units 
to determine the casualty estimates. NBC threat assessments require coordination with the unit 
NBC officer or NCO. 



3. Civil - Military Affairs - S5lG5. The S5lG5 section may be able to provide or locate information 
about industrial operations in the area of concern The S5IG5 may require technical expertise for 
the risk communicat~ons wlth the local populous if they believe that the US military has 
contammated their area. The risk communications program at Center for Health Promotion and 
Preventive hledicine (USACHPPM) can prcwde support. 

4. Chemical Units. Chemical units can provide assistance with decontamination of personnel and 
equipment. Special NBC surveillance unlts consisting of BIDS and FOX vehicles can provide 
early warning of chemical and biological attacks. The Technical Escort units usually handle the 
transportation of samples of suspected NBC agents. 

5. Ordnance and Supply Units. Explosive Ordnance Detachments normally handle or coordinate 
the removal of all unexploded ordnance. The Industrial Operations Command (10C) assists in 
the removal, storage and processing of equipment from the battlefield. Preventwe medicme units 
need to coordinate with both the maintenance companies and IOC to ensure proper health physics 
practices. The A m y  Materiel Command (AMC) is the Nuclear Regulatory Commission (NRC) 
license's holder for most of the radioactive items in the field. 

6. Engineer Units. Engineer units can assist in the constmctioo of decontamination pits and 
possibly provide information about local industrial and environmental hazards. 

7. Special Operations. Special Forces present unique medical NBC challenges. During operations 
deep in the enemy's rear area, the Special Forces units may encounter NBC agents from several 
sources. For example, the US forces may strike against the enemy's storage and production sites 
of NBC weapons releasing hazardous agent. Covert units operating near those areas may be 
exposed to the agent. Since the special forces units operate in the enemy's rear area, these forces 
cannot expect usual Army Medical Department (AMEDD) support in terms of evacuation and 
hospitalization, so they will probably be responsible for their own NBC medical support for an 
extended period of time. 

8. Medical Units. The FM 8-10 senes fully descnks medical operations during deployment. Refer 
to these manuals for the mission and capabilities of the Theater Army Surgeon, Medical 
Command, and subordinate unlts. 

9 Special Medlcal Units. 

A. Theater A m y  Medical Laboratory (TAML). TAML's mission is to identify and evaluate 
health hazard in an area of operations by using laboratory analyses and rapid health hazard 
assessment of nuclear, radiological, biological, chemical, endemic disease, environmental and 
occupations heath threats. 

B. Preventwe Medicine Detachment. This detachment provides technical consultation support 
on preventive medicine issues throughout its area of responsibility. The unit provides specialized 
support In the a r m  of disease and non-hattle Injuries (DNBI) surveillance, health physics, 
dlsease vector ~dent~ficat~on,  cnvlronmental engineering, health threat profile, and health hazard 
assessment. Its medical NBC capab~lities may include but are not limited to: 

( I )  Collecting water and ice samples for NBC surveillance. 
(2) Establishing and maintamng chain of custody for samples, and fonvarding samples to 
supporting laboratory for dentitication. 



GENER,\L~PERATIONAI ASPECTS 1-5 

(3) Coordmatmg w t h  NBC reconnamance and blological detection units for the analysis of 
enk~ronmental samplea. 

Sources of lntelligence 

The S2lG2 should be the main source of mtelligence for the unlt 

Armed Forces Medlcal lntelligence Center (AFMIC) can provide tntelligence about the medical, 
environmental, and industnal threats in the area of concern The AFMIC Bulletin Board System 
(BBS) IS an automated online system for the dissemination of unclass~fied medical intelligence 
products. T h ~ s  system IS des~gned to probide consumers with tlmely, user friendly access to 
AFMlC products. AFMIC' also produccs the MEDIC CD (See Points of Contact Section). 

Central Intell~gence .Agency (C1.4) World Factbook - The CIA World Factbook is an unclassified 
publ~cation that p rw~des  gencral pol~t~cal  and economlc data on all countries of the world. It is 
updated annually. In add~t~on  to hardcopy pubhcation, 11 1s also available on the CIA home page 
on both the lntemst and IUTELINK. There is also a classified supplenlent that provides 
information on mil~tary. secunty. and lntelligence forces worldw~de. The web address is 
w\r\\,.odc~.go\c~a publ~cations factbook'inder.html. 

INTELlhK has been described as the "classdied on ramp to the infonnatlon superh~ghway." All 
national level intelligence organizations, includ~ng AFMIC, habe home pages on MTELINK. 
All AFMIC products are placed on INTELINK. In add~tion, each Unified Command Joint 
lntelligence Center has a home page. Withm the Intelligence Community, INTELINK rap~dly is 
becoming the preferred method of dissemination. Many recent intelligence publications are 
found on the INTELMK. If preferred, TNTELINK has a pnnt capabil~ty. The Central 
Intelligence Agency has a home page where users may access the World Factbook. The State 
Department home page contains State Department Country Fact Sheets, Embassy information, 
and travel advisories. 

Other commercial databases are available that address areas of Interest to medical planners, such 
as travel medicine. 

Environmental and Industrial Threats. 

A. The intelligence community, to d u d e  the AFMIC, CIA, and DIA (Defense Intelligence 
Agency) has taken measures to produce rntelligence products geared toward env~ronmental 
threats (both potential and actual) that can impacl L S  Forces. Several actual and potential 
environmental threats imposed on US Forces have demonstrated the necessity of this type of 
information. Past and present environmental and mdustrial threats include the Kuwait Oil Well 
Fires, the destruction of a chemical weapon depot near Khamisiyah in Iraq, and the localized 
contamination of air and soil tiom hazardous waste sites In Bosnia-Herzegovlna during 
Operation Joint Endeavor. The intelligence community has begun to Investigate and archive 
information on pertment environmental threats to include those from toxic industrial chem~cals 
(TICS), chem~cal and blological weapons, and radiological sources. 

B. Sources of Intelligence. lntelligence about environmental and industrial hazards should be 
requested through the standard channels for intelligence. Being as specific as possible when 
requesting informatmn through the intelligence channel allows the intelligence analyst to obtatn 
the appropriate darn. Add~t~onal  information may be gathered through the W G 5 .  They may be 



able to gather local information about industrial and other sites. A review of local environmental 
protection laws and their implementation may provide useful information in determining possible 
hazards from industrial pollutants and waste. The web can offer additional information. For 
example, three web sites that list the nuclear reactors in the world can be found in Chapter 3. 

C. Possible Threats. The sources of environmental and industrial hazards may be quite 
extensive if the operation is in an industrialized area. Any site that stores or uses toxic material 
may pose a threat to US service members even if the site is operating under normal conditions. 
lndusmal sabotages, such as, destruction of a large industrial complex could release potentially 
toxic substances. Possible sites prone to threat include hospitals, mines, and manufacturing 
facilities. Table I-A summarizes the typical industrial and environmental threats that a deployed 
US. Force may encounter with respect to site characteristics. 

D. Threat Information. For each of these threats and site types, several items are required to 
complete an environmental threat assessment. Since the pertinent site information is normally 
classified, secure wmmunicatinns may he needed. 

Table 1-A: Industrial and Environmental Threats to the Deployed Force 

Table 1-B: Required Site Information 

Environmental Threat 
Toxic Industrial Chemicals 

Chemical/Biological 
Weapons 
Radiological hazards 

All hazards 

Type of Site 
Manufacturing sites, oil refineries, chemical productions facilities, 
Universities and colleges, hospitals, storage tanks, waste dumps 
Manufacturing and storage and disposal sites 

Nuclear power plants and refinery sites, nuclear weapons plants, 
storage areas, hospitals, Universities and colleges 
Railroads and major roads 

Site Information 
Geographic Location 

Background 

Equipment Maintenance 

Stored or Manufactured Chemicals 

Amount/Quantity of Stored 
Chemical(s) 
Type of Weapons, Munitions 

Background Pollutant Levels 

Comment 
LatitudeiLonpitude; Surrounding Environment 
including population 
Type and History of Facility 

Has equipment been maintained and at what level 

Type(s) of Chemicals (i.e., chlorines, etc.) 

Pounds or Tons; actual or estimated, specific emission 
inventory data 
Size, payload, quantity, agent purity 

Overall pollution levels in Region 



1.6. Pre-deployment 

I. NBC Common Skills Tasks. All service members, including medical personnel, must be 
extremely proficient at the NBC common skill tasks. These tasks are given In STP 21-I-SMCT, 
Soldier's Manual of Common Tasks: Skill Level I. These tasks include putting on the protective 
mask, donning MOPP level, first aid, and buddy aid. The first aid task is ADMINISTER NERVE 
AGENT ANTIDOTE TO SELF (SELF-AID), task number 081 -831-1030. The buddy aid task is 
ADMINISTER FIRST AID TO A NERVE AGENT CASUALTY (BUDDY-AID), task number 
081-831-1031. Actions taken during first aid, buddy aid and decontamination 
predominantly determine the extent of the injury and the probability of survival for 
casualties from chemical weapons. This is one of the most important concepts in this entire 
handbook. This fact is not understood or accepted by soldiers or leaders. In general, 
decontamination must be done very qulckly after a lethal dose is delivered. 

2. Suggested training courses for individuals (see Po~nts of Contacts chapter for phone numbers for 
the various organizations): 

A. Med~cal Management of Chemical and Biological Casualties Course. Offered jointly by U S .  
Army Medical Research Institute of Chemical Defense (USAMRICD) and US.  Army Medical 
Research Institute of Infectious Diseases (USAMRIID). 

B. Medical Effects of Ionizing Radiation (MEIR). Offered by Armed Forces Radiobiology 
Research Institute (AFRRI). 

C. Hazard Material Training (HAZMAT). Offered by various organizations including 
USACHPPM. 

D. Laser and Radiofrequency Radiation Hazards. Offered by USACHPPM. 

E. Nuclear Hazards Training Course. Offered by Defense Special Weapons Agency. 

F. NBC PROFIS Course. Offered by NBC Ofice, AMEDD Center and School. 

3. Suggested References to take on a deployment: FM 3-5, FM 3-7, FM 8-9, JP 3-1 1 (Drat?), 
USAMRICD's Medical Management of Chemical Casualties, and USAMRIID's Medical 
Management of Biological Casualties. The AMEDD NBC Science Branch has a 3 CD set of 
references. 

4. Individual. All service members should know the mission of their unit and d e t m i n e  their role 
in the unit. Reviewing the Army Training and Evaluation (ARTEP) of the unit is a good source 
of this information. In addition to tactical information, individuals must also be aware of the 
current technical and doctrinal information available through reviewing the appropriate 
references. For example. medical personnel concerned with radiological hazards should review 
the latest verslon of the NATO ACE Directive 80-63 if appropriate. 

5.  Unit. All units need to exercise their NBC capabilities. Depending on the mission of the unit, 
this training could include sample collection and management of suspected NBC agents, casualty 
decontamination and treatment, preventive medicine practices, and hazard assessments. Units 
need to determine and contact possible supporting and supported units. Contact should be made 
before deployment to allow for smoother operations. 



1.7. Deployment 

I. The section uses the o u t h e  of an operations order: Situation, Mission, Execution, Service 
Support, and Command and Signal. 

2. SITUATION 

A. Overall Situation. Determine overall situation including the type of military operation such 
as peocekeep~ng, confl~ct, or war. 

B. Threats. Determine the threat to US forces including that from terrorism and posslhle 
industrial hazards. Needed information includes NBC threats, Conventional threats, and 
lndustnal and environment threats. 

C. Friendiy Forces. Determme the mission of your unit including your higher command, 
supporting units, and supported unit. Determine the other medical assets in the area of 
operations. 

D. Climate and terrain. The climate and terrain of the area of concern may provide help in 
determining possible threats to troops. 

(I) Heat stress. Refer to FM 3-7 for information on heat stress in MOPP levels. 
(2) Weather affects on NBC Agents. Since the weather affects many NBC agents, some 
conditions favor the select~on of one agent over another. For example, mustard will persist in 
a colder climate for a much longer period than it would in a jungle environment. The 
following are the weather conditions given in FM 3-7. 

(a) Inversion Temperature Gradient. This condition usually exists on a clear or partially 
clear night when middle and low clouds cover less than 30 percent of the sky, and on 
early mornmgs until ahout 1 hour after sunrise when the wind speed is less than 5 kmih-- 
ideal for enemy employment of chemical agents. 
(b) Neutral Temperature Gradient. This condition usually exists on heavily overcast days 
or nights at 1 or 2 hours before sunset or I to 2 hours after sunrise when the middle and 
low clouds cova  more than 30 percent of the sky. Independent of cloud cover and time 
of day, a neutral condition may also exist when the wind speed is greater than 5 kmih. 
Additionally, periods of precipitation are normally accompanied by a neutral condition. 
A neutral temperature gradient is most favorable for enemy use of biological agents. 

(c) Lapse Temperature Gradient. This condition normally exists on a clear day when the 
middle and low clouds cover less than 30 percent of the sky and when the wind speed is 
less than 5 kmh. It is the least favorable condition for the enemy to employ chemical or 
biological agents. When a lapse condition exists, area coverage without diffusion will be 
enhanced with a steady low wind speed of 3 to 7 k d .  

E. Endemic Diseases. AFMIC can provide information about the endem~c diseases in the area 
of operations. Additionally, information should be obtained about the diseases endemic to each 
participating country if the mission involves multinational forces. 

3. MISSION. The following are possible missions dealing with medlcal NBC 



A. Casualty Decontanunation. Contamtnated casualt~es entenng the medical treatment system 
are decontaminated through a decentralized process. Cross contammation risk to casualties and 
evacuation and treatment personnel are greatly reduced by earl~er removal of gross contamination 
from casualties. Removal of contaminated clothing and equipment can provide significant 
hazard reduction to the entire med~cal;evacuation process. This is initially started through self- 
aid and buddy-aid procedures. Later, units should further decontaminate the casualty before 
evacuation. Patient decontammat~on statlons are establ~shed at the field medical treatment 
facilities (MTF) to decontaminate indiv~duals as required (clothing removal and spot skin 
decontamination) pnor to treatment and further evacuation. According to FM 8-285, non- 
medical members of the supported units man these statlons under medical supervision. Medical 
superv~sion is required to prevent further injury to the patient and to provide emergency medical 
treatment during the decontamination process. There are insufficient medical personnel to both 
decontaminate and treat patients. Medical personnel will be fully employed providing treatment 
for the patients during and after decontamination by non-medical personnel. Decontamination is 
accomplished as qu~ckly as poss~ble to facilitate medical treatment, prevent the patient from 
absorbing addit~onal agent, and reduce the spread of chemical contamination. (For details on 
patient decontaminat~on, see Append~x C of FM 8-10-7, and Chapter 9 of FM 3-5.) 

B. Treat NBC Casualties. Medlcal treatment facilities should be prepared to treat the wide range 
of mjunes and the poss~ble large number of casualties from NBC weapons. 

C. Evacuat~on Evacuation of NBC mjured casualties entalk more than transportation. Since 
some casualt~es may be contammated, the casualty e\.acuatlon system must be organized in a way 
as to mmim~ze the spread of contaminatron. Since mass casualt~es may occur, and the number of 
med~cal vehicles may be inadequate to meet the increased load, unit commanders need to have 
contingency plans to supplement medical vehicles for casualty evacuation, or be prepared to 
retain casualties withm the11 unlts for longer penods of time. 

D. Disease and Son-battle Injury (DNBI) Surveillance and Epidemiology. DNBI is the military 
method for reportmg the number of sickness and injuries. Each medical treatment unit should 
subm~t a DKBI report through its chain of command daily. Epidemiologists can use such data to 
detect food borne ~llness, naturally occurring outbreaks of infectious diseases, and possible uses 
of biological agents. While this is valuable to template routine disease trends, this is extremely 
cntical in a b~olog~cal warfare environment. Therefore, each theater should implement a DNBI 
collection system and repurt the data such that it is meaningful to (and for) the senlor maneuver 
and med~cal commanders. 

(1) Systematically gather miormat~on to input Into an automated suneillance system that w ~ l l  
produce real time tactically s~gn~ticanr health threat profiles. USACHPPM has developed 
such a system and can prob~de assistance. 

(2) Provde gu~dance to the command concerning preventive med~cme measures (a med~cal 
assessment of the command and the potential impact of DNBI on milltar). operations) 

E. Detectwn of Suspected SBC Agents. It is not always evident when biological, chemical. or 
radiological u e a p ~ n s  ha\e been used. For example, several days will pass between the release of 
anthrax and the appearance o f  the first symptom. One method to detect the use of NBC agents 
before the appearance of symptoms is to sample the environment and troops. Personnel 
monltoriny ucing rad~ation sunfey instruments should be done if radioactwe contam~nation IS 



suspected. Depending on the units present, several different units may be given the missions of 
collecting, transporting and analyzing suspected NBC agents. Unit level equipment currently 
only detects standard chemical warfare agents, and then only at or near the first effects level. 
Chemical units use the FOX to detect chemical agents and the BIDS to detect biological agents. 
The FOX vehicle is excellent at detecting and identifymg liquid contamination, as long as the 
hazardous substances are in its mass spectrometer data library. The FOX IS NOT a good hazard 
detector if only sampling the air. Advanced detectors such as Portal Shield may also be in 
theater. Preventive medicine units have hmited collection and analysis capabilities for both toxic 
industrial materials and NBC agents. The 520'~ TAML is capable of detecting very low levels of 
biological agents, chemical agents, radiological material, and toxic industrial material. Tech 
Escort units are capable of hoth the collect~on and transportation of suspected NBC agents. In 
addition to units In the area of operations, other military units such as USAMRICD and non- 
military government organ~zation such as the Centers for Disease Control and Prevention (CDC) 
also play a role in analyzing NBC identification and detection of suspected NBC agents. The 
interaction between all these units depend on the exact units present and thus can not be 
discussed in t h ~ s  document. 

F. Medical and Environmental Surveillance. To ensure the health of service members, the US 
routinely collects data about the environment where troops are located or operate. For example, 
the 520'~ TAML collected air, water, and soil samples in Bosnia for analysis by USACHPPM. 
This data help to identify possible health threats to US forces. Both TAML and preventive 
medicine units, along with Naval and Air Forces units, usually have this mission. All data 
collected on the environment and the health of the troops during a deployment should be 
forwarded to USACHPPM for archival. 

G. Health Hazard Assessments. Medical units may be requested to provide health hazard 
assessments of potential industrial and environmental hazards. For information on risk 
management, refer to FM 101-15 or request help from USACHPPM. 

4. EXECUTION. 

A. Sample Management of Suspected NBC Agents and Environmental Samples. Because 
suspected NBC samples have national security implications, all such samples must follow a 
chain of custody. Each theater should develop a SOP on sample management to include who is 
responsible for sample collection, transportation, and analysis. This SOP should be thoroughly 
developed and trained. The unit should first coordinate with the analysis laboratory for proper 
shipping instructions. If the sample is a suspected NBC agent, further coordination with a 
Technical Escort Unit will be necessary to ensure the proper chain of custody. 

B. Coordination. Identify and coordinate with supporting and support units. For example, the 
preventive medicine detachment should coordinate with TAML if environmental samples will be 
taken and then passed to them for analysis. If it is a multinational mission, identify and contact, 
if appropriate, the oftices in the Allied forces similar to those required within US structure. 

5. SERVICE SUPPORT. 

A. Personnel and Material Requmments. Software is being developed by the Army Office of 
the Surgeon General (OTSG) to detenn~ne the personnel and material required for the treatment 
of casualties from NBC weapons. 



B. Casualty Decontarn~nation. MTFs must coordinate with surrounding units to provide them 
with augrnentees In case of conlaminaled casualties. 

COMMAND AND SIGNAL. The NBC reporting system is detailed !n the first Chapter of FM 
3-7. All Units should have a copy of this document. JP 3-1 1 (Draft) includes the new reporting 
system for toxic industrial material. That material is not included in this document since it is still 
in draft form. 

General Operational Guidance in NBC Conditions 

The US Army's general operational guidance for operations in NBC environment is See, Shield, 
Shape, Move, and Strike. This guidance is detailed in the latest draft of FM 100-5. 

FMs 8-9, 8-10-4, 8-10-6, 8-10-7, 8-285, and 8-55 contains information for use in planning Health 
Service Support operations in an NBC environment. 

Casualty Predictions. NATO publication AMedP-8 gives the casualty predictions for various 
NBC weapons in tactical situations. 

Personnel and Medical Unit Requirements. Medical assets must apply NBC protection, 
detection, and decontamination procedures to maximize and sustain unit capabilities. However, 
NBC threat conditions may necessitate preparation of medical support to regenerate or 
reconstitute supported units severely debilitated by NBC attacks. Hospitals should be dispersed 
away from potential target areas to improve the survivability of these facilities. This mitigation 
technique, however, cannot be relied upon to prevent significant loss of medical treatment 
capability. Planning for whole unit replacement must be considered. 

Medical Readiness. The steps taken before an attack occurs will be the most important in 
determining how many and how severe the casualties will be. Each area of operations should 
have established policies on chemoprophylaxis, pre-treatment and vaccines dependent on the 
threat. These policies should be disseminated to the medical units. 

Medical Triage. The use of NBC weapons may create a mass casualty situation for the medical 
treatment facilities. Treatment f d i t i e s  should review their mass casualty procedures and 
understand the special implications of NBC weapons. For example, the total radiation dose to a 
service member from the prompt radiation of a nuclear blast is a factor in determining the triage 
category of the indindual. Medical personnel conducting triage must give special consideration 
to combtned injuries (conventional Injuries occurring simultaneously with NBC agent 
contamination effects). Combined injuries may necessitate lower priority treatments, in mass 
casualty circumstances, since these injuries together are likely to be significantly more severe 
than either conventional-only or NBC-only injury cases. 

Surgical Protection. Surgery of the contaminated wound offers minimal danger to medical and 
nursing staff if gloves made of butyl rubber are worn. If these are not available then two pairs of 
latex rubber gloves should suffice if washed at short intervals in hypochlorite solution and 
changed frequently. 

Collective Protection. Collective protection provides the capability to medically manage 
severely toxic or injured decontaminated casualties in an environment where medical personnel 
are unencumbered by wearing individual protective equipment. Likewise, the casualties benefit 



from the capability of the medical unit to make full use of available medical equipment and 
procedures. A significant percentage of casualties (15.30%) can not be adequately trcated in a 
contaminated environment without collective protection given their treatment requires the 
removal of their protective mask. If only a vapor hazard exists in the area. it may bc feas~ble to 
work within that area at less than full indiv~dual protection, such as using respiratory and eye 
protection Limited medical care can be achiebcd in t h ~ s  manner. but full examination and 
definitive surg~cal treatment is difficult without full collective protection. 

9. Coordination with Other Allies. 

A. Mutual medical support plans should be establ~shed between allied forces operating in 
adjacent sectors. Such plans should be simple and easily mplemented and should include 
provis~ons for periodic revlew and rexiston to keep step with changes In troop levels and unit 

deployment. 

B. Allied nations have d~iierent occupational health and wartime standards and doctrine. US 
forces should fam~lianze themselves u ~ t h  the standards of the host nation and that of its allies. If 
US forces fall under KATO command. S A T 0  ST.- \NGs will provide additional guidance and 
doctrine. For example, NATO ACE D~rect~ve 80-64 prowdes doctnne guidance for operations 
near toxic mdustrial chem~cals. 

10. Contamination of Supplies. In the presence of a SBC threat. equipment and supplies should be 
kept in unopened, sealed or covered containers until required for use. The use of chemical agent 
resistant material will provide good protection against liquid contamination, but even the use of 
convent~onal tentage will significantly reduce contamination by a liquid agent for a hmited 
period. 

1.9. Protection 

I. Protect~ve Masks. M~litary protective masks may not protect against toxic industrial chemicals. 
Civ~lian protective mask used in industrial hygiene and hazardous waste operations may not 
protect against m~litary NBC agents. It is imperative to ensure that the protective mask bemg 
used is appropriate for the situation. USACHPPM and SBCCOM can assist in the selection of 
the proper masks. 

A. Unmasking Procedures without detection equipment. In shady area, have one or two sold~ers 
take a deep breath, hold it, and break their mask seals for 15 seconds with ther  eyes open. Have 
them clear and reseal masks. Observe for 10 minutes for symptoms. If no symptoms appear, 
have the same soldiers break their mask seals, take two or three breaths, clear and reseal masks. 
Observe for 10 minutes for symptoms. If no symptoms appear, have the same soldiers unmask 
for 5 minutes and then remask. If no symptoms appear in 10 minutes, it is safe to give the clear 
signal. Continue to observe the soldiers in case delayed symptoms develop. 

B. Unmasking Procedures with M256 or M256AI Detector Kit. Test with detector kit. If the 
test is negative, have one or two soldiers move to a shady area ~f possible and unmask for 5 
minutes. Have the soldiers remask. Observe them for 10 mlnutes for symptoms. If symptoms 
do not appear, it is safe to give the all clear signal and unmask The senior leader present may 
ask higher headquarters for permission. Continue to observe the soldms in case delayed 
symptoms develop. 



2. MOPP Levels. Soldiers may leave the ovcrgannent jacket open at MOPPI. MOPP2, or MOPP3 
allowing greater ventilat~on. Soldiers may leave the hood opzn or rolled at MOPP3. At MOPP4, 
the overgament jacket must be closed and the hood must be rolled down. 

A. Estimated length of Chemical Hazard The estmated time before decreasing MOPP 
levellunmasking after a confirmed chemical hazard depends greatly on the hazard environment 
and weather. Chapter 3 from FM 3-7 l~sts  the estimated hazard time for vanous sltuatlons. 

B. MOPP Gear Exchange. See Chapter 3 from FM 3-7. 

3. Collective Protectmi. To achieve collect~\e protection requlres 0 5 ~nches of water overpressure 
for sottwalled shelters such as tents and 0.2 inches for t~ght concrete shelters and well-sealed 
rooms. Thc requirement for air volume flow (in cub~c feet per m~nute) to ach~e \e  such pressures 
is 0.0367 times the room volume in cubic feet for 0.2 Inches and approximately 0.07 tlmes the 
room volume for 0.5 inches. The M20 blower unit can provide 200 cub~c fect per minute of 
airflow. Use plastic sheets and 100 mph tape to seal all cracks, window, ducts, false ceilings, 
electric outlets, etc. to create an airtight environment. (This informat~on was provided by Army 
document M 77APPE-219,715-332-219). 
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I 
References: Table 2-14 from FM 3-7 and NBC General Reference for the OBC, 
GR 76-332-200, Academy of Health Sciences 

Table 1-C: 

Level 
MOPP Ready 

Zero 

1 

2 

3 

4 

Mask Only 

Notes: 
During an engagement, the commander may allow personnel protected from 
liquid agents to operate temporarily without protective gloves. This option coul 
slightly increase the potential for casualties. 
The Mask Only command is given when RCAs are being used and no CB thre; 
exists and in a downwind vapor hazard of a nonpersistent chemical agent 

MOPP Levels for Soldiers Not in Collective-Protection 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgarment 
Overboots 

Mask & Hood 
Gloves 

Overgment 
Overboots 

Mask & Hood 
Gloves 

MOPP Gear 
Available within 2 hours 
Available within 2 hours 

Carried 
Available within 2 hours 

Carried 
Carried 
Carried 
Carried 
Worn 

Carried 
Carried 
Carried 
Worn 
Worn 

Carried 
Carried 
Worn 
Worn 
Worn 

Carried 
Worn and Closed 

Worn 
Worn and hood rolled down 

Worn 

Worn 



I Entry exit procedures not required. 
3 1 Assume MOPP3. 1 Maintain MOPP zero or MOPPI unless interior is 

Table 1-D: MOPP Levels lor Soldien in Collective-Protection 

I I When mounted, conned 1 contaminated. Ovmressure on. Exit and entw 1 

Level 
Zero 

I 
2 

I \ent~loted facep~ece to mask. ( procedures requrred rfan attack occurs 
4 1 Assume MOPP3 or MOPP 4 [ Mamain MOPP zero or MOPPI unless interior IS 

1 I When mounted. connect I contaminated. Ovemressure on. Entrv/exit I 

Ventilate Facepiece 
Assume MOPP zero. 
Assume MOPP 1. 
Assume MOPP2. 

I ventrlaled facepcce to mask 1 p r r c d u m  requrred if an attack oicud 
Dunng an engagement. the wmmander mav allow pnsonnel protected from lrqurd agents 

Overpressure 
Assume MOPP zero. Overpressure OK 
Assume MOPP zero or MOPP I. Overpressure on. 
Maintain MOPP zero or MOPP I .  Overpressure on. 

to operate temporarily wrlbout protective gloves. This option could slightly i&rease the 
potential for casualties. 
Reference: Table 2-14 kom FM 3-7. 

Decontamination 

See Appendix C of FM 8-10-7 for guidance on patient decontamination. Information about 
decontaminatron of specific agents is found in the scientific chapters and in the equipment 
chapter. 

General. For chemical weapons, it is imperative that at least Limited decontamination is 
performed as soon as possible. This will diminish the chance of recontamination of the casualty, 
or contamination of medical personnel and facilities from any agent left on the clothing or 
equipment. The time it takes for a liquid agent on the skin or clothlng to diminish due to 
evaporations varies for minutes to hours and even days depending on the agent used. 
Decontamination is a necessity and should be performed as soon as possible. Often careful 
removal of the clothing and equipment, with spot decontamination of skin areas that may be at 
risk of recontamination when the clothing is removed, will be just as effective as full 
decontamination, and can be accomplished more quickly and with fewer personnel. Protecting 
the wound from any further contamination with protective dressings is desirable. Further 
management of wounds should follow normal treatment procedures. 

Personnel. Coordinate with the supported unit to establish and train the decontamination team. 
While it is the supported unit's responsibility to provide decontamination teams, medical units 
must be prepared to supervise them. Co-locate the decontamination site near the MTF. 

Personnel Protection. Personnel performing the decontamination should wear appropriate 
personnel protective equipment such as protective mask, gloves, and protective overgarments. 

Monitoring. Some methods of monitoring contamination would be valuable in determining the 
degree of decontamination required. 



Disposal. To avoid chemical vapors, clothing and equipment removed fiom contaminated 
casualties requires proper disposal. Several methods may he util~zed for this purpose, such as 
impermeable bags or containers, or bleaching powders. Disposal sites for these items must be 
marked in accordance with unit policy. See FM 3-7, Appendix C. 

Patient Decontamination Procedures. These procedures are written for chemical warfare, hut are 
useful for all NBC. Medical personnel performing the decontamination should wear: mask, 
gloves, and protective overgarments. 

A. Decontaminate the patient's mask and hocd (h1291 11258A1 k ~ t  or 0.596 chlorine solution). 
Roll the hood or cut the hood off of the mask after decontam~natlng the hood. 

B. Remove goss  contarnlnatlon from the patient's overgarment. 

C Remove patient's protective overgarment and personal effects 

D. Remove patient's battledress uniform 

E. Transfer the patient to a decon litter 

F. Remove mask if environment p m t s .  Decontaminate skin (M29IlM258Al kit or 0.5% 
chlorine solution). 

G. Transfer the patient across the shuffle plt through the point when the casualty is no longer in 
MOPP protection AFTER monibring the patient to ensure that all contamination 1s removed. 

Table 1-E: Eauiornent Needed to Decontaminate a Company 

I plle. Reference: Table 3-39 from FM 3-7. 

. . - 

Three containers (2-gallon capacity). One will 
hold an immersion heater. 
Three containers (3-gallon capacity). Four 
additional containers required for radiological 

One 50-pound drum of general purpose 
detergent. 
I-gallon container of mask sanitizing solution 
per ten vehicles. 



Figure I-A: Layout for a patient decontamination station 

30 dl  50 yrnlr Clean Area 
(up wind) t 

Wind dlrcrllo,, 

I 

uecon I operator) ( 8 M8 detector paper, 4 M256AI kits, I00 trash 

Table 1-F: Personnel Decontamination Lane 

Station 
Station 1: 

Individual Gear - 

Station 2: 
Overboot and 
Hood Decon 

Stat~on 3: 
Overgarment 

Removal 
Station 4: 

Overboot and 
Glove Removal 

Station 5: Monitor 

Station 6: Mask 
Removal 

Station 7: Mask 
Decon Point 

Personnel 
2 attendants 

1 monitor (CAM 

1 I heater wlcontalner. Mask sanitizing solution 

Equipment 
3 30-gallon canisters, 2 long-handled brushes 

2 ponchos or plastic sheets, 1 CAM 

l attendant 

l attendant 

l attendant 

1 CAM operator 
I aidman or combat 

lifesaver 
2 attendants 

2 attendants 
I monitor 

Station 8: Reissue 

bags 
2 cutting tools 

60 M258A1 or M295 (or one per person) 
2 ponchos or plastic tarps, 100 trash bags 
I0 M258AIlM295,2 30-gallon containers 

100 trash bags 

2 30-gallon containers, I00 trash bags 
Engineer tape, Cutting tool 

1 or more CAM or PDR-77, 5 M8 detector 
paper 

24 M258A 1lM295 
IM8A1 chemical alarm 

4 3-gallon containers. I or more CAM or PDR- 
77, 2 sponges. I case paper towels. I immersion 

Point Unit NBC NCO B D C s  lf appropriate 
Reference: Table 3-40 from FM 3-7. 

Unit supply NCO Mask PLL. O\erdress garments and 
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1.11. Medical Evacuation and Decision Process 

1. A number of ambulances may become contaminated in the course of battle. Optimize the use of 
resources; use those already contaminated (medical or nonmedical) before employing 
uncontaminated resources to transport contaminated causalities. Once a vehicle or aircraft has 
entered a contaminated area, it may be a long time before it can be spared long enough to 
undergo a complete decontamination. Use ground ambulances instead of air ambulances in 
contaminated areas; they are more plentiful, are easier to decontaminate, and are easier to 
replace. However, this does not preclude the use of aircraft. 

2. Contaminated casualties. The evacuation of casualties with combined injuries requires careful 
observation while on route to a surgical unit and autoinjector treatment should be continued if 
signs of poisoning persist or worsen. Evacuating contaminated patients increases the likelihood 
that the contamination will spread and it also the patient's exposure to the agent. 

3. The relative posit~ons of the contaminated area, fonvard line of troops, and threat air defense 
systems will determine where helicopters may be used in the evacuation process. Some 
helicopters may be restricted to contammated area. Ground vehicles should be used to cross the 
line separating clean and contam~nated areas. The routes used by ground vehicles to cross 
between contaminated and clean areas are mns~dered dirty routes and should not be crossed by 
clean vehicles. Cons~der the effects of wind and time upon the contaminants; some agents will 
remain for extended periods of time. 

4. Always keep the rotowash of the hellcopters in mind when evacuating patients, especially in a 
contaminated environment. A helicopter must not land too close to a decontamination station 
(especially upwind) because any trace of contaminants in the rotowash will compromise the 
decontamination procedure. 

5 .  The policy for medical evacuation out of the theater for casualties from NBC agents should be 
revlewed. The policy should address both contaminated casualties and those exposed to 
mfectious d~seases. CoalitiodNATO allies may limit the number of evacuations through their 
natlon to limit any possible spread of infectious diseases. For example, are the standard 
evacuation channels still open if the NBC agent used is Smallpox? Contagion spread may limit 
evacuation in quantify areas. Quarantine plans should be adequate to support medical operations. 
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2.1. Casualty Predictions for Nuclear Detonation 

Table 2-A: Radii of Effects in Kilometers versus Weapons Yield 

surface) I I I I I 

IOOKT 

1.6 
1.4 

1 M T  
2.3 
3.8 

Effect 

Nuclear Radiation (1,000 cGy) 
Blast (50% incidence of translation with 
subsequent impact with a non-yielding 

Thermal (50% incidence of 2nd-degree 
bums to bare skin, 10 km visibility) 

l O M T  

3.7 
11.7 

Reference: Table 2-1 from FM 8-10-7. 

3.2 

1 K T  
0.71 
0.28 

0.77 

ZOKT 
1.3 
1.0 

4.8 1.8 14.5 
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Table 2-B: Ranges for Probabilities of Injuries from Flying Debris 

Table 2-C: Ranges for Translational Injuries for Different Yield Weapons 

1 YIELD I Ranee in km for given ~robabilih. of I Ranee in km for eiven I 

- -- 

ZOO 1 3.2 ( 2.5 1 1.9 1 2.5 1 1.9 
500 1 4.6 1 3.6 1 2.7 1 3.6 1 2.7 

1000 1 5.9 1 4.8 1 3.6 1 4.8 1 3.6 
Data account for ground friction and consider only prone personnel. 
Reference: Tables 4-IV and 4-V born FM 8-9 (Part I). 

Table 2-D: Probability of Radiation or Thermal Burns 

YIELD OF WEAPON 
Range (km) for production of second- 
degree bums on exposed skin 
Duration of thermal pulse in seconds 
Reference: Table 4-VI from FM 8-9 (Part I) and Table 2-7 from FM 8-10-7 

I K T  
0 78 

0.12 

IDKT 
2.1 

0.32 

IOOKT 
4.8 

0.9 

I M T  
9.1 

2.4 

10MT 
14.5 

6.4 
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Figure 2-A: Nuclear Risk Assessment 
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2.2. Medical Planning Specific to Nuclear War 

1. Reference: FM 8-9 (Parl I). 

2. Introductmn. 

A. The problems facing medical planners and commanders in p repkng  for operations on a 
nuclear battlefield can be divided into two distinct categories. The first category, staff-level 
planning and operational activities, includes those actions that must be accomplished prior to the 
initiation of a nuclear war to minimize the prompt effects of enemy nuclear attacks. The second 
category, unit planning and operational act~vilies, includes those actions which must be 
accomplished at the unit level to minimize the immediate and delayed effects of enemy nuclear 
attacks in order to ensure continued effective med~cal operat~ons in a nudear environment. This 
chapter will address itself to some of the problems unique to these categories. 

B. Medical commanders may expect at least 10-20 percent casualties (Including fatalities) 
within a division-size force that has experienced a retaliatory nuclear strike. This prediction only 
considers injury caused from the radiation, but not from secondary injuries such as displacement, 
falls, fire, spills, flying fragments, rolled vehicles, etc as many Of the injured will be suffering 
combined injuries. 

C. Research with animal models has led to the conclusion that the prognosis of patients 
suffering combined injuries will be worse than the prognosis of patiems suffering the same 
magnitude radiat~on exposure. In fact, the LDS0160 may be reduced from 450 cent~gray (cGy) 
(free In air) to as low as 300 cGy (free in a~r) .  The inference from this information is that 
mrlitary personnel who receive subcasualty-producing exposures of nuclear weapons effects 
might nuw require medical attention because they have received combined injuries. 

D. The electromagnetic pulse (EMP) produced by nuclear explos~ons will greatly impact 
medical operations by interfering with electronic equipment. Medical equipment is generally 
cornmerc~al "off the shelf' technology that cannot tolerate EMP. If warned of a nuclear 
detonat~on, one can prevent damage from EMP by turning off the equipment and, in some cases, 
burying the cqulprnent in the ground. 

E. Planning for nuclear battlefields should be done within the context of biolog~cal and chemical 
warfare as 11 is perce~ved that an enemy may employ any variety of their weaponry at any gwen 
Ome. 

3. Staff-level Med~cal Plann~ng and Operat~onal Activ~t~es 

A General Nuclear weapons can generate more casualties than rned~cal resources can normally 
handle. Pract~cal, problem-related preparation. training, and procedures must be in place to 
minimize the medical shortfall. 

B. Orgamzation of thc Mcd~cal Support System. 

(I)  Med~cal planners oTcach country will dclerm~ne the type oforganirational structure that 
best mcas them country's ~ndividual and specific needs. Regardless of the type of 
o rga~~~ra t~ona l  structure that is linally evolved, 11 will serve thc functions Tor which I[ was 
dcs~gned and hc responsive to thc requrements of thc armed forces ~t will suppon 
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(2) Nuclear weapons can rapldly destroy unwamed and unprepared battalion sized units. 
Medical umts are often co-located with other combat service support units. This proximity 
may cause med~cal personnel to be in the nuclear target area. Decentralization, cross- 
training, moving often, add~ng redundant capabilities. and conducting split-based operations 
are all mechanisms A balance must be made betueen: 

(a) Convenience and immediacy of senlce to supported units prior to the war; and 

(b) The survival of medrcal assets so that care can be provided once war has begun. 

4. Coordinat~on with Other Allies. In Combined Operations, medlal support is traditionally a 
national responsibility. (This is the existmg NATO agreement). However, this policy is not 
likely to be optimal in an environment where nuclear weapons are employed. Mutual support 
plans would greatly increase the ability to respond with sufficient medical capability. 
Standardization of procedures and equipment (to the degee possible), familiarity with each 
other's capabilit~es, conductlng mass casualty exerclses and providmg liaisons will greatly 
facilitate emergency operations. 

5 .  Casualty and Damage Assessment 

A. The staff of combat units generally has an efficient system of casualty and damage 
assessment. AAer a nuclear detonation, the S2iS3 or the NBC cell will probably issue casualty 
and damage predictions. 

B. An accurate predict~on of the number of casualties resulting from a nuclear strike is necessary 
for adequate medical support and should be made available to medlcal staff officers. Basic 
casualty estimat~ons should be broken down into types o f  casualties so that total bed 
requirements can be more accurately predicted, particularly in view of the prolonged 
hospitalization associated with the treatment of patients with bums and combined injuries. One 
enemy nuclear strike on a given area can produce casualties far in excess of the treatment 
capability of local medical resources. The effectweness and adequacy of the rescue, evacuation, 
and treatment effort during the first 24 hours after such an attack are critical. Area commanders 
must be informed rapidly of the magmtude of the damage and the estimated medical load in order 
to provide rescue and treatment resources in sufficient quantities or request the proper assistance 
from higher headquarters, adjacent units, or allied units. NATO AMedP-8 (Draft) provides 
information on the casualty rates from a nuclear detonation. 

C. Various systems of casualty and damage assessment have been developed. Such systems are 
rather involved and depend on many variables such as method and time of delivery, type of burst, 
size of weapon, weather and climatic conditions, wind direction and speed, fallout dose rate, etc. 
The gathering and compilation of such data are time consuming and may not be accomplished 
until many hours after the disaster. The US A m y  Off~ce of the Surgeon General is developing a 
system of casualty estimation that will provide rapid and reasonably accurate estimates of the 
number and types of casualties produced by a given enemy nuclear attack. 

D. Areas of rad~ation contamination cannot be determined by aerial reconnaissance. Significant 
prompt radiation occurs only within the area of severe blast damage for ground bursts. Radiation 
from large enhanced weapons exploded above the surface (airburst) would cause radiation 
injuries beyond the blast-damaged area. Fallout and residual radiation is a hazard for survivors, 



rescuers, and medical personnel. Individual and unit dosimetry will be critical in assessing 
radiation exposure and survivability potential. 

6. Logistical Support Sptem. 

A. The success of medical support effort depends to a great degree on the adequacy of prewar 
logistical planning and preparation. bgist~cal  plans should provide not only for medical 
supplies and equipment but also general supplies, food, clothing, water purification apparatus, 
radiation detection and measurement instruments, communications equipment, and modes of 
transportation. 

B. The location of medical resources is extremely crucial. Resources must be close to the area 
of probable greatest need without bemg concentrated in areas likely to become targets for enemy 
attack. This means that medical planners must compronuse between dispersal and the capability 
of the logistical system to move supplies and patmts. Medical planners should take advantage 
of the various stages of military preparedness, which may precede the actual outbreak of 
hostilities, to implement dispersal and augmentation plans that have been developed. Extensive 
pre-positioning dunng peacetime is not practical because of the problems associated with long- 
tern maintenance of medical equipment and med~cations in storage. 

C. Conservation of lim~ted supplies requires efficient stock control procedures. Modem 
automatic data processing systems can achieve the necessary degree of control when properly 
used. However, when automatic data processing equipment is employed, consideration must be 
given to the establishment of protected sites, alternate facilities, and hardening to reduce 
vulnerability. Only a limited number of computer facilities will be available, and their protection 
is essential. Their practicability in theaters of operation has not been demonstraled. 

D. The supply system must also be prepared to provide for increased demands for certain types 
of medical and general supplies and equipment, e.g., whole blood, blood expanders, bum kits, 
dressings, individual protective clothing, decontamination equipment, radiac insbuments, etc. 
Careful thought must be g~ven to short- and long-range supply, equipment, and maintenance 
requirements. 

7. Personnel and Medical Unit Requirements. It 1s highly probable that entire medical umts 
including large hospitals will be lost or will become incapable of functioning because of large- 
scale losses in personnel and equipment. Hospitals should be dispersed away h m  potential 
nuclear larget areas to improve the probab~lity of these facilities surviving nuclear weapons 
attacks. This mitigation techmque. however, cannot be relied upon to prevent significant loss of 
medical treament capability. Consequently, planning for whole unit replacement must be 
cons~dered. These units would come h m  existing militaxy hospitals or from reserve civilian 
units, depending upon relative availability and the mob~lization plans of the ~ndividual country. 

8. Medlcal Unit Plannmg and Operational Activit~es 

A. General. Like the medical support system as a whole, the planning and operations of a field 
medical unit are keyed to the nature and functions of the forces the unit supports. While the 
problems to be conhnted by medical units on the nuclear battlefield will be similar in some 
respects to those associated with conventional warfare, there are some dramatic differences. 
These include the vastly increased numbers of casualties to be handled, the need to operate in 



fallout, and the requirements to treat and decontammate contaminated patients. These and other 
problems related to unit planmng and operations are desclibed in this section. 

B. Unit Mobility. 
(1) With the changes in transportation capab~lities and associated concepts of operations, the 
mobil~ty of modem military forces has a tremendous lmpact on how a medical unit must 
function. It is essential that the medical facilities that are operating in close support of highly 
mobile forces be as mobile as those forces. Tbls lmposes severe restr~ctions on how long 
they can retain patients in one location. An efficient and flexible plan of evacuatlon is 
absolutely essential in order for forward medical facilities to retain mobihty. 
(2 )  The classical concept of mihtary medlcal care has been that a chain of surface or ground 
evacuation is available. Using helicopter evacuatlon, ~mmediate casualty collection points 
may be bpassed so that wounded personnel can be taken dlrectly to well-equipped hosp~tal 
facilities located relatively far to the rear reducing the need for an extensive ground 
evacuation system. However, reorganization of the medical evacuation system In which the 
intermed~ate elements are deleted, based primarily upon the proposed use of helicopter 
evacuation, may not be possible or desirable. Helicopter evacuatlon may become severely 
limited if nuclear weapons are used extensively, and the success of helicopter evacuation 1s 
certainly affected by weather conditions and enemy alr capabilities. Therefore, a ground 
based evacuation system must be planned for since it could easily become the primary means 
of evacuatlon. 

C. Rescue and Damage Control. 
(1) Dispersal, communication discipline, rapid movement, and other techniques unlts use to 
reduce the probability of being targeted by nuclear weapons also make ~t more d~fficult for 
medical units to plan for, and respond to, nuclear attack. Commun~cation systems will also 
likely he degraded in this environment Medical planners must overcome these difficult~es by 
focusing on commun~cation, coordmation, and preparatory planning. Specifically, a close 
liaison must be established with the G3, G4, Chemical Officer, G6, and unit Surgeons 
Information of interest w ~ l l  include unit size, unlt locatlon and dispersal; unit defensive 
postures, local medial support plans; local emergency plan, and the local nuclear weapon 
response plan. The medical planner's goal 1s a comprehensive mutually supportwe medical 
nuclear response plan. This plan must include an overarching plan w ~ t h  local annexes. 
(2)  Rescue operations, damage control, and medical operations are complementary and 
should be closely coordinated. However, it should be borne in mind that even wlth outs~de 
medlcal augmentation, the medical load will be overwhelming and every effort should be 
made to conserve these resources so as to provide medical care for the maxlmum number of 
injured personnel Therefore, medical unit personnel should not be taken from primary 
patient care duties and used to perfom rescue and damage control operations. Rescue and 
damage control personnel should he des~gnated, tramed, and equipped to render basic 
lifesaving first aid. 

( 3 )  Rescue efforts may have to he conducted in the presence of fallout contammation or with 
the possibility of fallout amving at a later time. Radiation momtors should be available to 
evaluate the radiation dose rates and verify stay times. Experts are needed to review the data 
and provide speclfic recommendations to the commander as to the hazards present to include 



the development of safety stay times In contaminated areas. Medical radiation experts are 
normally assigned to Medical Groups and to Med~cal Battal~ons. Where there is radiolog~cal 
contammation, rad~at~on dose rates ma) be so h ~ g h  that rescue operatlons become very 
hazardous, and must be conducted u ~ t h  cautlon by members of organ~zed rescue squads 
specially trained and equ~pped to assess rad~ological hazards Close coordinat~on should be 
establ~shed between medical elements and rescue. evacuauon. and damage control elements 
to fac~litate establlshmg consolidated stagmg, treatment and evacuation sltes in areas of 
relative safety from res~dual rad~ation, secondary explos~ons. fires. etc. 

9. Handling Large Xumbers of  Casualties 

A. Triage of pat~ents a ~ t h  poss~ble radiat~on injur~es IS co\ered later In t h ~ s  Chapter 

B. It may become necessar). for all hosp~tals to be able to establ~sh and operate a continuous 
minmal treatment facihty as pan of the regular operat~onal plan. This minimal treatment facihty 
would be used to house those patients who cannot return to duty and who do not requlre or 
warrant hosp~tal~zat~on in the regular or intenswe treatment part of the hosp~tal. T h ~ s  is 
necessary since. uhether patients In an evacuation chain are hospitalized or not, they must be 
held somenhere and accounted for They must be housed, fed, and glven at least minimal care, 
and they must be near det in~tne medical care so that they can receive additional medical 
treatment In an ellic~ent manner when time and resources perm11 In such a mmimal treatment 
facility. the emphasis would be on self-care since the stalling would have to be m ~ n ~ m a l .  

C The use of nuclear weapons ma) requlre e\acuatlon of a large number of casualties from 
theater. 

2.3. Command Radiation Guidance 

1. References. FM 8-9 (Pan I) and NATO STANAG 2083 

2. Line commanders at all levels will requlre advice from mcdical adv~sors concemlng the effects of  
accumulated doses of radiation on the health of then personnel and the hazards of potential 
exposures when operatlons must be conducted in areas contammated w ~ t h  fallout. T h ~ s  advice 
must he practical and based upon an understandmg of the requirements of the mission as well as 
knowledge of the diversity of human response to radiat~on. The effects of rad~ation must not be 
etther nunmized or exaggerated. and their proper place relati\e to the other hazards of combat 
must be understood 

3 .  STANAG 2083 has been established, incorporating the most recent guidance on the operahonal 
effects of rad~at~on exposures. 

4. If exposures can be mamta~ned below 125 cGy, the overall effectiveness of combat unlts will not 
be sign~ficantl) degraded. However. if the exposures become relatively large (as may occur 
when an aggessor uses nuclear weapons). then tactical commanders must be advised of their 
forces' capabd~ty to continue the tight Figures 2-B and 2-C provide an estimate of the combat 
effectiveness of combat unlts as funct~ons of acute dose and tlme postexposure. These figures 
have been developed from subhuman primate stud~es at the Armed Forces Rad~obiology 
Research Institute (AFRRI) (for tmes  less than 60 minutes, postexposure) and From an 
assessment of how radiat~on s~ckness slgns and symptoms will affect the performance of combat 
tasks (for times greater than 60 minutes. postexposure) The pred~ction assoc~ated w ~ t h  those 
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identified as being "combat effective" is that they will be suffering radiation sickness signs and 
symptoms of such a nature that they will be able to maintain their performance of at least 75 
percent of their preexposure performance level. Those predicted as bang "performance 
degraded" could be operating at a performance level between 25 and 75 percent of their 
preexposure performance. Those predicted as  being "combat ineffective" should be considered 
as being capable of performing their tasks at 25 percent (at best) of their preexposure 
performance level. Of course, these predictions are based on combatants suffering only one 
stressor, that being ionizing radiation exposures. The prediction of performance capacity of 
those having received ionizing radiation exposures will now have to be considered together with 
how other stressors (conventional injury, endemic disease, continuous duty (sleeplessness), time 
in combat, fatigue, etc.) might affect the total performance capability of the force. Also, other 
refinements to the method should be considered; by example, the description of all tasks, as 
being either physically demanding or physically non-demanding may be too simplistic. For 
instance, tasks that require great, continuous concentration (e.g., monitoring of radar screens) 
may not fit well into these gross categories. 

Figure 2-B: Expected Response to Radiation for Physically Demanding Tasks 
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Reference: Figure 7-1 from FM 8-9 (Part I). 

Figure 2-C: Expected Response to Radiation for Physically Undemanding Tasks 
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Reference: Figure 7-11 from FM 8-9 (Part I) 
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Radia t ion  E x p o s u r e  Sta ~ t e s  (RES) a n d  Ri! 

References: FM 3-3-1, Joint Pub 3-12.2, FM 3-7, FM 8-9 (Part I), and NATO STANAG 2083 
(most recent guidance on the operational effects of radiation exposures). See Appendix A of FM 
3-3-1 for a complete description of the Operational Exposure Guidance (OEG), 

RES Categories. 

A. The radiation exposure states have been changed to reflect new performance degradation 
modeling. The new states will appear in Joint Pub 3-12.2 and become doctrine. 

Table 2-E: Radiation Exposure and Risk Criteria 

1 Radiation I Total Past Cumulative I Exposure Criteria for a Single Operation I 

Segligible Risk < 35 

Exposure State 
(REV 

RES-0 Units 

L I ( emergency risk I 
Reference: Joint Pub 3-12.2 (Draft). 

Risk Criteria. Degrees of risk are defined in percentages of either casualties or performance 
degradation. From a military radiation standpoint, vomiting is the medical effect defining 
performance degradation. A casualty is defined as an individual whose performance 
effectiveness has dropped by 25% from normal. Vomiting and diarrhea are commonly called 
nuisance effects (See Joint Pub 3-12.2 for a complete d~scuuion). Nuisance effects can range 
from vomiting, skm bums, and ear dnun rupture to nausea. These symptoms, at low radiation 
levels, may take hours to dewlop. Individuals thus exposed should be able to function in the 
important hours after a nuclear attack and after the fint set of symptoms abate. 

Dose (cGy) 

No exposure 

A. Negligible Risk. Negl~gible risk is the lowest risk category. This dose will not cause any 
casualties Troops receiving a negligible risk dose will expencnce no more than 2.5 percent 
nuisance effects. Negl~g~ble nsk is acceptable when the m~ssion requires units to operate in a 
contammated area and should not be exceeded unless a significant advantage will be gained. 

Which Will Not Result in ~ i c e e d i n ~  the 
Dose Criteria for the Stated Degree of Risk 
STATE (See notes 4 & 5) (eGy) 
Negligible Risk < 75 
Moderate Risk < 100 

B. Moderate Risk. Moderate risk is the second risk category. This dose generally will not cause 
casualties. Troops receiving a moderate risk dose will experience no more than 5 percent 
incidence of nuisance effects. Moderate risk is usually acceptable in close support operations. 
Moderate risk must not be exceeded if troops are expected to operate at full efficiency. These 
personnel will be at a much greater risk if they receive any additional traumatic injuries. 



C. Emergency Risk. In this categor).. not more than 5 percent casualt~es are expected. Nuisance 
effects may exceed the 5 percent le\.el The emerzency nsk dose is only acceptable in rare 
situations, termed disaster sltuatlons. Only the commander can dec~de when the risk of the 
disaster situat~on outweighs the radiation emergency nsk. 

4. Reclassification of RES The commander. on the ad\.~ce of the unit surgeon, can reduce the RES 
categoly of his nnlt. Possible repair of radiat~on damaee 1s 5 0 0  after 30 days. 90% after 90 days, 
and 10% of damage never repalred. 

2.5. Operations After Xuclear Detonation (Fallout f i n e  Prediction) 

1 .  References F\l 3-3-1 and FM 3-7 

2. Actions After an Attack 

A Co\er mouth u ~ t h  handkerchief. 

B. Organize survivors and assist casualties 

C. Send NBC 1 report. 

D. Secure and organize equipment. 

E. Begin continuous monitormg. 

F. Conduct damage assessment and restoration of combat power. 

G. Improve protection against possible fallout. 

3 Simplified Fallout Prediction (M5A2) 

A. Information required: NBC 2 nuclear report and effective downwind message. 

B. Record date-tune of burst. grid zone, and wind direction on M5A2. 

C. Determine Zone I from the monogram pnnted on the M5.42, draw arc on M5A2, and label 

D. Zone I1 = 2 x Zone I, draw an arc, and label. 

E. Draw tangents from cloud radius to end of Zone I. 

F. Darken the perimeter. 

G. Draw fme-of-arrival arcs and label. 

H. Orient azimuth on predictor with grid north. 

Table 2-F: Fallout Zones 

Zone I Dose to Exposed, unprotected personnel from fallout 

Zone 1 (immediate operational ( More than 150 cGy within 4 hours. 
concern) 
Zone 2 (secondary hazard) 

Outside the pred~cted area 

Less than 150 cGy withm 4 hours. More than 50 cGy 
nithln 24 hours. 
S o  more than 50 cGy ~n 24 hours. 

Reference. Figure 4 6 of F.M 3-3-1 



4. Radiological Mon~toring. 

A. Periodic monitoring (readings at least once every hour) is done when- 
(1) Intelligence ind~cates a threat of nuclear war. 

(2) Nuclear war has been initiated or NBC threat status (nuclear) IS  Senal 3 

(3) Continuous monitoring falls below 1 centigray per hour (cGylhour). 

B. Continuous mon~toring is done when- 

(1) A nuclear detonation is seen, heard, or reported. 
(2) Periodic monitormg records 1 cGy/honr or higher. 

(3) Ordered by the unlt commander. 
(4) A warning of expected contamination (NBC 3) is received. 

2.6. Unit Operations in Fallout 

1. References: FM 8-9 (Part I) and FM 3-7 

2. Whenever large areas are contaminated by fallout. operat~ons of all unlts. lncludmg mcd~cal, w ~ l l  
be hampered to varylng degrees. dependmg upon the le\el of contamination. When a serious 
radiation hazard exlsrs. med~cal unit commanders ~ 1 1 1  he faced ulth the questlon of whether to 
contlnue operat~on and accept hazardous exposures to their personnel or to take shelter, an action 
which may senously reduce the11 unit's ability to care for patients. In order to make the correct 
dec~sion, they will requlre adequate information, and this, in turn. necessitates them havmg the 
followmg capahil~ties: 

A. An effective radiat~ou monitoring capabil~ty to correctly measure the rad~at~on hanrd.  

B. The ability to make rapid estimates of the future dose and dose rates expected 

C. Satisfactory communication with other units and higher headquaners to repon the fallout 
situation and to receive fallout warnings, information, guidance, and orders. 

3. Data required to permit proper s~tuation analysis and decision making include: 

A \'&ether the unit is or will be in a fallout area 

B. Expected time of amval of fallout, or ~f the fallout has arnved, how long before it will 
essentially all be on the ground and radiation dose rates begin to decline. 

C. The maximum radiation dose rates expected. 

D. The adequacy of existing or immediately available facilities as fallout shelters. 

E. Evaluation of these data together with the operational situation permits proper command 
dec~sions to he made relative to moving the unit, diverting patients to other medical treatment 
units, moving Into fallout shelters, or remaining 111 place and continuing normal operations. 

F. Refer to the chapter on Radiological Hazard for details on Radiological Surveys. 

4. Performance of Mission in a Radiological Contaminated Environment. 

A. Medical unlts requ~red to remain in areas of high dose rates can survive and continue the~r 
patient care activit~es if adequate shelter 1s available to shield against radiation. Many materials 
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available on the battlefield afford substantial shielding (Table 2-G). Use of some of these 
materials, such as concrete, requires significant engineering support and prior construction. 
Earth, however, affords excellent protection and can be employed with minimum engineering 
effort. 

B. In some cases, it is unnecessary to do any construction since there may be structures and 
terrain features already available that will afford excellent protection From radioactive fallout. 
Tunnels, caves, culverts, overpasses, ditches, ravines, and heavily conshucted buildings are 
examples. In the case of existing buildings, below ground basements give the best protection. 
With minimum effort, windows and overhead floor can be sandbagged or covered with dirt to 
provide additional protection. 

C. It should be a matter of policy for mobile medical units to locate in or near existing shelter 
whenever possible. When either fixed facilities or mobile units are unable to locate near existing 
shelter, adequate shelter must be constructed. Elaborate shelters are not required since normally 
they need to be occupied continuously only during the period of high radiation dose rates. 

D. It will be very difficult to predict accurately the rate of fallout decay. Therefore, decisions 
relative to operations in fallout areas should be based on actual survey data. However, it will not 
be possible or desirable to expose personnel to do area monitoring when dose rates are very high. 
Therefore, a reliable method of estimating fallout decay is required. Assuming a single nuclear 
detonation, Table 2-H demonstrates a simple and reasonably accurate method of estimating 
residual radiation decay. It must be noted that these calculations are most accurate only after all 
fallout is on the ground and the dose rate is beginning to decrease. 

5. Field Expedient Fallout Shelters. 

A. There are a number of field expedient fallout shelters. The more common ones are briefly 
described and discussed below. 

(1) The Dozer Trench. Here a trench of about 2.7 meters wide and 1.2 meters deep is dug 
with the aid of a dozer. It is estimated that one dozer with its operator could cut six 30 meter 
trenches in about 5 hours. About 0.6 m of trench would be required for each person to be 
sheltered; thus, in 5 hours, shelters could be constmcted for approximately 300 patients and 
personnel. Protection and comfort can be improved from unit resources as time passes by 
digging the trench deeper, undercutting the walls and erecting tents over some portions of the 
trench. Such trenches should provide adequate fallout shelter for most fallout situations. 

(2) Dug-In Tents of a Mobile Hospital. The tents of a mobile hospital could be dug in to a 
depth of approximately 1.2 meters and would provide more comfort than the dozer trench 
described in the above paragraph. Such dug-in tents, however, have two principal 
drawbacks. First, they offer far less radiation protection than dozer trenches and second, they 
require considerably more in the way of engineering efforts. 

(3) Vehicle-Earth Shelter. A very effective shelter can be constructed for mobile medical 
units with organic transportation by combining the use of unit vehicles and dirt,. For 
example, two large tents can be joined end-to-end and a shallow trench dug around them for 
the vehicles. The dirt is piled carehlly on the outside of the trench. An additional 15-cm 
trench is dug for the outer wheels of the vehicles. This combination of dirt and vehicles can 
give as much as 80?4 protection if fallout contamination is collected and removed from inside 
the rectangle thus created. Tent liners and ponchos can be used for this purpose. This 



expedient method of erecting shelter requires about 2 hours to build and can be occupied or 
evacuated in a matter of minutes. As w ~ t h  other expedient shelter, it could be constructed at 
the time the unit occupies the position. 

B Regardless of the type of shelter employed, an effective system must be developed to 
accomplish certain actions required for the efficient operation of the shelter. In the case of 
medical unlts involved In the active care of patients, it is probably advisable to separate the 
shelter management functions from those of patient care. Those individuals assigned the 
responsibility of shelter management must provide for such essential functions as radiological 
monitoring, safe food and water, monitoring water storage facilities to prevent leakage and 
contamination, arranging for sleeping facilities, controlling fire hazards, enforcing health and 
sanitation rules, and providing for waste disposal. Shelter management plans must be developed 
prior to occupying shelters and must be familiar to all assigned personnel. 

C. See Chapter 4 from EM 3-7 for tables of transmission factors for tanks, vehicles, etc. 

Table 2-G: Shielding Properties of Common Materials 

Material Half-value layer thickness* 
Steel J ~ c m  
Concrete 1 h c m  

Water [ 12cm 
Wood 1 22 cm 
*Thickness required to reduce the incident dose or dose rate 
Reference: Table 7-11 from FM 8-9 (Part I). 

Table 2-H: The 7:10 Rule for Residual Radiation Decay 

t - Time after detonation (hr) I Dose rate at time t divided by the dose rate at 1 hour 
I 

( 'Assuming a s~ngle nuclear detonation 
Reference. Table 7-111 from FM 8-9 (Part I). 

Table 2-1: Radiation Protection Factors of Sand-or-clay-filled Sandbags 

I Soldier in: 

Same with 2 layers (8inches) 

Radiation Protection Factor 

32 

I 

Same with 3 layers (I2 inches) 64 
Reference: Table 4-2 from FM 3-7. 
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Table 2-5: Radii of Vulnerabilit~ for Personnel (distance in meters) 

L.ethal Range for Personnel I Yield(KT) / Open 1 Open .\PC / Tanks ( Earth Shelter I 

Table 2-K: Radii of Vulnerabilitv for Equipment (distance in meters) - 
Moderate Damage Severe Damage 

I Transport I observation 
0.1 1 2001 1501 1001 100) 1001 400 1 500 

( NOTES: Same notes as previous table. 
Reference Table 4-1 1 from FM 3-7. 



Nuclear Detonation 

References: FM 3-3-1 (deta~led explanation of burst determinat~on and avo~dance of high level 
nuclear hazards), FM 8-9 (Par! I), and FM 8-10-7 (Chapter 2). 

General The principal phls~cal effects of nuclear aeapons are blast, thermal radiation (heat), 
and nuclear rad~at~on.  These effects are dependent upon the yield (or size) of the weapon 
expressed In k~lotons (KT), phys~cal design of the weapon (such as conventional and enhanced), 
and upon [he method of emplo)ment. 

Table 2-1.: Distribution of Energy from Nuclear Detonation 

Percent of Ener  
Blast 
Thermal radlatlon 
Initial ionizing radiation (neutrons and gamma rays emitted 
within the first minute 

Reference: Figure 2-1 from FM 8-10-7. 

Types of Bursts. The altitude at which the weapon is detonated will largely determine the 
relatwe effects of blast, heat, and nuclear radiation. NuclAar explosions are generally classified 
as airbursts, surface bursts, subsurface bursts, or high altitude bursts. 

A. Airbursts An airburst is an explosion in which a weapon is detonated in air at an altitude 
below 30 km but at sufficient height that the fireball does not contact the surface of the earth An 
alr burst may cause considerable damage and injury. Bums to exposed skln may be produced 
over many square kilometers and eye injuries over a st111 larger area. In~tial rad~ation w ~ l l  be a 
signiticant hazard wlth smaller weapons, but the fallout hazard can he ignored The fission 
products are gcncrally d~spersed over a large area of the globe unless there is local ramfall 
resultmg in locahzed fallout. In the vicinity of ground zero, there may be a small area of 
neutron-mduccd activlty that could be hazardous to troops required to pass through the area. 
Tactically, airbursts are the most likely to he used against ground forces. 

B. Surface Burst. A surface burst weapon is detonated on or shghtly above the surface of the 
earth so that the fireball actually touches the land or water surface. The area affected by blast, 
thermal radiation, and initial nuclear radiation will be less extensive than for an air burst of 
similar yeld, except in the region of ground zero where destruction is concentrated. In contrast 
with a~rbursts, Local fallout can he a hazard over a much larger downwind area than that which is 
affected by blast and thermal rad~ation. 

C. Subsurface Burst .-\ subsurface burst weapon is detonated beneath the surface of land or 
water. Cratcring ~111 generally result from an undergound burst. just as for a surface burst If 
the burst does not penetrate the surface. the only other hazard w ~ l l  be from ground or water 
shock. If the burst 1s shallou enough to penetrate the surface. blast. thermal. and i n ~ t ~ a l  nuclear 
radiation effects uill be present, but will be less than for a surface burst of comparable yield 
Local fallout a.111 he \.cry heavy if penetration occurs 



Figurc 2-1): Yield Estiiiiates (KTs) for Illumi~ialioii Tiinrs (seconds) 



C. If using the cloud parameter method is not possible, a simple way to determine the yield is to 
use the ~llummation time (Figure 2-D). This yield estimation method only gives an estimate on 
the order of a factor-of-ten. Under no circumstances should the observer look d~rectly at the 
fireball. Thls will cause permanent damage to the eyes. Observers can sense, with eyes closed, 
when the Intense light has faded. An observer in a foxhole can look at the floor of the foxhole. 
Counting procedure is the same as that for flash-to-bang time. The person counting illumination 
time stops counting when the light begins to fade. 

Radiation from a Detonation 

Reference: FM 8-9 (Part I). 

Table 2-M: Tvoical Neutron Doseto-Total Dose Ratios , . - - 

Yield (KT) I Neutronlgamma I Neutronltotal dose 1 Range (meters) I 

1000.0 ( 0.042 1 0.04 1 2280 
Assumptions: The height of burst is 60' W' ' meters, where W = yield in kilotons; air density 
I >  equal lo 0 9. relalne to sea lebel, fiss~on only dev~ce I 
Reference Table 2-111 from FM 8-9 (Part 1 )  

General. A nuclear burst results 1n four types of ionizing radiation: neutron, gamma, beta, and 
alpha. Neutrons and gamma rays characterize the initial burst while the residual radiation is 
primarily of alpha, beta, and gamma rays. Blast and thermal injuries in many cases will far 
outnumber radiation injuries. However, radiation effects are considerably more complex and 
varied than are blast or thermal effects. 

Inittal Radiation. The range for significant levels of initial radiat~on does not increase markedly 
wlth weapon yield and, as a result, the mitial radiation becomes less of a hazard with increasing 
yield. With larger weapons, above 50 KT, blast and thermal effects are so much greater in 
importance that prompt radiation effects can be ignored. 

Neutrons. The in~tial radiation can be divided into two components, neutrons and gamma rays. 
As a general rule, the neutron-to-gamma ratio decreases with the range from the weapon's 
ground zero. The ratios for vehicles and shelters depend on the specific neutron and gamma 
protection factors associated with the vehicle or shelter. For a tank, the protection factors are 
about 2 and 10 for neutrons and gammas, respectively. 

Residual Radiation. The residual radiation hazard from a nuclear explosion is radioactive fallout 
and neutron-induced activity. 

A. Fission Products. These are intermediate weight isotopes that are formed when a heavy 
uranium or plutonium nucleus is split in a fission reaction. There are over 300 different fiss~on 
products with w~dely differing half-l~ves. Some half-lives are long enough that the materials can 
be a hazard for months or years. Their principal mode of decay is by the emission of beta and 
gamma radiation. Approximately 60 grams of fission products are formed per kiloton of yield. 
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The estimated act~vity of thls quantity of fisslon products I mlnute aAer detonat~on is equal to 
that 0f1.1 I O ~ ' B ~ .  

B. Unfissioned Nuclear Material. Nuclear \\capons are relatl\-el? inefticlent ~n their use of 
fissionable material. The explosion disperses much of the uranlum and plutonium without 
undergoing fission. 

C. Neutron-Induced Activity If nucler capture neutrons uhen exposed to neutron radiation, they 
will, as a rule, become radioactn e and then deca:. b) smlsston of bela and gamma radiat~on over 
an extended period of tune. Neutrons emlt~ed as pan of the ~nltlal nuclear rad~ation will cause 
activation of the weapon res~dues and en\ tronmental matenal. such as soil. alr. and water. For 
exan~ple, a small area around ground zero ma:. become hazardous as a result of exposure of the 
minerals in the so11 to inrtlal neutron radlatlon. due pnnc~pail? to neutron capture by sod~um, 
manganese. aluminum. and s~hcon In the so11 This IS a neghgble hazard because of the lim~ted 
area involved 

D. Local Fallout. 

(1) In a surface burst, large amounts of earth or water will be vaponred by the heat of the 
fireball and drawn up into the radioactive cloud. This material will become radloactlve when 
it condenses wlth fission products and other radio-contammants or has become neutron- 
activated. There will be large amounts of particles of less than 0.1 micrometer to several 
milhmeters in diameter generated in a surface burst in addition to the very fine particles that 
contribute to worldwide fallout The larger particles will not rise into the stratosphere but 
will settle to carth withm about 24 hours as local fallout. Severe local fallout contaminatlon 
can extend far beyond the blast and thermal effects, particularly in the case of h ~ g h  yield 
surface detonat~ons. Whenever indwiduals remain In a radiological contaminated area, such 
contaminatlon will lead to an immed~ate external radiation exposure as well as a possible 
later mtemal hazard due to ~nbalat~on and ingestion of rad~o-contaminants. In severe cases of 
fallout contammation, lethal doses of external rad~ation may be incurred if protectwe or 
evasive measures are not undertaken. 

(2) In cases of water surface bursts, the padicles tend to be rather lighter and smaller 
producmg less local fallout but extendin!: over a greater area. The part~cles contain mostly 
sea salts w ~ t h  some water; these can have a cloud seeding affect causing local ramout and 
areas of hlgh local fallout. 

(3) For subsurface bursts. there is an add~t~onal phenomenon present called "base surge." 
Thc base surge 1s a cloud that rolls outward from the bottom of the column. For underwater 
hursts thc \ lsiblc aurge 1s ;I cloud ofnater  droplets with the property of flowlng almost as ~f it 
were a I l u d  .\iter ths na1i.r c\aporates. an ~nvis~hle base surge of small radioactive particles 
may persist For rubsuriicc lmd hursts, the surge is made up of small solid particles, but ~t 
still behaves Ilkc .I Iluld .A sot1 earth medlum favors base surge formation in an underground 
burst 

(4) Metcorologlcal Hiccts hletcorological conditions will greatly lnfluence fallout, 
particularly local idllout. Amlospherlc wnds are able to dlstlibute fallout over large areas. 
For cxarnple, as a result o i  a suriacc hursl of a I5 MT thermonuclear devlce at B~klni Atoll, a 
roughly clgar-shapcd area o i  h c  P m f i c  cxtcnding over 500 km downw~nd and varying In 
w~dth to a maxlmurn of l i ~ 0  ~ I I I  \$as severely contaminaled Snow and rain will accelerate 



local fdlout. Under spec~al meteorological condttions, such as a local rain shower that 
origmates above the radioactive cloud, ltm~ted areas of heavy contammatton may be formed. 

6. Electromagnetic Pulse (EMP) Nuclear detonattons produce an electro~nagnettc pulse that can 
interfere with electronics such as computers and medical life-support systems. Strength and 
rad~us of EMP pulse IS  dependent on type of burst and yteld of weapon. Stgn~ficant EMP only 
occurs w~lh  ground and high-altltude bursts. If warned of a nuclear detonation, one can prevent 
damage from EMP by turning off the equipment and, In some cases, burylng the equipment in the 
ground. 

2.9. Medical Effects from A Nuclear Detonation 

1. References: FM 3-7. FM 8-9 (Chapter 4 of Part I), and FM 8-10-7 (Section 2). 

2. General. The phys~ological effects of nuclear weapotls result from the d~rect physical effects 
from the blast, the thermal radtatton, the ionizing radiation (intttal or residual), or a combination. 
Injuries froni the ionlnng radiat~on are covered m a later sectlon. For weapons less than 10 KT, 
~onlzing radiation is the primary creator of casualt~es requiring medical care. For weapons 
greater than 10 KT, thermal radiation is the pnmary cause of tnjury. 

3 Blast Ioj~~ries. There are two types of blast forces that occur in a nuclear detonation blast wave- 
dtrect blast wave overpressure forces and indirect blast wind drag forces. The most important 
blast cffccts, msofar as product~on of casualties will be those due to the blast wmd drag forces. 
Casualties requirmg mcdical treatment from direct blast effects are produced by overpressures 
bclwecn I .O and 3.5 atmospheres However, other effects (such as indirect blast injuries and 
thcnnal iiijur~es) arc so predominate that pattents with only direct blast injuries make up a small 
part of thc patient workload 

A. D~rcct Blast Injury. The human body is remarkably resistant to static overpressure, 
particularly when compared with rigid structures such as bulldmgs. Overpressues that are 
sublethal can cause lung damage and eardrum rupture. Eardrum rupture will be the most 
common injury from overpressure. Direct blast effects can contnbute significantly to the 
~mnied~ate deaths and injuries sustamed close to the point of detonation and can constitute an 
tmportant total casualty productng effect in the large area of lethal damage assoctated with a 
gwen nuclear detonatton. Personnel In fortifications or heavy vehicles such as tanks who are 
protected from radiation and thermal and blast wind effects may be subjected to complex patterns 
of direct overprcssures smce blast waves can enter such structures and he reflected and reinforced 
\I ~ t h ~ n  them. 

B, lndmct Blast Wind Drag Forces. Ind~rect Blast Wmd Drag Forces. The drag forces (indirect 
blast) of thc blast wtnds are proporttonal to the veloctt~es and duration of the wtnds. The winds 
we rclatn el? short In duration, but can reach velocities of se\,eral hundred ktlometers per hour. 
[ n ~ u n  can result elther from flying objects tmpactmg on the bod). or from the physical 
d~splacment of the body agatnst objects and structures. Because of the violence of the winds 
associated wllh even low values of overpressure, mechanical injunes due to flying objects sent 
into motion by the winds or to violent bodily translation w ~ l l  far outnumber dlrect blast injuries 
due to actual compression of the organism. Certain terrain, such as desert, is particularly 
susceptible to flylng object formmg effects of winds. However, the drag forces of the blast winds 
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produced by nuclear detonations are so great that almost any form of vegetation or structure will 
be broken apart into a vatiety of flying 0bje~I.S. As a result. large numbers and a great vanety of 
flying objects will be generated In almost any environment. Varied flying object injuries will be 
common. The drag forces of the blast winds are strong enough to dlsplace even large objects 
such as vehicles or to cause collapse of large smctura such as buildings. These can result in 
very serious crush injuries Depending upon the intenslty of the drag forces and the nature of the 
environment, humans themselves can become a flying object and be displaced to vanable 
distance and at variable velocit~es 

4. Biological Effects of Thermal Radiation. The thermal radiation emitted by a nuclear detonation 
causes bums in two ways: by direct absorption of the thermal energy through exposed surfaces 
(flash bums); or by the indlrect action of fires in the environment (flame bums). Indirect flame 
bums can easily outnumber all other types of injury. 

A. Flash Bums. Thermal radiation travels ouhvard from the fireball in a straight line; therefore, 
the thermal intensity available to cause flash bums decreases rapidly with distance. Close to the 
fireball, all objects w ~ l l  be incinerated. 

B. Clothing. The battle-dress uniform, mission-oriented protective posture (MOPP) gear, or any 
other clothing will provide significant additional protection against flash bums. Clothing 
significantly impedes heat transfer and may prevent or reduce the severity of bums, depending on 
the magnitude of the thermal flux. 

C. Indirect (flame) Bums. Indirect or flame bums result from exposure to fires caused by the 
thermal effects in the environment, particularly from ignition of clothing. This could be the 
predominant cause of bums depending on the number of and characteristics of flammable objects 
in an environment. This is particularly true for the large yeld weapons, which can cause 
firestorms over extensive areas 

Figure 2-E: Rasbblindnas and Retinal Burn Safe Separation 

Reference: Figure 4.1, FM 8-9 



D. Eye Injuries. The initial thermal pulse can cause eye mjuries in the forms of flash blindness 
and retinal scarring. The initial brilliant flash of light produced by the detonation causes flash 
blindness. This flash swamps the retina, bleaching out the visual pigments and producing 
temporary blindness. During daylight hours, this temporary effect may last for about 2 minutes. 
At night, flash blindness will affect personnel at greater ranges and for greater duration. Partial 
recovery can be expected in 7 minutes, though it may require 30 minutes for full n~ght adaptation 
recovery. Retinal scarring is the permanent damage from a retmal bum. It will occur only when 
the fireball is actually In the individual field ofview and should be a relatively uncommon injury. 
The retinal bum safe separation distance is approximately 20-km during the day and 50-km at 
night. See the below figure for more detail. 

Psychological Aspects of Nuclear Weapons 

It is difficult to predict the numbers and types of psychiatric patients. It is generally felt that the 
types of acute psychological problems which would occur in such circumstances would be 
essentially the same as those seen in other combat situat~ons, and that the treatment methods 
which have been developed as a result of experience in past wars would be appropriate. See 
Chapter 6, Section VI of Part I of FM 8-9 for more complete description. 

Radiosensitivity of Various Organs 

Reference: Chapter 5 from FM 8-9 (Part I). 

I Organs 

Table 2-N: Relative Radiosensitivity of Various Organs 

Relative I Chlef mechanism of parenchymal I 

eyes; gastrointestinal 
organs; cavity, esophagus, 

vasculature; growing 
bones 

Mature cartilage or bone; 
lungs; kidneys; liver; 
pancreas; adrenal gland; 

Muscle; brain; spinal cord 

Reference: Table 5-IV fro, 

cells of the stratified epithelium 

Medium Destruction of proliferating chondroblasts or 
osteoblasts; damage to the endothelium; 
destruction of connectwe tissue cells & 

( chondrohlasts or osteoblasts 
Fa~rly low I Hypoplas~a secondary damage to the fine 

1 vasculature and connective tissue elements I 
Low Hypoplasia secondary damage to the fine 

vasculature and connective tissue elements, 
with little contribution bv the direct effects on 

~ l y  radiosensitive 
'M 8-9 (Part I). 



2. Relative Organ Radiosensttivtty In ymeral. actnel) diuding cells are most sensitive to 
rad~ation. Additionally, rad~osens~tt\tt> tends to \ a n  ~n\ersely utth the degree of differentlation 
of the cell. 

3. Bone-Marrou Ktnetics. The bone m a m v  conram three cell renewal sytems. the crythropoiet~c 
(red cell), the myelopoietic ( u h r ~ e  cell). 2nd the thrombopotet~c (platelet) The time cycles and 
cellular d~stribut~on patterns and postirradiat~on responses of these three systems are qulte 
different. The eplhropoienc s?stem has a marked propensllS for regeneration following 
irrad~ation from nhich sun I \  al is poss~ble .After sub-luthal exposures. marrow erythropoiesis 
nomially recmers sltyhtl!. sarher than :ranulopo~esl, and thrornbopo~csts and occasionally 
overshoots the base-l~ne Ic\el bsiorc Is\sls nt or near norn~ni are reached. Recovery of 
myelopo~ests lags sl~ghlly beh~nd er>rimpo~eits and IS  dccornpanted by rap~d increases in 
numbers of different~atinp and d i u d ~ n p  forms In the nlarrov The thrornboc)ropores~s nom~ally 
regenerates at a slower rat? than both er)thropo~es~s and myelopotes~s aiter sub-lethal exposures 

4. Gastrointestmal K~netics Because of the hlgh tumo\er rate occumng ulthin the stem cell and 
prohferatrng cell compartment of the c p ~ t .  marked damage occurs In this reglon by whole-body 
radiation doses above the mid-lethal ranze Destruction as well as mrtotlc inhtbition occurs 
within the highly radiosensitive crypt and prohferating cell comportments withm hours after high 
doscs. 

2.12, Systemic Effects of Whole-Body Irradiation 

1 References- F\I 3:. F\1 8-9 (Pan I). and F\1 S-10-7. 

2 .  General. The m e d m  lethal dose of rad~at~on that wtll k ~ l l  50 percent of the exposed persons 
w ~ t h ~ n  a period of 60 days, without med~cal intervention (designated as LD50i60), is 
approximately 450 cGy Medically, other figures of mterest are the dose that w ~ l l  klll virtually no 
one, (LD5), and the dose that will b l l  virtually every one (LD95). Approximations of those 
doses are within the ranges 200-300 cGy (free in air) and 600-700 cGy (free in air), respectively. 

3. Battlefield For yields of 5-10 KT (or less), initial nuclear radiation is the dominant casualty 
producer on the battlefield. Mihtary personnel receiving an acute incapac~tat~on dose (30 Gy) 
wdl becomc perfomlance degaded almost immediately and combat ineffect~ve within several 
hours Houeser. they ail1 not d ~ e  untll 5-6 days after exposure ~f they do not receive any other 
~n ju r~es  that make them more suscept~ble to the radiation dose. Soldlers receivmg less than a 
tolal of I50 cG) s ~ l l  reniam combat effscuve Betueen those tuo  extremes, military personnel 
recel\mg doses greater than 150 cGy ulll become degraded; some will eventually die. A dose of 
530-830 cGy is constdercd lethal u~ thou t  med~cal treatment but not immediately ~ncapacitating. 
Personnel exposed to t h ~ s  amount o i  rad~ation a ~ l l  become performance degraded within 2-3 
hours, depcnding on how physicall) demanding the tasks they must perform are, and will remain 
m thls degraded state at least 2 days. Adequate provision of medical care during this time frame 
should reduce rnortal~ty to less than ten percent. If medlcal care is not provided, these personnel 
will experience a recovery penod and be effective at performing non-demanding tasks for about 
6 days, after which they will relapse Into a degraded state of performance and remaln so for about 
4 weeks At thls time they uill hegn exhibiting rad~ation symptoms of sufficient severity to 
render them totally ineffect~r e Death follows at approximately 6 weeks after exposure. Partial 
body shielding reduces the beha\.~oral effects of radiation. 



4. Whole-body Irrad~ation. Whole-body irrad~ation. where absorbed doses are hrgh and acqulred 
over short penods of time, w ~ l l  result In acute rad~at~on sickness. There are three characteristtc 
syndromes that make up the typical cl~nical pattern of acute rad~at~on sickness These are the 
hematopotet~c. gastrointestmal, and neuroxascular syndromes u h ~ c h  occur with increasing dose, 
respecttvely. 

A. Hematopo~et~c S>ndrome Pat~ents who have recelved doses of radiation in the low to mid- 
lethal range wlll have depress~on of bone-marrow function with cessation of blood-cell 
product~on leadtng to pancjtopenla Among treated patients, deaths should be minimal. 

B. Gastromtestmal Skndrome. The doses of rad~at~on that will result In the gastrointestinal 
syndrome are h~gher than those caustng the hematopoiet~c syndrome. An acute dose which will 
cause this syndrome \\.auld be at l eas  8 0  cGy measured in alr. The gastrointestinal syndrome 
has a very senous prognosis because 11 IS almost alnays accompan~ed by non-recoverable hone 
marrow The onset of the clmcal phase of the gastro~ntest~nal syndrome occurs earher than that 
of the hematopo~etlc syndrome. After a short latent penod of a few days to a week or so, the 
charactenst~c sebere fluid losses, hemorrhage, and diarrhea begln. 

C. Neurovascular Syndrome. The neurovascular syndrome is associated with absorbed doses in 
the supralethal range and would be seen quite rarely smce heat and blast effects would cause 
immediate lethal~ty In most situations where the required very h ~ g h  rad~at~on doses would be 
sustained. Exceptrons could occur in aircrews exposed to prompt nuclear radtat~on from h ~ g h  
alt~tude detonat~ons and personnel protected against beat and blast in hardened sttes below the 
surface or personnel In \eh~cles or shelters in the proxim~ty of enhanced u.eapons' detonations. 
The latent per~od 1s ~ e r y  shon \ a r )~ng  from se\ era1 hours to 1 to 3 days 

5 Clin~cal Course of Rad~auon S~ckness The three syndromes descnbed follow a slm~lar clintcal 
pattcrn that can be d ~ \ ~ d e d  ~ n t o  thrce phases an l n ~ t ~ a l  or prodromal phase occurring durlng the 
first fen hours after exposure, a latent phase. ahrch becomes shorter w~th  increastng dose, and 
the man~fest phase of cllnlcal ~llness. 

A Prodromal Phase The 1n111al phase of prodromal s.ynptoms is characferized by the relatwely 
rapid onscl of nausea, tom~ting, and mala~se. This IS  a nonspectfic cllnical response to acute 
radiation exposure It IS not diagnostic of the degrec of radiat~on Injury; however, in the absence 
of assoc~atcd trauma and an early onset, 11 does suggest a large radiation exposure. The duration 
of this prodromal phase IS short, generally a few hours, and the lncapac~tation should not be 
se\ere enough to warrant evacuation ofrn~litary personnel away from thew units. 

B Latcnt Phasc Folloiwng recovery from the prodromal phase, the exposed individual will be 
rclatncl? s)nipton~-free durlng the latent phase. The length of t h ~ s  phase varies with the dose. 
The late111 pli;~sr. IS  longest preceding the hematopoletic syndrome and may vary between 2 and 6 
aceks [ t  is sornc\\hat shorter pnor to the gastrointestinal syndrome, lasting a few days to a 
week. It IS  shortest prcccdtng the neurovascular syndrome, lasting only hours. Because of the 
extreme vnr~abil~ty In durat~on of the latent phase, it is not practical to hosp~tallze all personnel 
suspcctcd of havlng radlatlon injury early in the latent phase unless radiat~on q u r y  has been 
diagnosed Instcad. tt 1s reasonable to wait until the onset of chnical illness or the development 
of  hernatopo~ctic suppression as ind~cated by the mdwidual's peripheral hlood profile 
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C Manifest Phase. This phase presents with the clinical symptoms associated with the major 
organ system injured (marrow, Intestine, neurovascular system). A summary of essential features 
of each syndrome and the doses at wh~ch they would be seen in young healthy adults exposed to 
short, high dose single exposures is shown in Figure 6-1 of Part 1 of FM 8-9. 

6.  Symptoms. These symptoms frequently occur In whole-body Irradiated casualties within the first 
few hours of postexposure. 

A. Nausea and Vomiting. Nausea and vomiting occur with increasing frequency as the radiation 
exceeds 100-200 cGy. Their onset may he as long as 6-12 hours postexposure, but usually 
subside withm the first day. The occurrence of vomiting within the first 2 hours is usually 
assoc~ated with a severe radiation dose. Vomiting withm the first hour, especially if 
accompanied by explos~ve diarrhea, is associated with fatal doses. Due to the transient nature of 
these symptoms, it is possible that the patient will have already passed through the initial phase 
of gastrointestinal distress before being seen. 

B. Hyperthermia. Casualties who have received a potentially lethal radiation injury show a 
significant rlse in body temperature w~thin the first few hours postexposure. The occurrence of 
fever and cb~lls within the first day postexposure is associated with a severe and life-threatening 
radiat~on dose Hyperthermia may occur in-patients who receive lower but still serious radiation 
doses (200 cGy or more). Individuals wearing a chemical ensemble will normally be 
hyperthermic; consequently, this will not be a useful sign. 

C. Erythema. A person who received a whole-body dose of more than 1000-2000 cGy will 
develop erythema within the first day postexposure. This is also true for those who received 
comparable doses to local body regions. In this case, the erythema is restricted to the affected 
area. With doses lower but still in the potentially fatal range (200 cGy or more), erythema is less 
frequently seen. 

D. Hypotension. A noticeable decline in systemic blood pressure has been recorded in victims 
who received a lethal whole-body rad~ation dose. In persons who received several hundred cGy, 
a drop in systemic blood pressure of more than 10% has been noted. Severe hypotension after 
irradiation 1s associated with a poor prognosis. 

E. Neurologic Dysfunction. Experience indicates that almost all persons who demonstrate 
obvious signs of damage to the central nervous system wlthin the first hour postexposure have 
received a lethal dose Symptoms include mental confusion, convulsions, and coma. Intractable 
hypotension \\ill probably accompany these symptoms. Despite vascular support, these patients 
succumb u ~ t h ~ n  48 hours. 

2.13. Management of Radiation Casualties 

1. References- FM 8-9 (Part 1) and FM 8-10-7 

2. Diagnos~s. The d~agnosis of radiation s~ckness is based primanly upon the clinical picture 
presented by the patlent A precise history of exposure may be very difficult to obtain. 
Dosimetry will not glve adequate mformat~on to determine ather the extent of radiation injury or 
the prognosis. Dosimeters cannot tell whether a radiation exposure is whole body or partial 
body. They do not tell what the dose rate of the exposure was. Finally, they cannot d~fferentiate 
between single exposures and multiple exposures unless read at regular intervals. However, in 



the mass casualty situat~on, decisions based on dosimetnc data alone may be all that is 
practicable. The use of antiemetic drugs to prevent performance degmdat~on will make 
symptom-based triage of irradiated personnel untenable. Only ~nd~vidual dosimeters and 
lymphocyte counting will be of any value in this situation. 

3. Definitive diagnosis. It is d~flicult to estabhsh an early definitive diagnosis. Therefore, lt 1s best 
to function within a simplified, tentative classification system based on the three possible 
categories of patients. 

A. Radiation Injury Unlikely. If there are no symptoms associated with radiation injury, 
patients are judged to be at minimal risk for radiation complications. These patients should be 
triaged according to the severity of the conventional injuries. If the patients are free of 
conventional injuries or disease states that require treatment, they should be returned to duty. 

B. Radiation Injury Probable. Anorexla, nausea, and vomiting are the primary prodromal 
symptoms associated with radiation injury. Priority for f h e r  evaluation will be assigned after 
all Ilfe-threatening injuries have been stabilized. Casualties in this category will not require any 
medical treatment within the first few darj  for their radiation injuries. Evidence to support the 
diagnosis of significant radiation injury in the absence of hums and trauma may be obtained from 
lymphocyte assays taken over the next 2 days. If the evidence indicates that a significant 
radiation injury was received, these casualties need to be monitored for pancytopenic 
complications. 

C. Radiation Injury Severe. These casualties are judged to have received a radratlon dose that 
is potentially fatal. Nausea and vomiting will be almost universal for persons in this group. The 
prodromal phase may also include prompt explosive bloody diarrhea, significant hypotension, 
and signs of necrologic injury. These patients should be sofled according to the availability of 
resources. Patients should receive symptomatic care. Lymphocyte analysis is necessary to 
support this classification. 

4. Lymphocyte levels. In austere field conditions, lymphocyte levels may be used as a biologic 
dosimeter to confirm the presence of pure radiation injury but not in combined injuries. An 
initial blood sample for concentrations of circulating lymphocytes should be obtained as soon as 
possible 'om any patient classified as "Radiation Injury Probable." ARer 24 hours, additional 
blood samples should be taken for comparison. 

A. Lymphocyte levels in excess of 1500/mm3 (cubic millimeters). The patient most hkely has 
not received a sigruficant dose that would require treatment. 

B. Lymphocyte levels between 1000 and 15001 mm3. The patient may require treatment for 
moderate depression in granulocytes and platelets within 3 weeks. 

C. Lymphocyte levels between 500 and 1000/mm3. The patient will require treatment for severe 
radiation injury. The patient should be hospitalized to minimize the complications from 
hemorrhage and infection that will arise within 2-3 weeks postexposure. 

D. Lymphocyte levels of less than 500/mm3. The patient has received a radiation dose that may 
prove fatal. The patient needs to he hospitalized for the inevitable pancytopenic complicat~ons. 

E. Lymphocytes not detectable. The patient has received a super-lethal radiation dose, and 
survival beyond two weeks is unlikely. 
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F. Other Guidelines. A useful rule of thumb is, if lymphocytes have decreased by 50% and are 
less than 10001mm3, then the patient has received a sign~ficant radiation exposure. In the event 
of combmed injuries, the use of lymphocytes may be unreliable. Patients who have rece~ved 
severe bums or multi-system trauma often develop Iymphopenia. It is important to note that 
mdividuals with concurrent vtral infect~ons would have a lymphocytosis based on then ~llness. 

5 .  Triage. All combined-lnjury patients should be treated in~tially as if no stgn~ficant rad~at~on 
injury is present Tr~age and care of any life-threatening ~njuries should be rendered w~thout 
regard for the probability of radtat~on injury or contamlnatlon The phys~cian should make a 
prehmt~ary diagnosis of rad~at~on injury only for those patlents for whom rad~at~on IS the sole 
source of the problem T h ~ s  is based on the appearance of nausea, vomiting, diarrhea, 
hyperthem~ia, hypotenston, and neurologic dysfunction. 

Table 2-0:  Preliminarv Triage of Casualties with Possible Radiation lniuries 

Symptoms 

Nausea 
Vomiting 
Diarrhea 

I dysfunct~on I I I 
Reference Table 6-11 from FM 8-9 (Part I) 

Erythema 1 Absent I Absent I Absent to Excess~ve 

Possible category of radiation injury 

CNS 1 Absent Absent I Absent to Excess~ve 

Tahle 2-P: Radiation Doses and Combined Injuries 

body surface. or trauma nhich u,ould either result in sigmticant infection or be categorized as 
severe but not ~mmcdtately hfe threaten~ng, such as a fractured femur. T h ~ s  IS a chn~cal decis~on 
and not necessar~ly sublect~\el) reproduc~blc 
**Includes the probable requiremenrs for antib~ottcs and transfus~on at a later time. So this 
classikicat~on docs not suggest that the patlcnt IS not in need of treatment, but rather that he does 
not need immediate spec~al~rsd care 
Reference: Table 4-2 from FSI S-10-7 and comments from AFRRI 

Severe 
Very Excessive 
Very Excess~ve 

Absent to Very Excess~ve 

Unlikely 
Absent 
Absent 
Absent -p 

Starting Triage 
Classifications 
Rad~anon Only 

Inlrned~ate 

Delaved 

Mnnmal 

Probable 
Excesswe 

Present 
-p Absent to Present 

Minimal I Mmimal"* 1 Expectant 

Final Triage Classilications 

Expectant I Expectant I Expectant I Expectant 
*Select Evoectant In the case of full or uartial thickness bums coverings more than 18 % of the 

Over 550 cGy 
Delayed 

Expectant 

Expectant 

Less than 150 cG? ; 150-550 cG? 
Mm~mal or duty 

Immediate 

Delaved 

Delayed* * 
lmmed~ate or 
Expectant* 
Delaved or 



6 .  Fatal Dose of Radiat~on Casualties who have received a potentially fatal dose of radiation will 
most ltkely experience a pattern of prodromal symptoms that is assoc~ated w ~ t h  the radiation 
exposure ~tself. Unfortunately, these symptoms are nonspecific and may be seen with other 
forms of ~llness or injury, wh~ch may complicate the process of diagnosis. 

2.14. Treatment of Radiation Injuries 

1. References: FM 8-9 (Part I) and FM 8-10-7. 

2. General First actions in dealing w ~ t h  radiation casualt~es are to treat any conventional Injuries 
first. Maintam ventilation and perfusion and stop hemorrhages. Most decontammation will be 
accomplished through routme management of the patlent. Triage for radiation mjunes followed 
by steps to prevent infection, fluld imbalance, electrolyte imbalance, and bleeding will be 
necessary after patient stah~lizat~on. Unfortunately, there are limitations in the ability to effect 
these treatments successfully, particularly on a large scale with limited resources. 

3. Initial Treatment for Patients with Whole-Body Radiation Injury. The primary determinants of 
survival among most patients recewing intermediate (serious but not umformly fatal if treated) 
radiation doses is stopping any bleeding. aggressive resuscitation of the bone marrow and 
completed by management of microb~al ~nfections. For those casualries who have received snb- 
lethal whole-body rad~aiion doses, gastro~ntesrinal d~stress will predommate In the first 2 days. 
Ant~emetics (metoclopropamlde. dazopnde) may be eflectite In reducmg the symptoms, hut 
present drugs a~adable ha\e sign~ficant slde effects. Unless severe rad~ation injury has occurred, 
these s)mptoms w ~ l l  usually subside within the first day. For triage purposes, the presence of 
explosive d~arrhea (especially bloody) 1s likely to be related to a fatal radiation dose. 
Cardiovascular support for patlents with clinically significant hypotension and neurologic 
dysfunction should be undertaken only when resources and staff allow. These patients are not 
hkely to survive injury to the vascular and gastrointestinal systems combined with marrow 
aplasia 

4. Diagnosis and Treatment of Patient with Combined Injurres. Conventional injunes should be 
treated first, smce no immediate hfe-threatenmg hazard exists for rad~ation casualties who can 
ultimately survive. All surgery should be completed within 36-48 hours of irrad~ation. 

5 .  Management of Infection. It 1s recommended either that the treatment continue untll the 
granulocytes return to more than 500 or treat for just 2 weeks and stop even if the whlte cell 
count is still low, providmg all signs of infection have cleared. Section 621 of Part I of FM 8-9 
deta~ls the managcment of Infection for radiological casualties. 

6. Dosimetw. Dosimetry for an individual patient should only be considered as an aid to diagnosis 
and prognosis The patient's clinical condition combmed with appropriate laboratory 
~nvestlgation will better indicate the prognosis. 
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Table 2-Q (Part 1): Medical Response to Nuclear Radiation 

Dose range (cGy free in air) 

0 to 70 

7010 150 

Onset and duration of initial symptoms 

From 6 to 12 hours: none to slight incidence of transient 
headache and nausea; bomlting In up to 5 percent of personnel 

From 2 to 20 hours: transient mild nausea and vom~ting in 5 to 
30 percent of personnel. 

150 to 300 

i in upper p m  of dose range. 

From 2 hours to 3 days: transient to moderate nausea and 
vomiting in 20 to 70 percent; mild to moderate fatigability and 
weakness in 25 to 60 percent of personnel. 

I 

300 to 530 

530 to 830 

From 2 hours to 3 days: transient nausea and vomiting in 50 to 
90 percent; moderate fatigability in 50 to 90 percent of 

From 2 hours to 2 days: moderate to severe nausea and 
vomiting in 80 to 100 percent of personnel. From 2 hours to 6 
weeks: moderate to severe fatigability and weakness in 90 to 
100 percent of personnel. 

830 to 3000 

Greater than 8000 / From 30 mmutes to I day: severe and prolonged nausea, 

-- 
From 30 minutes to 2 days: severe nausea, vomiting, 
fatigability, weakness, dizziness, and disorientation; moderate 
to severe fluid imbalance and headache. 

3000 to 8000 

\o rn~ t~ng ,  latlgab~lity, weakness, dimness, disorientation, 
fluid ~rnbalance. and headache. I 

From 30 minutes to 5 days: severe nausea, vomiting, 
fatigability, weakness, dizziness, disorientation, fluid 
imbalance, and headache. 

1 I 
Reference: Table 7-1 rrom F.11 8-9. Table 4-1 from FM 8-10-7, Table 4-10 from FM 3-7. 



- .  
Combat effectwe. 

Combat effective. 

DT: PD from 4 hours until recovery. UT: PD 
from 6 to 20 hours; PD from 6 weeks until 
recovery. 

DT: PD from 3 hours until death or recovery. 
UT: PD from 4 to 40 hours and from 2 weeks 
until death or recovery. 

DT: PD from 2 hours to 3 weeks; CI h m  3 
weeks until death. UT: PD from 2 hours to 2 
days and from 7 days to 4 weeks; CI from 4 
weeks until death. 

DT: PD from 45 mlnutes to 3 hours; CI from 
3 hours until death. UT: PD from 1 to 7 
hours; CI from 7 hours to 1 day; PD from 1 to 
4 days; CI from 4 days until death. 

DT: C1 from 3 to 35 minutes; PD bom 35 to 
70 minutes; CI from 70 minutes until death. 
UT: CI from 3 to 20 minutes; PD from 20 to 
80 mmutes; C1 from 80 minutes until death. 

DT and UT: CI from 3 minutes until death. 

Key: DT = Demanding Task 

Medical Care and Disposition 

No medlcal care, return to duty. 

No medical care, return to duty. 

Table 2-Q (Part 2): Medical Response to Nuclear Radiation 

At 3 to 5 weeks: medical care for 10 to 50 %. 
At high end of range, death may occur to more 
than 10 %. Survivors return to duty. 

Performance (mid n n g e  dme) 

At 2 to 5 weeks: medical care for 10 to SO %. 
At low end of range, less than 10 % deaths; a1 
high end, death may occur for more than 50 
%; survivors return to duty. 

- 

- 

- 

- 

- 

At 10 days to 5 weeks: medical care for 50 to 
100 %. At low end of range, death may occur 
for more than 50 % at 6 weeks. At high end, 
death may occur for 99 % of personnel. 

1000 cGy: at 4 to 6 days medical care for 1W 
%; 100 % deaths at 2 to 3 weeks. 3000 cGy: 
at 3 to 4 days medical care for 100 %; 100 % 
deaths at 5 to 10 days. 

4500 cGy: at 6 hours to 1 to 2 days; medical 
care for 100 %; 100 % deaths at 2 to 3 days. 

8000 cGy: medical care needed immediately 
to 1 day; 100 %deaths at 1 day. 

UT =undemanding Task 
CI = Combat 1neffGtive (less than 25% performance) 
PD =Performance Degraded (25 to 75% performance) 
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Tab 

lose range 

0 
1 to 70 

Greater than 
830 

Reference: . 

2-R (Part 1): Medical Aspects of Radiation Injury in Nuclear War 

Antiemetic I Indicated Medical Treatment 
Pretreatment 

\Tot determined Reassurance Counsel at redeploynent 

1 quinolones. use altmentary nutrition 

None Supponlre therapy In higher dosage ranges. Aggressive 

I therapy if pure radiat~on injury and some evidence of 

3ersonnel No delayed surgery 
nauseated without 
:mesis 

Decreased Fluid and electrolpes for GI losses 
vomittng. / Cons~der cytok~nes for ~mmunocomprom~sed patlents 
Early return to i (Follow granulocyte counts) 
duty for UT 1 
Posslhle Increae i 
of fatigability ' 
Undetermined Fluid and electrolytes for GI losses 

response 

None 

I 
nedP-6(C) Draft from AFRRL 

Consider cytokines for immunocompromised patients 
(Follow granulocyte counts) Specific antihiot~c therapy for 
infections 
May requlre GI decontamination with qumolones use 
alimentary nutrition 
Tertiary level intensive care required improving survival. 
Fluid and electrolytes for GI losses may requlre transfusion 
andlor collo~ds Cytokines for ~mmunocomprom~sed 
patients Spec~fic antibiotic therapy for mfections, to include 
ant~fungals. Will require GI decontamination with 



Table 2-R (Part 2): Medical Aspects of Radiation Injury in Nuclear War  

Medical Problems 

None 

Potential for delayed traumatic and surgical wound healing, minmal clin~cal effect 

Significant medical care may be required at 3-5 wks for 10-50% of personnel. ht~cipatet!  
problems should include infection, bleeding, and fever. Woundlng or bums will 
geometrically increase morbidity and mortality 

Frequent d~arrheal stools, anorexla, increased fluid loss, ulceration, death of c w t  cells and 
Peyers Patch lymphoid Issue 
Increased mfection suscept~billt! dunng ~mmunocomprom~sed tune-frame 
Bleeding diathes~s at 3-4 \*ks due to megaka~ocyte loss 

At 10 days to 5 weeks, 50.100% of personnel will develop pathogenic and opportunistic 
infections, bleeding, fever, loss of appetite, GI ulcerations, bloody diarrhea, severe fluid and 
electrolyte shifts, third space losses, capillary leak, hypotension 

LDloo at 1000 cGy death at 2-3 wks. Minimal if any break between prodromal syndrome and 
manifest ~llness. At high rad~ation levels, CNS symptoms are predominant, with death 
secondary to cerebral vascular Incompetence 
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Dose range 

0 
1 to 70 

70 to 150 

150 to 300 

300 to 530 

530 to 830 

3reater thar 
330 

Table 2-S (Part 1): Disposition of Radiation lnjuw in Nuclear War 

Reference: 

-- 

- 

Disposition Without Medical I Disposition Medical Care 
Care 

LDr to LDlo Restricted duty. No Further radiation exposure, 
elective s u r g q  or wounding i 

Duty 

Restncted duty. No huther 
radiation exposure 
elective surgery or wounding 

LDlo to LDso. Survivors may Increased percentage of survivors may be able 
be able to return to light duty to return to duty after 5 wks. No further 
afier 5 wks. No further radiation exposure. May require evacuation 
radiation exposure. May from theater for adequate therapy. 
require delayed evacuation 
from theater 

Duty 

Restricted duty No further rad~ation exposure 

occur ~n 3-5 wks in %?6 Patients will require extensive reverse isolation 
to prevent crosscontarnination and 
nosocominal infection. 

Expectant Category tertiary level medical center during manifest 
illness. Patient will require extensive reverse 
isolation to prevent cross contamination and 
nosocomial infection. Most patients will 
remain expectant. 

AedPd(C) Draft from AFRRI 



Table 2-S (Part 2): Disposition of Radiation Injury in Nuclear War 

Clinical Remarks 

Mild lymphocyte depression within 24 hrs 

Moderate drop in lymphocyte, platelet, and granulocyte counts. Increased susceptibility to 
opportunistic pathogens. 

If there are more than 1 . 7 ~  10' lymphocytes per liter 48 hrs after exposure, it is unlikely that an 
individual has received a fatal dose. Patients with low (300-500) or decreasing lymphocyte 
counts, or low granulocyte counts should be considered for cytokine therapy and biologic 
dosimetry using metaphase analyisis where available. 

Moderate to severe loss of lymphocytes. Follow counts q6h in first few days if possible for 
prognosis. Moderate loss of granulocytes and platelets. Hair loss after 14 days, 
Thrombocytopenic purpura appears after 3 wks. Consider cytokine therapy and biologic 
dosimetry using methphase analyis where available. Loss of crypt cells and G1 bamers may 
allow pathogenic and opportunistic bacterial infection. Use alimentary nutrition to encourage 
crypt cell growth. Avoid parenteral nutrition and central intravenous lines. 

Pract~cally no lymphocytes after 48 hrs. Severe drop in granulocytes and platelets later. In pure 
rad~ation exposure scenarios, these patients will require highest priority evacuation. The latent 
period between prodromal symptoms and manifest illness may be very short. When this 
radiation Injury is combined with any significant physical trauma, survival rates will approach 
zero. All surgical procedures must be accomplished in initial 36-48 hrs after irradiation. Any 
additional surgerymust be delayed until 6 wks post exposure. 

Bone marrow totally depleted w~thin days. Bone m m w  transplant may or may not improve 
ult~mate outcome, due to late radiat~on pneumonitis and fibrotic complications. Even minor 
wounds may prove ultimately fatal. 
Aggressive therapy is indicated when resources are available and transport to a tertiary care 
medical center is possible. 
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Figure 2-F: Clinical Effects of \\'hole Bod? Irradiation in Humans 

Reference: Figure 6-V from FM 8-9 (Part I). 

Figure 2-G: Dose versus LD for Whole Body Irradiation 
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3.1. I~ac l igroo~~d  

I. Increased risk h r n  ~.adiological lia7ards may exist in areas where iotii~iny radi;ttioii lcvcls arc 
elcvated above normal backgrou~~d Icvels. hi some cases the radioactive material must bc 
intcrnali7cd In 01-der to present a hazard to the ~ndividual, On the battlefield, the pl-111iat-y 
~ndiolog~cal Ilircals are From radiological dispersal weapons, indostrial and mcdical sources, and 
comniodities containing radioactive material. The threat may be very localized such as a 
dld~llostlc ~iuclcar niediciile source in a single room in a hospital or w ~ d e  spread cnv~ronniental 
conl,ililin:itlon sach as the fallout tiom the accident at Chcrnohyl. The pimaty consequence of 
csposiisc to low levels orradiation is an increasc in the risk o f  developing canccr in the lungcr- 
tcnil post cxposurc. To min~iiiize the thrcats from radiological hazards, onc needs to idcnlily tho 
sources of the hozascls, undcrstand tlie hcallh risk from tlic hazards, w e  p~ecautions lo avoid 
exposures, and documcnt the situation. 

2. There arc scveral commands that provide assistance in idcntifying and understanding radiological 
hazards. The AFMIC can provide infolnlation on specific sites and hazards. For cxaniple, otic 
would call AFMlC if thcy want to know if there are known radiological hazards in a spccilic 
arca. USACHI'I'M can answer questions and provide trainmy about tlie health risks for (he 
various radiological haj.;~~-ils. For cva~nple one would call USACHPPM to inquirc about thc 
Ilcallh risk ror ;I co~nmuil~l \  mi:.iinlng r,tdio:~ctive ni.ito-id. For nrcasurement of rad~ation in 
ilopla!.l:d %!tii.m,,n.. c i t !~~ ' : .  I S \( lif'i'\l h i t  t iv ~ 1 , ' '  T \ \ l I  i,aii psov~dc assistance hcyond lllc 
I t r i  I I  o t  I : !  I I In son?? c~scs .  .I UIICIC:IS ~Medic'il Screi~ce Officer 
I ' 2  \i -::I ~ I q ~ l i ~ \  u r t i i  .I \!dw.!l iirniip o r  i3.1tt.1Iinn. i'hcsc ufficcrs can provide i~ihim,l t~on on 
r l ? ~  ~di,rit~liz:il~i>n, d c t c ~ ~ i ~ n .  and Iici~lth risk of r:tdioIogic:~l ~nateri:~I. Thc DOE, PI:M/\. and 
spcc~alty tcdrlls siicli ,IS KADCON handles accidents involving ~it~clcar weapons (Rrokc~i 
Arrows). For s1mific infhrn~at:(w ~ b ~ u t  conrn~odities containing r:~dioactive matenal, contact 
the llcellsc iiiailagcr for that iluii. TB 43-01 I6  lists r8d ioa~ t i v~ l c01 i i 1 i i od j t i ~~  in tlie S ~ S ~ C I I I .  

3.2. Natural Rackground L,e\cl, of Radiation 



Kcfciencc. IISACtlPl'M's TG 238 and IAI!A3s S i i ~ i r n ~ i i r ~  rep, - /  rm i1:c post-i:ir.idoii rci'iew 
~ i c c f i ~ i g  on [he i ' l i o .~~o ind  u~ r idrn i .  

Nuclcat ]>on-cr plants and tlic lirel processing cycle may posc a rlirca! Lo deploycd Iroops. Whcn 
poss~lblc, ~soops sliouid b ~ .  locaicd away koni such sites. Iiil'ornia\ion o n  Lhe location and stn!os 
of nuclcar powcl. plants can hc l'oui~d XL: 



we1 lpl;!nts. Ura i~i r~m 1s mined in a nulnbci of  couritncs it1 

Incs. I'lie ore o~idergoes scvcral processing opcratioris and 
ed In Ihc rcxtors. 

dirkrent types of  nuclear reactors. In thc US and NATO 
>rs will have n large dome Tor containment arid cooling tomcrs. Renclors built 

clsewlierr 8riay look morc like large warchouses or ractones. The Iicat generated in a uuclear 
rc:~ctol- 1s uscd to pl.oducc steam and d n v e  turhlnes conwcted to electricity generators. 
rlio.cro~-e. ~ i ~ o s t  reactors are near water, Fitel removcil li.orn a reactor, alter II has reached the 

j ,  \lc,ilc , I  I (  ,..,I~':,~! !-]>?,- ,;,: ',!;y,,::,i ,:< 1 :~!Y~' , J :  :,> -)-: , \ ( ) ; I ,  ).:L~cljc;ll 
opx,!Ii , ,~~, 3 ,v: \~~-~y.  ; ,:!\m'\: !i~,Jc.rl,!A~- llic lio!!,,n !%I:; C - ~ < > ; I < .  1 Ib l .  1 1 1 a ' ~ ~ i  !)', ,. I:;\,\! L!<,! ?IL,;> 
l~X,ll ~ I < ? < A ' ~ I ? \ .  ' ,  I-:,!!. ,!.~~~!i1~I~11111'1!~~ < l l l ~ I  !t'l:lsl~olt ~olll:1ll~lllJlcil ~>,!1!~311~ \c:<'lQ I~!C,I~<,!I 
111111s - ' - ,>~, : ,1  % ,',' ' ~2 . 5 . ~ ~ : ,  ) - , I , \ . ~ I I I ; ;  (01 s r ~ , ~ ~ i i ~ l i l ~ [ y  O ~ ~ O ~ , I ~ S I ~ I I I I  I O I I I I ; ~  h r  Ihlt~k111g I I ~ I , A L ,  by 
1 ; - '  , ,; :?,,,,\; ,\: ' 1  

% L  ttw, , , . ,A , ; ~ L ~ ' . > ~ ~ I , : W  ) P L ~ , I ' C  qhn11i0 lw clc:trcd w i l i  ilic ~ ~ , I ! I I Y . I ! I J  \ t : rgcu~~,  
~ U \ ~ I - J I I ~ I C I ; ~  ~ ~ I \ ~ > ; I I : L I  211~1 11,12,r ,ikpcihi2!iib bh~>l!ld !be , : ~ : : ! d c J  I!, I:.? ; > i m  Iiilrd, lhc j-5 

cell o l  the task force ioi tile x c a  is usually r ~ i ~ ~ ~ ~ i i l l ~ l c  I>: :: I ' . : -L! :YC~!.L:'(,.>\ i!~id ilial iillalysis. 
The medical conmiuii~ty must work \wLh tliik ri,ll :n ;!:<!,:~, :'~..: .'.;- .I:< ,us ,~:c nt lhc 11:lsards and 
conlingcncy pla~is  havc hccn ~nailc.  IIILICC nIi:i:\ \'- % . I! ".: . ~~j ir- ,\> . -I--. L ~ 4  C < ~ I ~ C W I I ~  lo bc 
aware ofdul-111g the eucrciscs ;it-c rii i . . ic~iici~~ . , I  I \ :h.L,.,. , - %  :I.: ;%' I Y  .irc.i. :,I: I!t>rr ( 0 1  ~ u t ~ c n l c  
out of the coiltam~nalcd ,rrcn. and tllc sprc:!,! ol'zi ': i~~~i~'::.!!~~~i> 



Rdcrerice IJSACIIPPM's TG 238. 

3.5. I n d u s t r i a l  S o u r c e s  o f  Rad io log ica l  H a z a r d s  

I .  Kci'crcncc. AFMIC's lricriii/irntion of Rodintion Source.7 in n Perrcetinte E~rvh.onnierii, Shicicn 
I X ? .  Slilcie~l 1992. and IJSACIIPPM's TG 238. 

2. Thc table below gives a brief summary of locations and sources that may be involved in potential 
radintton exposures. For more detall, plcasc refer to the rcfcrence documcnl. 

3. Low-Level Radioactive Waste Disposal. Low-level radioactive waste is produced by uscrs of 
radioactive materials, including hospitals, research laboratories, m~iversities, manufacturers, and 
nuclear po\r:er plants. Nuclear power plants produce most o r  the volume and radioactivity of 
low-lcvcl radioactive waste. All low-levcl waste is solid. It consists of common, everyday items 
such as protect~vc clothing, glovcs, supphes, and tools that havc come in contact with radioaclive 
matertals. It does not mclude used he1 from nuclear power plants. The level of radmact~vlty III  

almost all low-level waste decays to background Icvels within wccks, months, or years. h small 
pctcentnge stays rad~oactwc for about 500 ycars. 



Power Sources 

r->,Ilcll.tl ,mt! Y'll~, 
l ~ ! l l l < l I l ~ 7  1'1 plplu$ \1w, 
::IllgL? ,IS lll~le<l ,ll>,>\ L, 

1: IS I J O S S I ~ I C  f0r ~ ld011  I( 

bc orconccrn. -. - - 
In cqillpmcnt 111 isolalcd 
areas 

Vmoos m a s ,  and I[ 

!caking, surracc 
coiitam~nalion. 

Iodi~mc-125 sourccs. lodinc-175 is widely used for permanent implmts 111 ratliollmci.apy. Thr: 
cncapsiilation consists o f a  0.05 mm thick titanium tube welded at both ends to Sonn a cylindrical 
c;ip%dle o l d ~ i ~ ~ u ~ i s l o n s  4.5 u 0.8 Inm. Iodlnc-125 decays exclusively by clcctroim captore Lo an 
csc~ted slate oETcclinctlum-125, which Ihcn cinits a 35.5 keV photon. Cliaractcristic x-rays in 
lhc r m g c  o r 2 7  lo 35 kcV also are produced due lo the electron capture and mtci-nal conversion 
processes. 



4. Cobalt-60, A ty~ical  talellicrapy Cobalt-60 sourcc is a cylinde~ oTdiameter ranging lion1 1.0 to 
2.0 cm ml IS pos~lioncd in the cobalt miit with its c~aciil,ir end facing Lhc patrcnt. 'The 
sourceliead houses thc sortrce. The Ganrina Kmfc 1s anothct type of Cobalt-60 that contains 
limdreds of sources 111 the collirilator Iielmet. E;rcli radialion sourcc is composed or  Coh;1ll-60 
pdlrLs that arc contained it1 double stainless steel capsulcs mill1 welded closilres. 

5 .  Radium. The radium source used in hrachytherapy uses mostly radium sulk~tc or radium chlol-ide 
niiscd with an inert fillcr and loaded mto cclls al?out 1 cm long and 1 inin in dia~rieter. Thcsc 
cclls arc iiiade 01.0 I -  to 0.2- mni-thick gold foil. Rad~om soul-ccs arc manufactured ;IS nccdles 
or tubes in a oarlety of lzngths and aclivilies. Lcahage of radolt gas h i i i  n !-ci~liiini sourrc 
rcprescnts R sgn~ficant lia7:nd if the sourcc is broken. The sources arc, Irowcvcr, doubly 
encapsulated to prevent such an occurrence. Cesium-I37 has replaced ~adiniii, a1 least in Ihc US. 

Cancer I Coball-60 am1 Ces~um- 1 -1 lo sevcral 10 Gv 1 Poiind in theranv 1 Treatnlelll Arras 

Sourccs and 
Applmtors 

. , 

Tcns oTMBq Therapy and i~uc lea~~  
~ i ~ e d i c i ~ ~  areas. 

Accclcrators 

Rcactois and 

source 

-.-A- 
-4 TBq to - 40rB 

ilic C ~ S C  o ~ \ w I c s p r ~ a d  
~~~lll:lllilllcltloll. 



m k o l ,  l l i c  Int iurn gds w i l l  disstj)atc. and o~ t i c i  w i  I'~cus o i  
ne:v v ~ c ~ i i t t y  o f  tlic break ;nay Ihccoine conra~n~: i~ !cd.  K O  



~ni,inrcrinncc : IC~IOI I  call bc perfonncd 011 devices that contain tritium if it is silspccted that the 
P?icu tube c o n t i ~ i n ~ l i ~  tlic triiiiun gas has been broken or is leaking. Lack of illuminat~on is an 
lndtcniton Ilia1 rllc sourcc may he damaged. 

( I .  Dc~~lctcd Ui-aniiim (DU) milnitions. Hecause orits high density and stnictural properties, DlJ can 
hc i~pplicd defensively lo protect against pcnetratlon by projccliles made of less dense metals, 
such as tiingstoncnrb~de snhproject~lcs. DU can he applied ofrensively as projcctilcs to defeat 
mnored targcts. US Abrams tauks, Bradley F~ghtnig vehicles, the Marine C o y s  AV-8B Hamer 
aircrafl. and the .4ir Force's A-10 aircraft lire DiJ mumtions. DU ammunition is NOT used Ibr 
training 

A. MIA1 and M I 4 2  tanks. The Abranls tanks produced for the IJS A m y  slnce 1988 use DU 
amtor. The turrets 01 these vehiclcs (sonretimcs rcfersed to as "I-lcavies") contain annor 
"packages" wh~ch  use the 1lU material. The kont slope of the turrel has llrc highest radioactive 
slgnalurc. A " U  at the end of the torsel scr~al numhcr identifies tanks with this material. 

H. Munitions. Thc cornbination of' high hardness, strength, and density makes DU alloys well 
wiled for ai-tnor p~crcing projccliles. Most DU niunitlons arc identifiable by their hlack color 
w~li nliilc marhnys on the projectile end. I-Iowcvcr, corrosion may altcr Ihis ccini- - \ I 1  
peacctimc liiings arc proh~hited exccpt on ranges w h ~ c h  are approved and I~ccnsed hy ilic hUC 
and/or Ihmc host nation agreement. 

Figure 3-A: MI A1 Inlinity Collimator (contains 10 Ci 01 Tritium) 
tritiu m is located here 

Relief 
Valve 
(New) 





*No longer fielded or in i~~ventory 
Reieiencc: ACALA's Rndiooctive iWnierrn1 Hoitdliiig S@eij. and CECOM-'rR-I I. 

7 .  Tl~crtiinl Oplics. Thermal optics possesses a multi-layercd infuarctl anti-rcflcctive coabng tli,it 
contains Thorium-232 as a fluoride compound (tlior~uni tcttmilitoridv) Tills hard co;ititig is 
covered with n protective layer o r 3  iioi~-iadioacttve cotnpoond tllx prc\ cnls dlrcct cuniact w ~ t h  
t I~c lhoriuni surfice. Care should bc taken In Lhc hai~dling oCthcsc optical componcnis to avo~d  
~nhalation andlor ingest~on of any particles tnadverlenily chipped or scmtclicd. Prompt first aid 
attenlion should be given to anyone rccciving a cul caused hy brokcn andior chipped Ihor~uiii 
fluondc coatcd Ict~ses. Prompt cleansmg oi the wound to miliin~ize entr~ncc o r  t hon t i~~ i  part~clcs 
into the body is extrcrncly mporlant and the Safety Officer must be uotificd at oncc. Wcar~ng 
rubber gloves to 11alldle lenses 111-ovidcs protecttoo fiom conlaminatcd dnst on chipped or broken 





12. Dials and Gauges. Radium-226 was used on the faccs and pointers of dials and gauges of 
instrument panels in tactical and combat veliiclcs. These items are no longer ill DOD storage 
depots and have not bccn procured since 1969. The easiest way to tell for sure if a gauge or dm1 
m~ght  contain radium or some other radioactive maier~al is to check it with a radiac meter (but 
rcincnihcr that fielded radiac instruments cannot detect tritium). There is also au additional 
h.iz:ir~l koni thc Radium-226 progeny, such that they will cause some external exposure, and 
Kailoii-222 gas can escape from the instrument. These problems can cause area or perso~nicl 
c~ntnnitiation as well as personnel inhalation or ingestion exposures. Foreign vehicles may 
co~itam a varicly olradioactlve sources to includc Radium-226. 

3.9. General Operational Guidance 

1. Reference: FM 8-9, FM 8-10-7, AMEDI) Center and School's E/fech ofiVtrclear UDnporfs irnd 
Directed h e r b y  on Miiitnry Operatmiis, and DOD 5100.52-M (Nuclcar Accent Response 
Procedures Manual - NARP). 

2. Tme ,  Distance, and Shielding. 

,\. T~nic  ihl inimii iy Evposurc Timc). Thc less time spent within a radiation field, the lower 
I I iiv l iavin~ mock-ups and trial runs of jobs wherc the possibility of significniit 
c \ )ml~r '  rsisl;. ao rkus  can minimize their doses. 

U. Drstancc (bl;~ximizing Distance from the Radiation Source). The inverse square law stales 
tlut thc dose rate from a point sourcc decreases with the square of the distancc from the sourcc. 
For example, ~f the dose rate at I rnctcr from a source 1s 0.100 cGyIh, at 2 nictcrs the dose rate 
will he about one quarter or 0.025 cGyI11. The larger the distance from a radiation source the 
lower the dose. 

C.  Shielding (Shielding lhc Radiation Source). Property shielding a radioactive source requires 
knowledge ortlic t y c  P I  mdintton Iheing c~inllcd. For example, onc would usc adiffercnt type US 
r!~iclii fio~li ;I 1bct.1 i l ~ d  ,!':,';I wu:-;e !b:m ti01 a gamma source because oSthcir diffcrcnt ranges in 
1 ! I I : :  '., ,C:.:I.X' .\:vwre can hc rcdoccdI~ninin?~zed with the appropriatc 
,I.  L ,  : , 2 ~::<, ,- 

s with very low raiige in air. 
prohlcm arises when ca tc~ i~a l  

e leads to mlernal contamnation. Any 
1 oi'iindcrlying clothing or the body w ~ l l  



Conlaniinntcd Food irnd Wntcr 

\. O p m i ~ o i i ~ l  ratio~is we safe when surface decontaniination is performed before breaking the 
pw4agc. Tlic p;rc!iage sllould he tlioroughly washed with water to remove the cootamination. 

R. Ir' 3 1111cleilr wcapoli is used, rations stored closed to yound zero may hcconie r;ldioactivc 
fro111 induccd ~ndialioii, but it is more likely that they would be destroyed by the thermal pulsc. 



3.10. Radioisotopes from Nuclear Weapons 

This section contams tahlcs l~sting the principal ~adiot~uclides induced in soil by a fission weapon 
and the approsi~natc yelds of  the principal nuclides ti.0111 such weapons. 

Table 3-6:  Principal Radionr~clides I~rdoccd in Soil 

.. 

.. -. 

... - . . 

One Ci = 37 GBq. 
Rel'erwce: Eiscnhud (1997) 

, : i/ 

]<t~~c:c , ,<c :  E.\p I-:,> ,'Ll'-,-, 

3.1 1 .  

t Dl'R4 (DOD 
I'lcasc rercr to 

3.12. Ilazard Predictions of Radiological Releases 

1. Relbrcncc: lomt Pub 3-1 1 (Drafl) 

2. l o ~ n t  Pub 3-1 1 (Draft) covers the procedures to warn and report NBC releases including Rclcases 
Othcr Than Attack (ROTA). This information is not reproduced here since the publication IS still 
under rcview. ROTAs ~nclude NHC releases due lo damaged or destroyed storage bunkel-s. 
transport \,chicles, stomyc or product~on lac~lilies, ammunition supply s~tcs, powcr plants, ctc. It 
also lncl~idcs [lie r~sc of radiation d~sperial device3. 



r airnospirere Troni damaged covering distances oTliundrcds of k~lonitcrs. 
I<C:ICIOI iiliclear reactors, mlclcar file1 

~~iatcrial fac~lrtv. o f  ~rad~olomcal nialer~nl. can rcsult ~n lla7ai-d 

Nonc currently. (Suggest conlaclltig 
USACNPPM and DTRA for assistance) 

SMALL REI.EASE. 
Draw 1 km radius clrcle around release 
po111t.. 

u'. 

IJSACIHPPM and DTRA for assistance.) 
c E-2-0 of Joint Pub 3-1 1 (Draft). 

3.13. Rc~ponse lo Conlrnoditj Accidents 

flicrc arc no prcdicr~o~i p ro ie i iu~c~  31 

Ih~s time. 
SMALL RELIIASI:: 

Crrcle beconies cscl~is~oii arca. 
Release area will be very locaiized. 
and hazard 81-ea is not cvpectel:l to he 
large. Cio~id may be tovie :it low 
lcvcls Tor an extended time. 

LARGE RT.I.I<RSE: 
lJse this ~mccdurc  ifii hlgli lcvel O F  
raii~atioii ;IS :I p;lssing cloo~l. KcIc:~hc 
was j>rob.ibly tntc~~tio~i i~l  and large 
quantit~cs of nad~oactivc maler~al may 
conti~liie at toxic Icvels for a long 
downwiiid distance. 

2. General. The ibllowing are gcnml  gu~delines Tor accidents involving r,uliox~ivc coiii~iioiii!~~:s 
and Tor tlie usc of rildiolog~cnl dispersal wcapons. l'lcasc consult local pol~cy Ihl y c c ~ l i c  
guidance. 

A .  Notify d l  pcrsonncl not directly ilivolved to vacate the area. IC at all pnwbli'. pe,-:c';::ci 
siiould wcaw to ,in m a  that is I I ~  wind of tlie accident. 

M. Ilold your br.c,~lli wli~iz svvilch off ;ill fans and central air circulatioii equipnrcnl. 



D. Close all entrances to the accident area and post guards to prevent unauthorized access. 

D. Notify the loc:ll TlSO. 

F. Identil) 10 t!i~, il\2,11 RSC ,I:.; . v . \ . - - . l  I ui.) T,I; i?.i\t been exposed to radioactive 
COIllallllll.!l'~~" 

G. In cm~td~:>,!tv:! 1,': :!I: !<\C 

( 1  I I)c;;!!l.l:.,1..,3:~ PC.. s,.:..,: ,L,,!\ :>, :',c dl.>.! 

121  f<m,~\~\  1112 lb , . :~dt \ l  . :--,,'~:,.,si. 

I : I :~~,~~~1~l,11111l~'lt~ t k  ,llC,l 

(A) Pcriiunii an area survey to dctcniiitic cffcctivcncss of dccontatninalion procedures. 

( 5 )  Monitor all personilel suspected of being contaminated, 

(6) Make sure that propcr rcportnlg pi-oceclures are imnplernented. Rcpoi-iing requirements 
depend on the severity or  the accident and the dcgrec of contamination. For additionnl 
guidance, contact ACALA. 

3, Tritiimi Source. I r a  Tritium sourcc is brokcn iiur-111s hariiil~ni., i n m v  oli ~pcrso~incl to vacate the 
area and niovc u p  w n d  f'rom lhr, dexlr,,. \!i;c:. 2 !I~: : : IW -L>III.CC hl.c:ths or IS  110 longcr 
illuinin~~tcil. liic 1nc.il RSO :nust tic r:nl~iiei!, and thc hl iow~ng acttons must be takcn under the 
tilt-cctia~? ui'lhc RSO: 

\ -\.:in:;< nilo m:tv l i a ~ e  towbed or handled the broken Pyres tube should wash as soon as 
: x ~ - - : ! ~ ' ~ ~  t\ ::ii nrrl-ahi-asive soap and wami water. 

Li, i ' c ~ w r ~ ~ ? c l  hatidling tlic device should wcar rubber or latex glovcs. 

C. Thc device must he immediately doublc wrapped in plastic. The outsidc container must be 
lahclcd "BROKEN TRITIUM DEVICE -- DO NOT OPEN.  Store thc broken device outside in 
a secured container. Contact the supply item inanager of the damaged equipment for dispositton 

of uscd glovcs as radioactive waste per direction of the local RSO, and 

the health clinic 
or hours arter the 
utii 111 tlic liu~nan 

~fol-matton oil 

or the suno~rn 

F. Due to tntium'r I n:ent m:t\ not he available that will 
dckct its prcscncc. IS  hy pcrlbrming wipe tests and 
evaluating the \vtpc t 

is irom the local KSO. 

H. See the section 



4. Dl' Incidents. 

,A, 1 i3 ?I)l)-2-$ dP l~11~~  !IIC \ ~ l l C  l C % ~ > t > t ! ~ C  !$\ ,l<tl<!c:!I$ lTK?!$;l?g Jl711? tJllk l1l l1l l l l~~l l~ th:lt 
~"OI ILI I I I  , l ~ ~ ~ ~ l c ! ~ d  ;I~,IIII~.III? (.! 1 .!4 'n ;b ' ' :  ' '!-. Ne\jvt~d I < )  lkp!:,:~~! 1 rmun l  I.mv Lc\d 
l<,!d,~.i~:,\ 2 \I~I\cYI~I!\ ( l ) \  1 I R I \ \)  ~I,I:AI~!- I JT , I~ I>  L ! C ; ~ I I I \  1!1c rvyonw ~ ) r  I I I ~ I \ I ~ I I ~ ~  soldim to 
tliesi. 11ai,11~!<. 

U. Required notification: IOC. 

C. In general, individuals in the vicinity of the incident should wear some type of respiraloiy 
protection, cover exposed s h n ,  decotitmxinate as soon as possrble, and s~tbmit bioassay samples 
for analysis. 



wct inalerial :~nd liavc high erficiency filters are particularly uscli~l. Some surP~ccs may rcquire 
rcpcating scrubb~ng and vacuuming before they arc Cree o r  contamination. Personnel nccd to be 
trained In the procedi~res. 

6. Gu~delincs for Pallent I>econlaniinalioii. The practical decontainination 01 radiological 
contaminated patlcnts IS  e m l y  accon~plrshed wthout inlcrCcring wilh llie required mcdlcal care. 
N~ncly to ninciy-five pcrcent of the decontamination can be accompllshcd by simply removing 
llic oulrr clothing and shoes. Once removcd, co~~tarniriatcd clotlmg can be placed iii bags. 
tagzed, and removed to a remote section of Ihc medical rac~lity to ;rvo~d creating a lia7ard h i e  to 
conce~~tration o f  such conta~ninalion. Tile clecor1ln:i:1nalio;1 or tiispoial of tire cri~it:rn:i~i:lted 
C~OIIII I I : :  ~ A I  j , x  ~~, i , ! tc- \c~l  ',\ :IY ,:-,: , ~ t , ~ ~ - , : , , . ~  ~ ~ ~ ~ I . ~ : I I I ~  p ~ : , i , . ~ : -  i IY ,.x,vd p h . w  ~ ~ t '  
L ~ C ~ ~ ~ I I ~ ~ I I ~ I I ~ ~ I I I O I :  L . , ~ I ~ % I ~ I >  o f u  & ~ I > I I I %  or ~ I ~ I I I ~ ;  I I IC p ~ ~ r c ~ r l ' <  law JIIJ IIJIIJS. I : ~ i <  <lrould I M ~ C  
llic p1Llc111 csse~ll~nlly Jecontanlinalci1. Tills simplc I& can he i ~ ~ ~ o i ~ r p l ~ s l i c d  /pinor to iiil~rir\s~~ri, 
lslo O K  lhc ward, or clsewhcrc In the medical facility as the sltuat~on d~ctates. l'hc tll~ril phase ol' 
dcconlarn~nalion conslsts 01 washing the hair, or cl~pping the hair and washmg the scalp. 'i'hc 
th~rd p h a c  need only be accomplislicd ~f thc patient amves without headgear andlor moniror~ng 
indieales that the hair is contaminated. 

A. Upon entering a medical treatment facility, paticnts Croni a contaniinatcd area should bc 
decontarn~tlated a i d  mon~tored Tor radiat~on. Monitoring by tra~ned health physics personnel 
may be required to determine wilcn it is proper to d~sconlinw isolation lechniqucs. Such 
pcl.sonncl arc ris~~ally located al the ~ncdica! group level (see section 3.1) 

R. A more cvte~isivc deco~~tarnination procedure is to scinh the arcas orpersistent contamination 
with a ~ni ld  detergent 01- a d~luted strong dctcrgeilt. Caulmn should bc taken to not disrupt tlic 
Intcgnly of tlic skln wliile scruhbli~g bccaose disruption can Icad lo the incorporation of the 
radioisolopes Into deeper layers of Ilie skm. Coutamri~atcd wounds sliould be treated first since 
thcy will rapidly rncorporate the contaminant, Wnshing, gentle scrubbing, or even debridenlent 
may bc necessary to reduce the level o1contaminants. 

C. No~nial surgical managetncnt of wounds will bc lnore than adequate for removal of 
radionclivc conlaminalion and special procedures are not rcqulred. R ~ n s e  water or sponges 
should iiol be d~sposed oruntil expert consullalior~s have been obtained. Material objects from 
the wounds must be saved and if scparablc froiii the rcsl 01 Ihe waste, put m spec~ally iuarkcd 
bags. These fiagmcnts will bc studicd by lechntcal experts and rcquire spcclal disposal. Such 
personnel are usually located at Ihe medical groiip lcvcl (see scct~oii 3.1). 

7. Biologicnl Collcctior~. ReTw to USACIIPI'M's TG No. 21 1 for radiobioassay collection, 
Iabcliiig, and shipping requirancnts. If the patie111 urinates, the urine should bc saved for 
analysis for radiological contamination. Nom~a l  urinalyses can bc donc on portions of the 
smiiplc wilh sakty. hut tlrc I:ihnlntory s1io11ld bc notified that tlicre is n potential contamination 
wilh rad~oact:! c z ~ I ~ ~ I L ~ T I ~ ~ ~  '. !> C\V~!:I~ !hat t!?c laboratory keep a record of thc volumes of rn-inc 
so lhosc appro!m.iI~~ I.I'v. ..'-;I!.- :.!? :. .I+: l.~Lcr caicolations of estimated body burdens of 
radroaci~ve m:~tc!r:~l- i-:-? - I,-:-':- .'inu!J also be taken and retained in additlon to nose blows 
and swabs. 

is Ijirly minitnal. As a result there is very 
by animals or humans. Even 11" ingested, 

sorption Crorn the gastrointesl~nal tract. The 



~najor h:~znrd is inlidation oS the tuaterial if it is suspended in the atniospliere. However, rhc 
:linounts requirr.d Lo cause any significant risk of pulnlonary disease are vely much greater tha~l 
all1 no!-n~ally bc present, particularly oncc material from the accident is dispersed widely on the 
gnmcl. 'nlrrelbri., the inhalation 11aza1-d to people living near an accident area is n~~nitnal  except 
during times whcil cxtensive cleanup operations are golng on and materials are bemg 
rcsuspendcd in tlic atmosphere. Monitoring of the degree of atmospheric resuspcnslon of 
hazardous lnalerials with specially designed air samplers must he carrred out during such 
opcratlons. See section 3.1 for units that can provide assislance. 

9. Managetncnt of Contamination. Rcsuspension of materials into Lhc atmospliere would he the 
most senous ha~ard  and extensive mon~toring would be required. Wetting down thc area with 
airborne water rankers might bc required. IS the levels of activity allow cleanup operatrons to 
proceed, sod may have to be rcmoved and buried in sealed containers. lndlvidual countries 
eutabl~sli thc levels to whrch decontamination is carried out for peacetime use. 

3.15. NATO Policy on Low Level Radiological Hazards 

General hfonnatron ACE DIRFCTIVE 80-63 ACE Pollcy for Defensne Me.~surcs agamct I ow 
Level Rad~olog~cal hazards dunng Miirtary Operat~ons 1s NATO gindance mued 2 August 1996 
It IS not presently guidance for all US forces. however the latest draft of Jornt Pub 3-11 does 
conlam sim~lar gu~dance The d~ tec t~ve  Ir presented below In rtc orrg~nal form w ~ t h  shght editrng 
to reduce 11s Icnrth The N.~t~nnal Acadcmv ot  Sclence2\ Inst~tute of Mcdmne ha? revlewed 
ACE DIREC I IVE 80-63 1 he revlew c m  he lound at www nap edu/~ead~ngtoomI 
hoohd~ad~at~oii l  

71115 d i r ~ c t ~ ~ c  ai l i ic14ci  i\Ilm? Command Eu~oae  (ACE) 1)11cct1ve 80-61 Dated 10 Janua~v . , 

1'196. ACE Dirccli\c 00-1. "111de.x to ACE I>~rcctive ;ind Miuu~nls" is to be amended to ~ndicatc 

- I .  I'I!RT'OSE. To dcsignatc defensive measures against Lo\\, 1.wel f I , r ~ i ! , ~ i ~ ~ r , ~ , ~ !  li.v.irL!.: ll?.~! mi) 
bc cncormtcred dul-iiig military operations. 

5. BACKGROUW. 

I\. 17!!r11ig niilitary operations, hazards not normally considered sipiiii,i;r: iiwin: n J ; ' : I : ~ ,  m.ly 
hcconic important and impact operations. These hazards ma!, hc more .i:~i:iicmt i i i ~ l ~ l ! ~  

o l x ~ ~ l ~ n n s  othcr than war such as peace support and peacekccprng. One of liic iiai.~rds hat m:~y 
conhont ACE Forces are radiological hazards that do not occur Croni n nucicar dctiin,ltir>n. I'iicse 



I\ 

r f q i ~ ~ r i ~ i  hy 1111111m IICCCSII? 

13. All cuposures of soldwrs to 1-;~liological hazards during operations runst bc kept as low as 
reason:ii,ly achievable consistent with military ncccsslty. 

C. Detailed planning and coordination for the conduct of opcratiotls in the area of a radiological 
hazard is essential. 

D. All lcvcls of ACE com~iiand should keep a lolally open flow of infomintion regarding the 
existence and status of rad~ological hazard areas wilhin the military stnlclurc. Ilowercr. 
Commandel-s should bc aware that potential bclligercnts colild nsc ~xdiolog~cal hazards lo 
increase lcnsions. Tliereforc, Cotnr?iaodcrs shall apply an appsopnate icvcl of sccarlly with 
regards to relcnsc ofthis information to civil a n t l i o ~ i t ~ e  and the general public. 

E. Delailed and accurate rccord kccp in~  is n !pi.swaisi!: I T  qwntinns in n ~-:~rliological ha7:trd 
area arc approved. Record kccptng or  u<!.i't'::.i. . ,',i,.- ~,\ivu,:r,,k .IF :i dcsc conltol mcasuw 
shall be conducted. 

F. Commanders sliall cnsare that 
appropriate equipment and person1 
all forces sliall he uscd. 

G. Forinations thal do 1101 possess 
descrihcd in this document and othei 
hazard areas. 



11. Comniandcrs shall consult with all appropriate staff specialists prior to arlv opmtions i ~ i  

radiological hazard areas. At a minimum, this consoltatio~~ shall inchtdc the NLK' Dclcnse 
Officer, Legal OCficcr, Mcd~cal Officcr, and Public Affairs Officer. When possible. 1 1 1 ~  7vl~~lic;il 
Officcr shall have an apprnpriate knowledge ofradiological hazards. 

7. PROCEDURES. 'Shc following procedures apply to ACE forces pcrhming operatioi~s in an 
arca wlierc there is a risk of' exposure to low level radiological contaminat~on. For purposcs of 
tins drrcctiie, lhc operational conmiander is defined as an Army Division icvel or equivalent 
co1mii3tidcr. 

A. lntelllgctlce - Prior to entry into the arca. intelligence assets shall provide tlic ACE 
opcrational and local comrnandcrs with suspected areas ofrdiological ha7aud. The inleI1igclx.e 
community shall provide all asscssnient of the risk (High or Low) ofradiological hazard in each 
suspected area. When possible, details concerning the extent, source and tme of hazard shall be 
prnvided. 

B. Rcquired Capability - All units operating in the area of radiological hazards shall have the 
capability of individual and group total dose dosimetry, radiological dose ratc measurcment and 
the appropriate means to record dosimetry once radiological hazard is encountered. Radiolo~ical 
dose rate and lotal dose measuring instmments shall have the ability to measure at least ,0001 
cGyIlrour. It is essential for dose rate instruments to measure alpha and beta emitting particlcs as 
wcil as gamma radlntion. 

C .  Actions upon Ihe idcntificatiott o f a  High Risk of a Suspected Radiological FIazard 

(1) Upon receipt oC an intelligence cstimatc of a high-risk radiological hazard, the 
operational comlnander shall order an exclusion area around the location. T l ~ c  Commander 
shall cstabhsli a mimmum exclusio~i 7one of a IKM radius aroui~d llic siispccted radiologcnl 
hazard. The commander shall direct an evacuation o r  all ACE Ibrcos in tlic mnc  until 
appropriate follow on actions, as described in t h ~ s  directive, are accomplished. Iinecessary, 
essential aviation assets are pcmlitted to transit tlic excl~tsion zonc at a lie~ght of at least of 
i 11:CiCI\ 

I 1 I: !i:c c\ilutlcil :il-c,~ is not pl:i~~iietl lor use by milit:ny forces tlicin subsequent actions 
~ o ~ : ? c r ~ ~ n ~ !  t'i; !i.ii.m! licai~iic ;I civil~au responsibility. Howevcr, if mhtary necessity 
(11~~t.itc. ilhit \ i ' C  Ibl-~,cs 1 b 1 I l  bc rcquircd to nper;itc near or at the suspect location. thc 
opci-,i!ion,~l ~o:iiilia:tilcr i l ~ ~ i l l  Jirut,i !hi. conduct of ,In KRC Surwy lo dctcnriinc the cstcnl of 
tlic lx?anl. 

(a) Prior to lhi: sutvcy ~niss~on.  the t1ic:ltsr ctiliril~:indn ilx~ll iscuc Opct-atiolt:~l 
Bxlmsurc Guidal~ce designating .I rnasin~~tin R;~di;iIiu~~ Expns:;~'~' Stale in accordanrc wtth 
llie elrcloscd L.ow 12cvcl Radiation Operational I'sposurc Griid,ilicc Dur in~  Opcrattons 
Olhcr Than War. tlic theatcr co~iiniander is limited to RES C;iicj:ol-ics I..\ 1111-origli ID. 
Rt:S C'atcgiiry IF. is limited to wartime operations only and intcnlimil csposures in this 
cntcury rcq~~i rc  ndd~tional justification. 

i h )  Thc 1nIlon lilg elements conduct tlic NHC Survey: 
I Si:pporting NHC units equ~pped with NBC Rcconiraissaocc asscls. 
ii. NRC Su~vey Tcams who are organized and adhcrc to standards of proficiency 
111 ;~cconl:mcc with S'TANG 2150. "Standards of Proficiency for N B C  Defense" and 



or  tlic cxclosion area prior Lo complclion of an 

~dcntified as an NDC-4 ROTA report. Line IIo!el will indicate N U  (Nuclear Release Type 
2) as the Lype of agent in all reports. 1.1ne G c n t a t  w l i  rndicaLc any othcr inroi-inntion about 
the source as applicable. I m c  X Ray w ~ l l  inc1;calc !he Grid Coord:n,iics ror tlii. o ~ t s i d c  Ilmii 
of Lhc radiological hazard. Llnc Ronreo is not used. All other 11ncs ol' Llrc NBC-4 report 
renlam the same ar rcporling a traditional NBC-4 Nuclear rcporl. When enteving data in Linc 
X Kay. the sl~rvcy Lean1 shall enter dccunals of CentigrayiMr rcadmgs in the readings that are 
below 1 Cc~iL~gayIIir.  

(4) Once all survey results are conrplctcd, the operational units NBC Dei'ensc Cell shall 
conlpilc !liem and an overlay that outhncs Lhe extent o r  thc radrological hazard shall he 
prodoccd. These prcdict~ons shall be sent vla NRC-5 message io d l  ~rnits in the m a  of 
opcratlons. The message shall be ]dentifred as an NRC-5 ROTA report. Tlic reporl is 
ronll~ltcd as Follows: 



Tahlc 3-K: Line items for the ACE DIRECTIVE 80-63 



G. Other hct!ons Relcvani To Exposure to Radiological Hazards 

(1) Individual Protection - While in radiological hazard areas, individt~als shall wear 
clothing that wlll not allow radioactive dust to cause injury to cxposcd skin. All exposed skin 
shall be covered to prevent deposition of radioactive dust. Individuals in the radiological 
hazard area shall wear respiratory protection to ensure that inhalation of radioactive dust does 
not occur. 

(2) Monitoring of Consumahles - Connnanders shall dircct the monitoring of local 
produce, water, and foodstuffs that may have been exposed to radiological hazards, prior to 
their lsstrc to ACE forccs. 

(3) Hazard Area Restoration - Removal of the radiological hazard is not a niilitary 
mission unless thc Commander has a clear need for the facllity out of military necessity. 
Commanders shall involve Civil-Military affa11-s officers once the extent of the radiological 
hazard is realized to ensure coordination is conductcd with the civilian authorities for site 
restoration. 

(4) Decontamination -- Oncc operations in a radiological hazard area are complete, all 
equipment shall bc inonitored for radiologcal contammatio~i. If contaminated, equipnient 
shall be dccontaniinnted to the lowcst lcvcl aciiicvahlc with militaty means prior to further 
use. 



Table 3-1,: Guidance Low Level Radiation Oeerational Eueosure 

h f o ~ k  i NORMAL RISK / - Recoid indiv~dual dose readlneq 

Total 
Cumulative 
Dow 
cG ' 2 '  

4 0 5  

- Contmue monitoilng 
- In~ t~a te  red survey 
- Establish dose control measures as part c 
operations 
- Priorltl~e t,lqhp_ 

5 70 10 

10 To 25 
(See note 7) 

RES 
Category 

0 

- Continue monitoring and update survey 
-Continue dose control measures 
- Execute priority tasks only (Sec note 6) 
- Record ind~vidual dose readings 
- Continue monitoring and update survey 
- Continue dosc control nleasures 
- Continue to cxecutc prlorlty tasks only 

stateJC 

NO RISK 

Actions 

p-pp 

-None 

- 
25To75  
(Scc note 8) 
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'401 L S 

I F  SIGNIFICAN 1 
RISK 

- Execute critlcal tasks only (Scc note 6) 
- Record ~nd~vidual  dosc rcadlllgb 
- Continue monltonng and updatrng nurvcy 
- Cont~nue dose control measures 
- Fxecutc ~ r i t ~ c a l  t d ~ k ~  only 



3 . l h .  ( ' c r l ~ t a ~ n i n a t i o t i  L imi t ,  

1 

7 -. logical cantarninatcd 

. NATO Working Group 2 has 
ind depleted uranium) ns "low-lox." All 

Ilns group Low encrgy beta cnntters like C-l 4 arc not considcrcd as relcvant Tor nliliialy 

1 '.\ l;~..i ' un  n! :I:.l-e .ii'~cr!?t,i:n!~?,it~o~!.: li,?.ii. hc;n perLmncd. 

5. .\ct~ons to be taken during and a k r  tnissioiis in contaminated a 

A. Recotn~neiiricd actions will include periodic monitorin, 

proper behavior to avoid incorporation of radinacliv~ty and an unnecessary spread. 

8. Whcn a ski11 contammation 1s detected, decontatninntion should be sta~tcd as soor as possible 
to avod  intake by nigestim and in-adtal~ori of the skin. 1)econtaminalion can be stopped wlicn 
the activty has bccomc smaller than 10 BqicniZ or \\Ilcn the actwily retlrtclion in a singlc 
di~cor~tniniri;ilioii .F lcss 1!1:ili 1 P h .  Only 1 skin co i~ l , i~~~rna t i c i~  men: is allowed In llic 
cm~iria!idcr'a dn,e g;,:d~nce is c:itcyr) I 4, 7!ic;1 111; rccci\?d ski11 dosc is equal 01. less tliaii I 

o r  l!lc uh~n ii(lsi !eg,ll!) p~lnillll~ii It): ! ~ l d ! ~ t ~ i ? ~ l  norkcrs (300 mSv). 10 skrn cnnlnminalion 
events could he allowcd, 1rc;itcgory 1 R 1s Llie commander's guidancc and up to 50 contamination 
events i f ca l r~or i c s  1 C to I E w e x  issucd ns guidancc. Instead ofgonig up to 100, the number 
50 was chosci~ lo take into accoont that In 50% of the evcnts ~t is perhaps not possible to rcach 
thc 10 Bqlc~nZ level by decontaminatmn. With 1111s restriction, a skin dose of 300 niSv should 
not be exceeded. 



Table 3-M: Mavixnuni Contaminated Limits 



Radiation lJnits 

Eupost~re. E.~posure in the field of radiation protcction has two meanings. First it is the 
dictionaty definition - the state of being cxposed. The second 1s the very specific scientific 
ileiinltion of the sum of the charges of one stgn produced in 1 kg of air by photon irradiation. In 
the ST systctu exposure 1s mcasured in Couloinh per kg of alr (Clkg). In the traditional system 
tlie specla1 unrt roentgen (R) has been dcfincd where 1 R = 2.58 x 10.' Clkg. 

Ab.rorhr.rl Dose. The irhsorhed dosc 1s {lie moun t  of encrgy deposited in a given mass of 
absorbing material and is syniholizcd by 1). This q~iantity cm1 he mcasurcd for any kind of 
mdlation and m y  e n e r p  in lhc SJ i><:rt:> n z  Imc,lr!rrr i l  111 ~ ~ n l t s  oT Gray (Gy) and 1 Gray = 1 
Jlkg. In the trarlition;ii s!.;!crn ,~!,snr'~c~i r . o v  .-. ;v.is:rr<d in I:!?;:.: o~ r . ids  arid 100 ~ x d s  = I Gy 
and 1 r3d -- i cG! D o c  I : : , I  : L C  : I 1.11~ C\POSLIIC could be 
si,l$ic or lil,il:7plc ,i:id c,,!;:: -!,,.: \-' $ - 2  , <;\ : ,3 : ,>: , ,  I !,,* L! ,:>.I:>\,:,: l:xL,s <ti\  

n o w  ,L.,,: ' .  8.: <\:Y'.?:x& i z , . , ~ > ~ ,  .'ic,\\:i h i t  2:fic1ctit a ~ w s  L I ~  rdt11'1lio11 cdiise tiiorc 
'>. 'k%;,,~i ! , I :Y>,~J  G\C , < : ! I C  io td  C I I C ; ~ >  L ~ ~ O S I ~ L Q  tkc >tm~ts. \L'c find that I cGy of >1Ip11:1 
:.,,!:,:!'n;i c,i.i\c> Inore biological damage than 1 cGy 01' yaiiima radiat~orl. So we define a new 
s..,i;i:rtv dcsignerl to lneasurc actual biological damage. This quantity is tlie dose e y t r h d e ~ ~ l  and 
1.; ,!i.fiiicd as tlic energy depos~ted per unlt mass of absorber inultipiied by a quality factor that 
,!crouiits Tor tlic diffwent b~ological effects of Ihe different types of radiation. The dosc 
cqurvalcnt IS mcasured In Sicverts (Sv) in the SI system and in rem in thc traditional system. I 
Sv = I00 rcm. See 10 CFR 20 Table 1004(b)2 for the quality factors nsed by the NRC. 

1lo.si~ Kate. Dose rate is the dose of rad~atiori per unlt time. This document uses cGyihr 

Cornwsmr fncior.. A common "conversion factor" between cxposnre, absorbed dosc, and dosc 
cqutvalcnt is 1 R = 1 rad - 1 reoi. This is an cstimate that for radiation protection purposes is 
close eoough (it actually over estimates the dose and therefore is a conservative cstnnatcl. Tbc 
actual conversion is 1 R = 0.96 reni in ttssuc. Note that (his nzetlioil works only whrw the 
rocritgen 1s rlefireil - for. photons ofemrpv less !/rat 3 Me?! When de;lli~lg will1 pnriiculatc 
radiat~on other methods  nus st be uscd. 

Actm&: The activity level of a radioactive material is expressed as the iioinbcr ol"itol~~s that will 
disintegrate (decay) per second. One becquerel (Bq) is equal to one nuclear trmrliirnint~nn p c ~  
second. The unit in the traditional system is curie, whcrc 1 curic (Cil = 3 7 x lO"'hecq~rerels. 



3.18. Ksdiolngical 1)etection Equipment 

1 ! \ ,\n::\ 3.iiirr~li~pic.il !)tti.c:~on ' ; ~ ~ U I ~ I I " : : [  i h  da!.r;li'd :I\ t l i ~  equipment chapter. 

2 I : ! I I !  1 I I I I ~ I !  i cwrhg l ! ,  special instn~nieniation must 
'\c :lsd I h - I  r,ididi:a%: i!ckctini\ .!nil inc.i\u;i.?;cr:i '!nx ?ha degice ni'h.tr.irii from radiatton to 
bt~!::~i:is ,!qm:c?. <>I: 111~. tyv o ~ ~ J ~ I . ! ! I ~ ~ I ! .  li.\ cricr~?> \pcct~-w:~~ ,IS \%?!I '1s the qu,i:ibt> to nhtcli a 
r;rwli !I.I> / > L I C I ~  ~ ' \ p o m i .  rdiI:.rti~~n ( I ~ t e c t ~ ~ r s  t i i ~ d  In t!ic tieid n i u t  hc c~j)didc of makin:: 
q~iailt,iu\ c a, nci l  35 qrl:~i:ti\iiti~~ ~nei~sur~iilcnts. 

3. No single irrstmment at present has all the desired characteristics. Accordirrgly, different t p c s  of 
instruments must be used depending upon the nature of the radiation hazard. Thc cha~ictenstm 
of some orthe more cornnionly used detectors are summarized below. 

A. Ionization Chambers. Ionization chambers measure dose and dose rate from gamma and x- 
radiation. A typical ionization chamber that measures total dosc is the pocket dosimeter. It is the 
size of a large fountain pen. It has a chamber containing a quartz fiber loop that is free to rnovc 
wltli respcct to its mounling. Radiation entering the chamber causes ionization within the 
sensitive volume. 'l'lie distance the fiber moves is proportional to the dose received in the 
chanibcr. Instromcnts of this type are sensitive to shock and humidity and small enough to be 
won1 comfortably. An advantage of tliis instmincnt is that it can be read at any time without the 
aid of a srippleinentary charger-readcr by sinlply holding it up to a source of light and looking 
into it. 

B. Cieiger-Mueller Counter. Gciger-Mueller counters are normally used for detecting single 
ionizlng events that take place w~thin the sensitive volume of the counter. They are vely rugged 
and sensitive to low levels of radiation. They are usually equipped with audible detection of 
radiat~oo in the form of "clicks." Geiger-Mueller counters detect gamma photons or beta 
particles. Dctcction of gamma rays is less efficient than of beta particles. A discriminating 
shleld is usually provided with Geiger-Muellcr instruments. When the shield is open, the 
instrument measures hoth beta and gamma radiation. When the shield closed, the instnment 
measul-cs only painn~a. Use of the shield may permit qualitative differentiation between 
ronization caused by hcta patliclcs and that produced by gamma photons. The sensitiv~ty of 
Cclgcr-hlocllcr counters to alpha radiation depends on the window thickness. Gciger-Muellci 
co~~ntc r \ ,  as u clirss. :re e n e r g  dependent. 

C. I'roportional Coilntcrs. Proportional counters are used to detect one type of radiation in the 
presence ?f other t g x s  of radiation or to obtain output signals greater than those obtainable with 



ionl7:ition chxnbcrs of equivalent size. 1'1-oportional counters may be used to cillicr detect evenls 
or to lilcasrrrc ahsorbed eocgy (dose). becaure llie output pulsc is dircctly proportional to (he 
c:icrgy rcleased in the sensitlvc volumc of thc counter, t'roporlio~~al counters are lnost widely 
i~scii ih1 llrc dctcction oCalpha particles, beta, neutrons, and protons. 

i ~ ~ ~ t e m ,  A scmtillntion countel. comhuies a photomllltiplicr tube wiih a 
wliich may be a c~ystal or other pl~asphor (sold, liquid, or gas). Light 

3i: scintillator by radiation release pliotoclectrons from Ihe calhode of Lhc 
nliicl~ then initiates polscs of current that can be counted Scitltillat~on 
that can detect alpha and heta particles, galnma rays, neutrons, protons. 

he most common countel-s for field uses are those employed as alpha comtel-s or 
tors, Sc~n t~ l l a t~on  coui~lers may be veiy energy dependent depending on the 

atmg mater~al. Scintillation counters are more efficlcnt a( dctcctiny low level gamma 
3:ic .grounds than are Gctger-Mueller counters. 

3.19. Radiological Survcys 

1. Reference: FM 8-9 (Part I ,  Antiex A). 

2. General. The primary puqiosc oTpcrSonning radio1ogic;:l su~vcys is to dctzmnnc (lie extcnl of 
any misting health hazards. eshhlish psotectwc co~itsol bouiidal-ics. and provldc data o ~ t  wh~ch to 
bosc dcconta~n~natlon rcquilemcnts. 

3. ?lit resolk of arm sill-vcys are uscd primarily to establish 
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Figurc 3-E: Radiation Survey Techaiqucs. Hadinl Plot (left) aucl (:rid Plot (right) 

\ I i x  ~ . ' I I ~ I I ~ I I I C C  o l  3 ~.ad~ologici!l swve), may bc divided lnlo L\vo ~ ~ I I ~ I S C C .  .! p-~i~ju:lit.~!! 
1tl1,isc. . I I I ~  :la c~ecuiioii pIr;~sc. The prcparalory p l m e  ~nvolves ihc sclcrtlon, I C ~ I I I I S .  :!:;,I I (  
wcessncy, whhration of survey equlpnient to bc used; the acqu~s~t ion ol'iiiatcr~als nwcssaly ror 

more accurate, but it is time consuming and requires a large nurn\>ei ofpcrsonnci 1%) ci\\:; .I i.:,:? 
area. In practice, both methods might be employed usin!: thc hcst  cato ores ofcacli ,;.:c::' -!b: 
radial plot is ured Lo establish the isodose ratc line boundaries a id  the gri~i sysict?! I \  ::-cii 
hcawly contaminated areas in dctail. Care must be used in sclcchng a foc.11 p > ~ ~ i t  k,r '1 7.1'!1,tl ~ p l ~ > :  

as thc cntisc co~itam~natioii area may be missed. Wl~alevcs system is u.;ud. 11w hlin\i~~~gri.lili 's 
iiliist bc obsctvcd: Tsodosc rate lines ~ilust always closc. lsodoic rnli. i~ilc.: unil:roi cross cach 
ollicr. and lsodosc ratc hnes c m  cross a survey line only at ;I daia poinr 

E lil pciIhrm an area sulvey, personnel move i n k  an n r u  unlil iilc !.ti11;11ioii ic\el cal;~liiisl!i.d 
a? a gu~dc  in the prepamtory phase is rcaclrcd. T h ~ i  point I S  hcii dcsigr~alcd on a m a p  
Following tlic readout frow the radiation ~iistru~ncnt. the isodosc ratc Iiiics for illat i-adlation levcl 



C. U'hllk ared wr\c>s .tr: g.!'?:;;!',:. . . ; w L : ~ A !  .I. :ur.-!i.c <:;!\:.ii. t 2 ,  .ir'aon\ t,tkcii based on 
~ I I R L , ~ ~  7 ~ 3 1 ~ i t j  xi,?! !,c t!cftmcd fP: h\,lt- 17r h > e ,  ; \ ~ ? ~ L ~ I ~ ! x I  Y:I:\<)\ 2:c ~ !a l \ e ,  I,; \lid! ;!cttnnq 
t.ikcit 10 1mi1we timtitt~i~t?dtcli rnatert,i!s ftum hod\. surLices drc u\odl! ldhcn tninwi.ttciy. 
iiccaiisc they arc dct~vc surveys, the locarions of the cootaminatton on hody s i~ r f~ccs  arc no1 
i~stially plotted, as IS the casc in area surveys. Instead, contaminated areas are idcntilicd wi!i 
tapes, dyes, maglc markers, etc., on tlie body sul-face itself. 

Personnel Survey. 111 performing a personnel survcy. the individual to be monitored stands, with 
legs spread and anns extended. The radiation monitor hcgins thc survey at tlie head, 
subseqoei~tiy sunreyrtlg !he upper trunk, arliis, lower tnmk, and legs. l'hc indwidual bcing 
surveyed is askcd to do an about face, and thc proccdure is repeated. As in area snrvcys, care 
must be takcn not to pcmit  the detcctor pmbc to ioi~cli any potentially contaminated surf-aces. 
When a cont:miilla!ed are.1 i -  .:,,n!.!i,~,!, 1 ,- ~.::k:,i I :  , I  1,  wsp?ctcd that conlaminalion may 
havc cntcrcd a body oper;;ll:; nr mound. -,td':'\ I::.:, he .:4 ' t i  ii>lk.: \::I Lice niatcri:il Tlicsc 
swabs may thcn bc checked \\ 11h n r:iiint;o!> rictiwIi\~ .ippropthIc in ilclcot the tcotopc nicnnccnl. 
Personnel survey records sl~ould ind~catc the mmc oi lhe ind~vtdu;ll sur\cyed. the sites and levels 
of any activrty detected, and !he nature of any itlstructions gjvcn to tlic cont:lminatcd ind~vidual 
concerning decontamination procedures. 

Equipment/matcriaI Surveys. Equipment/material sl:lveys are perfomled in a manner similar Lo 
that used for area surveys. Hand sketches of the ohject to he surveyed are prepared. Surveying 
begins at the lower and outcr surface of the object to hc survcyed and progrcsses in an uphard 
d~rection until the ohject 1s cotnpletcly sorveyed. Arei~s of contami~iation and lcvcls of activity 
identified arc notcd an the sketch. Survey rccords devcioped from cquipmentlrnaterial 
tnomtoritig are simtlar in thcir infonnatio~t ci?t;!mt to !l:!:osc nl.ep;!rui ior :if-ca survcys. 

Radtological Survey Hricfing. 

Situation: I'nemy and contatniti.~t:u~; c t  d'v- 

h4issioli: Who, ivhal, wlicti, n l i~ ,~ i . ,  .!:%,i ;\, \ 

Execulton: 

(I)  Concept ofopcralion. 

(2) Assig~tmoits. 

(3) Coordinat~ng ~nstruc[iotls: departwe bnw. p:*: ; .v~ .I:!,: . I ' : . Y . I ~  rtw!os. coordination 
rCqu".cd, 01:G, tllrti-hack dosc, tum-lxich dnic r.11~. 2<':1.:1. ,r- ri..ictb-:; i l l  (i. turn-back 
dosc. 111r11-I)ack dose ralc. Arcas rcquir~ng mai-htrig. .!t:d i l l  '>r.:fi.:,: - u ' 3 1 ~  ri!:!:crc. by \vhom. 

Service Support. 170mis. eqoipmcnt, protcctlbc c~ ju tp~wi t .  md  ~ i i ~ ~ ~ ~ t : ! . i ~ l l l : 1 . i I ; ~ i ~  



3.20. Dosiinett.! 

I. l:c!;.i.o't:+ \\I1 i l l> i'ct!rcr ,ind Scliool's (311 76-332-200, Fhl 3-3-1, 1:M 8-9, TM I I-665-214 
1'1 ,  ' l l l~ l  I l l  I !-l,~~~-:.:t>-l 2 

2 (icnctal l?ocimc!i.i\ nii.,iwc tllc t o t i  dosc of extenla1 radiation to whicli the device is exposed. 
l h ~ ~ n i ' t c r s  :ire i~\ii,iIl) wet-ti hy personnel lhercby measuring the external dose to that indwicii~al. 
Dos~melry IS  ncccss,~ry since the 11iedlcal cfrccts of radiatmn may not manifest theniselvcs for 
days, years, or cvcn dccades. There are scveral Lypcs of dosiincters. 

A. Clicillici~l Dositnelers. Chcmical Josi~iicters are systems in whicli nieasurable chemical 
cliangos :Ire produced by ionmng ~xiialion. Radiation produces acids in the system. the amount 
oS wh~cli can bc dctcnn~iied kom visible color changes, or, more ;lccurately, by titration or pH 
readings. Most cllcmical syslclns of practical size arc useful only for gamma doses of hundreds 
to millions of cGy. Howcvci-, siiiall volume detectors can be ibuiid wllicli measure doscs in ille 
rangc of a few cGy to scveral thousand cGy. 

B. Phologmphic Emulsions. Photographic emulsioos are frequently used as detectors. The film 
badge has been the most common dos~mcte~- in use, but is tending to be replaced by 
theni~oluriii~~esce~lt dosiineters CFLD). The film badge uses the effect of radiation on 
pl~oio~rapliii' film to record dose, A k r  film developing, the optical densily IS compared to a 
film r:ilibi.it~oii cur\ r.. md a tiic:lsurc of exposure dose is obtained. As the exposure dosc 
:I~C:.U.IWI. tile opt~cai dci~sity or the emulsion liicreascs. At Iccist two dirfcrciit t y c s  ot film ne. 
ci~ipluyd lo cover a \vide-exposure r;ingc; a Ion cxposurc iilm, 0 02 eGy !o 2 cGy arid :I li~gli- 
crposorc film, I cGy tu 1,000 cGy. lvlctal fillers sucli as alun~iiliml, coppcr, and cadni~um- 
lungstcil, ; in  used to lilcrcnse the accuracy in lhe reading. The heavy mcinl filtci- ;ilso ~ntensilics 
tllc gamma rad~atioo intcracliun. Bela radiation is evaluated by observing the density change to a 
pution or  film that is not covered by a filler. Film badges or TLDs arc widely uscd as ihcy 
1xmidlc an accurate means of recording radiation exposure at a low cost. A disadvnn!:ipc or film 
bailgcs is Ihnl Irc;il, moisture, and aging will cause a natural change 111 the films op!ic.ll dciihit! 

C. Tlicrmolotnincsceilt Dosimeters, Thcnnolo~uincscci~l dos;mctn.c ('1 I I),) dcrurt r.iilla!ii~ii hy 
the formation of a crystaline stnlcture. lonizi~lg rad~nlwn n a k s  clcificili- t o  ,i .;t.u., i\!tl~ii) !I>r 
cvyslal slructurc, which can be detected by heating llic ci-yslal. \Viie:1 1ic.11c~i. tlic eir.~rmnf are 
relcascd fioiil these traps and return to their lowest cocrp st,ilc \r;iii l!ic i-clc,~ce ol' 1:::111. I Ill, 
amount of light released is proportional to the ~adiatinii c\lmllr-c R ~ ~ i i i i p l : i ~ t n l ~ i ~ ~ ~ ~ ~ ~ i ' v i ' c ~ ~ r  i RPI ) 
glass is cr dosimeter material that will lumiilesce Tollnili~iy ,111 t . \ ~ i t . i t i ~ ~ i ~  ptil-c ot 'i~l!iai~,~let 11gi;t 
~ I ' r t  has been cxposed to ion17iilg radiation. ?'his cl'll.ct I.: i , iu$d i: r.i~l~.itin:~ ~r:iioci.,I L t u n p  111 
h e   lass crystaline elcctronic structure. Altl~oupl~ olhci i:i.rt;i:.iii .ii.;il c\li:h!! :hs  p:mpenv. 
silver act~vated RPL glass has found the grc:~lct appli;,iti~>n I;> \ .inJ +III:III.I i.i~i~,rtio!~ i I i ~ \ i ~ i i ~ t n .  

The sensitivity depends on the type and ninnuihctui-i3r sclccte~l. .11:i1 rdiige\ lr011i i! ( 1 1  cC,\ hi 
several million cGy. Thrs txle of dosimeter cannot bt: rcrocd; it ghcs :I toml ciiiniil.itr\e ilmc 



rcading that fades only very slowly with time. Silicoti diodes are most iiseiul for high-encrgy 
neutron dosimetry. Neutrons reacting in the diodes cause displacement of a t o m  in the silicoii 
crystal, which results in a relatively permanent and measurable change in its electronic resistance. 
'These dosimetcrs arc almost totally ~nsensittvc to x and gamma radiation and have a practical 
rangc of 1 lo 1000 cGy depending on the type selected. 

D. Pocket Dosimelcrs. The pockcl dosimeter is almit the size and shape of a large fountain pen 
and is wom on the trunk portion of the body. It is a direct rcading instrument and provides 
intcnm I - a d d o n  c\posilre inhnnatinii and sliould be rised in conjunction with a TLD rathcr than 
in licu oCT1.11 :.u~, 1.';- I?.>';:: .IP-':':?~P- rnnsists of an ionizatioii chaniber. This chamber is 
scnsirr$v 1,. :y,i:iii:~. i:!&,!:!.'!r P i ~ L c i  i!oi::r.ctcrs i~st~;illy itnvc a rangc k o ~ n  0 to at least 0.2 cGy 
Its ~:ld~c.rl;.i I-. .I.: inr.!;c .I- <,!;& i ~ u m ~ ~ t  hhcr oil :i c:~iibrated scale. Pocket dositileters lose 
lllc;r clci::it'.il .':~1.52 ,,\<I ::I'-c 3i -~ ,n  2 ;>,vkct dosiiiictcr is "/,eroedM. it has a Rill clcctrical 
chnyc I I.,. 1 c.ih,t;~ I I'! i111, iii,ii;: ;il.ingcs illc re:idiiig 011 thc dosiinetcr and citn be 
llIiq~~:,,b:::,:i: ! ,-:. L,i., ;,,> .: :J,\ .,- . .  ,. ~3 L,t!wa~r o!!.liii.~:!on csposiire causing pcrsonncl to assurnc 
tlwt :',:> I,.',\<, 'v.:~ L\!>L-?2 : ,!:,I : \ c ? ~ s : \ c  a ~ i i w i ~ t  of radiation i1i~1, in turn, to rcsnlt ~ J I  

cessation o i  opcr.~i~ons a t , '  II:I:C c o i ? iun~!n~  I ~ ~ W I ~ : ~ ~ I O : I F .  'I'hc usc of LWO dosi!ncters by 
lxx.onnel call I)revent f;!lse ititc!pre!:ili(~ of 311 ~i~lii\iclu:il's e~posltrc. When practicable, use 
two pocket dns~mctcrs .ind nrcunli, !!!.il :hc I,wcr r:>d:n~, ,- 1!1e actual cxposurc. PI-opcr 
operation oi'pockcl do~iiu[:lv!s IS iIx:!:m~:,~,i !'.IJ!I,-~: ;IL,::A!:< :.~<:!l~bi.n:ion lby USATRDC. I r a  
dosinictcr IS suspwted of hai Ing ?\cc~st \  r hi\..;- ::I: li-!lo\\ 1112 ;>i,~ccilurc should hc Ibllowed. 
Recliarge tlic dusrincter and Icavc i t  in n hacliyrowii radiation arca :hr a p l o d  of 24 hours. 
Aflcr tliis timc lapse, recheck tlic dosiiiiete~. Jricakagc excecds two perccnt of full-scale, the tcst 
sliould be repeated. If Ilie dosiinetcr agam leaks at an cxcesslve rate it must be considered 
defective and turned in for calibration. Each dos~ineter should be read immediately prior to 
operatlolls to check for excessive leakagc and sllould bc subjected to the ahovc lcakage check at 
monthly inle~vals. 

3. Usc. Dosiniete~.~ are dclicale instruinents and should be treated as such. Jarring or dropping this 
instrument may cause a high reading or I-cstill in breakage of tlic qunvtz libel- electrodcs. Also, 
cxccssivc huinid~ty may cause a high rencltng. Ii 'd~mngc to tlrc dosimeter is suspected, personnel 
should i~inncdiatcly notify their s ~ t p c ~ ~ i s o i  

A. Tlicniiolumiiiescciit dosinictcr (TLDI ''JJsc- ~.--c,i !n ito! id- a pcrmnncnt record o r  tllc 
cuniulative cxposure to the whole body must l:c n,-:-.: , . i  t . 2  ::u-ii ih;lo\\ tlic sliooldcrs ;md 
ahovc the lnps) outside of clothing on the vortio.1 n i  .I::.. .. :1 : '-.',:. :xorcit thc radiation source. 
The dos~meter window must facc out from tlic bu i \  

B. Pocket dosinleters provide direct-I-eadiiig cap,ib';:; :?I: .I,.. :I - :':< ,!i?\~!ilct[:r l o  he rcad at 
ntiy tnne while working in a radiation area Lo fc1 i.1 c q ! . ~ , , : ~  .:':I.: c\l1cc11rc rccci\cd. Thc 
pockct dosimeter shall be read and doses rccordcd <!,I::\ .:I :I i. ..:.:.:,.::w:i Ing. 111 .it any tune, 
dosnncters read olfscalc, an emergency situatlo!~ t i  coi?c!,!c;c: ' - < \ . i t  .!:,,i :!I< I I IJI \   dual's 'I'LD 
badge and the control hadge must be submitted innnedr.i!cj~ i c ' i  ;~.VL z - ~ : ; ~ :  

4. Anny Dositnctty Service. Army activities, to incltidc tc\i.:!c +?":& .>I.- rq l l ! inl  lo use the 
At-my dosimetry scrvicc provided by the USAIRDC ~-:~I ! . I -~! : IL~:Y I I I I I I ~ I : ~ ~ ~  it~dustrial 
radiography operations should contact USUlmC 11: AI \  .I:,;< ' .!,,tjr< .:cci;>t ot'dosi!neters prior 
to the date on wliich such opcmtions are sc11ciI::l~d 1.) a..:.:-zi,.: 



Figuie A-? 

(3) Slnce t l ~ c  platoon I ?  the lowest level at wli~ch ladldt~on exposuic recoids ale 6cnl 
I-cplaccnicnts should be at platoon level. Ao ineifect~vc platoon is either pullcd out I,:' ,I 

conii~my, or Llic personnel arc reasslgnetl Lo difrercnt platooiis with llie samc RLS. A ncn 
platoon IS Liic~i ;Issigned to the company. This creates severe managemci~t problciiis Ihr 
persoi~ncl replace~ncnt. All levels of command must follow thcsc procedures. I! may hc 
diSficu!t, I ~ I L  it kceps pcrsonnel from becoming incapacitated due to ovcrcsposurc lo 
T : I C ~ I J ~ ! O I !  

C I I I ~  I ! !  .A: an interim measure until Ilie Army issues the DT236 indiv~dual 
closi~r~i.tcr\ to c.~,,li cih!:er, tlic dose of the soldier is assumed to be the sai11e as thc pintoon or 
s~ii!~Iar sire illlit lo \\l~icii !lit solilicr is assigned. When reassigned or evacuated tlirouglr medical 



or ntllcr channels, the soldier's dose will be assumed to be rhc same as the platoon or sinlilnr-sizc 
onit to ahich last assigricd. A notation of this status (KES-(I, RES-1, RES-2, RES-3) wrll bc 
mmlc oil the soldier's oliicial records for fornlal record orrad~ation cxposurc wlicn the ii~div~dual 
is p s e d  on to a gaining unit. 

Bioassay 

Bioasays should he conducted whencvcr there is a possibility ofintetnal co~rt;~min:rtio~~. Such 
sltuatmos mclude bemg in or near a vehicle as it is hit by a DU round or aflcr it has hcrn Ilit, 
climh~ng on ruch veh~cles beforc they are completely dcconlammated, or hcing in a room when a 
firing coutrol devlce containing tritiom breaks. Because o r  thc its advanced armor, mumtioos 
that penetrate the armor of a MI shorild be assumed to be DU. Also assume all tanks and 
velucles k~lled by US forces am contaminatcd with DU and radium, USACHPPM's TG 21 1, 
Radiobioassay Collection, Labeling, and Shipping Requirements, contains thc p~-ocedurcs for 
submitting a bioassay sample. 

Radiological Bioassay is defined as the determination of the kind, quantity, or concentration, and 
location of radioact~vc material in the human body by dircct measurement or annlysis of 
inatcrials excreted or rcmoved from the body. Bioassay programs are designed to identify 
potential health problcms that tray arise to individual workcrs, evaluate the effectivcncss of 
radiation prokction programs, and assure compliance with regulations. Direct bioassay (In-vivo) 
includcs wholc body counting or organ counting, and indirect bioassay (In-vitro) includcs 
uuinalysis. fecal analysis, or other. 

The USACFIPPM IS responsiblc for providing bioassay support. Specinlens for bioassay arc 
collcctcd at medical treatmetit Facilities by occupational health professionals and sent to 
USACFTPPM for analysis and dose assessrncnls. 

A dose assessment report is produced and sent to the mcdical treatment facility that initiated thc 
rcquest and submittcd the specimen, the NRC license manager, and the USAIRDC. The report 
sent to the rned~cal treatment facility is placed into the individual's medical record. The report 
sent to the NRC liccnsc manager is archived. The report scnt to the USA W X  is combined with 
any ewtcrnal dose 111 ordcr to provide thc XRC :iimuai dose Iiistosy. Thc USAIRDC archivcs the 
report for at 1e;rst 7 5  !car<. 

Radiolo~icvl Haricr 

Rcfrrcncc~ \\:i : ) i '  i \ . : ; ' > r  ,I::.! >:>.\i.:'. \!i.i' i~e!t;:.rl l t c t ~ t . c n ~ , ~ *  kn tlw Oificcr Hasic Course, 
Fb[ 3-7, [ , \ I  <.kj ,i,J,: ",,,!,;,! [ \! <.: ,. - 



transformatioii per second = 3.7 x l d O  By. The specific nclivily is dcfined as the activity of the 
source divided by c~tlier its mass or it volume. Therefore, spccific activity is measurcd in units 
such as Bqip or tk;1111. in the S1 system and Cilg or CilinL in the tradrt~onal units. Ofcoursc, the 
niullipliers arc oRcn used to make the units more readable (for example: n~CilmI,, Wqlkg, etc.) 

3. 1I:ilS-lif'c (T) nlsadioiogical material: If wc look at a sample o f a  rurliomdiiic, we will find that 
aitcr soiiic :imount of timc one-half of the original number of a t o m  will have made the 
transfbrn~at~on. This time is called the hulj7$e. After another half-life has passed we will again 
find that one-half of tlie a t o m  have transformed (leaving X of tlie orig~nal number). Each 
radioiluclide has a umque halFlife. For example, tritium has a half-life of 12.3 years while 
Uranium-238 has a half-life of 4.47 billion years. 

I G ~ u r e  3-F: The Transformation of a Radionuclide over time 

" ::L \\< 

0. , , ,'. ..-- *-=. 

0 T 2T 37 4T 5T 6T 7T 

Number of Half-lives 

4. 'Typcs orRadia~ion. 

A. A nucleus can decay by emitting several dirfcrent types of particles. 'The most common 
fonns of radiation are gamma, neutron, beta, and alpha. Many radioact~vc isotopes decay 
through vat-ies cli;~nncls and emits several fomls of radiat~on at once. For cxample, in any decay, 
the nucleus IS  usually emits a gamma in addition to any alpha or beta emitted. 

R ,  G m m a .  Gamma radiation is highly encrgctic and penetrating pliotons. It is simi1:x to 
visible piiotons hut arc olliigli energy. Ganinia radiation can penetrate through skm and clolhing 
and llicrcrorc is both an internal and external hazard. If the gamma photon flux 1s liigh and the 
wliolc body IS exposed. a ia~rly homogcncous deposition of energyover the entire body occurs. 

C. Ncutron. Neutron radiation can result m whole-body irradiation. The energy deposition will 
not he ~~n~Sornr, and the side of the body that faces the detonation will absor-h moie energy than 
t l~c oppos~tc ndc Thc rnajor cf'fcct of this noii un~fonii deposition of cncrgy will be lo carm a 
widu \aii:ltioli in Ilic typrcnl radiation doses causing radiation s~ck~icss  rather tlian significant 
\an:ilioii i i i  1111. ovcrall clinical cSSects. 

1). Rcia Railistioii. iligh-spccd clcctrons in the Cunm of beta radiation lose most ol'tlici~ cncrgy 
: ~ i l c ~  pc!i:t~"L~t~g unly :I Scw ~~~illimeter's of t~ssuc. If the beta cniitling matcl-ial IS 011 llic surk~cc 
nT the skm, the rcsiilling bcia ~~-rad~atioil causes daniagc to the hasal stmtu~ii o f  tlic s h i .  Thc 
lcsion I sinill,u. io :i supei.ficia1 themial bum. However, if the beta ~ualcrlal is ~ncoqmatcd 
inter11;illy. Ihc bct;~ rad~nhon can c ; ~ s e  sigmficant damage. 'i'lie damage will be III splrcrcs ol' 
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3.23. l n t c r n a l  i r r n t l i a t i r ~ ~ t  

I .  R c ~ ~ : c x L ~  i \ 1  \-la ( c  ?<I~!? I  P J I ~  1 )  
> (. . . . .  - s i L ~ ~ : i  b\l!::.~ T J ~ ! ~ ~ , I C ~ ~ \ C  m:itc~-i;~ls wc incinyor,~ted intL> III?  h , I )  ,111d :~A+i!i?d~ v&!11ilic~11~t 

r.iiI~.it~n:: I:;IIII! i.in be sustaiii~d by specific tlssues in wliicli llic mati,ri.iii . i ~ -  i i ~ ; i < ~ ~ k . ~ I c i I  1.1. I I I  

wmi. r i i~tmcts  ihy Ilic wl~olc body. The primary Sactors that dctcrm~iic Ihc i)pi' ai:il i!cgrx ill '  

I I I J ~ I I >  :arc the types and anlou~~ls  of Ilie isotopes deposited and the natule alld ci!cri.~r,~ !h? 
r.iiIi,nion cmiltctl. lsolopes of a given element follow a fairly specific biological p a t h  ay I I I  tlic 
hodv. X1oi.c than one isotope may be incol.porated in the body at tlie same time, and the erfccts of 
a ini\lrire ofisolopcs fooi~d in rallout would bc additive. 

3. l~icoiq)nr:~tion of Radioacl~ve Materials. The basic routes of entry for isotopes arc inlialation, 
Inscution, :~nd absorption through the skin. Other pallis arc injection as penetratio~~ oS a Sorcigil 
object m d  open wounds. Following ingcslion or inhalation, a given matcr~al may be ahsorbcd 
inlo the blood stream, depending upon its solubility. tnsoluble materials are not absorbed, except 
In cstrcincly small amounts, and inay be ehminated fairly rapidly drrcctly from llie respiratoly 
and gastrointest~nal tracts. Howcvcr, under certain circumstances, msoiuble materials can bc 
rctalncd at or near the original site of deposition, e.g., in lhc lungs or in wounds, or may he 
trailslocated to regional lymph nodes, where again they will constitute an intenial radialion 
hazard. Only the vely small particles of radioactive materials, 10 nlicrons in dmneter or smallcr, 
are depositcd in the alveolar airsacs. 

A. 1nlial:ition. An insolnble material that is inhaled in the fomni or  an aerosol will be dcpositcd 
dong Ilic tracheobronchial tree. Much of it wrll be rcinoved by Lhc ciliary action of the mucosa 
h r n y  of the respiratory systcm, l)nl a ccrlain fraction, dependn~g on the size, shape, and density 
of Ilic part~clcs, will penetrate down to the :~lveolar airsacs and rcmain. Only the vely smallest 
part~cles penclratc that fir; and so, tlic percentage oSnlhalcd insoluble l~articlcs that arc retwncd 
in tlic lungs IS small, generally less than 25%. I-Iowevel-, matel-ial so retamed can he a 
consiilci.;~hlc li:mrd to the Inng, since it may remain for a long tnne. A poruon of this malcrial 
I., , ' I  Ihc i>~skcd up I)? the lymphatic system draining the various pulmonary regions. It will then 
''7. ~,,  :;A IC,: :.! mil nnl.il!i In tlic I p p h  nodes or  the lungs and still hc a long-lemi ha7ard to 
1 ,  I :  \ .:v.!II !'~.~ciinii of the inatcrral may r c x h  Lhc blood stream and end rip trapped in 
. l : ~  , , ,  , ~ , . ~ . , )  . oL,,! , ,ld~eli:il s)steni in varmus reglons of the body and for certain isotopes, such as 
;rl!!!!widrm .!nii ii~ol,Iiwn. ~ i s o  In bone. I f a  soluble material is inhaled, it is absorbed very rapidly 
md  complc~cl!, and olien will iiol rcmain in the lungs long enough to cause signllicaiit dmagc.  
Oncc in the c~iculaiion. il will he distrlbutcd in the body in the same way, as it would rollow any 
otiicr niodi: oi'cnhy. 

13. Illgcstion. An inroluhlc material that is ingested will remain in the gaslroi~ilestinal tract and 
bcco~ i~c  mixcd in nliii part of Lhc l'ecal material in tlic large bowel, with which it mill then bc 
cl~mmated. This includes swallowed material clvared From the upper respi~xtory tvact and thc 
ti.;~cIicobronclu;ri systcm hy c~iinry acttoil. hisolublc material is not retal~rcd ill the gnl ,IS it is in 
the lungs or in sort tissucs, and llic r:ldiation hazard is limited in lime to that rcq~iired for Iransit 
and elnninalion, gcncrally a ni:illu of hours. As a result, tlie radiation hazard is negligihlc, 
unlcss tlic material includcs a li~glily active gamma emitter. Normally, beta and alpha rad~ation 
from insolnble radioactive materiai in the gut lumen will not cause sign~ficant damagc. The few 



cells of' rlic niucosa that arc damaged slough oA' and are replaced rapldly. Ilighly radioactive 
fallout contaming fiss~on products emitt~ng beta and gamma radlalion could causc somc 
gastrointestinal tract damage if accidentally ltigested wrth natcd foodstufk or water, 

vcd {rom cxtcrtial gamma 
radiation 111 Ihe litblc rnatcrlal is ingested. 
ahsorption is qui e y Ibr Ilrc soluhie isotopcs 111 
fallout, particularl, ~iiied, A numhcr of lission 
~prod~icts c;rii hccoi p1c.t ibod chains. In somc 
-:~.l.:r!r~.s. certain lilcsc c11;1tns iiicrcastng the 
a cnl:i,il lha7mi to Iiiiiii;ins. 

c : T , I T , , C : : ~ ~ I I ~ ~ ( ~ ~ I C  \!>wq>~io~>. 11; 1:,,~5' ,-:: .- .. " . ,.~ ,~.,  3 '  <,),~* . ,.. ,,~: .~ ,,,it~:le :lio in~,icr skin c.111 be an  
I I I  I : : ,  I t I I I C I I  : t : , I! \\lli 11111 hc ;iI~sorhetl lilt0 l1:c 
hloc7d < t l C , > l l i  ,!tl\! tl!Ub \ \ I l l  11;: I ~ C ~ L ~ ~ I I . '  ,i'l l ~ l I~~Pl~ l1  tl.l/.l;~i ~ n ~ ' ~ , C ~ l ~ , i ~ ~ ~ : . .  C~~lI!~lilll~lil~l~lll o f the  
S ~ I I I  \\11i: l xg r  L I U ~ I I I : I I I C ~  I-' ,:,I!:II~:,I  mi:^:^:^,: ~ : i , ~ I c r i ~ ~ ! ~  W ~ I ! ~ !  T C \ L I I I  111 ~1gii11ic~mt uliolc-lmdy 
I ~ ~ ~ I ~ ~ , I I I O I >  lh,, c ~ > d ~ i  L>L;,I? \\!>.:I ,-JW;I:I:; li.i\c htcw ~1~1>1cctcd !,> lica\y killo~~t 
cnii~ani~nation. lidai.\r,;. I!:,> ?,!I: 5 2  c.:\.l; ?:il\c:l:cii h\ Iprntnpl rcniir\,:i O F  mnl:rn~~naled 
clotliiitg slid \ ~ ~ ~ s l i ~ i ~ g  c~pow:? ,IW,I. o! <\,:- ! i  ,, ,,!wu:id :\ ~ ~ ~ ! ~ I , I I I : : I I . ~ ~ ~ L ~ .  11is~~h11>Ic tniatcrt,d W I I I  
tend to rcmatn locaiircd in Ilic I I C S I I C  ~i 1 1 : ~  xv1:111,l - 1 1 ~ .  I I ~ C \ \  I C I T ( > \  :ti I,? J~!~tndclllc~it. Sollie 
would be present within the cschar. This I)pc oC coii1;lmitl:ilmii sliould not causc a scrlous 
problctii. nnless 11 1s pa~t~culat-ly li~gli 111 radioactivity. Soliiblc i~iatcrtel will be absotbed readily 
!hrougli wound sttcs and rlislrtbt~tcd wtliin the body organs and ttssucs according to the i~stml 
~iictabolism o r  tllc stablc Isotope or the elemcnt in question. Sonic solublc m;lter~als. pnrticularly 
Ir~lui~ii, will he absorbed rapidly and tolally across the intact slim. 

4. Elimination oiIsotopes. 

s not modified by chem~cal changcs. The melhods of elimination include renal 

lor ~:ldioisotopes that l i a ~ e  hccn 

,I< llic biological h,~IC-iife. Not 
I lhts nicthod of expression is 
11 CYCCIII IOII  tllal 11111st be liotctl 
e l1111gs and In boiic. The ratcs 



Olhcr isotopes cannot be clcarcd kom the body as rapidly, and lherc is no adequate treatment 
avallablc at prcscnt for mcreasmg the rale oS~.emoval of a mixture of isotopcs whicli would be 
mcoq)orated ~ n t o  the hody as a result ofmgestmg fallout contammatcd food and water. 

C. 'The ovcrall radiological h a m d  of materials that are eliminated exponeiitialiy will be a 
fimction of lhcir physical and biological half-lives considered together. Whichever is shorter will 
become the primnry factor. Thc eif'cclivc halS-lifc is usually dctcmiincd and expressed by the 
following hmii la:  

3.21. Radiouctivr Materials 

I .  ReCercnccs: P'vl 8-9 (Part I), Guide to Medical Considerations in NBC Battlefield Opcratiorls (1st 
Dul l ) ,  USACIlPPM's TG 238, NCRP Report No. 65, and ACALA's Rndioncth~r Mnferlnl 
I~llrl~//lllg S(lfi11~. 

2 ,  h~neiiciim-241. The lilost likely use o r  i\mcricum-241 is with An-Bc as a neutron sourcc. 
Thcsi: are wed in mo1s111rc density gauges, the MSAI CIieimc:~l alann, Icad paint an:~lyzcrs, and  
many smohe detectors. Amcncum-241 IS also used to ensurc omfoim t l~~ck~icss  in rollmg 
processes like steel :md paper production, :~nd to help delcm~inc where oil wells shoiild he 
dnlled. Americium-241 does not occur in nature. It is a progeny of tlic decay process of 
Plutotiiul~~-241 with a half-lifc of 458 years and is priliiarily an alpha and gamma emiltcr. The 
gamma radiation for this isotope is very low, so an cxternal dose could not he I-eceived u~ilcss 
large amounts of Americmu-241 arc stored in one area and a person is in close contact wit11 the 
ni;ltcl-id Sor iilost oS the work day. Thc high-energy alpha cmlssion can prcscnt an intcrnal 
r.:d;l1101! I~.i:.tn! 'i 11 lr ~ngc<Icd. Amcricium-241 is clicmically analogoils to calcrum and can 

, , ~c;>!.:i.c L A , I ~ > I : I  !!IC h i > ,  c.pcc~.~Il~ 111 Ivnc i ~ i , i ~ ~ ~ : i ; ~ l .  Fcx Ihis r casn~~  ~t is o f h  rcSe~~ecl to as 
.I " h n c  ~ r h ~ ~ :  " 0 : i x  . I ~ C I I I ? ~ I I , I ~ C L I  I I I  the k l i~c .  !!lc h m ~  dnd ~ ~ I I T O L I I I ~ I I I ~  I I S S U C  are consLantly 
i l - I  . ic!~,i;~~~i. nl11i.11 can I-ewlt 1x7 lerih.enii:l ;rnd niCilipnancics. S1ni.c Americium-241 primarily cnilts 
,il;>ha r,iii~.il!i~~i. :ilpIl:i detcctlon eq~ i~ lmcn l  milct the used to occiiratcly assess conI:aumation 
Ic\ cl.; l'imorial p m m a  dozi~ncti-y I S  not iisii.~lly requlrcd unless :I pctsotr I S  ill close contxt  witli 
tllc ~ i i d ! ~ r i ~ ~ l  tI~roi1gh0111 ~ l i ~ ~ s l  orthe day. 

3. L',i~i~on-lJ. C1rho11-li is a mqor rcscaich tool. It is used phaminccutical research, biological 
rcscorch, agticnlture. pollution control, and archeology. 

4 C~ewlll-l?' c1111ts ho:h gdmm:l mtl beta particles. It has a physical halflifc of 30 years. hut IS 

~ ~ ' ~ i i : ~ n i t c d  .-i.,,i:!\ ch  uli~;blv fi-om thc hody. The biological half-lire is 70 lo 140 days. C'csitim- . - -  
I I ic limid 111 niwt li.;siio of Ilie body, but it will concentrate in muscle tissue. It is absorhcd 
md ucd the sninc n :I! 3s ~ O ~ ~ S F I U I ~ ~ .  Meat and milk are the primary sources of cesium. Ccs~ilm. 
13; I S  also IIS& In medical trcatmcnt, gauges, and process control in industry. 
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I .  

clays. it is cSficienLly abrorbed and used by the body. 1-131 will containitiatc plants that will be  
eaten by gra7ing animals. Smaller :nnomits can also be absorbed by breathing contaminated alr. 
Caltlc ~ 1 1 1  excrete a large amouiil of  1-131 in milk. 1.131 w ~ l l  bc  coticelitrated In the thy-oid 
gland. The Intake oT1-131 w ~ l l  have its grcalcst inipact tlie first few days lo wceks rollowing a 
nuclear explos~on. 

S, hl:~gricsinni-tlio~iutii alloys. Magncsioni-thori1111i niloys should also he considcrcd as radioactive 
l i : ~  I I I I ~ I  I T  s i a11.i  ~ i i l l c r  Many aircraSL and rn~ssilc structures 
C I ! .  : I  : ; '  ~~:,I~:~c~!I~I:~-~:IL~I:IIIII, il1~8-clbic. 111 ail accidcnl Lhe radioaclwe 
~ h ~ I ' l l ~ l ~ 7  ll1l:~i 1-2 !2<71, ~ l ~ d  ,I,' ~ \&~:\V<Z.! .!\ l , : ~ " d J C ' l \ 2  \ \ 3S iC .  

9. Nrchcl-h.3. \\;:I, ,, :,I,' t.'..;.x. , 'i.r::-:,'c - I  L. iL.l,.. nickel-1.3 is :I hct:~ cmiller wit11 a sliort decay 
chain m d  no gamma radiatloii N~clicl-ii3 is Ib~riid In tlic chemical agent ~iionitors (CAM). The 
beta rad~alion from N~ckel -63 w ~ l l  no: pciiclmte the dead layer of  skin. ElTorts sho~i ld  be  taken 
to prevent iilgcsl~on, i n h a l a l ~ o ~ ~ ,  or ahsorq,l~on Ilirougli broken skin. 

10. Plutonn~ii~-239. Pluto11111ii~-23!Iis a heavy mclal (a~oinic  ~iumber  94), which is artificially 
produced hy bombardment of  IJran~irni-238 \\,\.it11 lieutrolls has n 24.000-year half-lifc. 
Plulonrum-239 is used in ~ i i ~ c l c a r  weapons and Lo power spacecrafl. 

A. l i  plulonio~n p; i~ t rc lc~ arc inli;~!cd. they will he dcpositcd at all lcvcls of (lie respiratory 
systcnl, dcpcndrng on t h c ~ r  s1.e 'I'lic lai-gcr parl~clcs are dqios~tcd  111 Ilic ~ i a s o p l ~ x y ~ i ~  or Iiigli in 
the traclieob~oricli~al trcc. Only Ilic vcry sniall ~parhclcs, 5 p ~ i i  In il~;~mctcr or smaller, arc 
dcpos~tcil lit Ihc alvcolai alr sacs. Tlic p l i r lon~un~ dcpositcd in Ll~c tcr~iiiiial hroncli~olus above the 
alvcolar air sacs will bc  cleared li-om the Ii~riys by  the actlo11 of  the ciliatcd cpiiheliutn makmg up 
Llic rcs lmalo~y ~ n o c o s a  These particles do no( prcscnl any s~gnificant hazard. The posslhil~ly o r  
any sig~lllicant ~ ~ i l i a t ~ o n  damagc while h e y  arc in 1r:msii out o r  tlie lungs or subscqucrttly during 
l l ic~r  passage througli Ilic gaslro~nteslmnl systeiii ts almost nonexistent. Any cclls that a]-e 
dmiagcd by ~ x l ~ a l l o n  would bc slouylicd off and 1-eplaccd durlng Lhc nor~iially liigli rate ofcc l l  
tLirrio\er tliat occurs In lltzsc Llssues. 

R, ~ I I C  plhtorii~itii rc~ii:liii~iig ilr  the I I I Y C O I ~  can causc ii;on:lpc, s ~ r ~ c c  ~~i i ic l i  o f i l  will rciii:iin tl~crc 
i'ssc.iilialI) Sol- !lit I , f - l r~i i?  ' h c  ~ i r \  'd.'.'l Xori,~ OS I'IC ~ I I I L O I I I I I I ~ ~  jpwtici~s arc I I I I J ~ O C ~ L ~ / C ~  
a11d i , l~I \<d ( 1 1 ,  I ,> 11.. ' ,,., .,:' \ 

, --,I: ,I,., ,, L .  ~,\lll  )7 ,>l  1,: l l ~ , , l ~ ~ ~ , > l l ~ d  IrA S i I l C C  a lilrgc 
1~111)>!11111311 \ \ , : I  -- .. . - % '  ' ' .. .'. .. , x ,  (.,- ..T ;l;c 11r:iy Only \cry  i i c g l ~ g ~ h l c  qoantillcs 

C'. cd 111 llic 11ing Lissuc can cause an 
111 ncsrs must also he cons~dcrcd a Ii:ria~-d. 
M agccl A vcr-y sliiall pcrccntagc will hc 
11 lid pa~iiliia i-adial~or assoctalcd w t h  

13 1 I w n r d  of  1111s d i a l i o n  lo an organ 



like tlic lungs is d~Tficolt to asscss. but it is pcncll.atiiig and tiiust also be considered as a ~iote~itial 
prodriccr o f  Irotli l ibros~s and cancer. This x-ray or gamma rad~ation has a vciy low energy lcvcl 
(1 7 KcV mil 00 KcV I-espcctiuely) and is difficult to detect at low concentrations witli standard 
Y-ray icllslllve ~nstrllrnents. 

I I. R x l ~ u t n .  R a d ~ u m  I S  a member nl'tlic o r m o m  sei-ics. Radium d~siritegrates with a half-life oC 
1600 yc:irs to Ibml r;~doii. tlic inert %as that in turn dismtegrates into its progenies. Raci~urn is 
i~scd in gauges ; ~ n d  d ~ a l s  in many lore~gn veliiclcs. 

12. R:tdoii. Radon IS :I colorless, t:istelcss, and odorless gds that conics from the uranium decay 
c h a ~ n .  Lcvcls o f  ratloti vary tliroughol~t tlie E;irtIi. Radon usually 171ovcs from tlic ground up and 
ii~igtatcs K I L O  liomcs :~nd other buildings Llirough cracks and other holes in tlielr foundal~ons. 
H ~ i ~ l d ~ n g s  !r:ip radon ~nsidc. \\,llcrc i t  accuiinilatcs and m:iy lhccomt. a lrcaltli h:lzanl il'tliere IS no  
Ixopcr \ cnlilalioii. CVlicii one brc:illis ~ I I -  conta~ning a large amount ol'radon, Llic sadlation iiom 
11s prozcny c m  damage llic lungs. S c v m l  mcthods arc available to accurately nicirsurc t11c 
~pscscncc nT~.iidoii iiiid its ~progciiy, In a high radon m a ,  it is pi-udent to determiire its level and lo 
lahe ;~ppropr~:itc actioli I T  !he level is Toutid to be high (Tor cxamplc, greater than 4-5 pC11lilcr). 
R:~don ~n~casureinenl lechniques can he  class~fied in tlirec catcgorlcs: 1) grab sampling, 2 )  
continuous ; s t ~ v c  sampling. and 3) iiitcgfiihvc sampling. Grab sampling prov~des  instantaiieoris 
nicasirrcs of i-adnn or radon progeny in air. S ~ i i c e  val~ics fluctriatc w111cly dcpcndmg oil various 
iactors. grab sampllng lecli~liqiics are used in industri:~l monitoring. Ccntinuous active sarnpllng 
irwolvcs miilt~plc ~ncasoiements at closcly spaced t m e  intervals ovcr :l long pcnotl. Thcsc are 
costly and only recommended \\,hen other nieasurcs ~ndicate a problem and the source o i  radon 
entry nccds to hc p~npoi~i rcd  prec~sely, Iotegrat~ve samplmg d c v ~ c c s  arc passive, and collcct data 
011 m h n  le\cl.; ovcr a liscd ~pcriod of  t m c  [NCRP, 1985 #XI. ~. >. \lrunti~~tii-8') imd S t r o ~ i t ~ i ~ ~ i i - 9 0  me hcLii c~nittcrs and linve half-lives 01 51 days and 28 years 
~ c i p c ~ t r ~ ~ c l y .  I'llcsc tn,o iaololm ale absorbed ~n the body and uscd in tlic sanic way as calcium. 
They acc11mii1;rlc in hone. where bone marrow with its blood Corlnmg cells is vr~lnerahlc. MIIL 
and olher dait y prodlicts ;tie the pri~nnry sources oTStronLi~~m-89 aud Strontion-90 111 tlic human 
t l l ~ I .  

14. '1 lroriuni. Tliol-~un-232 einils alpha and wcak x-rays arid betas Crom its progenies. 'I'lioriurn can 
be cstl-acied k o m  mlncral monianilc. There 1s a thon11111 plating (film) on many opl~c.il systems. 
siicli as !11c 111_$111 V I S I O I ~  s~gllts on an MI tank. The principal use of Ihor~uni has heen In llic 
prcparalion oi' Wclsbaclt mantle, uscd for portahlc gaslrglits. 'I lior-ium IS  used to co;iI tuiigslcn 
wire used in clectronic equ~priicnt hccmse of  its h ~ g b  clcctron cmlssron. 11s o\idc IS  a l w  u w i  lo 
control the gralli s i x  of tiliigs~cn in clccltic lamps. Anollicr application o i ' t l i o ~ i l ~ ~ u  15 111 li1;11- 

tcnipcraiorc Iahoratol-y croc~blcs Since glasses corilari~ing Ihor~uni oxide iiavt: n Iiigli ic1:-.icl~vc 
index nnd low d ~ s p c r s ~ o n ,  tlicy arc used In high qualily lciiscs fkr c,mclns and scirntilic 
1IlSIrlIIllcIltS. 

I TI-ili~uii (t1ydurp1-3). Trili~irn is an isotope of  hydrogen witli one proton ; I I I ~  1n.n ~ i e u t n ~ i ~ .  7'1ic 
olllcr two isololics o~l iydrogcn a r t  tiolmal hydrogen (one proton and no t~couoiis) :iiriI ~lciilciium 
(one protor ;aixI mic ncri~run). Deuter~ui~l  is not radioact~ve. Tritiuni is rnil!<wcli\c. ciiiitl!iig ,I 
ic~n ciirryy hcl.i piirl~clc. I'til~rtin 1i;is a pliysical half-life of 12.26 ycars. 

A. I:lu~~ic:i~~l I. \ i l :og~,~i (14,) is rclativcly i n c ~ t ;  hence, tritium incouporated in molecular 
Ih?ilroycn ,I- I I l ,.: I-cI.itrvcly i i~e i i .  Thc elemental gas is inhaled and cxhalcd wit11 only ;ibnut 



11, because the beta 

E. Heca~~sc  oi'thc lvcak hcta r:idiation, tntlum is NOT rcadily nic;~sored by the Geiger-Muellcr 
counicr used with most fielded rad~ac inslnlmculs and requires wipe testing sw~pcs and a liqoid 
scintillation deteclor to dcterrniuc the lcvcl olcontaminatioi~. 

16. Uran~ucn (and I~eplcteii Uraniumi 

A. Uranium (U) is a hcavy cmt, 
wcak s-i-ays and hchs. Uranluin 





? i.,...:.!~ ! ). , :  d. ' , , \L \  XIL\ : .  ~ *.,, ,,' ~~, \ \  .. ,.YL ,, : .: ,I Nt!., r,!:?;., \ \<  ,!\%c. ,111d ~ I O S C  
:,,:-, ILiS,!>.v c<lcLl\ lllJ> ~I,,,>C,lS ill<W!Il> :k? ><AT< >1rt.21 il~<ld,'~ll,~1l ,ll?(l lllclud\~ ,I \I ld? V . , l I C l ~  @ <  

L . t ~ . l -  , , . , ini.lv~ng al~nosl all tlcsucs or organs. Some ol' the poss~hle delayed conscq~tci~ccs 01' 
I . I~ ; . I I~P! I  Injury :Ire lire shortening, carcmogenesis, cataract fomiation, chronic ~xl~odcrmalittn. 
~iccrcascd fel-Iility, and genctlc mutatioi~s. Irradiation of a111mt any part of the body Increases 
tile probahhlty of cancer. ?'he type formed dcpeilds on such factors as area irradiated, radiatioi~ 
dose, age, and spccles. b-radiallon may cithcr Increase the absolute incidence of cancer or 
arcclcratc the t;mc or onsct of cancer appcarallce. or both. 

3. Rlsi ~ti:il)rrs ;mil conip:ir!soli 1s vciy diriicult doc to thc high concern ofmdiation exposrrrc. II is 
advrs,~ble lo ron1:ici LEAC'IIPPM 01- othcr trained Nuclear Med~cal Science Officers for 
guidance bcrore maklny any r ~ s h  analysis for radiation. The BElRV conimittce cstimalcd that the 
risk ordying oCcancev for a l ow- led  exposure to radiation is about 8% per slcvert or 0 08% per 
rcm or I-o~lphly 10 ' per mrem. 

Tahlc 3-P: S ~ e c t r o n i  of Radiation 1 itnits (CrntiCray) 
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4.1. Intelligence 

1. References: FM 3-3, FM 3-4, FM 3-6, FM 3-7, FM 3-3, FM 8-9, FM 8-10-7, JP 3-1 1 (Draft), TC 3- 
10, and USAMRIID's Med~cnl Management ofBiologica1 Casualties. 

2 .  General The Armed Forces Medical Intelligence Command (AFMIC) is a useful source to obtain 
information on expected disease occurrences in a geographical area in order to differentiate natural 
dlsease epidem~cs from b~ological warfare (BW) attacks. They can also assist in the theater threat 
assessment by evaluating the state of a potential adversary's BW effort. Tacttcal medical 
intelligence units conduct investigations of disease resulting from suspected enemy biological agent 
employment and can prov~de hmited analysis of enemy drugs, semms, and antibiotics. Estimating 
the risk of a BW attack and determining unlt vulnerability should be determined. The Importanceof 
medical alertness cannot be overemphasized. BW r ~ s k  assessment may be determined using F~gure 
4-A and the vulnerability to BW attack can be determined using Table 4-A. 

3 Recognition of Biolog~cal Attack 

A. General. [t is very difficult to detect a b~olog~cal weapons attack before illnesses occur as there 
are few detection kits or systems which are capable of warning commanders prior to the actual 
attack. The Biological Integrated Detection System (BIDS) has been recently deployed and could be 
used to detect a biological warfare (BW) attack. A regimen of vaccines and good mtelligence w ~ l l  
also greatly assist In the defense against biological warfare 

B. Medical Sune~llance 4 BM' attack will most likelybecompleted before alocal commanderwill 
be aware that ~t has taken place Consequentl>. *hen s ~ g s o f ~ l l n e s s  occurwh~ch leadone to suspect 
n B\\. attack. the first task ofrhe med~cal oiticer IS to attempt to dtst~nguish between a posstble BW 
attack and ad~seaseoutbrcak ofnatural orig~n The medical olff~cer 1s rcspons~ble for conduct~ng an 
epidem~ological sun-e? to dctcrmine the o n y n  of a d~sease outbreak (1.e a BW attack or natural 
occurrence). Thls sun.ey ulll take Into account such factors as: 

(1) disease lnc~dence (number who have the d~sease) 

(2) expected disease incidence for the area of operations (a BW attack would result in a higher 
than normal expected inc~dence) 

(3) sudden appearance of a disease wh~ch is unusual for the area of operation 

(4) determinat~on of thc source of the disease (e.g aerosol pattern, food-borne tllness, water- 
bome illness, geogaph~c pattern) 

C. Med~cal Ind~carions S ~ c k  ~nd i \  dud15 md). be the only rn~lral rndrcatron that a BW attack has 
occurred. Mosl earl! s?mproms from a BiV attack u ~ l l  be sim~lar to the flu. However, an unusual 
numher of cases of skm rash. jaundtce. diarrhea. sore throat, pneumonia. mental abnormalities, or 
hemorrhag~ne ma) also be erisountered Saturally occumng disease and illnesses from aBW attack 
may occur simultaneousl~. \\ h ~ c h  funher compl~cates recogit~on of an attack. Further confusion 
may result when mult~ple B K  aeents are used s~mul~aneously, or chemical and biological agentsare 
combtned in a single attack. Sledical oflicers must maintain routine dlsease surveillance as rapid 
detectionand de f in~r i~e  idenlificat~on oisuspected BW agents areessential for tactical and political 
as well as medical purposes 



Figure CA: B\\ Risk Assessment 
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Reference: Figure 1-6 from Joint Pub 3-1 1 (Draft) 
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Table 4-A: Determining Vulnerability to BW Attack 
olumn. 

DISPOSITION 

Rciatlve 
Value 
1 
MOBILE 

SEMI- 
MOBILE 

STATIC 

Minimum actions resuiting from these ratlngs are 

10-16 \IEDIU\I dcrcrtbed bclow 

I'-2.1 

-- - 

LOW: 1 . M a m a n  current e i b t s  At:empt to jmprove on those areas that are w a k  

MEDIUM. 
. Analyze currentactlons and~ncrease efforts toreduce ratmg- concentrate onthose arear that yor 

have lmmedlate control ovel (elgl MOPP levels & hyg~ene and poss~bly detectmn assets). 



D Character~stics of a B\V .4ttack 
(I) Unusual Number of Casualt~es: An u n e n p c ~ t d  large number ofcasualt~es may occur during 
a short period oftinie. .4 large number oicasualtles u~ th ln  48-72 hours suggestsanattackwith a 
microorgamsm lfthe casualt~es occur uithm mlnutes to hours. a toxln is more I~kely. A large 
number of clln~cal cases relative to the number oiexposed ~ n d n  iduals, or other epidemiological 
evidence of a massne slngle source d~seass outbreak may all be ~nd~cative of a BW attack. 
(2) Unusual D~stnbut~on of Casualties: Both milltan and civ~lian casualt~es can occur, or only 
milltan casualues ~f a m~litary spec~fic target 1s used ( e .  mil~tary food or water supphes). A 
high number ofrespiraton cases, or casualtydistnbutlon al~gned w ~ t h  u ~ n d  direction, might be 
~ n d ~ c a t ~ \ e  of an aerosol attack Lower attack rates among those workmg indoors, especially in 
areas \ r~ th  filtered alr or closed vent~lat~on systems. may also be el~dence o f a  BW attack 
(3) I'nusual Geograph~c Distnbut~on Cenam biolog~cal agents. like toxms. can be used most 
effectn el) on smaller targets, while others can be d~ssemmated more effic~ently over extremely 
large areas (for example, anthrax). Large numbers ofrapidly fatal cases, u ~ t h  few recognizable 
slgns and symptoms, may indicate exposure to multiple lethal doses from a smgle source. 
(4) Unusual Disease Pattern. The disease pattern is hkely to differ from those of a naturally 
occurring epidemic. For example, except for food borne outbreaks, disease Incidence in 
naturally occurring epidem~cs usually increases over aperiod ofweeks or months. However, in a 
BW attack, the increase in d~sease incidence may be only hours or days. Furthermore, insteadof 
the usual peaks and troughs evident in most natural outbreaks, a steady and increasing s t r e m  of 
patients will be seen in a BW attack, similar to a food poisoning outbreak. 
( 5 )  Unusual Disease Outbreak: The occurrence of a vector-borne disease without the vector (e.g. 
mosquito or tick) or the occurrence of adisease that is h~ghly unusual for the geographic area. An 
example would be a disease outbreak of Venezuelan equine eucephalitlsinEurope where~t  does 
not naturally occur or such an outbreak during the winter (the disease requires a mosquito for 
transmission in a natural outbreak). Emergence of an atypcal pattern mandates not~fication of 
higher authonty. 
(6 )  Unusual D~sease Symptom: For example. an unusually bighprebalence ofrespiratory disease 
(e.g. pneumonia) from a disease that more often occurs naturally as a skin disease (e.g. inhalat~on 
versus cutaneous anthrax; pneurnonic versus bubonic plague). 
(7) Illness in Animals and Humans: An increased number of sick or dead animals, often of 
different species (e.g. horses, cows, dogs) at the same time as an increased number of human 
illnesses. (Most BW agents are capable of infectinglintoxicating a wide range of hosts.) 
(8) Evidence of an Attack: Although rare, a witness to an attack, or the discovery of an 
appropriate delivery system may be further ev~dence of a BW attack. 
(9) "Own-Goals" and "Hang-Fires': A number of initial BW attacks may be expected to fail m 
this manner so one should look for unusual d~sease events in the opposition. An Own-Goal will 
result in unexpected and unusual deaths thanks to a dev~se going off too soon. For example, a 
terrorist's bomb going off in houses while being constructed or in cars on the way to the target. 
A Hang-Fire would be evidenced by excessive preventive action without obvious cause until 
intelligence is ava~lable, as the opponents have to defuse and decontammate equipment. 



4. Dissemination of Biological Agents 

A. General. Dissemination is the process by which infectious diseases or tox~ns are dispersed to 
cause disease or intoxication. The same routes of entrv nertinent to natural s ~ r e a d  of diseases , . 
(tnhalat~on. tnaestton, or percutaneous ~noculat~on) are also relevant when the11 agents are dehvered 
~ntcnt~ondlly b; !\capons' BM agcnrc ar. likely to hc delnvred covertly c~thcr b;contm~ndt~on of 
food ~ n d  udter, o r b \  aerosol exposure The type of del~\cry w ~ l l  affect the lypc ofd~ssern~ndllon 

B. Aerosol. Delivery by aerosol is considered to be the most important route of attack. Infectious 
disease oreanisms are subject to decav over time. which will varvwith environmental factors and the - ~ ~ .  - - ~~ - , 
nature of the organism. Thus, atmospheric conditions are critical to the effective use of biological 
agents distributed by aerosol exposurk. In general, the optimal time for use of aerosol BW weapons 
is durine the late nieht and earlv momine when mactivation of b~oloeical aerosols bv ultra-violet - 
radiation is minimal. In addition, neutral or inversion conditions are most likely to be present at 
these times which best allows an agent cloud to travel along the land surface. Inhalation of agents 
(respiratory exposure) results in deposition of infectious or toxic particles within the lungs which 
may provide a further direct pathway to the systemic circulatory system depending on the size oftbe 
droplet (see Figure 4-B). Droplets as large as 20 microns can tnfect the upper respiratory tract. 
However, these relatively large part~cles are filtered by natural processes and are too large to reach 
the systemic circulation. Access to the ctrculatory system requires particles ranging from 0.5-5 
mtcrons m diameter. Aerosol delivery systems aim to generate invisible clouds with particles or 
droolets betwcen 0.5 and 10 microns that can remain suspended for long periods. Smaller sized 
pa&les are not efficiently retained by the human respiratory tract and arGdlatively unstable under 
environmental conditions. Infection bv the res~iratorvroute mav induce disease at doses lower than . , 
those generally associated with naturally acquired infections by the oral route. The subsequent 
rllness may d~ffer from the natural pattern, and the ~ncubat~on period may be much shorter. 

C Dermal Exposure (Percutaneous). Intact skm provides an excellent bamer for most, hut not all. 
b~ological agents Hou,ever, mucous membranes and damaged skin const~tute breaches In t h ~ s  normal 
bamer through wh~ch agents may readily pass Agents passmg through the skin may cause skm 
lesions, or more rarely, can enter the systemic ctrculation to cause more generalized disease 
anywhere m the body. Generally, disease symptoms from skin exposure take longer to occur than 
those from aerosol exposure (3  to 10 days versus 1 to 3 days). 

D. Alimentary Exposure (Ingestion). Direct contamination ofconsumables, such as drinking water, 
foodstuffs, or medications, could be used as a means to dissemtnate infectious agents or toxins. This 
method of attack would be most suitable for sabotage activities and might be used agalnst limited 
targets such as water supplics or food supplies of a military unit or basc. Filtration and adequate 
chlorination sigmficantly reduce t h ~ s  hazard as 11 penains to water Houever, survivability ofthe 
~nfectious agent or town In nater IS h~ghly \anable (see Table LC) .  

E. Vector-Bomc Attacks. Large number of ~nfcctcd li\e xectors can be produced to spread vector- 
bornc d~seases by rcleas~ng mfcctcd anhropod hosts such as mosquitoes, tlcks or fleas. 

F. Agent S u n ~ \ a i  Thcre 1s potcni~al for dela)cd seneratton of secondary aerosols from previously 
contam~natcd surfaces To a lesser czrcnt. panlcles ma) adhcrc to mdiv~duals (skm or clothing) 
creating add~t~onal. hut lcss s~gnificant. cyposurc Ixwards 

G. Person-to-pcrson sprcad- Humans. as unauarc ~ n d  highly cffective carners of a communicable 
agent, could rcadily bccomc a source of  d~sscm~nat~on of certam agents by direct contact (skin or 
clothmg) or acrosol droplet sprcad (c.g snccmg or coughing) 



1 Bacterial (e.g., anthrax) 1 12 hours - 

gical Weapons Agents - -, .- .."". 1 

I Fungal (e g.. hlstoplasrnosis) 1 5 - 2 1  days 
I Toxins (e.g., botulinum) I < 36 hn,,- 1 

Reference: Table 1-3 horn TC 3-10, 
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Figure 4-B: Distribution of Droplets into the Respiratory System 

loor 

Droplet Dlameter pm 

Reference: Ftgure 1-1 from FM 8-9 (Part 11) 

4.2. Operational Issues 

1. References. FXI 3-3. FSI 3-4. F\f 3-5. FSl 3-6. FSI 3-7. JP 3-1 1 [Draft). FM 8-9. FM 8-10-7. 
USAblRlID's \Icdrrul.\torrapenrenr q(Bwloyrili Cmwlrres . and L-Sh\.lRMC's .!fedrcol Prod~tcrs 
for Supporrrng Mrlrrug. Readrness. Vuccines & Dnrgs (GO BOOK]. 

2. Biological Hazard Plotting and NBC Reports. 

A. General. Downwind hazard predictton for b~ologtcal agents is very similar to procedures for 
chemical agents. The resulting pred~ction provides a general, minimal estlmate of danger zones 
before actual agent has been identified. and before sarnplmgis done to further identify areas affected. 

B. Warning Reports. TheX3C Center (NBCCI \<ill issue an h%C 3 chemical ib~olog~calreportto 
alert un~ts  in the ~rnrned~ate d o u n n ~ n d  harard area. Each u n ~ t  evaluates the report and distributes it 
to subordinate unrts that rnizht be affected T h ~ s  traming u.rll be adequate for the first 1-5  hours 
(depend~ng on umd speed). and n ~ l l  rslare to about half ofzone I o i a  simplified b~olog~cal hazard 
pred~ction. (Zons I 1s the area for a h x h  rnure than 20-30"0 casualrles are pred~cted Casualty 
prediction in Zone 11 1s 20-31!00. decreasln$ to 2 - 3 0 0  ) L-nlts In Zones I and 11 should receweNBCC 
biological reports for adequate naming. For a discujs~on of thc YBC \Varning and Reporting 
System, see FM 3-3, Chaptsr 2 

C. Hazard Predtction All attacks In da)t~me and all toxin anasks are presumed to have aperiodof 
8 hours in which the agent cloud rerams ~ t s  efiecr~\-eness. For n~ghttirne attacks, the cloud 
effect~veness may be longer. and should be calcula!ed h: \ K C  Further effects oftime and weather 
conditions on theperslstence ofb~ological agents are discussed In FSl 8-9. FM 3-3. Chap. 4, andFM 
3-6, Appendn B. (Draft. 199'). 



D. The Maxlmum Downwind Hazard (MDWHD) for a biolog~cal attack may be calculated by 
multplying the windspeed (in km per hr) times four, times the durat~on of effective agent cloud. For 
example, for a windspeed of 5 km/ hr, and an effective cloud duration of 8 hours, the MDWHD = 4 
X 5 X 8 = 160 km. Hazard area predictions become less reliable as distance and time from the 
point of attack increase. 

3. Biological Contamination of Food and Water. Toxins and microorganisms will probably be the 
primary form of contamination of food and water. It is unlikely that a biological agent will 
materially affect the appearance, taste or smell enough for the change to be apparent. The normal 
packagmg and packing of food provrdes protection against most biological agents. Decontamination 
procedures are only necessary for spore-formmg agents such as anthrax. If the agent is unknown, 
decontaminat~on is advised. Operational rations are packaged in metal containers or aluminum 
lammated plastics that can withstand boiling and are resistant to arthropod penetration, thus makmg 
then] highly resistant to biological agents. Food stored in freezers, refrigerators, and in refrigerated 
trucks or r a ~ l  cars will be safe if the containers remain sealed until the outer surfaces are 
decontaminated. The use of unpackaged ]terns should be restricted. Use only operational rations. 
Unprotected food in the open and close to the source w ~ l l  become contammated. The inspection and 
monltonng of food and water is absolutely essential for rapid identification. Samples of suspect food 
must be sent to the supporting laboratory (in theater) and will be confirmed by CONUS laboratory 
evaluation. No field expedient method exlsts for the identification of food suspected of being 
contaminated with a biological agent. 

4. Medical Support Considerations. 

A. Ganeral. 

( 1 )  The medical management of casualties resulting from the use of BW agents is a problem of 
managing large numbers of individuals with infectious disease or exposure to toxins. Medical 
units will require augmentation to decontaminate incommg casualties. The fact that the source of 
the exposure may have been artificially created by deliberate, hostile means will not change the 
basic principles of treatment. For instance, in the event of a biological attack, themost important 
factor in providing operat~onally relevant ~nformation and adequate medical management will be 
the rapid eslabl~shmenl of an accurate. spec~tic ~dent~ficat~on of the agent. In contrast io 
naturally occurring ep~demics in wh~ch the d~sease ~nc~dence increases over a period of weeks or 
months, an art~ficially induced ep~demic wdl peak m a few hours or days. Since a biological 
attack may be silent or nearly so, the first indication of aproblem may well be the appearance of 
a wave of casualties in which medical personnel are unable to differentlate natural disease 
epidem~cs from covert enemy attacks. Onset of illness following exposure to toxic agents may 
range from minutes to as long as 3 weeks. Some potential BW agents are transmissible among 
humans, so spread after the initial attack may become an important planningconsideration. An 
increasing casualty load is anticipated with relatively few initial casualties and a greater number 
over successive hours or days until a peak is reached. An exception to t h ~ s  aspect would be an 
attack with a biological toxin that might create an immediate and dramatic mass casualty 
sltuatlon. 

(2) The large number of casualties resulting from the use of BW weapons and the special 
handling required can drain medical resources. Therefore, the combatant commander must plan 
to use directive authority to ensure the proper coordination of health service to the force, to 
include adequate shelter, food, med~cal prophylaxis, and fluids. 
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(3) Decontamination and collective protections for BW attacks are particularly important if the 
situation necessitated a prolonged stay in a presumptively contammated area. Medical 
management must provlde reasonably adequate shelter. establish uncontaminated food and water 
intake, and ensure specific treatment is avalable. Demands for mllltary med~cal support to 
neighboring civilian populations following such an aaack H 111 probably be mtense, especially if 
the attack contaminated neighboring cwillan populations w~th  concentrarlons of very young, very 
old, and those already suffenng from underlyng drsease or other forms of weakening stress. 
Medical facilities secunty must also be planned. 

B. Prevent~ve Medicme Principles. 
(1) In a BW environment, preventive med~cine (PM) servlces w ~ l l  be ~n great demand. PM 
personnel must assist the commander in determining the health hazards associated with BW 
contamination, such as safe food and water sources, and In determmlng when to use prophylaxis, 
immunization, and other preventive measures associated w ~ t h  BW warfare The tendency of 
indwiduals in an emergency situation to become careless regardmg food and water san~tation, 
general hygiene, and other common dlsease control measures could be a sigmficant cause of 
secondary spread of disease. The problems of maintaining safer water and food conditions will 
differ for military personnel deployed throughout the operations area and for the civilian. 
(2) Following a food-related BW attack, all food except canned or otherwise well-protected food 
should be thoroughly inspected to ensure adequate protection was provided. Foods determined 
to be safe must be protected against secondary contamination. Protective measures must he 
practiced by those who transport, store, prepare, and serve food, as well as by those who 
consume [he food. In add~bon, cons~derat~on must he g~ven to the appl~cation of control 
measures necessary to prevent contamlnatlon of consumables by Insects, rodents, and other 
vectors It 1s difticult to mainlam satisfactory personal and area field sanitation, particularly In 
unfam~l~ar climates. Stnct measures are requlred for waste treatment and sewage. Water 
surve~llance and area water sanitation control measures must be instituted. The best insurance of 
water sanitation is water purification or boiling. However, water purification tablets and military 
systems for boiling or purifying large amounts ofwater for consumption and hygiene purposes 
are NOT EFFECTIVE against certain BW agents. For further information on purification of 
water contaminated with biological agents, see Medical Issues InformationPaperNo. IP-31-017, 
"Biological Warfare Agents as Potable Water Threats" USACHPPM, 1998. 

C, Impact on Medical Fddities. BW agents are capable of producing mass casualties. In the first 
few hours after a BW attack, medical facilities can be swamped with casualties who may require 
lengthy hospitalization. At the same time the patient load is increasing, the factors combine to 
compl~cate Health Service Support (HSS) operations Operat~ons In MOPP gear reduce lndiv~dual 
and collective efficiency at a tlme when manpow cr requirements increase. Patlent decontamination 
requlres manpower, and will reduce the number orpersonnel avadable to treat casualties. Heat stress 
in MOPP will require more frcquent rest brcaks. further reduc~ng care capabdity. Establishing and 
maintaming a facllily with collecln e protecuon support and cont~nuously monitoring the air inside 
the shelter for contaminants calls for add~tlonal personnel. These procedures decrease the ablllty to 
treat patients as efficiently and effcctncl? 

D. Impact on HSS. lmmed~alely obtalnlng \ c q  large amounts of the appropriate treatment (ifany) 
1s critical. T h ~ s  requires lnformmg the cham of  command before absolute confirmat~on of a BW 
attack can be made. The number of sold~ers beliewng they are 111 wdl l~kely be much larger than 



those actually exposed. Commanders, soldiers, host nation leaders and populations and national 
leaders will immediately ask for more information than will be available. 

E. Oxygen production and resupply. Production of liquid and gaseous oxygen normally will not 
occur in an NBC contaminated environment. Although newer productionplants have been designed 
for potential operation in such a state, generally production will be stopped until air quality 
improves. Product transfer operations (gaseous and Liquid) will also be curtailedunless medical and 
flight line requirements demand such. Supply and medical units must develop plans to resupply 
critical gases and cryogenic liquids in the contaminated area from primary and alternate sources. 
These sources include production and storage capabilities organic to the unit from other services, 
from host nation support, and from commercial contracts. 

F. Special Medical Augmentation for Operations in an NBC Contaminated Environment. 
Decontamination operations are extremely resource intensive. It isunrealistic to expect that medical 
personnel will be able to manage both medical treatment and decontamination ofpatients. For this 
reason, plans must address how decontamination will be accomplished. Augmentation to provide 
decontamination support must also be addressed in planning. 

Medical Planning Specific to Biologically Contaminated Areas. 

A. General. Actions to be taken by field units at the platoon, company, and battalion levels are 
given, in the form of checklists, for a number ofpossible BW scenarios in FM 3-3, Appendix B. See 
also Figure 4-A and Table 4-A in this chapter. 

B. Logistics Planning: A BW attack would result in an increased use in the supplies (Table 4-D). 

Table 4-D: Supply Increase during a BW Attack 

' Laboratory Supplies (e.g. sample collection I Sample Transport Assets (boxes, ice, vehicles, 1 
containers, di&nostic tbt ,  shipping supplies) I personnel) - 

I NBC respirator, suits, gloves, and boots I Casualty wraps for patients (to protect against 

Filter blower units to provide overpressure 
1 protecfion 
Decontamination Supplies (e.g. water, extra 

Patient Respirators 1 Water 
Extra Personnel 

C. Individual Protection. TheNBC respirator, suit, and gloves will provide protection against most 
biolog~cal agent attacks delivered by the aerosol route. Currently, fielded respirators equ~pped with 
standard NBC filter canisters will protect the respiratory system against particles greater than 1-1.5 
micron in size. While the MOPP suits employed against chemical agents will also protect against 
biological agents, even standard uniform clothing of good quality affords reasonable protection 
against dermal exposure to biological agents. Casualties unable to wear MOPP should be in casualty 

exposure) 
A I ~  filters to seal off building air entrance 
mechanisms 
General Medical Supplies (e.g. 1V flu~ds & 

I clothing, disinfectants) 
A100mi lek  tape for sealing windowsldoors 
Rodent control supplies (check with PM units) 
Vaccines 
Liquid and Gaseous Oxygen 

~ - 

supplies) 
Collective protection umts with airlocks 
Field sanitation supplies (check with PM units) 
Antibiotics 
Evacuation Assets 
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wraps des~gned to protect the patient aga~nst chem~cal or biolog~cal agent exposure. The additionof 
a filter blower unit, ~f a\a~lable. proi~des air merpressure to enhance protectlon and cooling 
Indiv~dual Protective Equipmcnt 1s discussed more fully In F\I 3-4. Most BW agents are only 
inhalat~on. water, or a food hazard Whlle thc Bij' agent ma) not contammate the environment, the 
potentla1 for repeated attacks may require maintaming an Increased protectwe posture. It is 
important that overprotecllon (XIOPP 4) not be rnd~nlalned longer than necessary. Overprotection 
will greatly reduce operauonal effscu\encss. 

D. Collecttve Protection. .4 dedicated hardened or unhardened shelter, equ~pped with an air 
filtrat~on unlt providine o\erpressurs. can offer collect~ve protection for personnel in b~ologically 
contaminated environments. An airlock lo the unlt ensures that no contam~nation w ~ l l  be brought 
into the shelter. Casualues and contammatcd personnel must be decontaminatedprior to entering the 
unit. In the absence of a dedicated structure. enhanced protectlon can be afforded within most 
buildmgs by sealing cracks and ent? poris. and proridmg alr filtration withm existing ventilation 
systems. Due to the requirement lo contlnuc operations in a contammated environment, most 
medical treatment \$ i l l  Itkcl? take place in a collecti\-e protectlon unit These units provide themost 
effect~ve method for protectins patients and ensunng continued medlcal capab~lity In acontaminated 
environment. Patients \\hose ~llncss is thought to be the result of a b~olog~cal attack, or those who 
are thought to have a contaglous ~nfectious d~scase, uill necessarily becared foruslng barrier nursing 
techniques \\hlle lns~de a collecti\e protection system. Collect~ve protective systems are further 
discussed in Fhl 3-4. Chapter 6 

E. Sanitation. The importance of effectite h!giene and sanitation In a biolog~cal operations 
enrlronmcnt cannot be oter-emphasized. E\cnone 1s responsible to ensure that standards of 
hyg~ene are mamtained eten In the most d~fkult  clrcumstances. Personal hyg~ene measures such as: 
frequent and adequate n ashmp u ~ t h  soap and water. regular changes w t h  laundered clothmg, use of 
hberally disinfected to~lets and field latrines (as opposed to cat-scratch methods), and hand-washing 
after latnne use should be mandatory and emphasized by commanders. Since mechanical means or 
natural vectors may spread biolog~cal agents, effective control of rodents and arthropods is also a 
sanitation priority. 

F. Immunoprophylaxis. 

(1) Prophylactic immunization is the only means ofprovidingcontinuousprotection against BW 
threats prior to, as well as during, a BW attack. Vaccines agalnst a number of potential BW 
agents are ava~lable. However a senes of \.accine doses, often over the course of months, IS 

usually needcd to pro! ide protection Funhcrmore. commanders must be careful that vaccination 
status does not pro\~de a Msr le\el of secunt? \-acclnes, uhlch generally are cons~dered 
effective under natural clrcumstances. ma\- not pro\ide a slm~lar degree of protect~on to 
~ndi\  iduals exposed ru brologlcal aerosols due :a the large number of rnfect~ous or toxic particles 
and unnatural means of exposure 

(2) GO BOOK The GO BOOK pror Ides a summap of vaccmes and drugs that are available 
from the U.S Ann) Xled~cal Research and Matenel Command (USAMRMC) to support 
operational readiness by protecting L S  forces agalnst ~nfectlous d~sease, biological, or chemical 
warfare threats T h ~ s  represents the lint such published listing of licensed products, as well as 
matenels potent~allq abadable under contingency protocols. While not a comprehensive 
reference to all med~cal products ava~lahle in the supply system, the document references 
selected matenels managed by the USAMRMC to support the military as it prepares for 



contingencies. It 1s named the "Go Book" as 11 prov~des mformatlon to facilitate planning by the 
CR'JCs' and other mihtary staffs as they prepare to go to war. This document is therefore a 
planning guide, not a guide to the clinical use of the products listed. The web site is 
htt~://206.156.10.15/~0b00kk0b00k.html. 

G. Chemoprophylaxis. Use of broad-spectrum antibiotics may offer protection against some BW 
agents. For some biological agents, administration of antibiotics following exposure, but prior to 
appearance of symptoms, may be lifesaving. If an attack has occurred or is Imminent, directed 
chemoprophylaxis would be appropnate for all personnel in the attack area. Knowledge of 
incubation periods, disease pathogenesis, type of BW agents, and expected effectiveness of 
prophylactic drugs must be constdered In the rationale and tlrnlng for dose and schedule of drug 
administrat~on. 

6. Decontamination and Other Considerations 

A. General. Medical Treatment Facilities (MTFs) will establish decontamination areas. When 
casualties amve at the MTF, they must be seen at a triage point and evacuated to the proper area. The 
triage officer must determine if the patients have a surgcal or medical condition that requires pnority 
over decontamination. Ninety to ninety-five percent of all decontamination can be accomplished by 
removing the outer clothing and shoes. This can usually be accomplished before admiss~on without 
interfering wlth medical treatment. Several unique aspects must be cons~dered. 

B. Pnmaq Exposure to BW Agent. Washing with soap and water is the most effective personal 
hyglene measure for the control of communicable diseases. It is theresponsibllity of eachperson to 
apply standard individual protective and sanitary measures as appropriate. Dermal exposure from a 
suspected BW attack should be managed by decontamination with copious quantities of 0.5% 
hypochlorite (if available) or soap and water at the earliest opportunity. Use water only if soap is not 
available. Use theNBC protective mask, avoid contact with mucous membranes (i.e. eyes, mouth, 
nose, genitals) or open cuts, shower, and change to clean clothing at the earliest opportunity. 
Potentially contaminated clothing should be removed as soon as is practical by protected personnel 
in an area away from non-contaminated patients. Casualty decontamination procedures are first 
performed by individual sold~ers, as buddy ald, or at a unit decontamination station, prior to amval 
of medlcal personnel or transport to a MTF. Decontammation for BW agents is similar to that for 
chemical agents. See FM 3-5 for procedures for individual buddy aid and unit decontammation. 
Decontaminate toxins using soap and water, bleach, M258 series kits, STB, or DS 2. The M258 A1 
lut is being replaced by the newer M291 kit. 

C. Secondary Exposure to BW Agent. Secondary contaminationofmedical personnel from clothing 
or equipment of exposed soldiers is not likely, but may occur. Therefore, biological casualties 
should undergo a modified decontamination. Proper physical protection of health care providers or 
other persons handlmg exposed casualties should be maintained until decontamination is complete. 
In the absence of agent-specific guidance, exposed areas of personnel should be cleansed using an 
appropriately diluted sodium hypochlorite solution (0.5%) or copious quantities of plain soap and 
water. This should follow any needed use of decontaminants for chemical agents but should be 
prompt. Chlonne can be used in two concentrations: 5.0% and 0.5% (112%). However the stronger 
solution is for gloves and equipment Items; it is not to be used on skin, masks, splints, or to irrigate 
wounds. 
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D. Transportation Decontamination. There are three basic modes of evacuating casualties 
(personnel, ground vehicles, and aircraft) in the combat zone. Actions should be taken immediately 
to ensure all personnel suspected ofbeing contaminated by a BW agent are cleaned and kept free of 
disease-producing organisms. A BW environment forces the commander to cons~der to what extent 
he/she will commit evacuation assets to the contaminated area. If a task force is operating in a 
contaminated area, most of the medical evacuation assets will be operational. Sim~lar to chemical 
exposure, casualties and other exposed persomel should be decontaminated before entering an 
uncontaminated transport veh~cle, or the vehicle should be considered contaminated. Only personnel 
in full protective posture should operate a contaminated vehicle, and casualties will have to be 
transported to a decontamination station for decontamination prior to entering uncontaminated 
conveyances or treatment units. Every effort should be made to limit the number of evacuation 
assets that are contaminated. To ensure contamination of evacuation assets IS limited, patients 
should be decontaminated before transport. Forward evacuation within the combat zone is normally 
the responsibil~ty of the respective component command using organic service-assigned assets. AF 
fixed wing aircraft with specialized aeromedical evacuation crews can assist with forward evacuation 
if the terrain, distance, and other related factors are not conducive to uslng organlc assets. Movement 
of patients within the theater IS the responsibility of the geographic combatant commander. The 
CINC, US Transportation Command is responsible for establishing, operating, training, and 
maintaining the common-use aeromedical evacuation system for movement between theaters and 
from theater to the continental US. 

E. Patient Decontamination and Triage The management and treatment of contaminated casualties 
will vary w ~ t h  the tactical s~ tua t~on  and the nature of the contaminant. Each medical unit must have a 
plan that can be put Into effect immed~ately. Decentrahzat~on is necessary - casualties must not be 
forced to u alt at a central pomt for decontaminat~on All med~cal unlts should have comparablesers 
of medical items and decontammat~on equ~pment for treatment of conrammated pat~ents onglnatlng 
ln their area. Decontam~nat~on of patmts serves two purposes: I[  prevents the patients from 
absorbing additional contaminants, and it protects medical personnel treatlng the patlent and other 
patients from contaminat~on. 

F. Protection of Health Care Persomel. Following decontamination, patients are cared for using 
standard nursing management techniques ~ncluding universal infectious disease precautions (i.e, use 
of impermeable surgical gownsioral-nasal maskdface shields or gogglcslsurgical gloves and 
observance of universal (body fluid) precautions,bamer nursing techniques). Significant risk for 
person-to-person spread ma) eus t  for ~ n d n  iduals not d~rectly involved In patient care. In particular, 
materials solled by any f lu~ds from contaminated patients. as uell as samples for diagnost~c 
laboratory study, must be clearl!- idemtied as hvardous and handled appropriately S~mllarly, 
invasive med~cal and surgical procedures pose potentla1 nsks. It must be emphasmd, howewr, that 
not all b~ological agents pose a hazard for secondary transmlsslon. Rapid ~dent~ficat~on of the BW 
agent will ellcit further gu~dance from med~ca! off~cers as to more spec~frc means ofdecontamination 
and protection. 

G. Handling of ContaminatedRemams Persons handlung biologically contammated remains should 
be in full protective posture (unless otherulse modified by medical personnel) and cognizant ofthe 
potential secondary contammation hazards Contaminated remains must be ~nterred In accordance 
wlth appropriate Jo~nt  Sen-~ce and S A T 0  doctrine and procedures. (See JP 3-1 1 ). 



7 Mass Casualty Management for BW. 

A. The medical equrpment needed for treatment of BW panents depends on the specific agent. 
Unlike a tqprcal mass casualty srtuation. few BW patlents wrll require surgery. Biological toxins, 
where dramat~c, acute signs such as respiratory paralysrs necessitate various types of advanced 
equipment (for instance, mechanrcal ventilators). 

B. If the biological agent causes an illness tha! results in relatively few deaths (e.g. Venezuelan 
equine encephalitis, or Q fever), med~cal care can be effectively provided on the local level. If the 
disease is one for which specific therapy such as ant~biotics is ind~cated (e.g. tularemia), instructions 
for obtaining and administering the drugs should be disseminated. For diseases with high mortality 
and no specrfic therapy (e.g. yellow fever), insmctrons for general supportive care that might be 
provided by non-medical personnel should be dissemmated. 

C. Although many rndi\.iduals becoming 111 from an attack with a brological weapon would likely 
undergo medrcal evaluation over a short trme span, all would not become casualties simultaneously, 
as they would for example, followrng saturat~on hombrng or a massrve surprise attack with nerve 
gas An exception to t h ~ s  pattern might be seen following an attack with a biological toxin. Those 
who have been infected by a biological agent other than a toxin could remain functional for aperiod 
of time aAer the attack (during the incubation period). 

D. It may be necessary for one physician, with a small number of ancillary personnel, to care for 
several hundred patients. Information could be disseminated about the normal course of the disease, 
the specific signs or symptoms of adverse prognostic significance, the situationsrquiringindividual 
medical attention or advice, and the procedures for obtaining essential medical supplies. 

E. An essential aspect of medical management in such a situation would be to allay panic. This 
could be done effectively only if everyone in the area (both civilian and military) could be assured 
that the cause of the illness is known, the course of the disease could be described with reasonable 
accuracy, and the outcome could be predicted. 

4.3. Technical 

1. References. FM 3-19, FM 8-9 (Part Il),FM 8-10-7, FM 3-9, WAMRIID's Medrcal Management of 
Biological Casualties, and TC 3-15. 

2. Scientific and Medical Basics. 

A. Biological Warfare Terminology 

(1) Biological Agent (BA). A biological agent is a microorganism, or a toxin derived from a 
microorganism, which causes disease in man, plants or animals, or which causes the 
deterioration of material. 

(2) Biological Defense (BD). Biological defense includes methods, plans, and procedures to 
establish and execute defensivemeasures against biological attack (e.g. vaccination, equipment 
to mitigate exposure, and training) 

(3) Biological Warfare (BW). Biological warfare is the employment of biological agents to 
produce casualties in man or animals or damage to plants or material. 

(4) Biological Weapon. A biological weapon is a weapon that projects, disperses, or 
disseminates a biological agent or insect vectors of biological agents. 



( 5 )  Toxin. A poisonous substance produced or derived from living organisms. Some toxms may 
also be produced or altered by chemical means. Compared with microorganisms, toxins have a 
relatively simple biochemical composition and are not able to reproduce themselves. In many 
aspects, they are comparable to chemical agents. 

B. Characterist~cs of Biological Agents. Intrinsic features of biologic agents that influence their 
potential for use as weapons include: incubation periods, infectivity, lethality, pathogemcity, 
stability, toxicity, transmissibility, and virulence. Unique to many of these agents, and dist~nctive 
from their chem~cal counterparts, is their ability to multiply in the body over tlme to increase their 
effect. Addinonal factors which may influence the suitability of a microorganism or toxin as a 
biological weapon include: ease of production, stability when stored or transported, and ease of 
dissemmation 

(1) Incubation Period. The time between exposure and the appearance of symptoms. 
(2) Infectivity. The relative ease with which microorganisms establish themselves in a host 
specles. Pathogens with high infectivity caused~sease with relatively few organisms, while those 
with low infectivity require a larger number of organisms to cause disease. 
(3) Lethality. The ease with which an agent causes death. 
(4) Patbogeniclty The capability of an infectious agent to cause disease in a susceptible host. 

(5) Stability. Length of time the organism or toxin will remam effective in the environment (also 
called viability for live organisms). Stability is affected by vanous environmental factors 
including temperature, relative humidity, atmospheric pollution, and sunhght. 
(6) Tox~city. The relatne se\.erity of~l lness  or lncapac~tation produced by a biological agent. 
(7) Transm~ssib~lity. The abil~ty of an infectious agent to spread from a source or reservoir to 
a person Mechanisms of transmiss~on ~nclude: direct transmission, ~nd~rect  
transm~ss~on(~eh~cle-borne, vector-borne), and airborne(drop1et nucle~, dust). 
(8) Virulence. The degree ofpathogenicity of an infectious agent, indicated by case fatality rates 
and/or its abllity to invade and damage tissues of the host. 

C. Classification of Biological Agents. Taxonomic classification ofbiological agents is important 
ln terms of detection, identification, prophylaxis, and treatment. Btological agents which may be 
used as weapons can be classified as follows: 

(1) Bacteria Bacteria are small free-livine organisms. most ofwhichmay be grown on solidor 
11qoid culture med~a The organisms ha\ e n structure consistmg of nuclear material, cytoplasm, 
and a cell membrane The) rsproduce b) s~mple dl\ls~on. The d~seases they produce often 
respond to specltic thc rap  n ~ t h  ant~biohcs. 

(2 )  Viruses.  i ruses are organlsrns that requlre 11\mg cells m x h ~ c h  to replicate. Therefore, they 
are intimately dependenr upon the cells of the host that the) infect Then stability in the 
environment IS ~ c r )  \anable. They produce diseases ahich generally do not respond to 
antib~otics, hut wh~ch may be responsivc to anti\iral compounds Hoaeter, suppo~tivecare(e g. 
fluids, anti-~nflammator~es, and rest) is often the onl! treatment for \ ~ral  ~nfectlons. 
(3) R~cketts~ae. R~ckettslac are microoreanisms that h a ~ e  charactenstics common to both 
bactena and viruses L ~ k c  hacter~a. the! possess metabol~c enz)mes and cell membranes, ut~llze 
oxygen, and are susceptible to broad-spcctrum anub~ot~cs They resemble vlruses in that they 
grow only within 11\1n!: culls 



(4) Chlamydia. Chlamyd~a are obhgaton ~ntracellularparaitestncapableofgenerat~ng their own 
energy source. L ~ k e  bactena. they are responsns to broad-spectrum antib~ot~cs. Like viruses, 
they requlre Ilv~ng cells for multiphcat~on. 

(5) Fung Fungl arc pnmltlLe plants that do not ut~hze phorosynthes~s, are capable ofanaerobic 
grouth. and drau nutntlon from deca)ing \ egetable matter. .Most fung~ form spores. Free-ltvtng 
forms are found In so~ l .  The spore forms of fungl are operationally s~gntficant. Fungal diseases 
may respond to vanous anllm~crob~al drugs 

(6) Toxins T o x m  are poisons produced by orzanisms. The poisons, not the microorganisms 
that produce the polsons. are harmful to man. T o r m  do not g o a  or reproduce They are more 
eas~ly controlled than h \e  orgamsms ( I  e. decomammat~on 1s ea le r )  F~eld monrtors capable of 
prowding prompt uarn~ng o fa  toxm attack are not ava~lable. Therefore, sold~ers must learn to 
qulckly rccognlze slgns of t o m  attacks such a observmg unexplamed symptoms In victims, 
cspec~ally a large number of uctlms at once. Because the effects on the body are direct, the 
symptoms of an attack may appear bery rap~dly. The potency ofmost toxlns are such that very 
small doses w~l l  cause illness and or death. Thus. an enemy as an alternative to chemlcal agents 
may use them because they allow the use of feuer resources to cover the same or a larger area. 
Shght exposure at the edges of an attack area may produce severe symptoms or death because of 
extreme tox~c~ty.  illnesses downwind from hazard zones for toxins may be far greater than those 
of chemical warlare agents For more ~nformation on toxlns see FM 3-9, Chapter 4. 

3. Detectlo11 of Biological Warfare (BW) Agents 

A Actual detect~on and ~dentrfication of a biological agent is the only means to prove that such an 
attack has occurred. Correct and rapid identificat~on of suspected BW agents is politically and 
med~cally critical. Biological warfare agents can be identified by a variety of methods at the 
appropriate laboratory such as: 

(1) Isolat~on of the etiologic agent by culture (possible in two days for some agents). 
(2) Detection of toxin by mass spectroscopy, animal inoculation, or other methods. 
(3) Antibody detection (specific immunoglobulin may appear In serum withm 3 days). 
(4)  Ant~gen detect~on \.la enr)me immunossay or other sens1tl.i-e assay methods 

( 5 )  Genome dctection employing DNA probes. 
(6) Detection of metabolic products of the agent in clinical specimens. 

B. Assistance. These organizations, ifpresent on the battlefield, may help in the determinationof a 
BW attack: BIDS from Chemical Company, TAML (or the newer AML), the Naval Forward 
Laboratory or CBIRF (Marine). USAMRID and other TDA organizat~ons can provide additional 
help. See the Points of Contacts Chapter. 

4. Specimen Handling and Sh~pping for BW. 

A. General. Samples will be used for both legal and medical reasons. General policies for 
collecting samples in order to facilitate identification of biological agents are essential. Medical 
responsibilities normally are limited to collect~on and submission of diagnostic materials from 
patients. Environmental sampling (e.g. of soil, water, food, and animal remains) is an important 
element in corroborating the occurrence of a BW attack, and is usually conducted by preventive 
medicine, veterinary support teams, and NBC Reconnaissance Units such as the BIDS. In t h ~ s  



section, the term sample will refer to materials of non-human and non-animal origin, such as water 
or food samples. The tern 'specimen' refers to material of human or animal origin. 

B. SampleISpecimen Collection. Sampleispecimen collectors should use full protective gear Ifthe 
specimen or sample is to be tested for biological agents, it must be marked as such. Great care 
should be used to prevent cross-contamination of one sample/specimen by another. Routme medical 
sampling procedures will be modified so that proving and documenting the BW attack occurred. 
Contact TAML, USAMRID, the unit's Chemical Off~cer and Technical Escort for additional help. 

C. Human Tissue Samples. Blood culture with routine media will readily detect many bacterial 
agents. Both aerobic and anaerobic culhues should be obtained routinely. Cultures and impression 
smears should be taken from involved lymph nodes, sputum, pleural fluid, cerebrospinal fluid (CSF), 
and spleen whenpossible. Acute serum (at least 3 ml for suspected infectious agents, and at least 20 
ml for suspected intoxications) should be collected as early as possible after onset of symptoms and 
shipped frozen to a reference laboratory. Blood samples also should be obta~ned from exposed 
persons who are not yet symptomatic. Convalescent sera from survivors and unaffected unit 
members should be obtained 3-4 weeks later. Samples for isolation of suspected vlral agents should 
be obtained from organs and tlssues as described above, placed in specialized transport media, and 
frozen for shipment to specified reference laboratories. Tissue samples obtained at autopsy should 
be collected m multiple aliquots. At a minimum, obtain one 25-50 gram sample to freeze for 
microbiology or toxicology and one 25-50 gm sample in formalin for histopathology. If samples are 
needed for specialized procedures such as immunofluorescence or polymerase chain reaction studies, 
additional or spec~fic specimens should be obtained. Organs sampled should include lung, 
mediastinal I p p h  nodes, spleen. I~ver, and k~dneys. Obvlous les~ons and adjacent normal tissue 
should be taken from affected a r a  in any organ. Posnnonem blood (up to 20 ml) should also be 
obtained. Contact TAML. US.4hlRIID. or USACHPPhl for more ~nformat~on on tqpes of samples 
to collect and specific procedures for collectlon. 

D. Animal Tissue Samples. The advantage of veterinary sample collecting is that onecanget much 
fresher samples that in human medicine, i.e. one can collect from freshly dead anlmals before they 
are at risk of decomposing. Animal tissue samples must be handled in the same careful manner as 
human tissue samples. The types of samples obtained are also the same as those described above for 
human tissue sampling. Veterinary andPM personnel will usually collect animal tissue samples. All 
animal tissues should be reasonably fresh (i.e. not decomposed). Veterinary expertise, or expenence 
in appropriate collection of tissues, IS essential to obtaining a valid sample for analysis. For example, 
if samples are being tested for viruses, they must be qu~ck-frozen with hquid nltrogen Other tissues 
may have to be mamtamed on dry or wet ice. The pnnc~pla for sample preparauon and management 
are the same as those used for collection and preservatlon of human tlssue samples. If vetennary 
personnel are not aba~lable. human medical resources can give gu~dance wth regard to the proper 
preservatlon of part~cular samples Kon-veterinar) personnel should NEVER attempt to capture 
an~mals, or handle I~vel~njured ammals for sample collectlon as t h ~ s  could lead to serious in~uryand 
possible infection w~th  a biolog~cal agent. The only exception to t h ~ s  policy may be the lwe capture 
of rodents by appropriately trained PM personnel. The TAML has both vetennaryandPM expertise 
to perform or give gu~dance on appropnate collect~on of animal tissue samples, as well as expertise 
on sample handling and shipment, and testing of samples for biological agents. 

E. FoodWaterPlant'lnsect Samples: These types of samples should be collected by PM or 
Veterinary Food Inspection units. 



F Specrmen Label~ng Each contamer should he Iabcled n ~ t h  pat~cnt's name or ammallplantcinsect 
number. numencal rdentr fier. t)pe of specmen. and date ofcollect~on Include a bnef description of 
the illness and g o s s  autopsy findrngs; place. date. and trme of death: place, date, and time of 
collect~on: pathologist. unit. med~cal fac~lrty. and medrcal fac~l~ty torece~veresults (ifdifferent from 
submrttlng facrl~t!) All serum samples shou:d be completel! labeled aith patlent's name or 
animal plan1 Insect number, sample numencal ~dent~tier, unrt. date, unrt. ongrnatrng med~cal fac~lity, 
and medical facihty to recerve results ( ~ f  d~fferent from submrtting facility). Routme laboratory shps 
should be included with each sample. Data on laboratory slips should include number of days since 
onset of symptoms and the reason that samples were obtained. Chnical and operational data should 
be included for all samples, together with achain of custody form. This requirement must be strongly 
and clearly delineated since evidence may well be pohtically or mihtarily disputed. 

G Specimen Handling and Shipment. Samples for microbiological or toxrcological analysis should 
be kept as cold as possible, preferably frozen. Formalin-fixed material must not be frozen. Specific 
guidance of temperature control and type of transport media should be obtained from the technical 
expert POC at the identification laboratory. Serum should be contained in plastic screw-cap v~als, 
which are securely sealed. Ifpossible, each serum sample should be individually placed in a second 
plast~c vial or zip-top bag to prevent lenkage. All specimens should be contamed in a metal shipping 
can or other secondary container. Sufficient absorbent material should be packed to prevent leakage 
outside the contamer. The entire contents should be placed in an insulated shipping contamer w ~ t h  
cold packs or dry ice. Tech Escort units can secure and transport possible BW samples. 

H. It is the responsib~lity of the laboratory officer, in concert with the veterinarian, preventive 
medicine officer or physician, to ensure that suspect specimens are submitted correctly and 
expeditiously to an appropriate diagnostic laboratory. Unusual or unique s~tuations may require 
direct contact w ~ t h  the testing laboratory prior to submission of sampleslspecimens. This w ~ l l  
confirm the number, kind, and special preparation of samples needed to accurately identify a BW 
agent. Samples should not be given to the laboratory of a MTF for analysis. They should go to the 
designated supporting laboratory. This will avoid the risk of introducing a biological agent to the 
MTF. The TAML, a Chemrcal Corps BIDS unrt, or Navy land-based laboratory may be the nearest 
laboratory supporting a MTF that can assess samplesspecmens for BU' agents CONUS 
laboratones (See FM 8-10-7, Append~x G) would make backup confirmation of BW ac tn~ t ) .  

1. All specnnens from suspected BW casualt~es, animals, or other samples should bc submitted 
through the routme diagnostic laboratory chain for processing. Samples must be clearly marked for 
special d~agnostic testing, and chain-of-custody procedures maintained. Use DA Form 4137 
(Evidence1 Property Custody Document) to accompany the samples or specimens from the pomt of 
collection to the final receiving laboratory. Ensure that the time frame for delivery to the supporting 
laboratory is clearly dehneated on the sample contamer to avo~d  unnecessary delay and possible 
deterioration of the sample. Each person receiving the sampleslspecrmens will slgn the document. 
Chain of Custody procedures are described more fully In FM 8-10-7. Appendix G Detaded 
samphng techniques are descnbed in FM 3-19 and briefly dealt w ~ t h  In FM 3-3. Further sampling 
activities (reconnarssance. monitonng and suney) ;re descnbed In FM 3-3. Chapter 5. 

5 .  Technical Expert POC. The f o l l o ~ ~ n g  organlzarlons would lrkely be most helpful in responding to a 
BW incident (see Chapter 10, Poms  of Contacts for theu phone numben and locat~on ): 

A Corps (or appropriate) Chemlcal Oficer - in charge of the NBC defense for the unrt. 



B. Technical Escort U u ~ t  - transportation of suspected biological agents and samples. 

C. AFMlC - to obtam medical mtelligence of naturally occurring disease or enemy capab~lities. 

D. 5 2 0 ' ~  TAML/AML - first theater-level laboratory that can provide specific assistance in sample 
collect~on and analysis. 

E. USAMRIID - CONUS assistance in specimen collection and analysis. Expert~se in d~sease 
pathogenesis and treatment. 

F. WRAIR - CONUS assstance with diagnostic testing, disease pathogenesis, or treatment of 
patrents with BW ~llnesses 

G. CDC - cr\illan COSL-S erpenlse n ~ t h  d ~ a g o s t ~ c  testing, sample management, disease 
pathogenes~s, and treatmenl. 

Biological Agent Operational Data Charts 

Table 4-E: BW Agents, Scientific Xarnes o r  Toxin Source and Type 

1 Arenavirus 1 1 
Bolivian hemorrhaa~c fever 1 Tacaribe VINS complex 1 Virus 1 Probable 

Weaponized 
Yes 
Yes 

Yes 
Probable 
Possrble 
Unknown 

2holera 
ryphoid fever 
Plague 
Q fever 
Epidemic Tflhus 
Scrub Tflhus 
Psittacosis 
Rocky Mountam spotted ie\er 
Argentine hemorrhag~c fever (lunrn) 

Type 
Bacteria 
Bacteria 

Bactena 
Bacteria 
Bactena 
Bacteria 
Bacteria 

Agent I lnfeclious Agent or Source 
4nthrax 1 Btm;11~s a,rihwcts 

3rucellosis I I : .  0 :  B m 
B i . , : i  B i.:ni. 

Bacterla 
Bacter~a 
Bacteria 
Rickettsia 
Rickettsia 
R~ckettsia 
Chlamydia1 
Rrcketts~a 
Virus 

S enrerrridls 
bibno cholerae 
Salmonella typhi 
Yersrn~a pestis 
Cox~eIIa burnetii 
Kickelfsin prownzeku 
R~ckettsia rs~rtslrganrlrsh~ 
Cliliiml iito psitlac~ 
Rickerrsra rickerrsll 
Tacaribe \ . ' INS  complex 

- 
- 
- 

- 

- 

rularemia 
landers  
\lelio~dos~s 

Unknown 
Unknown 
Probable 
Yes 
Probable 
Probable 
Possible 
Unknown 
Probable 

(Muchupo) 
Chikungunya hemorrhagic fever 
Crimean-Congo hemorrhagic fever 
(CCHF) 
Korean hemorrhagic fever (Hantaan) 
Omsk hemorrhagic fever 

F r ~ ~ ~ ~ c ~ s f ~ l l o  t111oren11is 

B~rkholdenn nrnllei 
Ps~ridomonaspse~tdomoller 

jhlgellosis ' Shrgeilo 
jalmonellos~s S~ l~ ione ib r  gphrmuriunl. 

Arenavirus 
Alphavirus 
Nalrovirus 

Bunyavims 
Navivirus 

Virus 
Virus 

1 Virus 
Virus 

Probable 
Probable 

Probable 
Probable 



Reference. Table A-1 from FM 8-9, Part I1 and Medical Issues lnfonnat~on Paper No. IP-31-017, 
"Biological W a r k c  Agents as Potable Water Threats". USACHPPM. 
Benenson. A S. (1990) Control of Communicable D~seases in Man. Amencan Public Health 
Association, 1 5'h cd~tlon. Washmgton, DC. 





BIOLOGICAL 

Table 
Disease Likely Methadr Transmissibility 

of Man to man 
Dissemination 

Ep~demic l Aerosol No 

Typhus 2 Infected 
vectors 

Q fever l Aerosol No 

2 Sabotage 
(food supply) 

vectors 

2. Infected 
vectors 

Cocad~aldo- Aerosol 
mycasts 

H~stopla~mar~s Aerosol 

* Incubation appl~es to ~nfectmus d~seaaes. With tox~ns, 1 

Reference: Tables C-I1 and C-Ill from FM 8-9 (Part 11). 

6-16 days Weeks to Hrgh Not very stable No 
) m n t h s I  1 

kettsiae, Chlamydia and Fungal Operational Data 
Incubation 

time* 

10-20 days 

Duration 
of illness 

3-10 days 

2 days to 

2 weeks 

4-15 days 

Antimicrobial Antisera 

therapy 

Lethality 

2 weeks to 
months 

4-15 days 

1-2 weeks 

1-2 weeks 

Effective I 

Very low 

Up to I6 
days 

Not very cffetlve -7- 

Persistence 

H~gh 

m refers to the penod between exposure and appearance of the symptoms a 

Weeks to 
months 

Weeks to 
months 

Weeks to 
months 

Not + very effectwe 

Vaecinatiol 

Stable 

Low 

Yes 

Not very stable 

Verylow 

Low 

Lou 

No 

Not very stable No 

Stable 

Stable 

Long perslrtence m 
soti 

NO 

No 

No 





Disease 

Ch~kungun~a 
fever 

Crimean-Congo 
hemorrhagic 
Fever 

Dengue fever 

Table 4-1: Viruses Operational 

1 I lncubatmn I Duralion I 1.ethalm 

Eastern equine 
encephalihs 

Ebola 

Korean 
hemorrhagic lever 
(Hmtam) 

Larsa fever 

2-6 days 2 weeks Very low 

3-12 days Days to Ihgh 
weeks $ weeks 

Likely Methods 
of 

Dissemination 
Aerosol 

Aerosol 

Aerosol 

5-15 days I-? weeks H g h  

7-9 days 5-16 days H ~ g h  

4-42 days Days to Moderate 
weeks 

10-14 days 1 4 weeks Unknown 

Transmirsibilit) 
Man to man 

None 

Moderate 

None 

Aerosol 

Aerosol 

Aerosol 

Aerosol 

ata 

Persistence 

None 

Moderate 

None 

Low to moderate 

Relatwely stable 

Relatwely stable 

Relatively 
unstable 

Relatwely 
unstable 

Relatively 
unstable 

klatwely stable 

(elatwely stable 

therapy 





4.5. Medical 

1. References: AMedP-8, FM 8-9 (Part II), FM 3-6, FM 8-33, and USAMRIID's Handhookon 
Med~cul Management ofRiological Cusualt~es. Annex D of FM 8-9 (Part 11) gives a model for 
an approach to the acutely ill febrile patient. 

2 Casualty Predictions following a Biological Agent Attack. Casualty predictions for BW attacks 
are d~fficult to estimate as many factors need to be taken into consideration to include, the agent 
deployed, environmental conditions, number of personnel exposed, and the weapon or means of 
sabotage by wh~ch the BW agent is used. AmedP-8 Medical Plann~ng Guide of NBC Battle 
Casualties, Volume I1 (Draft) provides some guidance on casualty estimates for BW agents. 

3. Medical Symptoms Expected Following a B~ological Agent Attack. See the above reference for 
details on clinical syndromes, diagnosis, therapy, and prophylaxis for biological agents. There is 
also information on microbiology, principal threat agents (including toxins), and diseases caused by 
biological agents in FM 3-6, Technrcal Aspects ofB~ological Warfare A g e n  (Draft, 1997). Also see 
USAMRIID's Handbook on Medical Management ofB~ological Casualties. 

4. General Treatment Measures. 

A. Supportive Measures. Measures should be taken to lower temperature; relieve pain; maintain 
spontaneous respiration; and secure an intravenous access for the administration of drugs and fluids. 
Synptomat~c treatment and treatment of coexisting injuries should follow established principles. 

B. Isolation Procedures (Barrier Nursing). In the context ofbiological agent casualties, adherence to 
prlnclples of patient isolation is essential to preventing cross-infection with transmissible agents. 

C. Antibiotic Therapy. Antib~otics must be given to all BW casualties, even without a firm 
diagnosis, and commenced at the earliest possible level of med~cal care. 

D. Antiviral Therapy. The only "broad-spectrum" antiviral drug currently available is ribavirin. This 
compound has been a useful nonspecific adjunct to the treatment of some potential viral threats. 
Ribavinn IS an ~nvesugational antn~ral  drugavadable v~acompassionate use protocols for therapy of 
Lassd fe\er. hemorrhag~c fe\er a ith renal sp i rome (HFRS), Cnmean-Congo hemorrhag~c f e ~ e r ,  
and Rifi Valley fever. Ribavirin has poor in vitro and in vivo act~vity against the filoviruses 
(Marburg and Ebola) and the flavivimses (Dengue fever, Yellow fever, Omsk HF, and Kyanasur 
Forest disease). 

E. Antitoxin Therapy. Broad-spectrum antitoxins do not currently exist. However, specific 
antitox~ns are available for certain conditions. Several antitoxinsmay be available for post-exposure 
use in individuals exposed to botulinum toxins. 

F. Vaccination. Vaccination IS the preferred method ofb~ological defense. Fully licensed vaccines 
are currently available for anthrax, cholera, plague and smallpox. Vaccines for botulinum toxoid, Q 
fever. Rift Valley fever, tularemia, and VEE currently exist as IND products and would be ava~lable 
only under protocol with ~nformed consent, therefore would not be readily available on the 
battlefield. No vaccine is currently available either FDA licensed or under IND status, for glanders, 
brucellosis, Staphylococcus enterotoxin B, ricin, or T-2 mycotoxins. 
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References: Table 2-9 from FM 8-10-7 and Table 5-2 from FM 3- 



BIOLOGICAL 4-29 

Table 4-K: Potential BW Agents by Predominant Clinical Finding or Syndrome 
Syndrome 

Fever 
Gnppe-hke 

Pharyngms 

Rash-maculopapular 

Rash-ves~culopusular 
Rash-granulomatous 
or ulceratwe 
Rash-petechali 
Ecchymotrc I- Korean hemorrhagic fever,Cnmean-Congo hemorrhag~c fever, Rocky Mountam spotted fewr,  Plague, 

Smallpox (rare, f ihnan t ) ,  Argentine hemorrhaglc fever, Bolw~an hemorrhaglc fever, Lassa. Dengue 
fever, EbolaiMarburg, R ~ f t  Valley fever (mfrequent), Omsk hemorrhag~c fever, Yellow fever, Scnrb 

Ol~gur~c  renal f a h e  
Pulmonary syndrome 

Polyarthntlslpolyarthral~a 
Rapld death syndrome 

General characteristics 

Fever, chlls, malaise, headache. 
Myalgla, eye pan,  hyveracrlhe,>as 
Sore throat, dysphagn, with or 
wnhaut fever 
All rash syndromes t p c a l l y  
accompan~ed by fever 

Potential Causes ' 
An (Toxms less hkel ) 

Chhngunya fever, Inhalat~on anthrax (early) 
Lassa, Bohlllnum t a m ,  EbalaIMarburg, Tularemia, Tnchothecene mycotoms, R m n  

Rocky Mountain spotted fever, Scrub typhus, Epldermc typhus, EboldMarburg. Argentme hemunhage 
fever, Bollwan hemorrhagic fever, Dengue fever, Chihngunya fever, Tularema (uncommon). Ps~ttacos~s 
(uncommon), Smallpox (early) 
Smallpax, Mehordos~s, Glanders, Tularema 
Melmldas~s, Glanders, Tularema 

* Thls list la comes from FM 8-9 (Part 11) rs crossed-rcfcrcnccd to Annex A of that manual, and is not mended to be comprehenswe. It does not suggest that c l~n~ca l  
presentatton of a glven agent w d  necessardy be that of u syndrome l~sted Thls table should serve only as a gude,  addrtronal chmcal tindmgs must be considered m each case m 
an atlempt to abtatn a definmvc dmgnosls. 
Reference: Table D-I1 from FM 8-9 (Part 11) 

Weakness, crarual neme abr~clrnuitt~es 
Typmlly wlth fever 
Pneumama, reqrratory ~nsuf l i~~ency .  
Resp~ratary deeess 

Typically w~th  fever 
Death wthm m u t e s .  fever may 
Be present 

Korean hemorrhag~c fever, Yellow fever, Psittacosis (rarely) 
Anthrax. Tularemia, Plague, Pstttacosls, Q fever, H~staplasmoars, Cocc~d~odamycos~a, Influenza, Omsk 
hemonhaglc fever, Cnmean-Congo hemonhaglc fever, Korean hemorrhagic fever, Rlcm, Staphlococcus 
enterotaxm B, Botullnum toxm 
Chtkungunya fever 

Saritoxm, Tetrodotoxm, Bahllmum toxins, Trxhothecene mycotoxms, Other tox~ns, Chernncal agents, 
Anthrax 
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4.6. Detailed Description of Some Biological Agents 

1. References: FM 8-9 (Part 11), FM 8-33, and USAMRID'S Handbookon Medrcal Management of 
Biologrcal Casualtres, and USAMRMC's Medical Producls /or Supportrng Military Readiness, 
Vaccines & Drugs (GO BOOK). A model for an approach to the acutely ill febrile patient is foundin 
Annex D of FM 8-9 (Part 11). 

2. Anthrax (Bacrllus anthracis). 

A. Characteristics. Anthrax IS a zoonotlc d~sease caused by Bacillus anthracis. Under natural 
conditions, humans become ~nfected by contact w ~ t h  infected animals or contaminated animal 
products. Human anthrax IS usually man~fested by cutaneous lesions. A biological warfare attack 
w t h  anthrax spores deli\.ered by aerosol would cause lnhalatton anthrax, an exhaardinanly rare form 
of the naturally occurnng disease. Smce Anthrax IS a zoonotic disease, deaths In cattle and sheep 
coinctdent with human cases may indicate an anthrax attack. 

B.  Clmical Features. The disease beglns aAer an incubation period varying from 1-6 days, 
presumably dependent upon the dose of inhaled organisms. Onset is gradual and nonspecific, with 
fever, malaise, and fatigue, sometimes in association with a nonproductive cough and mild chest 
d~scomforl. In some cases, there may be a short period of improvement. The initial symptoms are 
followed in 2-3 days by the abrupt development of severe respiratory drstress with dyspnea, 
diaphoresis, stridor, and cyanosis. Physical findings may mclude evidence of pleural effus~ons, 
edema of the chest wall, and meningltls. Shock and sudden death can occur within four hours of 
respiratory symptom and fever onset. 

C. Vaccine. A licensed, formalin-mactivated cellular supernatant vaccine comprising the B. 
anthracis protective antigen (PA) has been shown to be effective in preventing inhalation anthrax. 
Antibody against protective antigen develops in 85-95% after initial 3 doses, and in 100% after 12- 
month dose. The vaccme should be stored at refrigerator temperature (not frozen). The US Army is 
currently vaccinat~ng troops against Anthrax. 

D. Antlblotics If a b~olog~cal ueapon anack IS immrnent Insert or cases have just been diagnosed, 
prophylax~s with clprofloxacm or doxycycline is recommended. Effectiveness of ant~b~otlc use wll  
depend on how early treatment is started and the antibiot~c sens~tivity of the organism. Case-fatallty 
rate is high followmg onset of pulmonary slgns and symptoms. 

3. Botulinum toxin 

A. Charactcrist~cs. Botulism is caused by mtoxicatlon with any ofthe seven distinct neurotoxins 
produced by the bacillus Closrrrdium botulmum. The toxlns are protelns that bmd to the prespaptlc 
membrane of neurons at peripheral cholinergic synapses to prevent release of acetylcholine and 
block neurotransm~ssion. 

B. Clmical Features. A biological warfare attack with botulinum toxin dehvered by aerosol would 
be expected to cause symptoms similar in most respects to those observed with rood-borne botul~sm. 
Symptoms of inhalation botulism may begin as early as 24-36 hours, or as late as several days, 
following exposure. Initial symptoms include ptosls, generalized weakness, lassitude, and dimness. 
Dminished salivation with extreme dryness ofthe mouth and throat may cause complaints of asore 
throat. Urinary retention or deus may also occur. Motor symptoms usually are present early in the 



discase; cranial nerves are affected first w ~ t h  blurred vision, diplopia, ptos~s, and photophobia. 
Bulbar nerve dysfunct~on causes dysarthria, dysphnnia, and dysphagia. This is followed by a 
symmetr~cal, descending, progressive weakness of the extremities along with weakness of the 
respiratory muscles Development of respiratory failure may be abrupt. 

C. VaccineIProphylax~s. A formalin-inactivated toxoid ofbotulinum toxins Types A, B, C, D, and 
E (pentavalent vacc~ne) is ava~lable under investigational vaccine status by the Army and CDC. The 
vaccme provides countermeasure to five of the seven neurotoxins (Types A through E). The 
currently recommended schedule mduces solidly protective antibody levels in greater than 90percent 
of those vaccmated after 1 year. The vaccine should be stored at refrigerator temperatures (not 
frozen). Other available countermeasures mclude two antitoxin preparations available for post- 
exposure use m ~nd~viduals exposed to bntulinum toxms and may be effective if given early in the 
course. Available from CDC is a trivalent licensed antitoxin against Types A, B, and E A 
heptavalent antitoxm against Types A through G is available as an IND product from USAMRIID 
available only under protocol with informed consent. 

4. Brucellosis (Brucella species) 

A. Characteristics. Brucellosis is a systemic zoonotic disease caused by one of four species of 
bacteria: Brucelln melrtens~s, B abortus. B, suis, and B, canis; virulence for humans decreases 
somewhat ~n the order given. These bacteria are small gram-negative, aerobic, non-motile 
coccobacilli that grow w ~ t h ~ n  monoc9es and macrophages. They reside quiescently in tissue and 
hone-marrow, and are extremely difficult to eradicate even with antibiotic therapy. Their natural 
reservoir is domestlc animals, such as goats, sheep, and camels (B. nrelitens~s); cattle (B. abortus); 
and pigs (5. s~rrs). B ranis is pnmarily a pathogen ofdogs. and only occasionally causes disease in 
humans When used as a biolog~cal warfare agent, hrucellae would most hkely be delivered by the 
aerosol route, the result~ng infect~on would be expected to rnlmlc natural disease. Terrorist and 
parllsans would most hkely spread Bmcellosls through contamination of diary products. 

B. Clinical Features. Brucellosis presents aAer an incubation period normally ranging from 3-4 
weeks, but may be as short as 1 week or as long as several months. Clinical disease presents typically 
as an acute, non-specific febrile illness with chills, sweats, headache, fatigue, myalgia, arthralgia, and 
anorexia. Cough occurs in 15-25% of patients, but chest radiographs are usually normal. 
Complications include: sacroiliitis, arthritis, vertebral osteomyelitis, epididymo-orchitis, and rarely, 
endocarditis. B. melitensm may result in a 30.40% casualty fatality rate. 

C. Vaccine L ~ v e  animal vaccines are widely used Killed and live attenuated human vaccines have 
been available in many countries but are of unproven eflicac).. No approved human vacclne is 
available at this time. 

5 Cholera (V~brro cholerae) 

A. Characteristics. Cholera is a diarrheal disease caused by Vrhrio cholerae, ashort, curved, gram- 
negative bacillus. Humans acqulre the disease by consumlrlg water or fond contammated with the 
organism. The organism multiplies in the small intestme and secretes an enterotoxin that causes a 
secretory diarrhea. When employed as a BW agent. cholera u 111 most hkely be used to contaminate 
water supplies. It is unhkely to he used In aerosol lorn. 

B. Clinical Features. Cholera may present as m~ld  diarrhea or as a fulmlnant d~sease characterized 
by profuse watery d~arrhea w ~ t h  fluid losses exceeding 5 to 10 he r s  or more per day. Without 



treatment, death may result from severe dehydration, hypovolemia and shock. Vom~t~ng  IS often 
present early in the illness and may complicate oral replacement of fluid losses. There IS little or no 
fever or abdominal pain. 

C. Vaccine. Vaccination with the FDA Licensed, currently available, killed suspension of V. 
cholerae provides about 50% protection that lasts for no more than 6 months. Vaccme conslsts of 
sterile suspension of equal parts of phenol-killed Ogawa and Inaba serotypes of V. cholerae. The 
init~al dose is two mjections given at least 1 week apart with booster doses every 6 months. This 
cholera vaccme does not prevent transmission of ~nfection. It is not recommended by the World 
Health Organization (WHO) or the DoD. 

6 .  Clostridium perfringens Toxins. 

A. Characteristics. Clostrid~umperfrmgens is a common anaerobic bacterium asnciated with three 
distinct disease syndromes; gas gangrene or closttidial myonecrosls; ententis necroticans (pig-bel); 
and clostridial food poisoning. Each of these syndromes has very specific requirements for 
delivering inocula of C perfringens to specific sites to induce disease, and it IS difficult to imagine a 
general scenario in which the spores or vegetative organisms could be used as a biological warfare 
agent. There are, however, at least 12 protein toxins from Clostridium species, and one or more of 
these could be produced, concentrated, and used as a weapon. The alpha toxin, a well-characterized, 
highly toxic phospholipase, would be lethal by aerosol. Other toxins from the organism might be co- 
weaponized to enhance effectiveness. 

B. Clinical Features. The clinical picture of aerosolized C perfringens alpha toxin would be 
expected to be that of a serious acute pulmonary insult. Absorbed alphatoxincould produce vascular 
leakage, hemolysis, thrornbocytopenia, and liver damage. Other toxins admixed could modify the 
illness. 

C. Vaccine. There is no available prophylaxis against most C. perfringens toxins. Toxoids are 
being used to prevent enteritis necroticans in humans, and veterinary toxoids are in wide use. 

7. Cnmean-Congo Hemorrhagic Fever 

A. Charactenstics. Cnmean-Congo hemorrhagic fever (CCHF) IS a vral disease caused by CCHF 
virus. The wrus is usually transmitted by t~cks, principally of the genus Hyalomma, w~th  ~ntemediate 
vertebrate hosts varying with the tick species. The disease was first recognized in the Crimea, but 
occurs over most of Africa, the Middle East, the Balkans, the former USSR, and eastem Chma. 
Humans become infected through tick bites, crushing an infected tick, or at the slaughter ofvirem~c 
livestock. Even in ep~demics, cases do not show narrow clustering and person-to-person spread is 
rare CCHF would probably be delivered by aerosol if used as a BW agent. 

B. Clinical Features. Typical cases present with sudden onset of fever and chills 3-12 days after 
tick exposure. Flushing, conjunctival inject~on, and mild hypotension may be present. After 2-3 days, 
perhaps with a temporary remission of fever, patients develop bleeding manifestations such as 
petechiae, ecchymoses, oozing from puncture sites, melena, hematuria, and gastrointestinal (GI) 
hemorrhage. Crimean-Congo hemorrhagic fever may cause quite severe ecchymoses and extensive 
GI bleeding. There is severe headache, lumbar pain, nausea and vomiting, delirium, and prostration. 
The sensitivity of the virus to ribavirin, and the severity ofdisease, suggests that prophylaxis ofhigh- 
risk exposure,j is indicated. 
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C. Prophylaxis. Ribavmn is a synthetic. nater soluble. colorless nucleoslde available as an 
injectable solut~on for IV administrat~on or in a capsule form for oral admm~stration. Oral and 
intravenous ribavlrm are ISD products and ~ o u l d  be a\allable only on protocol w ~ t h  mformed 
consent. Ribav~nn was approved for use In Operation Desen Shleld Storm. Somaha and Korea. 
Monitonng for anemia is suggested. In the case of a suspected biolog~cal attack, nba\ lrin could be 
considered for therapy as well as prophylaxis. 

8. Glanders. 

A. Characteristics. The causative agent of Glanders is Burkholderio (formerly Psuedon~onos) 
mallei, a gram-negative bacillus. Glanders is a highly commun~cable disease ofhorses, donkeys, and 
mules. Epidemics of human glanders have not been reported. However, sporadic cases occur In 
Asia, Africa, the Middle East, and South America Human infect~on occurs rarely and sporad~cally, 
and almost exclusively ~n those whose occupations ~ n v o h e  contact with animals or work in 
laboratories. Thls organism spreads to humans by rnbadmg the nasal, ordl. and conjunct~val mucous 
membranes, by inhalat~on Into the lungs, and by ~ n v a d ~ n g  abraded or lacerated slim Aerosols from 
cultures have been observed to be highly infectlous to laboratov norkers. Slnce aerosol spread is 
effic~ent and no vaccine 1s available, B n~oller has been t~ewed  as a potential b~ological warfare 
agent. 

B. Clinical Features. Incubation period ranges from 10-14 days after ~nhalat~on. lnhalat~on 
exposure produces fever, ngors, sweating, myalgla, headache, pleuntic chest pain. c e n ~ c a l  
adenopathy. splenomegaly, and generalized papularlpustular eruptions. This disease IS almost 
always fatal \v~thout treatment. 

C. Vaccine. there are no means of immumrdt~on. X'lgorous cleansing orabraslons and lacerations 
may reduce the risk of d~sease aAer Inoculat~on oforganlsms Into the skin. 

9. Plague ( l e r s ~ n ~ u p e s r r s ) .  

A. Characteristics. Plague is a zoonotlc dlsease caused by Yers~nra pests.  Under natural 
conditions, humans become infected as aresult ofcontact with rodents and their fleas. Transmission 
of this gram-negat~ve coccobacillus is by the bite of an infected flea. Under natural condit~ons, three 
syndromes are recognized: bubonic, prlmary septicemic, or pneumonic plaque. In a b~ological 
warfare scenario, the plague bac~llus could be delivered via contaminated vectors (fleas) causing the 
bubonic tfle or, more likely, via aerosol causmg the pneumonic type. In bubon~c plague, the 
incubat~on per~od ranges from 2 to I0 days. 

B. Clinical Features The onset IS acute and often fulminant w t h  malaise, h ~ g h  fever, and one or 
more tender l ~ m p h  nodes Inguinal I>mphadenlt~s (bubo) predomlnates. but cervical and axillary 
I p p h  nodes can also be ~n\.ol\ed. The In\ol\ed nodes are tender. fluctuant. and necrotic. Bubonic 
plague may progress spontaneousl) to the s e p t ~ c e m ~  f o m  ~ ~ t h  organlsrns spreading to the central 
nervous system. lungs (produc~ng pneumonlc disease). and elssi\ here \lortnlity is 50 percent in 
untreated patlents u ~ t h  tine terminal e\ent b e m  circulator\ collapse. hemorrhage, and peripheral 
thrombosis. In pnmac pneumomc plque.  the lncubatlon penod 1s 2 to 3 days. The onset is acute 
and fulminant w ~ t h  mala~se. hlgh fetcr. chills. headdche. m)alg~a. cou& \vlthproductlon ofa bloody 
sputum, and toxemia. The pnsumonla progrssses rap~dl). rssult~n_e In dyspnea, stridor, and cyanosis. 
In untreated patlents. the mortallt) 1s I00 percent \ \ ~ t h  the t e m ~ n a l  e\ent bemg respiratory fallure, 
circulatory collapse, and a bleed~ng dlathes~s. 



C Vacclne. .4 formalln-lnactlvated (I~censed) > pesrrs baccine IS produced in the United States 
and has been extensnely used Live-attenuated racclnes are aballable elsewhere, but are highly 
reactogenlc and wlthout pro\ en eflicacy agalnst aerosol challenge. The current plague vaccine does 
not rellahly protect laboraton animals from aerosol challenge and would not be an effective BW 
countermeasure ~ e r s u s  aerosol attack. Chemoprophylaws 1s recommended for contacts of 
pneumonlc plague patients. Post-exposure prophylam u ~ t h  elther doxycychne or tetracycline has 
been recommended In known exposures The addmon of ceftnaxone IS recommended for plague 
menlngltis 

10. Q Fever. 

A. Characteristics Q f e \ n  IS a zoonotic dlseass caused by the nckettsla C~~xrellu hurnerir. The 
most common animal reservoirs are sheep, cattle. and goats. Humans acquire the disease by 
inhalation of particles contaminated with the organism. A h~ologlcal warfare attack would cause 
disease similar to that occurring naturally. 

B. Clinical Features. Following an incubation period of 10-20 days, Q fever generally occurs as a 
self-lim~ting febrile ~llness lasting 2 days to 2 weeks. Pneumonia occurs frequently, usually 
manifested only by an abnormal chest radiograph. A nonproductive cough and pleuritic chest pain 
occur in about one-fourth ofpatients with Q fever pneumonia. Patients usually recoveruneventfully. 

C. Vacc~ne. A formalin-inactivatred whole cell vaccine is ava~lable for immunizat~on of at-risk 
personnel on an investigational basis. Vaccination w ~ t h  a single dose of this killed suspension of C. 
burnetii provides complete protection against naturally occurring Q fever and greater than 95% 
protection against aerosol exposure. Protection lasts for at least 5 years. Administration of this 
vaccine in immune mdividuals may cause severe cutaneous reactions includmg necrosis at the 
inoculation site. Treatment with tetracycline during the incubation period will delay but not prevent 
the onset of illness. 

11. Ricin. 

A. Characteristics. Ricin is a glycoprotein toxin from the seed of the castor bean plant. Altering 
ribosomal RNA blocks protein synthesis, thereby killlng infected cells. Ricin's significance as a 
potentla1 b~ologcal warfare agent relates to 11s a u l a b ~ l l t y  uorldwlde. ease of production, and 
extreme pulmonary toxlclty when Inhaled. 

B. Clinlcal Features. Overall, the clinical picture seen depends on the route of exposure. All 
reported serious or fatal cases of castor bean ingestion have taken approximately the same course: 
rapid onset of nausea, vomiting, abdominal cramps and severe diarrhea with vascular collapse. 
Death usually occurs on the third day or later after exposure. Following inhalation, one might expect 
nonspecific symptoms of weakness, fever, cough, and hypothermia followed by hypotension and 
cardiovascular collapse. In monkeys, inhalation toxicity is characterized by a dose dependent 
preclinical period of 24-36 hours followed by anorexia and progressive decrease in physical activity. 
Death occurs 36-48 hours post challenge. High doses by inhalation appear to produce severe enough 
pulmonary damage to cause death. 

C. Prophylaxis. There is currently no prophylaxis approved for human use. Ricin 1s not demally 
actwe; therefore, respiratory protection is the most critical means of prevention (slmilar to chemical 
agent exposure). Vaccines under development are immunogenic and confer protection against lethal 
aerosol exposures in animals. 
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12. Rift Valley Fever. 

A. Characteristics. RiA Valley Fever (RVF) is a viral disease caused by the Rift Valley Fever 
(RVF) vims. The v~rus  circulates in sub-Saharan Africa as a mosquito-borne agent. Epizootics 
occur when susceptible domestic animals are infected, and subsequent amplification of infection due 
to the large amounts of virus in animal serum. Deaths and abortions among susceptible species, such 
as cattle and sheep, provide a diagnostic clue and a method of surveillance. Humans become 
infected by the bite of mosquitoes, or by exposure to virus-laden aerosols or droplets. Outbreaks are 
t p c a l l y  associated wtth very h ~ g h  densities of arthropod vector populations that may occur during 
heavy and prolonged rams or in association with ~mgation projects. Humans are also commonly 
infected when butchering sick and dead animals. The human dsease appears to be similar whether 
acquired by aerosol or by mosquito bite. A b~ological warfare attack, most likely dehvered by 
aerosol, would be expected to elicit arather specific spectrum of human clmical manifestations and 
to cause disease in sheep and cattle in the exposed area. If disease occurred in the absence of heavy 
vector populations or without domestic an~mals as amplifiers of mosquito ~nfection, a BW attack 
would be the likely cause of an outbreak Domest~c animals are probably susceptible to aerosol 
mfection, or could be covertly infected, to mitiate an epidemic that might propagate itself by the 
usual (natural) means. 

B. Clinical Features. The incubation IS two to five days and is usually followed by an 
incapacitating febnle illness of similar duration. The typ~cal physical findings are fever, conjunctival 
injection, and somet~mes-abdominal tenderness. A few petechiae or  epistaxis may occur A small 
proportion of cases will progress to a viral hemorrhagic fever syndrome, oAen with associated 
hepatms. These cases ma) man~fest petechiae, mucosal bleedmg. Icterus, anuria, and shock. 
Mortal~ty In thrs group 18 roughly 50percent. h slm~lar propomon ud l  develop clm~cally s~gnificant 
ocular changes such as macular les~ons associated with ret~nal \ascul~t~s.  hemorrhage, edema. and 
infarct~on After apparent recorer) from a typical febnle illness, the parlent develops fever, 
meningeal slgns, obtundat~on, and focal defects These patlents may d ~ e  or often have serious 
sequelae Avo~dance of mosquitoes and contact w ~ t h  fresh blood from dead domestic animals and 
resp~ratory protection from small particle aerosols are the mainstays of prevention. 

C. ProphyIax~slVaccine. An effectwe mactivated vaccine is available in hmited quantities. 
Protectwe antihodies begin to appear within 10-14 days and last for a year. A smgle injection is 
probably not protective, but two moculations may provide marginal short-term protection. R~bavirin 
prophylax~s of the related sandfly fever virus was successful, but the dose used m~ght  be expected to 
produce anemia and other effects in some recipients 

A. Character~st~cs S a ~ t o x ~ n  1s the parent compound of a h u l y  of chem~cally related 
neurotoxins. In nature these torms arc prcdornmantly produced b) manne dmoflagellates. Human 
lntox~catrons are pr~ncipall? due ro ~nsestron of b ~ \ a l \ e  mollusks. wh~ch have accumulated 
dmoflagellates d u r p  filter feedmi. The resulttng mtoxlcatlon, known as paralytic shellfish 
poisoning (PSP). 1s knoi\r~ throuehout the uorld as 4 sererr. Il(e-threaten~ng illness requiring 
immcd~atc mcd~cal Intencntlon Sd\ito\ln and 11s denball\ es arc \rater-soluble compounds that 
bmd to the voltage-sens~t~\e sod~um channel. blocking propagallon of nerve-muscle action 
potent~als The natural route ofe\posurc to thesc toxms 1s oral. In a BW scenario, the most likely 



route o f  dellvery is by ~nhalation or toxlc prnject~le. In add~t~on ,  saxltoxln could be used in a 
confined area to contammate uater supphes 

B. Clinical Features Cons~stent w ~ t h  the expected mechan~sm ofactlon, victimsfyp~cally present 
with neurolog~cal s)mptoms, and In setere cases. death results from respiratory paralysis. After oral 
exposure. absorption o f tox~ns  from the gastrointest~nal tract 1s rapld. Onset of symptoms typically 
begins 10-60 mlnutes after exposure, but may be delayed several hours dependmg on the dose and 
indiv~dual ~d~os)ncrasles. l n ~ t ~ a l  symptoms are numbness or tlnghng of the hps, tongue and 
fingert~ps. folloned by numbness of the neck and erttrem~t~es and general muscular incoordination. 
Resp~ratorq d~stress and flacc~d muscular paralysis are the terminal stages that can occur 2-12 hours 
aRer Intorlcatlon. Death results from respiratory paralys~s. Clearance of the toxin 1s rap~d, and 
sumvors for 11-24 hours v.111 usually recover. Complete recovery may requ~re 7-14 days. 

C. Vaccine. No vacclne against sax~toxin exposure has been developed for human use. 

14. Smallpox. 

A. Characterist~cs. The smallpox virus is an orthopoxvirus with anarrow host range confined to 
humans. Eradication of the natural disease was completed in 1977. Appearance of human cases 
would signal use of the virus as a biological weapon. Under natural conditions, the virus is 
transmitted by direct contact with an infected case, by fomites, and occas~onally by aerosols. 
Smallpox virus is highly stable and retains infectiv~ty for long periods outs~de of the host. A related 
virus, monkeypox, clinically resembles smallpox and causes sporadic human disease in West and 
Central Africa. The incubation period is typically 12 days (range, 10-17 days). 

B. Clinical Features. The illness begins with a prodrome lasting 2-3 days, with generalized 
malaise, fever, rigors, headache, and backache. This is followed by defervescence and the appearance 
of a typical skin eruption characterized by a 7-10 day progression of lesions, through successive 
stages, from macules to papules to vesicles lo pustules. The latter finally form crusts and, upon 
healing, leave depressed depigmented scars. The distribution of lesions is centrifugal (more 
numerous on face and extremities than on the t m n k  Lesions are In the same stage of development at 
any point in tlme. Fever may reappear around the 7th day after onset of rash. The case fatal~ty rate IS 

approximately 35?'0 in unvaccmated ~ndiwduals. 

C. Patient Management. While smallpox patients were often cared for by immune care gvers using 
standard (or no) precautions, the care of smallpox patients today would involve cohorting and 
quarantine In designated facilit~es, vaccination (to protect those possibly misdiagnosed), and the use 
of contact and, if possible, airborne precautions; respiratory droplet precautions might be the only 
feasible alternative in a mass casualty situat~on. All contacts including healthcare workers would be 
vaccinated and quarantined. Objects in contact with the patient (e.g. bed linens, clothing, 
ambulances) require d~sinfection by fire, steam, or sodium hypochlonte solution. 

D. VaccineIProphylaxis. Smallpox vaccine (vaccinta virus) 1s a licensed live poxvirus vaccine that 
induces strong cross-protection against smallpox Rellable data are sparse as to efficacy and 
durability of protection. The duration vacclnla mduced lmmunlty IS at least 3 years. Vaccine 
immunity may prevent or modify illness. Fully immune indlvlduals exposed to the virus by the 
respiratoryroute may develop fever, sore throat, and conjunctiv~tis ("contact fever") last~ng several 
days. The vaccine is administered by dermal scarification or intradermal jet ~njection. The 
appearance of a vesicle or pustule within several days ~ndicates that the vaccme will be effective. 



Other available countermeasures mclude the postexposure use of Vaccinia immune globulin or 
primary vaccination within 3-4 days of exposure yields some protection. 

15. Staphylococcal Enterotoxin B. 

A. Characteristics. Staphylococcal Enterotoxin B (SEB) is one of several exotoxins produced by 
Staphylococc~is aureus, causing food poisoning when ingested. ABW attack with aerosol delivery of 
SEB to the respiratory tract produces a distinct syndrome causing significant morbidity and potential 
mortality. 

B. Clinical Features. The disease begins 1-6 hours after exposure with a sudden onset of fever, 
chills, headache, myalgia, and nonproductive cough. In more severe cases, dyspnea and retrosternal 
chest pain may also be present. Fever, which may reach 103-106°F may last 2-5 days, but cough 
may persist 1-4 weeks. In many patients nausea, vomiting, and diarrhea will also occur. Physical 
findings are often unremarkable. Conjunctival injection may be present, and in the most severe 
cases, signs of pulmonary edema would be expected. In moderately severe laboratory exposures, 
lost duty time has been < 2 weeks, but. based upon animal data, it IS anticipated that severe 
exposures will result in fatalities. 

C. Prophylaxis. Currently there is no human raccine for immunization against SEB ~ntoxication. 
Experimental vaccines are under development. Pas& e immunotherapy can reduce mortality ~f given 
within 4-8 hours post SEB inhalation. 

16. Tnchothecene Mycotoxins (Yellow Rain). 

.A. Characteristics The tnchothecene m)cotoxins are a d~verse goup of more than 40 compounds 
produced by fungi. The tricothecene (T-2) mycotoxins are the only toxin threats that penetrate skin 
or are that actlye on Intact skin surfaces They are potent Inhibitors ofprotein synthesis, impair DNA 
synthesis, alter cell membrane stmcture and funct~on, and inhibit mitochondrial respiration. 
Secondary metabolites of fungi, such as T-2 toxin and others, produce toxlc reactions called 
mycotoxicoses upon inhalation or consumption of contaminated food products by humans or 
animals. Naturally occumng trichothecenes have been identified in agricultural products and have 
been implicated in a disease of ammals known as moldy corn toxicosis (moldy corn poisoning). 
There are no well-documented cases of clinical exposure of humans to trichothecenes. However, 
circumstantial evidence has associated these toxins with alimentary toxic aleukia (ATA), the fatal 
epidemic seen in Russia during World War 11, and with alleged BW incidents ("yellow rain") in 
Cambodia, Laos, and Afghanistan. 

B. Clinical Features. Consumption of these mycotoxins results in weight loss, vomiting, skin 
inflammation, bloody diarrhea, diffuse hemorrhage, and possibly death The onset of illness 
following acute exposure to T-2 (IV or inhalation) occurs in hours, result~ng in the rapid onset of 
circulatory shock characterized by reduced cardiac output, artenal hypotension. lactlc acidosis and 
death within 12 hours. Clinical signs and symptoms of ATA mclude hemorrhage, leukopen~a, 
ulcerative pharyngitis, and depletion of bone marrow. The purported use of T-2 as a BW agent 
resulted in an acute exposure via inhalation and/or dermal routes, as well as oral exposure upon 
consumption of contaminated food products and water. Alleged victims reported panful skm lesions, 
Iightheadedness, dyspnea, and a rapid onset ofhemorrhage, incapacitation, and death. Ascorbic acid 
(400-1200 mgikg, intra-peritoneal (P) may decrease lethality. 

C. Vaccine. There are no approved human vaccines for immunization against mycotoxins. 



17. Tularem~a (Francrsella tulurensrs) 

A. Charactenstlcs. Tularem~a IS a zoonotlc d~sease caused by Fruncrsellu rdarensrs, a gram- 
negatwe bac~llus. Humans acquire the disease under natural condnions through ~noculation of skin or 
mucous membranes w ~ t h  blwd or tlssue f lu~ds of mfected anmals. or b~tes  of infected deerflies, 
mosquitoes, or tlcks. Less commonly, ~nhalat~on of contammated dust. or lngestlonofcontaminated 
foods or water, may produce clln~cal d~sease. A BW attack u ~ t h  F tularensrs delivered by aerosol 
would primarily cause t!pho~dal tularemia a syndrome expected to habe a case fatality rate wh~ch 
may be higher than the 5.10% seen  hen the d~sease IS acqu~red naturally 

B. Clin~cal Features L'nder natural condmons. ulceroglandulartularem~a generally occurs about 2 
to 10 days after intrademal inoculatron, and rnanlfesls as regional lymphadenopathy, fever, chills, 
headache, and malase. with or without a cutaneous ulcer. Gastromtestmal tularemia occurs afler 
dnnktng contam~nated uater, and is characterized by abdominal paln, nausea. vomiting, and 
d~arrhea. Bacterem~a probably IS common after primary intradermal, respratory or gastromtestmal 
infection uith F tulurensis and may result in septicemlc or " t ~ h o ~ d a l "  tularem~a. The typhoidal 
form also may occur as a primary condit~on In 5.15% ofnaturally occumng cases. Clinical features 
lnclude fe\.er, prostration, and weight loss w~thout adenopathy Pneumonic tularemia is a severe, 
atypical, poss~bly fulminant, pnmary or secondary pneumonia. Primary pneumonia may follow 
d~rect inhalation of infectious aerosol, or may result from aspirat~on of organisms such as m cases of 
pharyngeal tularemia. Pneumonic tularemia causes fever, headache, malane, suhstemal d~scornfon, 
and a non-productive cough. A b~ological warfare attack w ~ t h  F tulurensrs would most likely be 
delivered by aerosol causmgprimarily typhoidal tularemia. Many exposed individuals would develop 
pneumonic tularemia (primary or secondary), but clinical pneumonia may be absent or non-evident. 
Case fatality rates may be higher than the 5.10% seen when the disease is acquired naturally. 

C. Vaccme. A live, attenuated tularemiavaccine is available as an rnvestigationalnew drug (IND). 
Its effectiveness in humans against the concentrated bacterial challenge expected in a BW attack is 
unproven. 

18. Venezuelan Equme Encephalitts. 

A. Characteristics. Eight serologically distinct viruses belonging to the Venezuelan equine 
encephalit~s (VEE) complex have been associated with human disease. These agents also cause 
severe disease in horses, mules, and donkeys (Equidae). Natural infections are acquired by the bttes 
of a wide variety of mosquitoes. Equidae serve as the virem~c hosts and source of mosquito 
infection. In natural human epidemics, severe and often fatal encephalitis in Equidae always 
precedes that In humans. A BW attack with v ~ m s  d~sseminated as an aerosol would cause human 
disease as a primary event. If Equidae were present, disease in these animals would occur 
s~multaneously with human disease instead of preceding ~ t .  Secondary spread by person-to-person 
contact occurs at a negligible rate. However, a BW attack in a region populated by Equidae and 
appropriate mosqulto iectors could inihate an epidemic. Nearly 100% of those infected suffer an 
overt illness. 

B. Clmical Features. After an incubation period of 1-5 days, onset of illness is extremely sudden. 
with generalized malaise, spiking fever, ngor, severe headache, photophobia, and myalgia of the 
legs and lumbosacral area. Nausea, vomiting, cough, sore throat, and diarrhea may follow. This 
acute phase lasts 24-72 hours. A prolonged penod of asthenia and lethargy may follow, with full 
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health and activity regained In 1.2 weeks. Neurologic cases are seen almost exclusively in children. 
The overall case-fatality rate is < 1%. 

C. ProphylaxisIVaccine. Investigational vaccines are currently being tested. An experimental 
vaccme, designated TC-83 is a Ilve, attenuated cell-culture-propagated vaccine. A second 
investigational product that has been tested m humans is the '2-84 vaccme, prepared by formalin- 
inactivation of the TC-83 strain. 
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Chemical Vulnerability Assessment. Vulnerability analysis is a systematic method for estimating 
fr~endly casualties and/or consequences from enemy or terrorist chem~cal attacks. The end state 
of vulnerabihty analysls is the recommendation to the commander on vulnerability reduction 
measures and to provide the information needed to make dec~s~ons concern~ng the acceptable 
level of risk in mission accomplishment. 

Dissemination and Deployment. Chemical strikes can be delivered with almost any type of 
conventional weapon system. Chemical rounds are less explosive than conventional rounds. 



Means of delivery include, but are not l ~ m ~ t e d  to the following Aircraft, Rocket, Bomblets, 
Shell, Spray, Bomb, M~ssiles. Unknown. Cannon, and Generator. Chemicals can also be 
delivered by non-trad~t~onal means through temnst  attacks such as the Tokyo subway inc~dent. 
For hazard prediction. all anacks are class~fied as e~ther T,pe A, air-contaminating agents or 
Type B, ground contaminat~ng agents. The predict~on of do\rnwmd chemical hazard areas 
depends on the a m d  speed. temperature. and humidrty. and [he size of the attack area. 

4. Chemical Hazard Prediction 

A. General. The chemical hazard predict~on procedure provides information on the likely 
location and the extent of the hazard area and the durat~on of  the hazard resulting from attacks 
with chemical weapons. It provides the necessary information for commanders to warn units 
w~thln the pred~cted hazard area. The predtct~on of the anack and hazard areas depends on the 
means of delivery, the type of anack, and the meteorolog~cal factors. There are two basic types 
of hazard pred~ct~on: those that rely on the 'lriangle" of XATO ATP-45 wh~ch merely tracks a 
"warning range," and those that try to accurately maplpredict the actual cloud (mcluding 
depos~tion and re-e~aporation). See Table 5-A. 

B. Types of Chemical Attacks. 
(1) Type A: Non-persistent agents, such as G-agents, create a vapor hazard 
(2) Type B: Persistent agents such as V-agents contaminate surfaces. 

5. Releases Other Then Attack Hazard Prediction. These releases, referred to as Releases Other 
Than Attack (ROTA), may include, but are not limited to, toxic industrial chemical (TIC) or 
chemical releases due to damaged or destroyed storage bunkers, transport vehicles, storage or 
production facilities, ammunition supply sites, power plants, etc. Chemical material in any area 
of operation presents a hazard if released into the atmosphere either accidentally or intentionally. 
The amount of material released may be small or extremely large. 

6. Recognition and ldent~fication of Chemical Agent Contamination. Signs used for marking 
contaminated areas are standard throughout NATO in color and size. This permits easy 
ident~fication. The color of the sign indicates the type of contamination. The pnmary or 
background color indicates the general type of hazard. The secondary color gives specifics as to 
what the hazard is. In addition to color, signs are standard slze and shape. The sign is a right- 
angled isosceles triangle. The base is approximately 28 cm and the sides approximately 20 cm. 
The s ~ g n  can be wood, plastic, metal, or any other available material. Place the signs with the 
point opposite the base of the triangle facing down. The US.  marks contaminated areas with the 
NBC Contaminallon Marking Set. If units do not have this kit available, they can make the signs 
out of available wood or metal. These field expedient signs must be of standard shapes, sizes, 
and colors. See FM 3-3, chapter 5 for more information. 

7. Recognition and identificat~on of Toxic Industrial Chemicals (TIC) 

A. Examples of Industries and their associated hazards. This section lists a few industrial 
settings and the representative types of hazards that may be found there. However, this list is not 
exhaustive, and each site must be treated as a separate problem depending on the deta~ls of the 
industrial activity that is carried out and the history of the site. 

(1) Pharmaceutical Manufacturers can have a variety of reactive and toxic chemicals, 
physiologically active drugs, and possibly biological organisms. 
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(2) Chemical Production or Manufactunng Facilities such as pesticide plants can have a 
number of reactwe or toxic chemicals. A bulk manufacturing faclllty can have large storage 
tanks of hazardous chemicals, whlch may he transported in drums, pipelines, or tankers. A 
specialty chemical company may have similar quantities of a larger number of chemicals. 

(3) Ferl~llzer Manufacturing Facilities may have large quantities of Inorganic solids, acids 
and bases, and gases. 

(4) WateriSewage Treatment Plants can produce irritating or toxic gases. They may store 
large quantities of chlorine gas or hypochlorite. 

( 5 )  Chemical Storage Facllihes can contain large quantities of a varlety of chemicals that 
should be in sealed containers. 

(6) TransportationIShippmg Facilities such as rail yard, depot, bulk storage area, or a 
maritime terminal can have a variety of chemicals or hazardous materials. The materials 
should be packaged, labeled, and sealed for safe shipment and may not be stored for a long 
time. 

(7) Petroleum Refineries can have large quantities of volat~le, flammable, toxic 
compounds. 

(8) Government Research Facilities can be the source of a w ~ d e  variety of hazards. 
Different fac~lities can specialize ~n nuclear, chemical, or biological research, or a 
combination of the three. In some cases, hazardous materials and wastes can be stored in 
large quantities. 

(9) Former Military Facilities should have been properly remediated to remove or destroy 
all hazardous materials. However. it may be possible that waste may have been buried or 
dumped without proper controls. 

(10) Military Firing Ranges Prov~ng grounds can he the location of buried or unexploded 
munitions or chemical weapons rounds These munitions can be undocumented and are 
potentially very dangerous. 

(1 1) IndustriallManufacturing Faciht~es can have large quantities of specialized chemicals, 
cryogens, reagents, fuels, and manufactunng and transportation equipment, Industrial waste 
dumps may be located directl? adjacent to. or In the \icinity of the manufacturing facility. 

(12) Conventronal Pouer Generating Planls m a  have large storage fachties for 
flammable fuels, tncludlnl: coal. otl. or :as 

(13) Landfills ma) senerate rrntatlng or novous pases. wh~ch may be tlammable or in 
extreme cases, explosive Gases may accumulate In I O U  I>ing areas to displace atr. 

B. Marking System. The Un~rcd Kattons Committee of Expens delelops recommended 
procedures for the transport of all t>pes of  dangerous soods except radioactive matenals. 
Included in these procedures are marklng requirements oihazardous matenals. Placards are used 
on large items such as trucks, pallets of harardous marends, and storage areas. They are used to 
wam personnel at a distance of poss~ble danzer (They scn e as the "universal precautions" for 
the transporter.) Placards must conform to cenam requirements on m e ,  color, and strength. 
Each placard must be at least 273 mm on each s ~ d e  and must have a solid lme Inner border 
approximately 12.7 mm from each edge (See fiure 5-B). 





Figure 5-A: Chemical Risk Assessment 
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Table 5-B: Casualty Estimate for Initial Chemical Hazards 

Reference Table 1-3 from FM 3-7. 

Table 5-C: ROTA Hazard Prediction Methods 

Hazard 
Case 

Release 
from a 
bulk 
storage 
tank 

Prediction 
Procedure 

.f TIC is known 
md listed in this 
:hart use 
:xclusion areas 
ihown 

If TIC IS known 

1 Remarks 
Chem~cal I Quant~ty ( ~ n  Tons) I Day 

Methyl isocyanate I 
Chlorine 100 

, 
Ammonia 500 

Hvdmnen Cyanide I I 

Bromine 
Sulfur Dioxide 
Acrlonitrile 
Ammonia 
11 not listed, use these exclusion areas 1 K m  

IfTIC is unknown, use these exclusion areas 2Km I 

I I 
Reference: JP 3-1 1 (Draft). 

- 
Night 
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Figure S-B: Chemical Marking System 

5.2. Chemical Contamination of food and water 

1. Reference. TB Med 577 and EM 8-9, Part III. 

2. The effects of chemlcal agents on food depend on the properties of both the agent and the food. 
Contamination of water may lead to a t o w  hazard when it is used for food preparation. 

3. Nerve and mustard agents readily penetrate fatty foods and will also penetrate granular foods 
(e.g , grain and sugar) r\rscn~cals penetrate protelns less readily owing to their coagulating 
actlon. Nerve agents may penetrate fnilt Three groups of foods may be considered on the basis 
of their composltlon 

A. Foods with h~gh  \vatu content. hut low fat and a clystalline structure (e g., fresh vegetables, 
fruit, sugar, and salt) These absorb mustard and nenre agents in vapor and in liquid form. 



B Foods u ~ t h  lo\! fat content and amorphous structure (flour, bread, gram, rlce cereals. dried 
fruit and vegetables, tea, coffee, peas and beans). These absorb liqu~d nerve and mustard agents; 
some absorption of vapor may occur. 

C. Foods w ~ t h  high fat and low water content (butter, fat, oil, ham, fat meat, cheese, mdk, eggs, 
and fish). These absorb nerve agents and mustard so readily that decontaminat~on is imposs~ble. 

4. Food may become h~ghly toxic without any change in its appearance. The absence of these signs 
must not he relied upon in deciding that exposed food is fit. 

5 .  Effect of crops. Heavy contamination of plants with mustard or arsenicals will destroy crops. 
Lighter contaminat~on may cause partial defoliation. Arsen~cal agents will leave sufficient 
arsenic to render the plant toxic, and nerve agents may penetrate plants so as to make them toxic. 

6.  Effect on Livestock. The effects of chemical agents on livestock will be the same as those upon 
human casualties apart from species specific variations. Mustard does not cause bhstering in 
animals. The presence of large numbers of dead animals may indicate contamination in the area 
and these animals should not be eaten. 

7 .  Packing Materials. Decontamination of food is difficult and not likely to be satisfactory, so that 
the protection of food and drink is of the first importance. Food supplies should therefore always 
be covered when transported or stored. Even the thinnest covering is better than no covering at 
all, hut good protection cau be given by suitable methods of packmg and storing. 

8. Disposition of Packaged and Stored Supplies. In determining the d~sposition of packaged and 
stored supplies wh~ch have been contaminated, consideration must be gwen to the nature of the 
contammant, as well as to the type of foodstuffs and the security afforded by the packag~ng 
material. 

9. Monitoring Food. All food exposed to chemical attack that has not been protected by agent- 
proof contamers or in fully protected stores must be considered contanltnated. Mon~tortng for 
volatile agents only may be undertaken by putting the food into a clean plastic bag and sampling 
the air in the bag with suitable detection equipment. Where arsenical contam~nation 1s suspected, 
the food may be suspended in water and the water tested w ~ t h  a water testmg k ~ t .  Liqu~d 
contamination on the surface of contamers may be tested for using detector papers. but t h ~ s  
method will only be reliable wh~le l~quid agent remains. Mental mcapacltants, blolog~cal ayents. 
and nuclear fallout \r.~ll not be detected by these means 

10. Class~fication of Supplies Before any decontammat~on IS  done. a careful sune)  should be made 
to determlne the exlent of the contam~nation From ~niormauon p n e d  In 1111s suney, the 
exposed ]terns should be dl\ lded ~ n t o  three groups 

A. Group I u 111 consist of canned and unopened paclased Itcms that h x r  been exposed only to 
the vapors of  a chemlcal asent Generall?. the ~ t rms  In t h ~ s  yroup u ~ l l  he safe to Issue to 
personnel a k r  a bnef penod o h d o o r  amng. 

B. Group I1 u ~ l l  cons~st of canned and unopened packaged iwns. 111s outsides of whlch have 
been contammated ~ ~ t h  a llqu~d chem~cal agent The best procedure is lo allow self 
decontaminat~on of the packaging matenal by ageing and alrlng If a shortage of food does not 
permlt the necessary t ~ m e  for self decontamination, then a decontaminatlon procedure 1s to strip 



off the outer contaminated coverings and examme the inner layer to see if agent penetration has 
occurred. If it has. continue stripping off layers until an uncontaminated layer is reached. 

C. Group III a11I consist of unpackaged or poorly packaged Items that have been exposed to an 
agent In e~ther vapor or l~quid form. Decontaminat~on of food ~tself \v111 be attempted only in 
emergency sltuatlons when there is no alternat~ve suppl! of iood The general decontamination 
procedure to be followed in sequence is: 

(1) Tnmm~ng of surface fat andlor grossl) contammated areas. 
(2) Washing with water of 29.0 sod~um bicarbonate solut~on or 1% chlonne solution 

(3) Boding in water. Fplng. roastins or bo~lmg s i l l  not remove traces of nene  or bl~ster 
agents from meats In general. sal\age o i  foods contaminated u ~ t h  droplets of the blister 
agents 1s not practical 

11. Water. Contammat~on of natsr may lead ru a toxic hazard uhen ~t IS used for drinking, washing, 
and food preparation Although many agents hydrolyse in uater, t h ~ s  IS not satisfactory as a 
method of decontammat~on Arsen~cal agents leave degradation products that are toxic even 
when h>drolysis IS complete. The appearance of uater does not indicate contammation, and any 
water exposed to hyh  concentrations of \apor, or any liquid contammation must he regarded as 
toxic unt~l tests have been made. Open water sources subjected to chem~cal attack should be 
cons~dered contammated unnl tested. \Vater from deep uells will be safe provided that the well 
mouth is cohered \\'am in closed metal tanks u d l  be safe provlded that the tap and air inlets are 
decontam~nated. 

12. Monitoring Water. W'ater testlng k ~ t s  will detect the follou,ing agents: mustard, nerve agents 
(0.05 ppm only). arsenlc, antimon), cyanopen agents, other hea\y metals (lead, copper. mercury). 
Water wrth a pH less than 3 1s condemned smce t h ~ s  hl'h ac~dity ma). be due to contamination 
w ~ t h  mustard, but ~f free chlonne IS present throughout 30 mlnutes mustard w ~ l l  be destroyed. 
Chlorine in excess of 5 ppm w~l l ,  houever. mterfere w ~ t h  the testing and should be reduced (e.g., 
w ~ t h  thiosulphate). The water testmg kits will not detect mental incapacitants, biological agents, 
or nuclear fallout. 

13. Decontamination of Water. Simple boiling is not a reliable method of decontamination. The 
following methods are available for decontaminating water and may be used in combination: 

A. Filtration. In a small scale emergency, water may be decontaminated by runnmg it through a 
spare unused respirator canister, provided that the flow rate IS such that the water emerges drop 
by drop; any water coming through at first faster than this should he discarded. No more than 5 
liters should be filtered with one canister. The canister cannot be used on a respirator after being 
used for this purpose. 

B. Superchlorination. Small amounts of water, in units of one litre, may be superchlorinated. 
Simple chlorination, as is used to d~sinfect water from naturally occurring bacterial contaminants, 
is not sufficient to decontanlinate water suspected of being contaminated with chemical agents. 

C. Flocculation. Larger quantities of water may be treated by flocculation with metal salts, after 
which the water IS treated with chlorine. 

D. Reverse Osmosis. Reverse osmosis is an effective method of removing contamination, 
including heavy metals 



CHEMICAL 

Type of 
agent 

Nerve 
agents 
(liquid) 
Nerve 
agents 
(vapor) 

Blister 
agents 
(liquid) 
Blister 
agents 
(vapor) 

Choking 
agents * 

Cyanide 
type agents 

Riot 
control 
agents 

* Agenls( 
Reference: 

5-11 

Table 5-D: Effect of Chemical Agents on Food 

High fat content 
(butter, fats, cheese, 

meat, bacon, and shell 
eggs, etc.) 

Condemn 

Condemn 

Condemn 

Condemn 

Wash food with water 
where possible and 
expose to the a r  for 24 
hours Food may be 
unpalatable duc to the 
acld product of 
hydrolysis. 
Unlikely to produce 
dangerous 
contamination of 
foodstuffs. 
Food may be 
unpalatable to the 
extent of bang 
ined~ble. 

Low fat, high moisture 
content (fruit, 

vegetables, sugar, salt, 
etc.) 

Condemn 

Expose dry food to the air 
for 48 hours. Wash other 
foods with 2% sodium 
bicarbonate solution, peel 
where applicable, and 
cook by boiling. 
Condemn 

Expose dry food to the air 
for 48 hours. Wash other 
foods with 2% sodium 
bicarbonate solution, peel 
where applicable. and 
cook by boihng 
Wash food with water 
where possible and 
expose to the air for 24 
hours Food may be 
unpalatable due to the 
acid product of 
hydrolysis. 
Unlikely to produce 
dangerous contammation 
of foodstuffs. 

Food may be unpalatable 
to the extent of being 
~nedible. 

Low fat, low moisture 
content (cereal, tea, 

coffee, flour, bread, rice, 

Condemn 

for 48 hours. Wash other 
foods with 2% sodlum 
bicarbonate solution, peel 
where applicable, and 

Expose dry food to the air ----I 
for 48 hours. Wash other 
foods with 2% sodium 
bicarbonate solution, peel 
where applicable, and 
cook by boili"g. 1 
Wash food w ~ t h  water 
where possible and 
expose to the air for 24 
hours Food may be 
unpalatable due to [he 
acid product of 

dangerous contaminat~on 
of foodstuffs. 

to the extent of being 
~nedible. 

L 
omposed rapldly on contact wlth water. 
lble 12-11 from FM8-9, Part Ill. 
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Table 5-E: Effect of Certain .Agents on the Appearance of Food 

Agent 1 Taste 1 Smell Color 
Mustard 1 Affected j Garhi I \!eat d~scolored 

I Food may become h~ghly tox~c u~ thou t  an) changes In rts appearance The absence of these ( 

N-Mustard 
Arsenicals 
Nerve agents 
White phosphorus 

I signs must not be relted upon in deciding that exposed food 1s fit for consumption. 1 
Reference. Table 12-1 from F\I 5-9. Pan 111 

Affected i Frsh! ! S o  drscoloration 
Acrd I L'npleasan~ 1 lrleat & vegetables discolored 
Nonc l o n e  1 S o  effect 
Acld : Gar!ic Glans rn dark 

Table 5-F: Diroosition of Packaeed and Stored Supplies 

r ~ ~ r t i ~ h t  l a s s  bottles. scaled alummum lamrnated packages. and sealed metal cans gave complete I 
protection aesmst hapor and 11qu1d Decon outer surface before openlng 
Wooden boxes not sealed for the exclus~on of alr g ~ t e s  almost no protection agarnst vapor and 
hquid 
\i'ar;ed paper boxes sealed for the exclusion of air give good protectton agalnst vapor and fair 
protcctlon against l~quid 
Untreated \\ rapping papers give poor protection against vapor and very little agalnst hquid. 

. . .  
protection against liquids but often not against vapors, unless overpressured wlth filtered air. 
Generally, double layers greatly Increase the protective efficiency of packaging materials. 
F~eld ratlons are packaged to protect the enclosed foods for hours even when the outside of the 

jackage is heavily contaminated with a liquid agent. 

Table 5-G: Maximum Allowable Concentrations of Agents in Drinking Water 

Mustard 1 0.140 
Arsen~c ( 0.3 
Cyanogens 1 6.0 
Reference. TB Med 577 and Table I?-I11 of F\i 8-9 (Part 111). 

Agent Maximum Allowable Concentration (mgll) consumed 
at  5 liters per day for not more that 7 days 

G A 1 0.014 



5.3. Chemical Decontamination 

1. References: FM 3-7, FM 3-5, FM 8-285, and FM 8-9. 

2. Nerve Agents- Decontammation ofpatients. The importance of early decontamination can not be 
over emphasized. Decontamination of the skin should be accomplished quickly if it is to be fully 
effective. Liquid agent may be removed by fullers' earth or chemically inactivated by the use of 
reactive decontaminants. Decontamination personnel should wear a mask and protective 
equipment while decontamination is performed. Once a casualty has been decontaminated, or 
the agent fully removed, no further risk of contamination exists. The casualty's body fluids, 
urine, or feces do not present a chemical warfare (CW) hazard. 

3. Decontamination of Vesicants. 

A. Decontamination of Mucous Membranes and Eyes. The affected tissues should be flushed 
immediately with water from the water bottle (canteen). The eyes can he flushed with copious 
amounts ofwater, or, if available, isotonic sodium bicarbonate (1.26%) or saline (0.9%). 

B. Decontamination of the Skin. Each soldier is given the means for preliminary 
decontaminatlon of the skin, the means being based on physical adsorption or on the combination 
of physical adsorption and chemical inactivation. Physical adsorption can be achieved by 
adsorbing powders. Chemical mactivation is often effected by chlorinating compounds 
incorporated into adsorbing powders, ointments, solutions, or organic solvents. Mustards 
should not be decontaminated witb water, except for the eyes, as this may spread the agent. 

C. Add~tlonal Procedures. Whatever means is used has to be efficient and quick actmg. Within 
2 minutes contact time, a drop of mustard on the skm can cause senous damage Chemical 
inactivation using chlonnation is effective against mustard and Lew~site, less so against HN3, 
and IS ~neffect~ve agmnst phosgene oxime. In the case of thickened mustard, where the usual 
procedure is inadequate, the agent may be scraped off with a kmfe or sim~lar hard object, taking 
care not to spread the agent or abrade the skln. T I I S  may be followed by wettmg the surface with 
a cloth drenched in an organlc solvent, e.g.. petrol (unleaded gasolme) and subsequent 
apphcation of the usual decontaminating procedure. If water IS available in abundant amounts, 
coplous washmg should follow these procedures. 

D. Decontamination of Wounds. Mustard may be carried into wounds on fragments of cloth. 
These wounds should be carefully explored using a no-touch technique. Fragments of cloth 
should be removed and placed in a bleach solution. This removes the hazard from mustard vapor 
off-gassing. Wounds should be imgated using a solution containing 3000-5000 ppm (parts per 
million) free chlorine (dilute "milton" solution) with a dwell time of approximately 2 minutes. 
The wound should then be imgated with saline. Irrigation of the contaminated wound should not 
be used In the abdominal, or thoracic cavities, or with intracranial head injuries. 

E. Decontammation for Lewisite is the same as for mustard. 

F. Chemical inactwation using alkalis is effective, whereas chlorinating is ineffective against 
phosgene oxide. The eyes should be flushed immediately using water or isotonic sodium 
bicarbonate solution if available. Physical decontamination of the skin using adsorbent powders, 
e.g., fullers' earth, is advised. 



Hydrogen Cyan~de Decontamination Because of ~ t s  physical propenies. hydrogen cyan~de will 
not remain for long in its l ~ q u ~ d  state. Decontammatlon should not. therefore. be necessary. The 
same is true of cyanogen chlonde and cyanogen bromide. 

Choking Agents Decontam~nat~on Because o i  11s phys~cal and chemical propcrties, the agent 
will not remain in its liquid form for long. and decontamlnat~on IS not requ~red except when it is 
used in very cold cl~mates 

Incapac~tating Agents Decontam~nat~on. Complete cleansing of the skm w~th  soap and water 
should he accomphshed at the earllest opponunlt) Skmptorns may appear as late as 36 hours 
after percutaneous exposure. even ; f  the s h n  IS  uashed u ~ t h l n  an hour. In fact. a delay In onset 
of several hours is t)p~cal. This time should be used to prepare for the poss~b~lity of an ep~demic 
outbreak 6 to 1 4  hours after the attack. 

Riot Control Agcnts Decontammatlon. E\poscd persons should ~f poss~ble move to fresh air, 
separate from fellow sufferers, face into the ulnd wlth eyes open and breathe deeply. Following 
exposure. clothing and ind~r~dua l  equipment should be inspected for residue If a res~due is 
found. indn~duals should change and uash their clothing to protect themsehes and other 
unmasked persons 

Vomitmg Agents Decontamination The eyes and skin may be washed w ~ t h  water. Clothing 
should be well brushed. 

Table 5-H: Decontamination Levels 

Level I Technique I Best Start Time I Done by I Gains 
Immediate I Sktn Decon 1 Before 1 minute 1 Individual I Stops agent from . - 

penetrating 
Personal Wipe I Within 15 minutes I Individual or crew 

1 Dccon I 

*The techmques become incrs~smgl!, less effect~re the longer they are delayed. 
**Performance degadation need to be cons~dered when exceeding 6 hours. See FM 3-4. 
***Vehtcle wash doun 1s most effect~ve withm 1 hour, but w ~ l l  often have to he delayed for 

Operational 

Thorough 

[ logrst~cal reasons 
Reference: Table 3-3 1 of F\I 3-7. 

down 
MOPP Gear 
Exchange 

Vehicle Wash 
down 
Detailed 
Equ~pment Arcra 

Within 6 hours 

\Vhen mission 
, allous 

ft Decon j reconst~tut~on 

1 

with minimum 
risk. 

Unit 

Battalion Crew or 
decon platoon 
Decon platoon 

Deta~led Troop I I L n ~ t  

Possible temporary 
relief from 
MOPP4. 
L~mit  liqu~d agent 
spread. 
Probable long-term 
MOPP reduction 



Table 5-1: Decontaminabts for Use with a Given Agent 

1 Nerve Agents I STB slurry; household bleach, 10% solution of lye or washing soda; DS2; steam 
I and ammdnia in confined area; hot, soapy water; M258 serieskit; M291. 

- - I Toxins I DS 2. 
Nonstandard decontaminants and decontamination of specific items are in FM 3-7. 

Blood Agents 

Blister Agents 

Biolonical 

5.4. Medical Planning Specific to Chemically Contaminated Areas 

None needed in field. 

STB; DS2; household bleach; M258 series kit; Try lye; fire. Wash with soap 
and water. 
Decontaminate toxins usina soap and water, bleach, M258 series kits, STB, or 

1. Reference: Chapter I1 of FM 8-9 ( P a )  

2. Contamination Control. 

A. One of the most difficult aspects of chemical warfare is that the chemical agents may persist 
in the environment for extended periods of time. This is especially tme of agents such as VX, 
the mustards, thickened GB, or GD, which may remain as contact hazards for hours or days. 

B. On the chenlical battlefield, three types of environments may exist: 
(1) Uncontaminated areas where there are no chemical agents present. 
(2) A contaminated area where chemical agents are present in a liquid state (and probably in 
a vapor state as well) presenting a surface contact hazard. 
(3) A vapor-only environment, for example, in a downwind hazard area 

C. Complete decontamination of a contaminated environment may be difficult or impossible. 
However it may be possible to achieve sufficient decontamination, particularly in small areas, to 
create a vapor only hazard area. Thus it may be possible to decontaminate equipment so that no 
further surface contact hazard exists, even though chemical agent vapors may continue to be off- 
gassed From agent adsorbed onto or absorbed into the surface. In such environments, ~t may be 
possible to work without the full protective clothing ensemble, although respiratory and eye 
protection would still be required. This is because most agents in a vapor state penetrate through 
the skin very slowly. However, mustard at high vapor concentrations may still cause skin injury, 
particularly if the skin surface is wet or moist, as may he the case in a warm environment. 

D. Where a liquid hazard exists, decontamination of skin and eyes must be accomplished 
quickly ~f it IS to be effective. Chemical agents may penetrate or react with the skin and eyes 
w~thin mmutes, so successful decontamination must he carried out immediately aAer exposure. 
Once agent is decontammated, or has been absorbed, no further risk of contamination exists. The 
casualty's body flu~ds, urine, or feces do not constitute a CW hazard. 

3. Combined Injuries. Combined injuries occur when a casualty is affected by conventional 
weaponry and also by the use of nuclear, chemical or biological weapons. The situat~on in which 
a casualty is contaminated with a chemical agent, but not suffenng from such an agent's effects is 
dealt with in AMedP-7 (B). Wounds that are not contaminated should be dressed in the usual 
way. They should then be covered with agent proof material (either impervious material or 
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material simllar to that of the protective suit) and any pressure bandage considered necessary may 
then be applied over the protecllve covering. These precautions may prevent the casualty 
becoming a mixed chemical and conventional casualty. Add~tlonal information concerning 
chemical and conventional combmed injuries is found in Chapter I I of FM 8-9 (Part III) 

5.5. Chemical Hazard Plotting 

See Chapter 2 of FM 3-7 for flou cham on how to plot chemlcal attacks. 

5.6. Recognition of a Chemical Casuale 

1. Reference: FM 8-9 (Pan 111). Chapter I I of FM 8-9 deta~ls the nine phases of casualty care 

General. Medical units should rel? on information not only from detectors and intelligence 
sources but also from the casualt~es themsehes. This appl~es part~cularly to agents for which at 
present there is no satisfactor) detector. such as incapac~tatlng agents. Some of the problems in 
the recognition and dlagnos~s of casualt~es suffenng from the effects of chemlcal operations are 
discussed here. Medical personnel must bear in mlnd that w ~ t h  nerve agents, for example, 
symptoms and signs may range from mild. such as mlosls, headache, and tightness of the chest to 
signs and symptoms associated with severe polsonlng such as convuls~ons and resplratoly failure. 
The nature and tlrnlng of symptoms will vary with the route of exposure. Although choking 
agents are less hkely to be employed, the possibility of then use should not be forgotten, and here 
the danger is that the quiescent period which follows the initial poisoning might be mistaken for 
recovery and men or women sent back to duty even afler a lethal dose. Battle casualties whose 
behavioral changes are not compat~ble w ~ t h  the physical signs of dtsability must be examined 
carefully to exclude the poss~bility of a psychomimetic agent having been used. When the enemy 
has used chemical agents, it is important that the fullest and earliest information be gwen to 
medical units to facilitate the d~agnos~s  of individual cases and to permit the arrangements for the 
reception of casualties. 

3. Recognition of a Casualty of Chemical Operations. Any individual who suddenly becomes a 
casualty without being wounded or who is suffermg a greater degree of incapacitatton than is 
compat~blc w~th  his or her wound should be cons~dered a possible chemical casualty. The 
differentlal d~agnosis \ \ ] I 1  lncludc the posslbillty of psychlatrlc casualties. It IS unlikely that 
chemlcal agents \\auld produce s~ngle c3sualt1es under field conditions and a chem~cal attack 
should be suspected w~th  an) sudden lncrsasc In numbcrs of unexplamed casualties If chemical 
operations are unlikely, and 1ion1) a t'ew people are aifected. another toxic hazard may be more 
probable (for example, carbon nionoxldr l 

4. Questioning Casualties Under opcrst~on~l  condlt~ons the medical sttuatlon may be complicated 
by the psycholog~cal ct'fccts. Thc ~ n c d l c ~ l  oificer's questions should bc along the following lines 

A. Determine whcther the casualt? h ~ s  hccn causcd by a chemtcal agent: 

(1) Was thc casualty wearlny full protscube equipmcnt at the tune of the attack? 

(2) Were there any a~rcraft or arllllcr). bombardments in the area at the tlme of the attack? 

(3) Was thcre an) r.\~dsnce olspray. l~quld droplets, or smoke? 

(4) Was anybody else alGcted and if so. how was he or she affected? 



(5) Did the casualty notice any unusual smell? (This is not a very reliable symptom under 
battle conditions, but it should be considered.) 

(6) Did the available detection equipment respond positively? 

B. Determine the identity of the agent: 

(1) What subjective effects were noticed and how soon? 
(a) An unexplained sudden N M ~  nose. 
(b) A feeling of choking or tightness in the chest or throat. 

(c) Blumng of vision and difficulty in focusing the eyes on close objects 
(d) Initation of the eyes. 
(e) Unexplained difficulty in breathing or increased rate of breathing. 

(0 Sudden feeling of depression. 
(g) Anxiety or restlessness. 
(h) Dizziness or light-headedness. 
(i) Slurred speech. 
6) Nausea. 
(k) Muscular weakness. 

(2) Was there any delay between exposure or contammation and the onset of effects, and if 
so, for how long? 
(3) Did the effects persist after adjustment of the protective mask? 

(4) Has the casualty used any self-injection device? If so, did the symptoms improve or 
deteriorate? 

(5) Is the casualty's behavior normal? 

C. Assess the dose of agent received: 

(1) Was the casualty exercising or at rest? 
(2) Was the casualty in the open or under cover? 
(3) For how long was the agent inhaled? How long was the interval between suspected 
contamination and decontamination? 

5 .  Types of Casualties. On the chemical battlefield, the following types of casualties may be seen: 

A. Conventional Casualties. 
(1) The conventional casualties with no chemical injury and with no contamination of their 
clothing and equipment. 
(2) The conventional casualties with no chemical injury but with contamination of their 
clothing and equipment. 

B. Direct Chemical Casualties. 
(1) The chemical casualty with no other injury. 

(2) The mixed casualty who has a conventional and chemical injury. Since chemical 
munitions often include explosive burst charges, such injuries may occur as part of a 
chemical agent attack. They may also occur when the chemical injury and conventional 



injury occur at different times. Other types of mixed casualties may occur if nuclear or 
b~ological weapons are used, and chemical injuries may occur combined with natural illness 
as well. 

C. Indirect Chemical Casualties 

(1) Casualties suffering combat stress reaction (CSR). Combat stress reaction occurs often in 
warfare, but may be more frequent where the chemical warfare threat exists. The soldier will 
have additional stresses of isolat~on hom wearing the chemical protective ensemble, 
additional fatigue from wearing the garments and fear of chemical agents. Diagnos~s 
between the CSR casualties and chemical casualties may sometimes be difficult. 
(2) Casualties with side effects from chemical agent antidotes. Some of the avadable 
antidotes may have undes~rable side effects when taken inappropriately, or in large enough 
quantities. Atropine, for instance, causes decreased heat tolerance at a dose of 1 mg. Higher 
doses may cause tachycardia, dryness of the mouth, and decreased sweating. Medical 
personnel must be aware of the side effects of the available antidotes and be alert for their 
appearance. 
(3) Heat casualty. Wearing the protective ensemble makes dissipation of excess body heat 
more difficult. Wearing the mask also makes water intake very difficult. 

5.7. Basic Chemistry 

1. References: FM 3-7, FM 3-9, FM 8-9, Part lII, FM 8-10-7, FM 8-285, TC 3-10, USAMRICD's 
Field Management of Chemical Casualties, and USACHPPM's TG 218. See EM 8-285 for 
treatment procedures and TG 218 for detail information about chemical agents. 

Exposure. Chemical agents may enter the body by several routes and the nature and onset of 
signs and symptoms may vary accordingly. The agents can be disseminated as a vapor or aerosol 
under ambient conditions. Vapor and aerosol chemical agents often enter the body through the 
respiratory tract (inhalation injury). The agent may be absorbed by any part of the respiratory 
tract from the mucosa of the nose and mouth to the alveoli of the lungs. Vapors and droplets of 
liqu~ds can be absorbed hom the surface of the skin and mucous membranes. Toxic compounds 
that are harmful to the skin can produce their effects in liquid or solid state. Agents penetrating 
the skin may form temporary resewairs under the skin; the vapors of some volatile liquids can 
penetrate the skin and cause adverse effects. 

3. Persistence. Chemical agents may be div~ded into two main categories that descnbe how long 
they are capable of producing casualties- persistent and nonpenislent. Chapter 3 from FM 3-7 
has 12 charts of unmasking times for \.anous agents in d~fferent sltuatlons 

A. Persistent agents continue to present a harard for considerable periods (days) after delivery 
by remaining as a contact hazard, or by. slowly vaponzing to produce a hazard by inhalation. 

B. Nonpersistent agents dlsperse raprdly after release and present an immediate, short duration 
(hours) hazard. They are released as airborne particles, aerosols, and vapors. 

4. Meteorological. The following meteorological factors w~ll  Influence the duration of 
effectiveness of chemical agents: 



A. Wind. The effect of wind is to disperse agents rapidly in open country. However, dangerous 
concentrations may remain longer in protected areas such as woods, trenches, dug-outs and built- 
up areas. 

B. Temperature High temperatures decrease the perslstency of agents and tend to cause higher 
vapor concentrations. Low temperatures Increase the perslstency of agents. Some agents may 
freeze, thus reducing the immed~ate contact hazard or vapor hazard. There is a danger of 
carrying such frozen agents on clothlng and equipment Into a warm build~ng with the subsequent 
risk of toxic vapor being given off. 

C. Rain. Rain washes away, dilutes, and promotes hydrolysis of agents. This reduces their 
effectiveness hut does not make them harmless. 

D. Almosphenc Stability. When the upper air temperature is lower than that at ground level (a 
state of ~nven~on) ,  agents In the \apor state w ~ l l  persist for longer periods than when the upper 
air temperature is h~gher than that at ground level (a state of lapse) 

5 .  Toxicity. The effectweness of a chemical agent IS a measure of how much agent is required to 
produce the desired effect. Thus, an agent that is toxic at a lower dose than another similar agent 
is more effective. The terminology used m this manual is as follows: 

A. Dose. The dose is the quantity of the compound received by the subject. It is usually 
expressed as milligrams of agent per kilogram of subject body we~ght (mglkg). 

B. LCtso. The LC1 (lethal concentration time)so is the Ct which will kill 50% of the exposed 
population. Also defined as the median lethal dosage of a chemical agent vapor or aerosol. 

C. ICtso. The ICt (incapacitating concentration  time)^^ is the Ct which will incapacitate 50% of 
the exposed population. Also defined as the median incapacitating dosage of a chemical agent 
vapor or aerosol. 

6. Densities. Both the vapor and liquid densities of all chemical agents expect AC are greater than 
that of air and water respectively. 

5.8. Summary of the Effects and Physical Properties of Chemical Agents 

1. References: Annex C of EM 8-9 (Part In), FM 8-10-7,49 CFR, TC 3-10, and USACHPPM's TG 
218. 

2. See next several pages for the tables. 



Table 5-5: Names and Symbols of Chemical Agents 

Table 5-K: Chemical Weaooos Effects 

Incapacitating agents 

Chemical Agent I Target of Choice I Target Effect 

Reference: Table C-I from FM 8-9 (Part 111) and USACHPPM's TG 218. 

~ h l o r o ~ i c k n  
O-Chlorobenzylidene Malononitrile 
Dibenzoxazepine 
3-quinuclidinyl benzilate 
D-Lysergic Acid Diethylamide 

1 facilities 1 control 
Pers~stent Blister I Same as Persistent Nerve I Same as Persistent Nerve but not 

Nonpersistent Nerve I Personnel I Imrned~ate and lethal 

PS 
CS 
CR 
BZ 
LSD 

Pers~stent Nerve 

UN 1580 

Nonpersistent Blood 
and Choking 

Terrain, material, combat service 
support, command and control 

Resmct use, cause casualties, 
strain logstics and command and 

Reference: Table 1-4 from TC 3-10. 

Personnel 
necessq  lethal 
Immediate, lethal or casualty 
producing 



Table 5-L: Time of Onset of Symptoms from Chemical Agents 

Time of Onset of 1 

p 
LSD 
Reference. Tab 

. . 

Time of Onset of Symptoms 
(vapors) 

Seconds to minutes 
Seconds to minutes 
Seconds to minutes 
Seconds to minutes 
Minutes 
Unknown 
4 to 6 hours 

Immediate 

Immediate 
Seconds 
Immediate 
Several minutes 
Several minutes 
Several minutes 
Immediate 

Immediate 
Immed~ate 
Immediate 
1 to 4 hours 
Few mlnutes 
C-I from FM 8-9 (Part 111) am 

2 hours 
2 hours 
up to 2 hours 
up to 18 hours 

2-48 hours 

Immediate 

Immediate 

N / A  

Immediate ---I 
Immediate 
Immediate 
Immediate 

SACHPPM's TG 21 8. 

Table 5-M: Persistence of Chemical Agents 

Note: FM 3-6 details the persistence of the vanous chemical agents. 
Reference: Table 2-10 from FM 8-10-7. 
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HNI, 
HN2, 

1 agents 

Vesmntr Bone 
marrow depressant 
Alkylatmg agents. 
damages DNA. 

L ~ k e  Leuwte and 
mustard 

I 
CG Lung damgtng agent Con~coslero~di I\ and by mhalahon Shock ahcr revere exposure. I prompll? m a y k  Ihfe-,aim8 Rcrt. / hyptenslon and lachycardm 

AC 

I I Asslsted vent~latmn. Oxygen. 1 
CK 

I I 

Profound hypotenslon. Rapid pulse 
' n!gen. a n r c b m ~ i - i  

DM 
DA 
DC I I vomltmg. Spontaneous mprovement / 

Interferes wth oxygen 
utlllzallon at ccllular 
level. 

Like hydrogen cyamde, 
lung lnltant 

CN 
C A 

I I I 

I I I 
Reference- Table C-I from Flrl 8-9 lPan 1111 

Drugs that bmd cyamde 
Methemoglabm formers, nlhltes or 
DAMP. Dmbalt  edetate and 
hydroxocobalamm Thmsulphate. 

Local imtant, mduces 
vomtmq 

CS 
CR 

BZ 

LSD 

Llke hydrogen cyamde andphasgene. 

Local mltant. 

No effects 

Wear mask in spite of symptoms-the 
mask should be lifted ~n the event of 

Local mitant. 

I 

Antlcholmcrgw I R r m m t .  c w l  cnuiroment. 
; Ph)iortlgrmne Treatment may be 
1 requred o\er ir\eral days. 

Psychomlmt~i 1 Rcairwanre, restraint, prompt 
cia,-uanon. dnrepam 

No effects. 

Spontaneous mprovement. Analges~c 
eye and nose drops rf necessary. 

Tachycard~a, elevated blood 
pressure. 

Tachycard~a 

No effects. 

Symptoms dmppear rapldly in fresh aa No effects 



Table 5-0: Effects of Chemical Agents (continued) 
Symbol 

GA 
GB 
GD 
GF 

H 
HD 

HN 

I I 

Eyes 
Mlons Pam especdy  on 
focusmg, dimness of vls~on, 
headache, lacrlmahon 
Redness 

Miosis. Pam Redness, 
mtation. Edema of hds, 
blepharospasm, photophobia 
lacrimation, corneal ulceration 
and possibly scamng. 

L 

I corneal injury I 

S h a  
Sweatmg, pallor then cyanosls 

No umned~ate signs. After m u t e s  to hours, redness and bum~ng 
Several hours later bllsten surrounded by redness and ~tchmg. 
Several days later necroas, generally limited to ep~demus. 
Delayed hyper- and hypo- p ~ p n t a t i o n .  Moist areas affected 
most. Risk of secondary infechm. 

HL 

CX 

CG 

Prompt redness, edema, 
imtatmn.Immedmte burmng, 

AC 

Prompt bummg. Red wtiun 30 m u t e s .  Blisters on 1st or 2nd 
day. Pain worse and necmm deeper than H. 

L~ke  HD, HN and L. 

V~olently irritatmg, redness, 
edema. Corneal Injury wth 
blmdnesr, l a c m h o n  
Irntauon. Lacrimahon (after 
rrsplratory symptoms). 

I I 

LlLe L 

lmmedlate severe mitation and Intense pan. Withm 1 mnute the 
affected area hrms white, surrounded by erythema. Blistered after 
24 houn. Necrosis may occur. Long recovery (1-3 months). 
Posrlble cyanosls following pulmonary edema. 

No effects. 

CK 

I I 

Imhally pinker than usual; may change to cyanoas. 

DM 
DA 
DC I I 

Irntahon. Lacnmanon. 

CN 
CA . . I Edema of cylnds 

I I 
Reference: Table C-I from FM 8-9 (Pan Ill). 

C p o s i s .  

Irntahon. Lacnmauon. 

CS 
CR 

I I 

SMgmg. (especially of face), occas~onal dermauhs. 

Redness, mtanon, paw 
lacnmahon. ohotmbobm 

LSD 

Stmging. (especdy of face) occasional dermattrs, may bhrter. 

Lntcnsc ~rnratmn P a m  
blepharorpasm, lacnmatmn 

Stmgmg, occanoml dermahhs, may bhrtcr 

Mydnastr Suear) palm cold ext~ermtm 
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- 
Symbol 
G A 
GB 
GD 
GF 
VX 

- 
H 
HD 

FIN 

L 

- 
HL 

- 
CX 

- 
CU 

- 
h C  

- 
CK 

- 
DXI 
D A 
DC - 
CN 
CA 

- 
CS 
CR 

- 
BZ 

- 
LSD 

- 
Merence. 

Table S-P: 1. ffects of Chemical Agents (continued) 

Vow and throat I H o p ~ r u l n r \  lract GI trnrl  
Increased aahvahon. I Txhmess m the chest. bronrhoconmtcnon. / Salwatmn, anorenla, 

Suellmg. mltatlon. 
ulccranon. dtxhargc. 
occar~onal r d c m  of 
l a m  

occdslonal uhecnny. mcrcaied bronchtal 
recretmn. cough d!spnea suhrtcmal tqhmcrr 

Slowly dc\elop~nf ~ r n t a t m ~  hoarseness. 
aphorua. cough. nghmerr. d\rpnca. ralcr 
Pncumma .  fe\ei, pulmnar)  edcm.  in rc\ure 
carer Risk oIr~1-ondap mfccrm 

nausea, vomtmg, 
abdomnal cramps, 
eptgasnlc t~ghmess, 
hearlbum, eructahan, 
d~arrhea, tenesmus, 
mvoluntary defecahon 
Pam, nausea, vonntmg, 
diarrhea. 

D~arrhca. nausea. 
\omtmg. hcpauc 
fatlure. 
Dmnhca 

Prompr m~tatmn 

I 

Rapld mrarron. hoarwncsr. aphonta. cough. 
pncumonla. imcr, pulmomq e d e m ,  plcural 

\'cry untatmg to 
mucous mmbrancr 

1 ~ f i r l o n  ~n were -arcs 
l n ~ t a t ~ o n  i lofla-non. bronchms snccrmg. ioughmg 

Llke HD 

Saurea, occar~onal 
bamung aficr 
rerplratory symptoms 
Sauiea V o m t ~ n g  

Trrmtmn 

S o  effcctr 

lnl tat~an 

Raptd ~rrmuon and coughmg Later pulmonary 
c d c m  

Cou&mg. chokmg, chest ughmcrr on exposure 
Latent pcnod. rhcn pulmnal)  cdcm.  dyrpnea. 
frothy s p u r n  pncumma and fe\rr 
Deep rerplratmn Iollourd rap~dly b) dyynca. 
garplng then cersat~on oirccplranon 

I I 

S o  effects 

Imtat~an. cough chokmg. dlrpnca. pulmonary 
edema can be rapld T~_ehmerr I" chert, raler 

Pam, rhmonhca. 
tlghmerr, snecrmg 

I I 

Rctchmg. vomtmg. 
~nvoluntary defecatm 

Irntat~on, bummg, 
t~ghtness, nosebleeds, 
rh~norrhea 
Extreme dryness. 

ble C-I from FM 8-9 (Part 111) 

Tlghmcrs and pan ,  unconnollable coughrng 

Occasranal vonntmg. 
Nausea. 

Lnmt~an,  burnmg. 

I I 

Salwatlon, nausea 
vomtlng 

T~ghmess and ~ n l t a t ~ o n  ~ fconcen t ra tm 1s hlgh. 

T~ghmess I" chest and dliticulty breathmg. 
Chokrng 

No effects 

No effects 

Nausea and retchmg, 
(rarely vonntmg) 

Constlpat~on 

No effects No effects 



Table 5-0 :  Effects of Chemical Aeents (continued) 

Central ncnour rrrtcrn Other 

respaatlon. con\ulrlons pa ra lps  
VX 

No effects Anxlery, depresrnon Late dcprcrrmn of bane 
HD marrow. m l a m  anc 

L 

HL 

AC 

Renal faalurc 

Uoeffccrs 

I I I 

No effects 

1 I I 

Anxlely, dcprcsrm 

Amlety depress~on 

Lass of appeflte 
D m m s s .  

CK 

DC 
CN 
C A 

CS 
CR 

1 I purposeful manner. Amiety. Hallumnat~ons. I 
Reference Tablr C-I from FM 8-9 (Part 111). 

Syrtermc arscm 
polwnlng 

Syncmc arrenlr 
polsonlng 

May have nutla1 excitation; then dcpress~on, 
glddmess, headache, irrat~onal behavior, ataxla, 
convulsmns or coma 

May cause dcsm fr 
remove protectwe mask. 

DM 
DA 

BZ 

LSD 

Weak, drowsmess. 

No effects 

No effects 

No effects 

Convulsmns. 

No effects 

Urgency-unna~y 
retentmn. 

Noeffects 

Severe headache, mental depression. 

Headache. 

Headache 

No effects 

Sense of suffocafmn ma: 
occur accomanaed b, 

Headache, glddlness, drowsmess, d~sormtatmn, 
halluctnat~ons and occasional mantacal behawor. 
Ataxla andor lack of coordmaf~on. 
Mental excltatlon, poor concenhatlon, hcmor 
~ndec~s~veness, inabnlm to act in a sustained or 

fear 
Fever. 

Fever. 



Table 5-R: Physical Properties of Chemical Agents 

DP 
AC 

CK 

DM 

DA 
DC 
CN 

CA 
CNS 

or green com ador and a hlghly t o w  suffocatme odor Extremely volat~le and nonpersatent agent. 
Calarlcss I~qmd, h has a newly mown ha) or green iom d o r  

Nonpers~stent, colnrless llquld that 8s hrghl) \olarile. It has n famt odor similar to brtter almonds that 
sometimes cannot be detected even at lethal concentrattons. 
Colorless gas wlth a sharp, pepperlsh odor s m l a r  to that of most tear gasses. The odor ofCK often goes 
unnot~ced because ~t 1s so mtatlng to the mucous membranes Shghtly soluble jn H 2 0  
Llght green to yellow crystals at room tcmperuhm; mtates nasal passages s~rmlar to pepper, no odor, 
but mtatmg Insoluble ~n AZO, Slightly soluble m common orgamc solvents. 
Colorless, crystalline, vapor odor is shoe polish, vapor color 1s whnte or gray 
Colorless, sohd, vapor odor 1s garkc, vapor color 1s whlte 
Colorless to gray crystall~ne sohd wlth a sharp, ~rrltaring floral odor. Odor threshold for CN 1s 0 1 
mglm' lnsoluble ~n water 
In pure form, colorless crystalline sohd with sour or rotten fmlt odor lnsaluble m water. Whlte smoke. 
Clcar hquld smellmg hke flypaper; ~t has an ~mrnedlatcly strong mltatlng effect an the eyes and 
resp~rvtow tract Mav cause severe nausca 

PS . 
CS 
CR 
BZ 
LSD 

. . 
Colorless, olly llqu~d wlth a stlnglng pungent odor, Insoluble In water; soluble m organic solvents. 
Whcte crystallmc solld, burnt to m a l e  a solarlclz gas wth  an acrid pepper-hke smell. 
Pale yellow crystallcnr s o l d  h a i  a prrpper-hie odor 
An odorless whlte crystall~ne sd ld  Sl!$htl) roluhlc m 11,0, soluble ~n d h t e  aads 
Solid w h ~ h  IS soluble In v rwr  

Rrference Table C-I rromFM 8-9 ( P a n  111 I F\i  L V  >nJ L S~CHPPM' I  I'G 218 



CNS 

CS and 

Table 5-S: Ph~sical Properties of Chemical Agents (continued) 

Vapor 1 I 

I I I I I 
BZ I 2oox1o31 
Reference Tables 2-1 and 7-11 from FM 8-9 (Part III) and USACHPPM TG 218, and the 
Chern~cal Toxic~ty Integrated Product Team Joint NBC Defense Board Secretariat. 
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5.9. Nerve Agents 

1. References: FM 8-9 (Part ID), FM 8-10-7, and USAMRICD's Field Management of Chemical 
Casualties. 

2. Introduction. Nerve agents are primarily organophosphorus esters similar to msecticides. 
Although some have been given names, they are usually known by their code letters: GA 
(TABUN), GB (SARIN), GD (SOMAN), and VX. 

3. Physical and Chemical Properties. 

A. Nerve agents are all liquids, vaqing in volatility that is in a range between gasoline and 
heavy lubncating oil. The " G  agents tend to be non-persistent whereas the "V" agents are 
persistent. Some " G  agents may be thickened with various substances In order to increase their 
persistence, and therefore the total amount penetrating intact skin. At room temperature GB is a 
comparatively volatile liquid and therefore non-persistent. GD is also significantly volatile, as is 
GA though to a lesser extent. VX is a relatively non-volatile liquld and therefore persistent. It is 
regarded as presenting little vapor hazard to people exposed to it. V, (pronounced "V sub x") is 
used by former Warsaw pact nations and its persistence is comparable to G agents. 

B. In general, nerve agents are moderately soluble in water with slow hydrolysis, highly soluble 
in lipids, and rapidly inact~vated by strong alkalis and chlorinating compounds. 

4. Absorption. Nerve agents may be absorbed through any body surface. When dispersed as a 
spray or an aerosol, droplets can be absorbed through the skin, eyes, and respiratory tract. When 
dispersed as a vapor at expected field concentrations, the vapor is primarily absorbed through the 
respiratory tract. If enough agent IS absorbed, local effects are followed by generalized systemic 
effects. The rapidity with which effects occur is directly related to the amount of agent absorbed 
in a given period of time and temperature. 

5 .  Protection. To prevent inhalation of an incapacitating or lethal dose, it is essential that the breath 
is held and the military mask put on at the first warning of nerve agent. Normal clothing is 
penetrated by these agents whether contact is with liquid or vapor and specialized clothing 
including a mask, nuclear, biological, and chemical protective overgament, gloves and 
overboots are required for protection when liquid agent is present. Butyl rubber and synthet~c 
material are more resistant than natural fibers. The mask protects the eyes, mouth and respiratory 
tract against nerve agent spray, vapor and aerosol. Nerve agent vapor in field concentrations is 
absorbed through the skin very slowly, so that where a vapor hazard exists alone, the mask may 
provide adequate protection without the use of an NBC overgarment. Agents can penetrate into 
nonabsorbent material such as web belts and can contlnue to present a hazard by desorption of 
the vapor. Though localrzed sa-eatrng and tw~tching may occur, usually there is no localized skin 
irritation after cutaneous exposure. 

6.  Detection. Nerve agents can be detected by a variety of means. Single and three color detector 
papers (M9iM8) u,ill detect liqu~d agent and are available for individual issue. Monitoring 
devices such as the Chemrcal Agent Alarm M8A1 and RSCAAL monitor for nerve agent vapor, 
and the CAM momtors for local vapor contamination. Water testing kits, such as the M272 are 
also avarlable. For more rnformatron about detection see the chapter on chemical defense 
equipment. 



7. General Effects of Nerve Agent. 

A. Effects of Nerve Agent Vapor. The lungs and the eyes absorb nerve agents rapidly. In high 
vapor concentrations, the nerve agent is carried from the lungs throughout the circulatory system; 
widespread systemic effects may appear in less than 1 minute. 

B. Effects of Liqu~d Nerve Agent. Following the ingestion of substances containing a nerve 
agent, which is essent~ally tasteless, the initial symptoms include abdominal cramps, vomiting, 
and diarrhea. 

C. Cause of Death. In the absence of treatment, death is caused by anoxia resulting from ainuay 
ohstructlon, weakness of the muscles of respiration and central depression of respiration. 

8. Pretreatment. Carbamate anticholinesterases, e.g., p*dostigmine, may be used as pretreatments 
against nerve agent poisoning. For further information see Chapter 2 of FM 8-9 (Part 111). 

9. Post-Exposure Therapy. The main principles of therapy for nerve agent poisoning are early 
treatment, assisted ventilation, bronchial suctlon, muscannic cholinergic blockade (atropine), 
enzyme reactivation (2 Pam Chloride) and anticonvulsants (Diazepam). GD permanently hinds 
to receptors In two minutes; after that 2 PAM CI is not useful. 

A. Self Aid (or Buddy Aid). 
(1) This comprises first aid measures that the soldier can apply to help hlm or herself. The 
rapid action of nerve agents call for immed~ate self treatment. Unexplained nasal secretion, 
salivation, tightness of the chest, shortness of breath, constriction of pupils, muscular 
twitching, or nausea and abdominal cramps call for the ~mmediate mtramuscular ~njection of 
2 mg of atropine, comhtned if possible with oxime. From 1 to 3 automatic injection devices 
(Mark I), each containing 2 mg atropine or mixture of atropine, oxime andlor anticonvulsant, 
are carried by each individual. 
(2) One device should be administered immediately when the symptoms andlor signs of 
nerve agent poisoning appear. T h ~ s  may be done by the casualty or by a buddy; the injection 
heing given perpend~cularly through the clothing into the lateral aspect of the middle of the 
thigh. Further devlces, up to a total of 3, should be administered by the casualty or by h ~ s  or 
her buddy during the following 30 mlnutes if the symptoms and/or signs of poisoning fail to 
resolve. 
(3) The timing of these further Injections and whether they are glven at one time or separately 
may depend on the casualty's condition and on instmctlons promulgated. 
(4) NOTE: If automatic injectors are used m the absence of exposure to agent, the following 
signs and symptoms may be seen: Dry mouth, dry skin, fast pulse (>90 beats per minute), 
dilated pupils, retention of urine and central nervous system disturbance. Susceptihihty to 
heat exhaustion or heat stroke is increased with ambient temperatures above 85"F, 
particularly in closed spaces or while wearing protective clothtng, or while conducting any 
activity. 
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Table 5-T (Part 1): Time Course of Effects of Nerve Aeents 

Nerve agent Types of Route of i 1 eficts .%*sorption , Description of effects 

1 

1 1 1 

Rhmorrhsa. nasal h?peremla. tightness in 
chest. nheezmg. 

Vapor 

Vapor 

Liquid 

Liquid 

Llquid 

Local / Lungs 

I 
Mlosrs. conjunct~val hyperernla, eye pam, 
frontal headache 

Vapor 

Liquid 

Liquid 

Etes 

System~c 

Local 

Local 

Local 

Liquid 

I I I 
Reference: Table 2-IV from F\I 8-9 (Parl 1111. 

1 

I 

Lungs or eyes 

Eyes 

Ingestion 

Skin 

Systemic 1 Lungs 

I 

$ 

Systemlc / Eyes 

System~c 

Liquid 

Muscannic, nicotinic, and central nervous 
system effects. 

Same as vapor effects. 

Gastrointestmal. 

Local su eatmg and muscular twitching. 

T~ghtness in the chest, occasional 
wheezing, cough, dyspnea, substernal 
tightness 
Same as for vapor. 

Skm ; Generallred sueatmg 

I 

System~c 1 Ingestion I Gastro~ntestlnal. 

I I 

! 



Table 5-T (Part 2): Time Course of Effects of Nerve Agents 

I 
When effects begin to appear after 

the exposure* 
Duration of effects after: 

I 

One to several minutes. 

One to several minutes. 

I weeks. 
Instantly. I Similar to effects of 1 

Mild exposure 

A few hours. 

I I 

Severe exposure 

1 to 2 days. 

Miosis 24 hours. 

Less than one minute to a few minutes 
after moderate or severe exposure. 

2 to 3 days. 

About 30 mlnutes after Ingestion. 

Several hours to a day. 

I I 

Acute effects: 2 to 3 days. 
CNS effects: days to 

Several hours to a day. 

3 minutes to 2 hours. 

Several minutes. 

2 to 5 days. 

1 to 5 days. 

I I 

3 days. 

Several minutes. 

I 1 

*Aitcr lcthal or near lethal exposure to nerve agents, the time to onset of symptoms and to 
max~mal sc\crlty of  symptoms IS shorter; it may be extremely brief after overwhelmmg 

5 days. 

2 to 4 days. 

15 minutes to 2 hours 

I5 minutes to 2 hours. 

exposure F o l l o w ~ ~ ~ g  exposure to lethal concentrations, the time interval to death depends upon 
the desree. the routc of  exposure, and the agent If untreated, exposure to lethal concentrations 

( 2 to 5 days. 

3 to 5 days. 

- .  
of nenc  agents can result In death 5 minutes after appearance of symptoms. 
Reference. Table 2-IV rrom FM 8-9 (Part 111). 
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10. Pharmacolog~cal Treatment of Nerve Agent Po~son~ng 

A. Atropine. Atropine sulfate remains an essenr~al drug in the treatment of nerve agent 
poisoning. It produces relief from many of the symptoms previously listed. In large doses, some 
therapeutic effects are also produced within the central nenous system. If atropine is 
admin~stered in the absence of nerve agent poisoning. atroplnizatlon uill occur. Higher doses, or 
repeated doses, will produce more marked sSmptoms that w ~ l l  usually not be totally 
mcapacitating except In warm environments or high uork rates. The effects of atropine are fairly 
prolonged, lastmg 3 to 5 hours after one or tuo  mject~ons of 2 mg and 12 to 24 hours after 
marked over-atropmlzatton. 

B. Oximes (PAM CI). Oximes reliexe the clinicall) important symptom of skeletal 
neuromuscular blockade Houeber. they penetrate into the central nervous system poorly, and 
the simultaneous adm~nistration of atropine is therefore still required. The rapid rnjection of 2 
PAM CI can produce drous~ness. headache. disturbance o i \  ~sion, nausea, dizziness, tachycardia 
and an Increase in blood pressure. h)pen-entilation and muscular weakness. Add~tional 
information on the pharmacology of owmes is in LSLLIRICDk Medical Management of 
Chen,iciil C<uidrrrr and F M  6-9 (Part I111 

C. nlicon\ulsants IDidrepamI .Atropine protects onl) partrally against convulsions and the 
resultmg brain damage In se\erc poisoning Complementary treatment, including 
anticon\ulsants. should be applied as necessq  D~azeparn is the drug of choice and should be 
injected intramuscularly as a IO-mg dose initially and further doses should be glven frequently 
cnough to control con1 ulsions. 

5.10. Blister Agents (Vesicants) 

1. References: FM 8-9 Part (111) and USA\lRICD's Fleid .Ila~~ugenzerrr of Chemical Casualties. 

2. Note: Latex and rubber (such as green overboots) absorb Mustard (HD). 

3. General. There are three major famihes of blister agents (vesicants): sulfur mustard (HD) and 
nitrogen mustard (HN); the arsenical vesicants such as lewisite (L) (this may well be used in a 
mixture with HD); and the halogenated oximes (CX) whose properties and effects are very 
d~fferent from those of the other vesicants Most vesicants (except CX) are relatively persistent. 
Vesicants bum and bhster the skin or any other part of the body they contact. They act on the 
eyes. mucous membranes. lungs. skin and blood-fomog organs. They damage the respiratory 
tract when inhaled and cause \omiting and diarrhea when ingested. Blister agents are likely to be 
used both to produce casualties and to iorce opposing troops to wear full protective equipment 
thus degradmg figlitmg efficient!. rather than to k~ll ,  although exposure to such agents can be 
fatal. Blister agents can be thickened in order to contaminate terrain, ships, aircraft, vehicles, or 
equipment w ~ t h  a persistent hazard Protection agarnst these agents can only be achieved by a 
full protective ensemble The respirator alone protects against eye and lung damage and gives 
some protection agalnst s?stemic effects. Extenswe, slow healing skin lestons will place a heavy 
burden on the medical sen Ices. 

4. Physical and Chem~cal Properties 

A. The mustards are able ro penemte cell membranes in tissues and a great number of materials: 



woods, leather, rubber, plants, etc. Due to their physical properties, mustards are very persistent 
in cold and temperate clmates. It is possible to increase the persistency by dissolving them in 
non-volat~le solvents, e.g., chlorinated rubber. In this way thickened mustards are obtained that 
are very difficult to remove by decontaminat~ng processes. In w m e r  chmates persistence of 
mustards is less but higher concentrations of vapor occur 

B. When dissolved in \rater, mustards are hy-drolyzed at an appreciable rate, yieldmg poly- 
alcohols and hydrochloric acid (HCI), so that the solution may st111 be damagmg to the skin. In 2 
hours 22% of the initial concentration IS hydrolyzed, in 6 hours 35% and in 24 hours 60%. 
However, as their solubility in water is very poor, two phases are generally formed and 
hydrolysis of the undissolved bulk is very slow. In running water the contact surfaces are 
frequently changed and persistency is only a few days, but in stagnant water, persistency can be 
several months. Mustard is denser than water, but small droplets remain on the water surface and 
present a special hazard in contaminated areas. Alkalinity and higher temperatures Increase the 
rate of hydrolysis. 

C. In water, Lewisite is hydrolyzed at an appreciable rate, forming an ox~de that is equally 
vesicant. In contact with strong alkalis, lewisite is totally decomposed to non-veslcant products. 

D. Phosgene oxime is a wh~te crystalline powder; but by the addition of certain compounds it is 
possible to liquefy it at room temperature. It is fairly soluble in water and in orgamc solvents. In 
aqueous solut~on phosgene oxime hydrolyses fa~rly rapidly, especially in the presence of alkah. 
Its odor is very unpleasant and imtating. Phosgene Oxime is one of the few blister agents that 
cause pain upon contact with the skin. Even as a dry solid, phosgene oxime decomposes 
spontaneously and has to be stored at low temperatures. 

5. Detection. 

A. Mustards have the interest~ng property of forming, under certain condit~ons, colored 
complexes with para-nitrobenzpyidine thus making it poss~ble to detect mlnute amounts. 
Mustard agents can be detected by a variety of means. Single and three color detector papers will 
detect l~quld agent and are available for individual issue. Monitoring devices for local 
contamination and water testing k ~ t s  are also available. 

B. The detection of lewisite is facilitated by the fact that it forms colored products with many 
reagents. Draegerm tubes are available which react with organic arsenicals. However, no 
automatic detectors are available for use In the field. 

C. The characteristic signs and symptoms of phosgene oxime exposure may suggest its presence. 
There are no automatic detectors available for use in the field. 

6. Protection. Ordinary clothing gives little or no protection aganst mustard agents, lewisite, or 
phosgene oxime. Special equipment including a mask, NBC protective overgarment, gloves and 
overboots are required. Due to slow absorption of mustard by many materials, protective 
equipment must be changed regularly according to Army doctrine. 

7. Med~cal Effects of Mustard Agents. 

A. General. Vesicants can penetrate the skin by contact with either liquid or vapor. The latent 
period is characteristic of the agent. For mustards it is usually several hours, for Lewisite it is 
short, and for oximes it is negligible. The latent period is also affected by the dose, temperature, 
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and humidity. Although blister agents can affect other organs and produce deleterious effects, 
the skin, eyes, and respiratory tract are the plinclpal organs affected. 

B. Prevention. No drug is available for the prevention of the effects of mustard on the skm and 
the mucous membranes. It is possible to protect the skin against very low doses of mustard by 
covering it with a paste containing a chlorinating agent, e.g., chloramine. The only practical 
prophylactic method is physical protection such as is given by the protective mask and speclal 
clothing. 

C .  Eyes. In a single exposure the eyes are more susceptible to mustard than e~ther the 
respiratory tract or the skin. 

D. Skin. Apart from mucous membranes the most sensitive areas are the face. armpits, genitalia, 
neck, skin between the fingers, and the nall beds. The palm of the hand. sole of the foot and the 
skin of the scalp are very resistant. The blisters are frag~le and usuall) rupture spontaneously 
giving way to a suppurating and necrotic wound. The damaged tissues are extremely suscept~ble 
to infection. The regeneration of these tissues is very slow. takmg irom se\eral ueeks to several 
months, much longer than the time required for the restoration of skm destroyed by phys~cal 
means or by caustic compounds. 

. . I sequence is reminiscent of that seen in sun bum.) 
Blisterina ( for higher I Blisters are not, per se, painful, though they may be uncomfortable and 

Table 5-U: The Sequence of Skin Changes due to Mustard 

- .  - . - - .~ 
I doses. starts 4 - 24 1 feel tense. Mustard blisters are delicate and may be easily ruptured by 

Erythema (2-48 hour 
post exposure). 

to full thickness skin 
loss. 
Reference. FM 8-9 (Part Ill). 

E. Respiraton Tract. Mustard attacks all the mucous membranes of the respiratory tract. 

F. Bone Marrow Mustard azents ma? cause a senera1 deplet~on of all elements of the bone 
marrow. 

Reminiscent of scarlet fever. Slight edema of the skin. Intense ~tching 
As the erythema fades areas of increased pigmentation are left. (This 

G. Gastrointestinal Tract. Ingestion of contam~nared food or uater may cause destmction of 
mucous membranes. Symptoms include nausea. \ omitlng, p a n  d~arrhea and prostration. These 
features may make casualt~es reluctant to sat \ 'om~t and feces may be bloodstained. 

H. Systemic Action System~call> absorbsd mustards by any route, including severe skin 
exposure, may cause signs sim~lar to those of madlation. such as headache, nausea, vomiting, 
leukopenia, and anemia. 



I. Post-Exposure Therapy. There 1s no specific treatment ava~lahle for the treatment of mustard 
leslons. The aim of therapy is to relieve symptoms, prevent infections, and promote healmg. 
Resolution of specific problems can be difficult to predict but the following may provide a guide. 

(1) Eye lesions: Most are resolved within 14 days of exposure. 
(2) Skin lesions: Deep skin lesions may be expected to heal in up to 60 days. Superficial 
lesions heal In 14-21 days. 
(3) Upper respiratory tract lesions: It is very diff~cult to define a time course for complete 
recovery. 

8. Medical Effects of Lewisite. 

A. General. Due to its physical and chemical properties, lewisite can easily penetrate the skin, 
where it exerts its vesicant action. A distinctive stinging pain is felt in 10 to 20 seconds after 
contact with the skin. It can spread through the whole body and act as an arsenical poison. 

B. Eyes. Liquid arsenical vesicants cause severe damage to the eye. Liquid arsenical vesicants 
instantly produce a gray scamng of the cornea, like an acid bum, at the point of contact. 

C. Skin. Liquid arsenical vesicants produce more severe lesions of the skin than hquid mustard. 
The surrounding halo of erythema is less noticeable than with mustard blisters, although the two 
are often indistinguishable. The yellowish blister fluid is slightly more opaque than that of the 
mustard blister. It contains a trace of arsenic but is non-toxic and non-vesicant. Pain on contact 
with liquid arsenical vesicants usually gives sufficient warning so that decontamination may be 
begun promptly and deep bums thus avoided in conscious victims. Itching and irritation persist 
for only about 24 hours whether or not a blister develops. Blisters are often well developed in 12 
hours and are painful at first, in contrast to the relatively painless mustard blister. 

D. Respiratory Tract. The vapors of arsenical vesicants are so irritating to the respiratory tract 
that conscious casualties will immediately put on a mask to avoid the vapor. The respiratory 
lesions are similar to those produced by mustard except that in the most severe cases, pulmonary 
edema may be accompanied by pleural effusion. 

E Systemic Effects. Liquid arsenical vesicants on the skin, as well as inhaled vapor, are 
absorbed and may cause systemic poisoning. A manifestation of this is a change in capillary 
permeability, which permits loss of sufficient fluid from the bloodstream to cause 
hemoconcentration, shock, and death. 

F. Treatment of Lewisite Lesions. The treatment of lewisite lesions is detailed in Chapter 3 of 
FM 8-9 (Part 111). An antidote for lewisite is dimercaprol, BAL (British Anti Lewisite). 
However, the toxicity of dimercaprol itself must be considered. It sometimes provokes local 
irritation. 

9. Medical Effects of Phosgene Oxime. In low concentrations, phosgene oxime severely ~mtates 
the eyes and respiratory organs. In high concentrations, it also attacks the skin Very few 
compounds are as painful and destructive to the tissues. The action on the skin is immediate: 
phosgene oxime provokes lmtation resembling that caused by a stinging nettle. 



5.11. Blood Agents (Cyanogen Agents) 

1. References: FM 8-9 (Part In), FM 8-285. and USAMRICD's Field Management of Chemical 
Casuallres. 

2. General. Blood agents consist of hydrogen cpn ide  (AC) and cyanogen chloride (CK). The 
mucous membranes and the intact skm readily absorb both AC and CK.  Initial symptoms are 
characterized by violent convulstons, ~ncreased deep resplratory movements, followed by 
cessation of respirat~on within one mlnute. slowmg of heart rate to death. High concentrations 
exert the~r effects rapidly. however. ~f the patlent IS still ahve after the cloud has passed, he or 
she will probably recover spontaneously. Cyanogen chloride and cyanogen bromide aAer 
absorpt~on reacts In such a way that hydrogen cyanide 1s eventually released. Their effects on the 
body are essent~ally stmilar to those of hydrogen cyan~de, buS in add~tion, they also have local 
imtant effects. 

.4. The cyanogen compounds hydrolye slowly In water w t h  subsequent gradual loss of toxicity. 
They are read~ly ox~dtzed by strong oxidants: e.g.,  potassium permanganate. Hydrogen cyanide 
has an affinity for oxygen and is flammable; hence it 1s less efficient when dispersed by artillery 
shells. 

B. Cyanogen chloride is only sl~ghtly soluble In water. ~t dissolves read~ly in organic solvents. 
Cyanogen chloride's pungent, biting odor is marked by 11s trntating lacrimatory properties 
Normally cyanogen chloride is non persistent. 

C. Cyanogen halides are rather poorly absorbed onto charcoal, especially i f the charcoal is damp. 

4. Detection. Automatic detectors are available which detect attack concentrations of vapors of 
hydrogen cyanide, cyanogen chloride and cyanogen bromide. DraegerTM tubes are also available, 
as are water testing kits. 

5 .  Protect~on. The charcoal in the canister of the protective mask poorly absorbs Hydrogen cyanide. 
This charcoal is therefore impregnated with metal salts in order to improve the performance of 
the carnster, but the protection provided against HCh' is not unlim~ted. Cyanogen Chloride (CK) 
IS also poorl) absorbed by the metall~c salt-~mpregnated charcoal filters in the protective mask. 
Nevertheless. standard m~l~tar) .  protect!\e masks provtde adequate protection against field 
concentrations of blood agent 1apors 

6 Med~cal Effects of Hydrogen q a n ~ d e  L4CI 

A. The cyan~de ion forms a relers~ble complex with the respiratory cytochrome oxidase enzyme 
system, an enzyme system essent~al for oxdattve processes w~thin cells. This results In 
impairment of cellular o x g e n  ut~liratlon The central nervous system, particularly the 
resplratory center, is espec~ally suscept~ble to thts cffect and respiratory failure is the usual cause 
ofdeath. 

B. Treatment. Successful treatment for acute cyanide poisoning depends upon rapid fixation of 
the cyan~de ion, either by methemoplob~n (metHB) formation or by fixallon with cobalt 
compounds Drug treatments include, compounds producing Methemoglobin, 



Hydroxyocobalamin, and Dicobalt edetate. Any casualty who is fully conscious and breathing 
normally more than 5 mmutes after presumed exposure to cyanide agents has ceased will recover 
spontaneously and does not require treatment, cyanide being very rapidly detoxified in the body. 
Artificial resuscitation, though possible, is not likely to be helpful in the absence of drug 
treatment. First Aid Measures: the casualty should be removed from the source of hydrogen 
cyanide. Rescue workers should wear adequate indwidual protective equipment (IPE). 

C. The medical effects and treatment of hydrogen cyanide are detailed in Chapter 6 of FM 8-285 
and Chapter 5 of FM 8-9 (Part 111). 

7.  Medical Effects of Cyanogen Chlonde (CK). 

A. Cyanogen chloride acts In two ways Its systemrc effects are s ~ m ~ l a r  to those of hydrogen 
cyanide but 11 also has local lrntant effects on the eyes, upper respiratory tract, and lungs. 
Cyanogen chlonde Injures the respiratory tract, resulting In severe inflammatory changes in the 
bronchroles and congestion and edema in the lungs. Very low concentrations (e.g., 10-20 
mg.mln.m3) produce eye m~tation and lacrimation. 

B. Signs and Symptoms. The signs and symptoms caused by cyanogen chlonde are a 
combmation of those produced by hydrogen cyanide and a lung irritant. Initrally, cyanogen 
chloride stimulates the respiratory center and then rapidly paralyses it. In h ~ g h  concentrations, 
however, its local irritant action may be so great that dyspnea is produced. 

C. Treatment. Cyanogen chloride poisonmg should be treated in the same way as hydrogen 
cyanide porsonlng as regards to 11s cyanide-like effects Pulmonary imtation should be treated in 
the same wa) as phosgene po~sonmg. 

D. Course and Prognosrs. Recovery from the systemlc effects of cyanogen halrde poisoning IS 

usually as prompt as in hydrogen cyan~de polsonmg. Howver, a h~gher incrdence of res~dual 
damage to the central nervous system IS to be expected. Depending on the concentration of 
cyanogen hal~de to which the casualty has been exposed, the pulmonary effects may develop 
rmmed~ately or may be delayed until the systemic effects have subsided. Early prognosis must, 
therefore, be guarded. 

5.12. Choking Agents (Lung-Damaging Agents) 

1. References FM 8-9 (Part 111), FM 8-285, and USAMRICD's Field Management of Chemical 
Casualt~es. 

2. General. Chem~cal agents that attack lung tissue, priman1.y causing pulmonary edema, are 
classified as lung damaging agents. Phosgene (CG), diphosgene (DP), chlorine (CI), and 
chloropicrin (PS) belong to this gsoup. Certain other substances, while, not likely to be used as 
agents, are still hkely to be met with on the battlefield (e.g., nitrous fumes and zinc chloride, the 
major component of HC smoke in a solid state) and may have a similar action. Similar 
substances encountered in fires, e.g., perfluoroisobutylene (PFIB) and HCI may also induce lung 
damage. 

3. Chemical Properties. Phosgene is readily soluble in organic solvents and fatty oils. In water, 
phosgene is rapidly hydrolyzed w ~ t h  the formation of hydrochloric acid and carbon dioxide. 

4. Detection. There are no automatic detectors avarlable for use in the field. 
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5 .  Protection. The protective mask gives adequate protection agalnst this agent. 

6. Medical Effects of Phosgene 

A. The mode of action IS st111 not fully understood. Whatever the mechanism of action, 
phosgene increases the permeability of the alveolar cap~llaries with resultant pulmonary edema. 
This Interferes with pulmonary gaseous exchange, leading to hpoxia. 

B. Although effects are primarily confined to the lungs, phosgene may also cause mild irritation 
of the eyes and upper respiratory tract. Initially, hypoxemia occurs and is followed shortly by 
hyperventilation when the fiothy edema fluid fills the bronchioli and C02 expiration stops. 

C. Initial treatment is rest and warmth. It is desirable that a casualty exposed to a lung- 
damaging agent he kept at rest until the danger of pulmonary edema is past, but the operational 
situation may prevent this. The casualty should be evacuated in a semi-seated position if dyspnea 
or orthopnea make a supine posture impractical. Mandatory evacuation by litter in cases of 
significant respiratory involvement has been advocated. Sedatlon should be used sparingly. 
Codeine may he effective for cough. Hypoxemia may he controlled by oxygen supplementation. 

D. During the acute phase, casualties may have minimal signs and symptoms and the prognosis 
should be guarded. Casualties may very rapidly develop severe pulmonary edema. If casualties 
survive more than 48 hours they usually recover without sequelae. 

E. The medical effects and treatment of lung-damaging agents are detailed in Chapter 4 of FM 
8-9 (Part III), and Chapter 5 of FM 8-285. 

5.13. Incapacitating Agents 

1.  References: FM 8-9 (Part m) and USAMRICD's Field Management of Chemical Casualties. 

2. General. 

A. Incapacitating agents are chemicals which produce a temporary disabling condition that 
persists for hours to days after exposure to the agent has ceased (unlike that produced by riot 
control agents). While not required, medical treatment produces a more rapid recovery. 
Characteristics of these agents are: 

(1) They are highly potent and logistically feas~ble. 
(2) They produce thelr effects mainly by altenng or dismpting the higher regulatory activity 
of the central nenous system (CNS) 

(3) The durat~on of their effects IS hours or days rather than momentary or fleeting. 

(4) They do not seriously endanger life, except in high doses. 

( 5 )  They produce no permanent Inlury. 

B. CNS depressants produce their effects by interfering with transmission of information across 
central synapses In the central nervous system anticholinergic compounds disrupt the high 
integrative funcr~ons of memory, problem solving, attention and comprehension. Relatwely high 
doses produce t o w  dcllnum that destroys the ability to perform any military task. 

C. Central nervous sptem stimulants are agents that cause excessive nervous activity, often by 
boosting or fac~l~tating transmission of impulses across synapses. The effect is to "flood" the 
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cortex and other higher regulatory centers with too much information, making concentration 
difficult and causing indecisweness and an inability to act. These include d-lysergic acid 
diethylamide (LSD), psilocybin, and mescaline. 

3. Chemical Properties. BZ and its analogues are glycolic acid esters. Although BZ is only slightly 
soluble in water, incapacitating doses can readily be absorbed from drinkmg water. It is a very 
difficult agent to disseminate and consequently is likely to be used by an enemy only in a 
clandestine manner. 

4. Detection 

A. Field laboratory methods are not yet sufficiently developed to permit isolation and 
identification of specific agents in the environment and in samples of body fluid (for example, 
blood, urine, cerebrospinal fluid). Therefore, diagnosis rests almost entirely upon chemical 
acumen, combined with whatever field intelligence or detector system data may be avallable. 
Following the occurrence of a suspected chemical attack with incapacitating agents, the medical 
officer should he prepared to take the steps listed below. 

B. Instruct field evacuation teams to transport casualties to an uncontaminated area. Resistant or 
disonented individuals should be restrained in the triage area after they have been given the 
necessary first aid. 

C. In a large-scale attack, the diagnosis will he simplified by the epidemiological distribution of 
the casualties. It is better to look for characteristics common to all or most casualties, than to be 
overly impressed with atypical features. 

D. There is no device available at present for detecting BZ 

E. There is no device avallable at present for detecting LSD. 

5 .  Protection. It is likely that such agents will be dispersed by smoke-producing munitions or 
aerosols, usmg the respiratory tract as a portal of entry. For BZ, protection is given by the 
protective mask, NBC pmtectlve overgarment, overboots, and gloves. No personal protection is 
available aganst clandestine attack of LSD, but it seems probable that only small quantities of 
food or water could be contaminated. Good security of the food and water supply are therefore 
required to protect against LSD contammation 

6. Medical Effects of CSS Depressams - BZ (3qu1nochn1d1nyl hemlate) and slm~lar compounds. 

A. Mechanism of Action. BZ (3-quinuclidinyl hemilate) 1s a cholinergic blocking agent that at 
single doses of less than 1 mg produces delirium lasting several days. No permanent adverse 
effects have been reported from clinical studies. BZ is effective by all routes of administration, 
but its effectiveness percutaneously (when mixed with a suitable solvent) 1s limited, so that route 
is not likely to be used. 

B. S i p s  and Symptoms. Small doses of BZ cause sleepiness and diminished alertness. 
Increased heart rate, dry skin and lips, drowsiness and a progressive intoxication In the untreated 
individuals can be used for diagnosis. 

C. Treatment. Reversal of the effects of BZ by the drug physostigmine, has been clearly 
demonstrated to be both safe and effective when properly used In healthy indiv~duals 
(information paper MCMR-UV-ZB dated 9 Feb 1998). For most casualties, symptomatic 



treatment is all that will be necessary. F ~ r m  restramt when necessary and a hendly att~tude are 
called for especially in dealmg with these subjects who are capable of walking. All dangerous 
objects must be remo\,ed and anything hkely to be swallowed should be kept away from the 
subject as b~zarre delus~ons may occur The most Important slngle medical cons~deration is the 
possibility of heat stroke. Clothmg should be remo\ed ~f the temperature is greater than 2 5 T .  If 
the body temperature is greater than 3 9 T  \.lgorous cool~ng IS ~nd~cated.  Water may be sprayed 
on the casualty to aid cooling, Ice should not be applled to the s k ~ n  

D. The medical effects and treatment of BZ are detatled in Chapter 6 of FM 8-9 (Part 111) and 
Chapter 3 of FM 8-285. 

Table 5-V: Siens and Svrnptorns Produced by Incapacitating Aeents . . 

Reference: Table 6-1 from FM 8-9 (Part In). 

7. Medical Effects of CNS Stimulants -LSD. 

(e.g.. LSD). cannabinols (e.g., 
rnari uana), anxletv reactlon 
Ant~chohnerg~cs. , 
Indoles. (Schizophren~c psychosis may 
mlmlc In some respects 

Cannabinols. 1 
Anxiety reaction. 

A Mechanism of Action. Very small doses (for example 50 micrograms per person) are capable 
of inducing a psychot~c state in people. but the precise mechanism of action is not yet known. It 
appears to interfere w ~ t h  the normal filtering action of this system, permitting sensory input to 
reach higher integrative centers uithout regard to ~ t s  importance or relevance. The result is a 
decrease in the ability of the bram to process information selectively and m logical sequence. 

B. Pathophysiology. LSD may be inhaled or ~ngested. Maximum effects are reached within 2 to 
3 hours and gradually subside over the next 1 to 8 hours. Tolerance is acquired rapidly on 
repeated exposures at daily intervals, but is short lived. 

C. Signs and Symptoms. The clinical manifestat~ons of LSD intoxication often include an early 
stage of nausea followed 45-60 mmutes after dosage by a confused state in which delusions and 



hallucmations are common but not always expenenced. Subjects intoxicated with LSD show 
evidence of sympathetic stimulation and mental excitat~on. 

D. Treatment. The best treatment known at present for LSD intox~cation IS the admmistration of 
diazepam 10-20 mg intravenously or intramuscularly or sodium amytal 200-400 mg 
mtravenously to sedate the patient until spontaneous recovery occurs. 

E. The medical effects and treatment of LSD are detailed in Chapter 6 of FM 8-9 (Part 111). 

5.14. Riot Control Agents 

1 References: FM 8-9 (Part ID), Chapter 7 of FM 8-285, and USAMRlCD's FzeldManagement of 
Chemzcal Casualtres. 

General. Riot control agents are irritants characterized by a very low toxicity and a short 
duration of actlon. Little or no latent period occurs after exposure. Orthochlorobenzylidene 
malononitrile (CS) is the most commonly used irritant for riot control purposes. 
Chloracetophenone (CN) IS also used in some countries for this purpose in spite of ~ t s  higher 
toxicity. A newer agent is dibenzoxazepine (CR) with which there is little experience. Arsenical 
smokes (sternutators) have in the past been used on the battlefield. Apart from their lacrimatory 
actlon they also provoke other effects, e.g., bronchoconstriction and emesis and are some tlmes 
referred to as vomiting agents. For historical reasons some older, more toxic compounds are 
briefly mentioned. 

3. Chemical Properties 

A CS has superseded CN on account of its stronger irritant effects and its lower toxicity. 
Solubility 1s very poor in water, moderate in alcohol, and good in acetone, chloroform, and 
benzene. CS is unstable in aqueous solution. If enough CS can be dissolved in water (e.g., by 
adding propylene glycol or other organic co-solvent) spraying fluids with an irritant action of 
short duration result. Although the smoke is non-persistent, CS may stick to rough surfaces (e.g., 
clothes) from which it is released only slowly. At least 1 hour of aeration is necessary to cleanse 
such materials from CS after exposure. CS is usually dispersed as all aerosol generated 
pyrotechnically. or by spraying a solution of CS in a suitable solvent. 

B. CR is stable In organlc solut~ons It has limited solubil~ty In water and is not hydrolyzed in 
aqueous solut~ons. The agent IS currently used only in solution for dissemination in liqu~d 
d~spensers. The solution ~n the dispensers contains 0.1% CR in 80 parts propylene glycol and 20 
parts water. CR differs from CS m being less toxic when inhaled but CR skin effects are more 
pronounced. It is more persistent in the environment and on clothing. CR is stmilar in its effects 
to CS, but the minnnum effective concentration is lower and the LCt50 is higher Symptoms and 
treatment are similar to those of CS. 

C. CN dissolves in organic solvents. CN is more toxic than CS. CN is a riot control agent and 
as a training agent is now superseded by CS, the latter bemg much less toxic. However, lt 1s stdl 
in use by police in some countries. 

D. Bromohenzyl cyanide (CA) and hromoacetone (BA) are older lacrimators. They are too tox~c 
for use as riot control agents and must be considered obsolete. 

4. Detection. The CS cloud is white at the point of release and for several seconds after release 





of vomiting agents. Put on the protective mask and wear it in spite of coughing, sneezing, 
salivation and nausea. Lift the mask from the face briefly if necessary to permit vomiting or to 
drain sal~va from the facepiece. Canyon with duties as vigorously as possible - this will help to 
lessen and shorten the symptoms. Combat duties usually can be performed despite the effects of 
vomiting agents. 

6. Medical Effects of Vomiting Agents. The onset of symptoms may he delayed for several minutes 
after initial exposure (especially with DM); effective exposure may, therefore, occur before the 
presence of the smoke is suspected. If the mask is put on then, symptoms will increase for 
several minutes despite adequate protection. As a consequence, the casualties may believe their 
mask is meffective and by removing it expose themselves further. Prolonged exposure may 
cause retrostemal pain, dyspnea and asthma-like symptoms. Symptoms reach their climax after 5 
to 10 minutes and disappear I to 2 hours aRer cessation of exposure. In spite of the dramatic 
appearance of the syndrome, the only treatment necessary is first aid. The patient should not 
smoke for some hours. If necessary the mouth may be rinsed with water, but the water should 
not be swallowed. The medical effects and treatment of vomiting agents are detailed in Chapter 
7 of FM 8-9 (Part m). 

5.16. Toxic Industrial Compounds (TICS) 

1. References: 

A. International Task Force, Final Report 25: Hazard from Industrial Chemicals, 
Reco~aissance of Industrial Hazards: Chemical, Biological, Radiological- Tactic, Techniques, 
and Procedures. 

B. USACHPPM's TG 230 (See this guide for specific chemical information) 

C. Ace Directive 80-64. 

D. The Agency for Toxic Substances and Disease Registry (ATSDR) three volume series on 
Managing Hazardous Materials Incidents. Contains over 200 toxicological profiles. The internet 
address is http://asdrl .asdr.cdc.gov:8080/audmome.hlml. 

2. General. US forces have been deployed throughout the world in a vanety of mil~tary missions. 
If deployed in a trad~tional role of waging war in a highly industrialized area, the deliberate or 
accidental release of industrial chemicals is pract~cally assured. With limited conflicts and highly 
sophisticated weapons, such as smart bombs, major industrial sites can be targeted selectively to 
ensure that collateral damage is minimized. However, with the post-Cold War world, the 
tradit~onal role of the mil~taty is being superseded by involvement in Operations Other Than War 
(OOTW). Toxic Industrial Chemicals (TICS) have been defined by the ITF-25 report as an 
industrial chem~cal that has a LCtg value less than 100,000 mg-mln/m3 (approximately the same 
as that of ammonia) in any mammalian spec~es and is produced in quanilties exceeding 30 tons 
per year at one production facility. 

3. Chemical Hazards. Chemicals can have many different composltlons, structures, and properties. 
Chemical reactions can be extremely energetic, producing fires or explosions. The follow~ng is a 
list of chem~cal classes and their associated hazards. 



A. Toxic Compounds are poisons that cause acute or chron~c health problems. The toxicity of a 
compound depends on the nature of the compound. the concentration, and the method of 
exposure. 

B. Corrosive Compounds cause destruction or damage to hving tissue by chemical actlon at the 
slte of contact. 

C. Irritatrng Compoundr are not corrosive but cause reven~ble inflammation on living tissue by 
chemical action. 

D. Flammable or Combustrble Compounds are any sohds. I~quids, or gases that Ignite easily or 
bum rapidly. They are classified as compounds w ~ t b  a flash polnt below 100" F. 

E .  Erplosrves are chem~cals or mixtures that cause sudden. almost instantaneous release of 
pressure. gas, and heat when subjected to sudden shock. pressure. or high temperature. 

F. Organlc Peroxrdes are a type of ox~dizer that is very reactwe and potent~ally explos~ve, as 
well as corrosion or flammability hazards. 

G. O.rrdizers are substances that yield oxygen read~ly to stimulate the combustion (oxidation) of 
organlc matter. 

H Arophonc Compounds are materials that igmte spontaneously In air at a temperature below 
13O0F. They require special storage in containers that are sealed In inert gas. 

I Unsroble Compounds tend toward decompos~t~on or other unwanted chem~cal change dunng 
normal handling and storage. These compounds may polymerize, decompose, condense, or be 
self-react~ve, e~ther spontaneously or under conditions of shock, pressure, or temperature, 
possibly with a large release o f  energy. 

J. Water Reactive Compounds react w ~ t h  water to produce a large amount of energy 

4. L ~ s t  of HI& Hazard TICs. ITF-25 was tasked to rank chemicals according to their hazard index. 
ITF-25 considered that for a given chemical to present a hazard in a military situation, the 
chemical must be present in sufficient quantity in the area of concern, must exhib~t sufficient 
tox~city by inhalation and must normally exist in a state which could give nse to an inhalation 
hazard. The following is a list of toxic industrial chemicals that received a high hazard index 
ranking. See USACHPPM TG 230 for the toxicity values associated with these and other toxic 
industrial compounds that may be encountered in the field. 

Table 5-W: List of High Hazard TICs 

&monia 
Boron trifluonde 
Diborane 
Formaldehyde 
Hydrogen cyanide 
Nitric acid, fuming 
Sulfur dioxide 
Reference: International Task Force, Final Report 25.  

Arsine 
Carbon dlsulfide 
Ethylene oxide 
Hydrogen bromide 
Hydrogen fluoride 
Phosgene 
Sulfunc acid 

Boron trichloride 
Chlorine 
Fluorine 
Hydrogen chloride 
Hydrogen sulfide 
Phosphorus trichloride 
Tungstenhexafluoride 



5.17. ACE Directive 80-64: NATO's Policy on Toxic Industrial Chemicals 

General Information: ACE DIRECTIVE 80-64: ACE Policy for Defensive Measures against 
Toxic Industrial Chemical during Military Operations is NATO guidance. It is not presently 
guidance for all US forces, however the latest draft of l o ~ n t  Pub 3-1 1 does contain similar 
guidance. The d~rectwe is presented below in 11s original form w t h  sl~ght ed~ting to reduce its 
length 

REFERENCES for ACE D~rective 80-61: ACE D~rective 75-3, ACE D~rective 80-14, STANAG 
2002, STANAG 2103, STANAG 21 12, STANAG 2150, and STANAG 2352. 

1. APPLICABILTY, This directive IS applicable to all permanent and temporary International 
Military Headquarters and formations under operational control of SACEUR. Non-NATO forces 
participating in NATO led mult~national operations w111 be invited to adapt the measures set out 
in this directive. 

2. PURPOSE. To des~gnate defens~ve measures agamst Toxic Industrial Chemical Hazards that 
may be encountered during military operations. 

3. BACKGROL%D. 

A. Dunng military operations, hazards normally consider insignificant during wartime may 
become important and impact operations. These hazards may be more significant during 
operations other than war such as peace support operations. One of the hazards that may 
confront ACE forces are massive quantities of Toxic Industrial Chemicals (TIC) in storage, 
production, distribution or transportation. TICs, if deliberately or inadvertently released, will 
pose hazards to the indigenous population and NA'I'O forces operating in the area. The risk from 
TICs is not only linked to the risk from a single chemical compound but from risks that result 
from explosion, fires, and the associated bproducts. 

B. This directive will outline policy and procedures for ACE force protection to mitigate hazard 
from the release of Toxic Industrial Chemicals. Wherever applicable the policy will reference 
current NATO Standardization Agreements, Allied Tactical Publications and ACE Directives 
will follow standard NATO concepts and doctrine. 

4. POLICY. The following general policies apply with regard to exposure of ACE forces to known 
Toxic Industrial Chemical hazards: 

A. Deliberate exposure of ACE forces to a TIC hazard shall not be permitted unless it is required 
by military necessity. Formations that do not possess the appropriate equipment, personnel, and 
training as described in this document and other relevant NATO standards shall not be employed 
in TIC hazard areas. 

B. Detailed planning and coordmat~on for the conduct of operations in the area of a TIC hazard 
is essentiaL 

C. All levels of command should keep a totally open flow of information regarding the existence 

and status of TIC hazard areas. However, Commanders should be aware that potential 
belligerents could use the threat of the release as well as the actual release of TICS to increase 



tensions. Therefore, Commanders shall apply an appropriate level of security with regards to this 
information. 

D. Commanders shall ensure subordinate formations are aware of this policy and have the 
appropriate equipment and personnel to implement it. 

E. Commanders shall consult with all appropriate staff specialists prior to any operations in TIC 
hazard areas. At a minimum, t h ~ s  consultation shall include the NBC Defense Officer, Legal 
Officer, Medical Officer, Intelligence Officer, and Public Affairs Officer. Additionally, the 
Commander should request additional operational and scientific expertise from national sources 
in the event of an actual accident. 

5 .  PROCEDURES. The following specified procedures apply to ACE forces performing operations 
in an area where there is a nsk of exposure to Toxic Industrial Chemicals. 

A. General. 
(1) Most toxic industrial chemicals potentially representing hazards to NATO forces will 
present a vapor (inhalation) hazard. The vapor concentration at the point of release may be 
very high and may reduce the oxygen concentration below that required to support life. The 
toxic vapors may be denser than air, hugging the ground and flowing along low-lying areas 
such as valleys and ravines. Vapors tend to flow into cellars, and high concentrations will 
linger in buildings, woods or other places where there is little air circulation. Subject to 
overriding operational requirements, the preferred positions for locating static military 
facilities, in an area of operations where TIC aie a consideration, are at higher elevations, on 
open ground and upwind or away from the sources of TICs. 
(2) The most important action in the case of a massive release of an industrial chemical is 
immediate evacuation. It is vitally important that commanders and troops are aware that the 
best defense against the release of TICs is to escape the path oP the TIC immediately. 
Current military respirator canisters can provide only very limited protection and shall only 
be used to escape the hazard area. Additionally, TICs can displace oxygen thus rendering 
respirators totally meffective. 

B. Intell~gence. 
(1) Pnor to entr). ~n to  the area, intelligence assets shall provide the NATO operational and 
local commanders u ~ t h  suspected areas that contain TICs. The ~ntelligence community shall 
endeavor to obtam all penment information involving production and storage facilities of 
TICs. At a min~mum the type of TICS and quantities at each location shall be provided to the 
Commander Add~t~onally, there is a need for Commanders to be informed on the specific 
nsk (fire, explos~on. toric~t), corrosive effects, and persistency of gas) as well as the 
efficiency of collectne and ~ndnidual protection systems. Intelligence assets should query 
the appropnate scient~fic. c ~ v ~ l ~ a n  industrial and chemical warfare treaty experts in order to 
gather all applicable informat~on. When possible, local industrial site survey forms shall be 
obtained for all ~dent~fied sues 
(2) Commanders In the local area shall make every attempt to obtain information about toxic 
industrial chemical fac~lmes uithm their area of operation. Sources of information include 
the safety report and safety data sheets on the facility, international code marking on storage 



tanks, and local c ~ v ~ l ~ a n  aurhontles that may also have add~t~onal emergency response 
procedure~'resources 

(3) Once all mformation on a TIC product~on or storage slte has been comp~led, the 
intell~gence community shall endeavor to provide a comprehensive nsk assessment to the 
commander in the field. 

Exclusion Areas for Toxic Industrial Chemical Facilities and Hazards 

(1) Intact Fac~lit~es. 

(a) The operational commander shall dictate a safety exclusion area around TIC facilities 
commensurate with current intelligence and technical assessment. If the location of the 
source is defined and no release has occurred the commander shall establish a minimum 
safety exclusion zone of a I-KM radius around the TIC facility. NATO forces shall only 
enter this cxclus~on area when military necessity dictates. Furthermore, the commander 
shall attempt to avoid encampment of mobile units within a 5-KM radius and fixed semi- 
permanent and permanent encampments within 10 KM of the facility. NATO forces 
within these safety radii shall have military respiratory protection on their person, 
Aviation assets are permitted to transit the exclusion zone at a minimum height of 150 
meters. 
(h) The commander may deviate from these safety exclusion areas based upon a detailed 
survey and assessment of the intact TIC facility by the appropnate scientific and military 
experts. 

(2) Toxic Industrial Chem~cal Release. 
(a) If a Toxic Industrial Chemical release does occur from the facility, the Commander 
shall first ensure all NATO forces are evacuated from the area and establish a 5 KM 
safety exclus~on zone until a chemical hazard prediction is produced. A chemical hazard 
predict~on will be produced in accordance with Allied Tactical Publication 45. The 
prediction used w~l l  be Type A (Case 1 or 2 depends on weather conditions), Once the 
prediction is produced and d~sseminated, NATO forces shall not enter this zone until 
follow-on actions are taken and as required by military necessity. Additionally, the 
commander shall attempt to avo~d encampment of all units within a 10-KM radius of the 
center of the hazard release. 
(b) The Commander may deviate from these exclus~on areas once a detailed survey and 
assessment of the extent and probable hazard area is completed by appropnate scientific 
and military experts. 

(c) If the position of the TIC release is known, the event shall be reported using the NBC- 
1 format identifyng the message as an NBC-I ROTA (ROTA stands for Release Other 
Than Anack). The Lines BRAVO, CHARLIE, DELTA, ECHO, FOXTROT, GOLF, 
HOTEL, INDIA, KILO, YANKEE, ZULU ALPHA AND GENTEXT within the report 
will contain the information currently described for traditional NBC reports. Line GOLF 
will Include the ROTA source. Line HOTEL will indicate TIC or the specific chemical 
compound if known. Line INDIA will indicate a description of the quantity of materiel 
released if known. 
(d) If the observer does not know the pos~tion of the TIC release, the event shall he 
reported using the NBC-4 format as described for an off target attack in accordance with 



Chapter 12, Page 12-16, Change 2 to ATP-45 (A). The report shall also include Lines 
GOLF, HOTEL and INDIA. 
(e) The chemical prediction shall use the normal NBC-3 message format. However the 
message will be identified as an NBC-3 ROTA with Line HOTEL indicating TIC. 

D. Protect~on. Commanders shall ensure that NATO forces only operate in a TIC hazard area in 
the case of military necessity. In t h ~ s  instance the Commander shall insure the highest levels of 
personal protection are ava~lable. 

(1) Protect~on for General Forces Evacuatmg a TIC Hazard Area 
(a) Respiratoly Protect~on. 

i. Military F~lten.  Standard issue NBC filters have only been tested for their 
effect~veness against known chem~cal warfare agents. Military filters should not be 
relied upon for protection against TICS The m~lttary respirator should only be used 
for emergency protection against the immed~ate effects of a toxic release while 
evacuating from the immediate hazard zone Both individual and vehicular collective 
filters may heat and bum when exposed to hlgh concentrations of certain TICs. 

ii. Indushial Filters. There are some ~ndustnal respirator filters available that 
will protect against certain levels of TIC hazard Industrial respirators, if available, 
shall be used if they are specifically designed for use against an identified TIC and the 
measured concentration of the TIC is below the threshold of the respirator filter. As a 
general rule it is preferable to use these respirator filters for general troops in the area 
where there may he a TIC hazard. 

(h) Skin Protection. When evacuating a TIC hazard area aAer a release, individuals shall 
wear clothing that will minimize injury to exposed skin. Exposed skin shall be covered, 
to the greatest extent feasible, to prevent deposition of liquid TICs. Normal NBC 
individual protection equipment could he used for this purpose. 

(2) Protection for forces operating ins~de or in the proximity of a TIC hazard. These forces 
are normally reconnaissance or rescue personnel. 

(a) Respiratory protection - Self-contained Breathing Apparatus (SCBA) is the 
protection of choice when indwiduals must operate In the area. 
(b) Skin Protect~on - Wkle In a TIC hazard area, indiv~duals shall wear equipment 
certified for TIC use that a 1 1 1  not allow liqu~d or vapors to cause injury to skm 

E. NBC Survey Reco~alssance 
(1) ACE forces should avoid the TIC release hazard area as long as poss~ble. However, if the 
Commander determines that ACE forces are requ~red to operate near or w~thin the TIC 
hazard area, he shall direct the conduct of an NBC Survey to determine the extent of the 
hazard. The ground reconnaissance team shall use protective posture as above. Additionally, 
the commander shall direct aerial visual reconnaissance that may prov~de ~mportant 
information on the extent of a TIC release site. 

(a) The survey of the TIC hazard area is accomplished in accordance with standard, 
recognized chemical survey procedures. However, the survey team w ~ l l  only survey to 
determine the outside limits of the TIC hazard. Under no circumstances are they to cross 



the boundary of contaminat~on to make a complete survey. Thls precludes unnecessary 
exposure to contaminatlon. 

(b) The survey is accomplished uslng speclal TIC identification equipment. Standard 
military chemlcal detection equipment 1s not normally suitable for detection of TICs. 
The, mass spectrometer. IS the only military equipment that is both suitable for TICs and 
1s readtly available in some military NBC Reconnaissance unlts. These units shall be 
used to accomplish the survey. 
(c) The Commander may obtain commercial detectors such as Draeger tubes. These 
detectors are useful for additional extra confirmation of mdividual TIC compounds. 
Other toxic products, that onginate from chemical reacttons or as combustion by- 
products, may be present in unknown concentrations in the TIC cloud and cannot be 
identified by these detectors. 

(2) The survey team shall subsequently mark the h i t s  of the hazard area in accordance with 
STANAG 2002, "Warning Signs for the Markmg of Contammated or Dangerous Land Areas, 
Complete Equipments, Supplies and Stores". The team should use the Chemtcal marker 
annotating TIC as the Identified agent. 

(3) The survey team shall report their results using the standard NBC-4 format. However, the 
report is identified as an NBC-4 ROTA report. Line HOTEL will indicate TIC or the specific 
chemical compound detected as the type of agent in all reports. Line GOLF will indlcate the 
source of the release. Line GENTEXT will indicate any other information about the source 
as applicable. All other lines of the NBC-4 report remain the same as reporting a tradittonal 
NBC-4 Chemical report. 
(4) Once all survey results are completed, they shall be compiled by the operatlonal units 
NBC Defense Cell. An overlay that outlines the extent of the TIC hazard shall be produced 
and sent via NBC-5 message to all units in the area of operations. The message shall be 
identified as an NBC-5 ROTA report. The report is formatted as follows: 

Table 5-X: Line items from the ACE Derivative 80-64 

current llst of all confined, suspected and potentidl TIC hazards within his area of operations. 
The NBC Defense Officer at the highest operatlonal headquarters shall monitor the status of 
these areas and make periodic updates for issue to ACE units. 

Line 
Line Alpha 
Line Delta 
Line Hotel 
Llne Tango 
Line X Ray 
Line Gentext 

F. Decontamination - Once operations in a TIC hazard area are complete, all equipment shall be 
inspected for contaminatlon. Equipment shall be segregated, marked as contaminated, and 
plastic wrapped for further dtsposition. Exposed personnel must also be examined and 
monitored by competent medical authorities. If contaminated, individuals shall he 

Item 
Strike Serial Number 
Date Time Group of Initial Detection 
Type of ROTA Release (TIC or specific compound) 
Date Time Group of Latest Survey 
Grid Co-ordinates indicating the outside limit of the ROTA hazard 
.4ddttional Information (More detailed survey results) 

(5) The NBC Defense Officer of each operational headquarters in theatre shall maintain a 
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decontaminated using large quantities of cold soapy water. Dry decontaminants may he used if 
available and they are designed for use against a specific chemical agent. 

G. Establishment of Safe Area - Removal and destruction of the TIC hazard is not a military 
mission unless the Commander has a clear need for the facility out of military necessity. 
Commanders shall involve Civil-Military affairs officers once the extent of the TIC hazard is 
realized to ensure co-ordination is conducted with the civilian authorities for site restoration. 

5.18. Smokes 

1. References: FM 8-9 (Part III) and FM 3-50, 

2. General. Obscurant smokes are used to hide troops, equipment, and areas from detection by 
obscuring vision. The smokes consist of small solid or liquid particles that intercept or diffuse 
the light. Most smokes are not hazardous in concentrations that are useful for obscuring 
purposes. However, exposure to heavy smoke concentrations for extended periods may cause 
illness or even death. Medical personnel should, therefore, be prepared to treat potential 
reactions to military smokes once such smokes have been introduced to the battlefield. 

3. Physical and Chemical Properties. 

A. Hexachloroethane Smoke (HC). HC smoke is a severe respiratory track initant. High 
concentrations of HC smoke generated in confined spaces are extremely dangerous and single 
exposures can be lethal. The major component of hexachloroethane (HC) smoke is zinc chloride, 
which is generated from a mixture of hexachloroethane, grained aluminum and zinc oxide. Upon 
burning, the mixture produces zinc chloride, zinc oxychlorides, and HCI vapor that rapidly 
absorb moisture from the air to form a grayish white smoke. HC mixtures can be dispersed by 
several methods, mcluding grenades, candles, smoke pots, cartridges, and air bombs. Zinc 
chloride is a severe respiratory tract irritant and mhalation can produce potentially fatal 
pulmonary edema. A protective mask must be worn whenever exposure to HC smoke is 
possible. 

B. Chlorosulphonic acid (CSA). CSA is a heavy, strongly acidic liquid which, when dispersed 
in air, absorbs moisture to form a dense white fog consisting of small droplets of  hydrochloric 
and sulfuric ac~ds. In moderate concentrations it is highly irritating to the eyes, noses and skin. 
The respirator should be worn in all concentrations, which are suff~cient to cause any cough, 
irritation of the eyes or prickling of the skin. A risk exists when chlorosulphonic acid comes in 
contact with water due to the generation of intense heat and the scattering of acid in all 
directions. Owmg to its highly corrosive nature careful handling is required. 

C. T~tan~um Tetrachlonde (FM) FM is a yellow non-inflammable and corrosive fluid that on 
contact w ~ t h  damp air ghes off a heavy dense white cloud. It is disseminated by aircraft for the 
production of vertical smoke curtam extending down to ground and sea level. The smoke 
consists of fine particles of free hydrochloric acid and titanium oxychloride. The smoke is 
unpleasant to breathe Goggles or a respirator should be wom when the spray is falling due to 
the risk of droplets entenng the eyes. Full protective clothing should be worn when handling the 
liquid to avoid contamination of eyes and skin. Liquid FM produces acid bums of the skin or 
eyes. 



D. Fog Oil. Fog oil is a mineral oil similar to light weight motor oil. The smoke is generated by 
injecting fog oil into a heated manifold where it vaporizes and, on cooling in the airstream, 
quickly recondenses. Oil mists created in this way are composed predominantly of respirable 
droplets. While exposures to fog oil may cause discomfort, it is acutely non-toxic except at 
extremely high concentrations. Repeated skin exposures may produce a mild erythema Inhaled 
droplets can accumulate in the lungs and repeated inhalation can produce oil pneumonia. 

E. Phosphorus. At ordinary temperatures, white phosphorus (WP) is a solid that can be handled 
safely under water. When dry, it bums fiercely in air, producing a dense white smoke. 
Fragments of melted particles of the buming substance may become embedded in the skin of 
persons close to a bursting projectile, producing bums which are multiple, deep and variable in 
size. The 6agments continue to bum unless oxygen is excluded by flooding or smothering. WP 
may be used to produce a hot dense white smoke composed of particles of phosphorus pentoxide 
which are converted by moist air to droplets of phosphoric acid. The smoke imitates the eyes and 
nose in moderate concentrations. Field concentrations of the smoke are usually harmless 
although they may cause temporary imtation to the eyes, nose, or throat. The respirator provides 
adequate protection against white phosphorus smoke. In an artillery projectile white phosphorus 
is contained in felt wedges which ignite immediately upon exposure to air and fall to the ground. 
Up to 15% of the white phosphorus remains within the charred wedge and can re-ignite if the felt 
is crushed and the unbumed white phosphorus exposed to the atmosphere. Red phosphorus (RP) 
is not nearly as reactive as white phosphorus. It reacts slowly with atmospheric moisture and the 
smoke does not produce thermal injury, hence the smoke is less toxic. 

4. Detection. Unknown 

5 .  Protection. In the open air, the air passages should be protected by a respirator if the smoke 
imtates the airway, if it is very thick or if a stay of longer than 5 minutes in a diluted cloud is 
necessary. The standard respirator gives the respiratory tract and eyes adequate protection 
against all smokes and should always be worn when smokes are used in confined spaces. It will 
not, however, protect against carbon monoxide. 

6. Decontamination. For fog oil- showering with soap and water and a change of clothes is 
sufficient. 

7. Medical Effects of HC smokes. HC smoke is possibly the most acutely toxic of the military 
smokes and obscurants The toxicity of HC smoke is mainly due to the formation of the strongly 
acid~c HCI, but IS also to a lesser extent due to thermal lesions. These are caused by the 
exothennlc reactton of ztnc chlonde w~th water The acidic HCI vapor causes lesions of the 
mucous membranes of the upper airways. The damage and cllnical symptoms following zinc 
chloride exposure therefore appear ~mmediately after the start of the exposure However, damage 
to the lower always also occurs and may result in delayed effects as chemtcal pneumonia with 
some pulmonary edema The casualty should don hts or her respirator or he removed from the 
source of exposure. Oxygen should be administered in cases of hypox~a. Bronchospasm should 
be treated appropriately, as should secondary bacterial ~nfect~on. The medical effects and 
treatment of ztnc chlonde smokes are detailed in Chapter 8 of FM 8-9 (Pan 111). 

8. Medical Effects of CSA. The symptoms are usually l~m~ted  to a pnckhng sensatton of the skin, 
but exposure to high concentrations or long exposures to lower concentrations as found in the 
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field, may result In severe irritat~on of the eyes, s k ~ n  and respiratory tract. Irrigate the 
contaminated eye w ~ t h  water or salme as soon as possible. 

Flame Materials 

References: FM 8-9 (Part 111) and FM 8-285 (Chapter 10) 

General. Incendiary azents are used to bum supplies, equipment, and structures. The main 
agents In this group are thermite (TH), magnesium, white phosphorus (WP), and combustible 
hydrocarbons (including oils and th~ckened gasoline). Chemical fire extingushers contain~ng 
carbon dioxide should not be used in confined spaces to extinguish thermite or magnesium types 
of incendiaries. When carbon tetrachloride is in contact with flame or hot metal, it produces a 
mixture of phosgene. chlorine, carbon monox~de, and hydrochloric acld. The standard respirator 
w ~ t h  normal canister does not protect against some agents such as carbon monoxide. 

Therm~te Themite Incendiaries are a mixture of powdered alum~num metal and ferric oxide and 
are used In bombs for altacks on armored fighting vehicles. Thermite burns at about 2000°C and 
scatters molten metal. whlch may lodge in the skm producing small multiple deep bums. The 
wound should be cooled immed~ately with water and the particles removed. Afterwards the 
treatment IS that used for other thermal bums. 

Magnesium. Magnes~um (Mg) bums at about 2000°C with a scattering effect similar to that of 
themlte Its panicles produce deep bums. Healing IS slow unless these part~cles are removed 
quickly. Removal is usually possible under local anesthesia. When explosive charges have been 
added to a magnesium bomb. the fragments may be embedded deep in the tissues, causing the 
localized fomatlon of hydrogen gas and tlssue necrosis. 

Detection, Protection, and Decontammat~on. Unknown 

Medical Effects of phosphorus. If burning particles of phosphorus strike and stick to the 
clothing, contammated clothmg should be removed quickly before the phosphorus bums through 
to the skin. If burning phosphorus stnkes the skin, smother the flame with water, a wet cloth, or 
mud. Keep the phosphorus covered with the wet material to exclude air until the phosphorus 
part~cles can be removed. Try to remove the phosphorus particles with a knife, bayonet, stick, or 
other available object. It may be possible to remove some particles by rubbing with a wet cloth. 
The medical effects and treatment of phosphorus are detailed in Chapter 8 of FM 8-9 (Part III). 

Hydrocarbon Fumes 

Reference: FM 8-9 (Part In). 

General. Fuels consist largely of hydrocarbons that may have a narcotic effect. In this respect, 
because of their lower volatility, diesel and paraffin (kerosene) fuels are less dangerous than 
petrol (gasolme). Fumes from the combustion of these fuels in internal combustion or jet engines 
contain a proportion of carbon monoxide, nitrous fumes, etc., which vanes with the 
characteristics of the engine and the rate at which it is being run. The overheating of lubricant 
oils may result m the production of acrolein that is an aldehyde with intense irritant properties. A 
concentration of 5 mg.m-' is immediately detectable by odor but a concentration of 50 mg.m" 
causes death in a short time from pulmonary edema. 



Physical and Chemical Properties. Petrol, diesel and paraffin vapors are heavier than air and as a 
result of this may be encountered in fuel tanks, in vehicles or in spaces where fuels have been 
stored. Hydrocarbons are inert, except when in an oxidizing atmosphere, which is capable of 
supporting combustion. 

Protection. Although respirators provide full protection against these hydrocarbon fumes, there 
is a significant hazard from combustion products in confined spaces due to the presence of 
asphyxiant gases, e.g., carbon monoxide. In this case, self contained breathing apparatus is 
required. 

Medical Effects of hydrocarbon fumes. Drowsiness and unconsciousness proceeding to death are 
encountered in severe poisoning. Less severe exposures may cause dizziness, headache, nausea, 
vomiting, and loss of muscular coordination. Acute emotional disturbances following 
hydrocarbon poisoning have been reported. Removal to fresh air is the only treatment necessary 
in cases of mild exposure. When severe poisoning has occurred, oxygen should be administered 
and positive pressure ventilation may be required. The medical effects and treatment are detailed 
in Chapter 8 of FM 8-9 (Part Ill) and FM 8-285. 

Herbicides 

Reference: FM 8-9 (Part Ill). 

General. A herbicide is any preparation usedto kill or inhibit the growth of plants. The term 
includes defoliants, desiccants, plant growth regulators, and soil sterilants. Militarily, herbicides 
have been used against forest croplands and brush along roads and rivers and around military 
establishments. There is very little likelihood of human beings or animals being poisoned as a 
result of d~oxin-kee non-cropland vegetation control. In spraying operations from aircraft, flag- 
men and women on the ground probably receive relatively high doses, yet a serious case of acute 
herbicide poisoning has never been confirmed. Poisoning may, however, result from accidental 
or suicidal ingestion of large quantities of undiluted herbicides. 

2,4-D and 2,4,5-T. Ingestion of a toxic dose of 2.4-D causes gastroenteric distress, diarrhea, mild 
CNS depression, dysphagia, and possibly transient liver and kidney damage. Some people have 
developed neuropathy as a result of skin contact with the compound. Some hours after exposure 
to the 2,4-D ester or the dimethylamine salt, pain, paraesthesia, and paralysis may develop. The 
signs and symptoms of 2,4,5-T poisoning are probably similar to those of 2,4-D poisoning. If a 
tox~c dose of 2.4-D or 2.4,s-T has been ingested, further absorption should be prevented by 
gastric lavage or inducing emesis and administration of activated charcoal. Supportive therapy 
should be given. Additional information about 2,4-D and 2,4,5-T is found in Chapter 9 of FM 8- 
9, Part 111. 

Cacodylic Acld Ingestion of a toxic dose of cacodylic acld by humans may cause slight burnmg 
of the mouth and throat, gastroenteric pain. vomiting, diarrhea, hematuria, albuminuria, 
dehydration, jaund~ce, oliguria, and collapse CNS symptoms (headache, dizziness, and 
hyperexcitabillty) may be present, obscunng gasvoenlenc complants. Shock may develop as a 
consequence of paralysis and increased permeability of the capillaries Follow~ng ingestion of a 
toxlc dose of cacodylic and further absorption should be prevented by gastnc lavage, emesis, or 
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activated charcoal. Fluids should be p e n  to combat dehydrat~on. Add~t~onal  information about 
Cacodylic Acid is found In Chapter 9 of FM 8-9 (Pan In). 

5 .  Picloram. P ~ c l o m  (4-ammo 3. 5, 6-tnchlomp~col~n~c a c ~ d )  IS one of the constituents of 
Compound 2. The major constituent 1s 2.  4-D. Based on the criterion that an acute oral tox~city of 
5000 mg.kg-l or greater In warm-blooded an~mals 1s non-toxlc, p i c l o m  would be rated 
accordingly, and Compound 2 would be rated as mildly toxic Should Ingestion of a toxic dose 
of picloram occur, fiuther absorpt~on should be prevented by gastric lavage or emesis and by 
administration of act~vated charcoal. together w t h  supponlve therapy Washing with soap and 
water in the event of acc~dental exposure IS recommended. The eyes should be washed 
thoroughly w ~ t h  water in the event of contamination Add~t~onal information about Picloram is 
found in Chapter 9 of FM 8-9 (Pan UI). 
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General Information 

6.1. References 

Chemical and Biological Terrorism: Research and Development fo Improve Civilian Medical 
Response by the National Research Council provides background information on the type of 
technology used by the many of pieces of equipment listed below. 

6.2. NBC Signs 

Chemical warning signs have yellow backgrounds with red lettering. Biological warning signs 
have blue backgrounds with red lettering. Radiological warning signs have white backgrounds 
with black lettering. Chemical Minefield signs have red backgrounds with yellow lettering and a 
stripe. See Appendix C of FM 3-7 for Warsaw Pact Markers. 

6.3. MICAD 

The MICAD is a near real-time integrated NBC detection, warning, and reporting system to be 
employed in area warning, combat and armored vehicles, and tactical van and shelter mission 
profiles. The MICAD automates the current NBC warning and reporting process throughout the 
battlefield by automating the gathering of NBC contamination data from fielded NBC detectors 
and sensors. It then automatically formats and transmits alarms, NBC-1 and NBC-4 reports 
through the chain of command on the battlefield. Most new equipment has MICAD 
compatibility built in (plug and play). 



Nuclear 1 Radiological Hazards 

6.4. M28Al RADIAC calculator set 

The M28A1, NSN 6665-01-130-3616, determines the yeld of the nuclear detention f?om various 
measurements. Instructions for use of the M4A1 calculator are on the card in the set. Upon 
receipt of the M4AI calculator, h e  uur should solve the example problem on the lnstmction 
card. If the calculator will not solve the example problem to withln the specified tolerance, 
destroy it and obtain a new one. Complete operating instruct~ons are In TM 3-6665-303-10. 

Army Dosimeters (PDR-75, IM-9E/PD, IM-93, IM-147) 

References. Academy of Health Sciences Publication GR 76-332-200, FM 3-7, FM 8-9, TM 
11-665-214-10, and TM 11-665-236-12. 

For field operations, the Army uses two t p e s  of doslmeters. The IM-9E:PD. the IM-93, and 
the IM-147 are pocket dosimeters with ionization chambers The PP-1576AIPD 1s required 
to charge these doslmeters. The ANIPDR-75 conslsts of the DT-236 wristwatch and the CP- 
696 Computer Reader. The DT236 uses the process of scintillation, or the convers~on of 
radiation into detectable light, to record gamma; and the process of a solid state semi- 

conductor for neutron radiation. The solid-state semi-conductor must be heated to obtain a 
radiation dose reading. Therefore, those DT236s read directly after radiation exposure will 
not show the true amount of radiation received. For best accuracy, 24 hours should pass 
from the time of exposure to the time of the reading. The PDR-75 has a digital readout. 

IM-143PD. The IM-143PD Senes Dosimeter is a tactical, self reading, total dose pocket 
dosimeter used to determine the total accumulated dose of gamma radiation. 

IM-1471PD. Single barrel low range "quartz fiber," self-indicating pocket dosimeter. 
Range: 0-50R (gamma). Charged by PP-1578 radiac meter charger. 

IM-9. Reads from 0-200 mR gamma. It is a "Quartz-Fiber," self-indicating, pocket 
dosimeter. 

IM-93 (A)IUD & IBVUD. Mid range dosimeter (<1000R). Single barrel, "Quartz-Fiber," 
self-indicating pocket dosimeter. Range 0-600 R (gamma). Charged by PP-1578 radiac 
meter charger. 

PP-4276lPD. The PP-4276iPD Series Radiac Detector Charger is used to charge the IM- 
143PD Series Dosimeter. The unit consists of a charger receptacle, internal battery, hlgh 
voltage generator with variable output control, and provisions for illuminating the scale of 
the dosimeter being charged. 

DT-236lPDR-75. NSN # 6665-01-211-4217. The ANPDR-75 provides the capability to 
monitor and record the exposure of individual personnel to gamma and neutron radiation 
through a wrist worn device. It is a tactical dosimeter with 1 to 1000 cGy indirect reading 
for neutron and gamma dose measurement by separate devices. It responds to and measures 
prompt radiation from nuclear bursts. The PRD-75 wlll be used to calculate unit radiation 
status, for medical triage, and for unit reconstitution. Elements are encased m a tamper 
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resistant locket, which is worn on the wrist. Dosages are cumulative and are permanently 
recorded. 

A. The DT236 uses the process of scint~llation, or the conversion of radiation into 
detectable light, to record gamma; and the process of a solid state semi-conductor for 
neutron radiation. The solid-state semi-conductor must be heated to obtain a radiation dose 
reading. Therefore, those DT236s read directly aRer a nuclear burst will not show the true 
amount of radiation received. During this response time, readings should be obtained with 
the IM93 dosimeters and used for planning purposes once the 24 hours has elapsed. 

B. The reader for the DT-236JPDR-75 is a single unit which accepts the dosimeter, opens it, 
activates the neutron detecting diode and the silver activated phosphate glass gamma 
detector, reads both and displays the results. The gamma detecting glass is read 
fluorimetncally using UV excitation. The neutron detecting diode is read by measuring its 
forward voltage drop at constant current conditions. This reading does not change the 
recorded dosage. 

C. Description and Use. Each individual will be issued a DT236iPDR-75 dosimeter. This 
device, worn on the wrist, contains a neutron diode and a phosphate glass gamma detector. 
When a determination of exposure is required, the dosimeter is inserted into a CP-696PDR- 
75 reader, which then displays the cumulative neutron and gamma dose. 

Table 6-A: Army Dosimeters 

Reference: References for this section. 



Figure 6 4 :  Army Pocket Dosimeter 

Figure 6-8 

Reference. F~gure A-I from FM 8-9 (Part 1) (IeR) and, TM 11-665-214-10 (right) 



Reference: TM 11-665-236-12 

6.6. ANIPDR-77 and ANIVDR-2 

1. References Addendum Test Repon for the Production Qualificatron Test (PQT) of the 
ALPHA RADIAC Set, .LV PDR-77, ACXLA's Radroactive Material Handling Safety, and 
TM 11-6665-365-12&P, The Technrcal Manual for the PDR-77. The purpose of this section 
is to provide addrtional mformation on the probe beyond that found in TM 11-6665-365- 
12&P, The Technical Manual for the PDR-77. Refer to that manual for operating 
information. 

2. Alpha, Gamma, Low Energy X-ray RADIAC set (multi-function rate meter), NSN# 6665- 
01-347-6100, replaces ANPDR-56F and ANIPDR-60 as pnmary radlac device to respond to 
nuclear accidents and conduct routine health and safety surveys. The basic kit consists of a 
display unit (the Radiacmeter) and three probes (Alpha, BetdGamma, and X-Ray). An 
extension kit has had limlted distribution and includes a beta pancake and Nal Scintillation 
probes. The program manager of the PDR-77 is Mr. Groeber, PM, BNCDS, CDBCOM. 

3. Radioactive Matenals contained in the PDR-77. The PDR-'77 contains 1 nCi of Thorium- 
232 that must be disposed of IAW AR 385-1 1 and TM 3-261. 

4. Display Unit. The Radiacmeter Control Units have digital readout, automatically recognize 
the attached probes, and show rate mformation In the appropriate units. One can program 
alarm set points and background subtraction. The power supply is three 9-volt batteries, 
BA3090, or vehicular power systems. 

5. BetaKamma Probe. The display unit wth  the betdgamma probe is known separately as the 
ANIVDR-2. The ANNDR-2 is used to perform ground radiological surveys in vehicles or 
in the dismounted mode by rndividual wldrers a s  a hand-held instmment. The set can also 
provide a quantitative measure of radiation to decontaminate personnel, equipment, and 
supplies. Components of the Rad~ac Set include the Radiacmeter IM-243, probe DT616, 
and pouch with strap. Installation kits are available as common table allowances (CTA) 
Items for installatron of the Radiac Set in various military vehicles. The set includes an 
audiblc andlor vtsual alarm that is compatible with vehicular nuclear, biological and 



chemical protective systems in armored vehicles. The betafgamma is the pmper probe to 
use in most situations. This probe measures the external dose rate from gamma radiation. 
Gamma radiation presents the greatest external hazard. If the beta window is opened, the 
probe will also measure beta radiat~on. However while operating in this mode, the probe 
should only be used to detect radiation and not for quantification. The beta/gamma probe 
contains two G-M tubes. According to the PQT for the PDR-77, the most beta/gamma will 
be accurate to f 20% at 0.0005 c G y h  (0.5 rnR/hr). This level is significantly higher than 
background radiation and dose rates normally associated with low level radiation. Below 
0.5 mRmr, the betalgamma probe should be used only for detection of radiation and 
not for quantification. 

Alpha Probe. The alpha probe is a 100-cm2 Zinc Sulfide scintillation detector. It detects 
alpha particles and is usually read in CPM (counts per minute). According to the production 
tests, the probe is f 10% above 1000 CPM and i 30% from 200 to 1000 CPM. There is no 
data for below 200 CPM. The PDR-77 is capable of detecting alpha activity at 56.6 DPM 
per 100 cm2. However, the PDR-77 is not accurate at this level. W e n  measuring alpha 
radiation, the probe surface must be less than an inch from the source. If the probe detects 
alpha radiation, repeat the exact same reading with a single sheet of paper between the probe 
and the potential source. The paper will stop the alpha particles and the reading should 
return to near zero. If the reading is still high, then the mylar window on the probe is 
probably damaged. Change the window and repeat the readings. 

X-ray Probe. The X-Ray probe is a 5 inch by 0.25 inch NaI crystal with a PMT that is useful 
in measurement X-ray below 95 keV. There are three energy ranges on the probe. The 17 
keV selection detects photons with energy between 12.5 keV to 21.5 keV. The 60 keV 
selection detects photons with energies between 50 keV to 70 keV. The Peak Align 
selection detects radiation from 70 keV to 95 keV. The probe was designed mainly to be 
used at nuclear weapons accidents (Broken Arrows). It is optimized to read the X-Rays 
associated with Plutonium-239 and Arnericum-241. The carrying handle is adjustable for 
height to allow the probe to be carried at the optimum height of 12 inches above the ground. 
The probe is capable of detecting 0.374 mgimZ of Plutonium-239 with the probe one inch 
From the source. 

NaI Scintillation Probe. The NaI Scintillation Probe is part of the PDR-77 extension kit. It 
uses a 1 mch by 1.5 inch NaI crystal for detection. The probe is very energy dependent. 
There is no data available concerning the accuracy of this probe. 

Beta Pancake Probe. The Beta Pancake Probe contains a pancake GM tube and is useful in 
detecting low energy beta radiat~on. There is no data available about the accuracy of this 
probe. 

Scalar Mode. The PDR-77 can be run in the scalar mode to increase the sensitivity of the 
probe. The probe w~l l  average the readings over a 5-minute period to give a better 
indication of the radiation level. 

Calibration. In order to give reliable redtngs, the PDR-77 must be calibrated every six 
months. The unit is calibrated as a single ~nstrument. Therefore using a probe for one unit 
w ~ t h  the control unit from a d~fferent set may give erroneous readings. 



tble 6-B: Relative Response c ~f the 

I Note: The VDR-2 has poor energy response below 80 keV and thus should not be used far low energy x-rays. I 
Reference. Table XXXI of TM 1-1500-335-23 

1 

Figure 6-D: ANiPDR-77with case on left. All the probes, including those from the 
extension kit, are on the right 

Detector Range Effective Energy (keV) 



Figure 6-F: The proper use of the alpha probe is shown on the left and the improper use 
is on the right. 

Figure 6-G: The X-Ray probe and the control unit is shown on the left The proper use of 
the probe is shown on the right. 



Table 6-C: PDR-77 Probe Selection Chart 
I I 

Reference: ACALA's Radmarrrve Materra1 Handling Safely. 



6.7. ANIUDR-13 - Radiac Set 

The ANAJ?JD- 13 is a compact, handheld, or pocket carried, tactical device capable of measuring 
prompt gammdneutron dose from a nuclear event plus gamma dose and dose-rate from a fallout 
environment in a tactical battlefield situation. A push-button pad enables mode selection, 
functional control, and the setting of audio and visual alarm thresholds for both dose-rate and 
mission dose. A "sleep" mode with automatic wakeup is provided to enhance battery life. Data 
readout and waminglmode messages are provided by liquid crystal display. Dosimeter capability 
of 1-999 cGy (neutrondgamma-prompt initial and fallout). Ratemeter capability of 0.1-999 
cGyihr (gamma fallout). 

6.8. ADM-300 - MULTI-FUNCTION RADIAC 

The ADM-300 MFR replaces the PAC-IS, ANiPDR 27, ANPDR 43, and AN/PDR 56 series 
radiation, detection and computation (RADIAC) instruments. The ADM-300 MFR is used to 
monitor and detect high and low intensities of radiation from radiological accidents and wartime 
levels of alpha, beta, and gamma radiation. The ADM300 MFR is available for worldwide 
mobility and is available at all U. S. Air Force installations. 

Biological 

NOTE: CFU stands for colony-forming units. 
Reference: USAMRIID. 

6.9. General 

Chemrcal and Brologrcal Terror~sm: Research and Development to Improve Civiltan Medical 
Response by the National Research Council provides background information on a variety of 
biological detection technologies. 

6.10. Biological Smart Tickets 

Smart tickets are hand-held point detectors based on antlgen capture chrornatogaphy. The Navy 
Medical Research Institute at Bethesda, Maryland currently produces these instruments. Similar 
devices have recently become commercially available through Environmental Technologies 
Corporation. Eight different devices are used to assay liquid samples for the presence of Y. 
pestrs, F. tularensis, B anthracis. V. chorerae, SEB, ricin, botulinum toxins, and Bmcelia 
species, respectively. A color change provides a positive or negative indication within 15 
minutes. The sensitivity of these assays varies from an order of magnitude below a fatal dose 
(ricin) to more than an order of magnitude above the infectious dose (anthrax). These devices are 
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strictly screening assays, and the analyses are subject to error from the introduction of other 
contaminants. Therefore, positive results need to be confirmed with standard microbiology 
assays, conventional immunoassays, or genome detection vla polymerase chain reaction (PCR) 
technology. 

6.11. Enzyme Linked Imrnunosorbent Assay (ELISA) 

ELISA is a biological assay based on the spec~fic~ty of the antlgen-antibody reaction. These 
mununoassays are laboratory procedures used to detect speclfic ant~bod~es that are developed by 
the bod)+ immune system when the person is exposed to that biological agent. Antibodies can 
be found In serum or other body flu~ds from humans, an~mals. anhropods, or mosquitoes. The 
antibody in question 1s bound to the enzyme-Inked antigen. The amount of enzyme-linked 
antigen coupled to the insoluble antibody is quantitated uslng a chromogenic substrate for the 
enzyme. The ELISA procedure can assay for elther a n t h d y  or antlgen. The 520th TAML and 
USAMRUD currently operate this system In the field 

6.12. Polymerase Chain Reaction (PCR) 

PCR is an in vitro method for enzymatically synthesizing and arnplifymg defined sequences of 
DNA. The PCR process uses temperature to separate the two targeted DNA strands. Enzymes 
along with nucleotide bases (used as building blocks for copying) and probes are added with the 
target DNA. Nucleic acid probes are short nucleotide sequences generated in order to bind with 
specific regions of the targeted DNA. If the appropriate chemical and physical conditions are 
achieved the strands are repeatedly copied, separated, and recopied. This results in an 
exponentlal increase in the number of identical DNA pieces to yield enough material for analysis. 
Advantages of PCR are the sensitivity, specificity, speed (results can be obtained in hours rather 
than days or weeks), and the ability to detect difficult-to-grow, slow growing, and even non- 
culturable microorganisms. The thermal cycler and gel electrophoresis system provide 
capabilities to run PCR tests in the identification of hiolog~cal warfare agents. The system is 
currently fielded to the 520th TAML. 

6.13. Bioassay 

Bioassay is the quantitative method in which the endpoint is an observable effect on a biological 
system or an organism. The classical approach to microbial detection involves the use of 
differential metabolic assays (monitored colormetrically) to determine species type m the case of 
most bactena, or the use of cell culture and electron microscopy to diagnose viruses and some 
bacteria that are intracellular parasites. Samples taken from the environment, such as soil and 
water, and most clinical samples must be cultured in order to obtain sufficient numbers of 
various cell types for rel~ahle ~dentificat~on. The time required for microbial outgrowth is 
typically 4-48 hours (or tuo weeks for cenaln cases, such as Mycobacterium luberculosis). 
Furthermore, bacterial culture suffers from an inherent drawback: cells that are viable may not be 
culturable, because they possess unantlclpated nutritional requirements as a result of genetic 
mutation. 



6.14. IBADS 

The IBADS program will provide Naval forces a contingency capability, warning of the presence 
of biological and toxicological warfare agents. The IBADS is a pomt detector system designed 
for shipboard use. It is composed of a particle size counter, part~cle wet cyclone sampler, and a 
manual identifier (improved membrane calorimetric ticket flow-through assay) The antibody 
antigen tickets are used for BW agent identification in the ship's medical bay. The IBADS can 
detect and warn of the presence of 5 BW agents. The Navy has a total of 25 rapid prototypes that 
can be deployed with the fleet on short notice. The same technology is being used in the 
development of biological detectors for ports and airfields. 

6.15. M31E1 Biological Integrated Detection System (BIDS) 

M31E1 BIDS COMPONENTS: MI097 Heavy High-Mobility. Mult~purpose Wheeled Vehicle. 
S-788 Lighhveight multipurpose Shelter. PU-801 Generator. Bio Detection Su~te. The BIDS 
consists of a shelter (S-788) mounted on a dedicated vehicle (MI097) and equipped with a 
biological detection suite employing complementary technologies to detect large-area biological 
attacks. - The system includes a trailer mounted 15-kw generator (PU-801) to provide electrical 
power. The biological detection suite links aerodynamic particle sizing, bioluminescence, flow 
cytometry, mass spectrometry and immunoassay technologies in a complementary, layered 
manner to increase detection confidence. The BIDS will be a corps-level asset. Individual BIDS 
systems are strategically employed throughout the Corps area to create a sensor arraylnetwork. 
The BIDS network will be used for warning and confirming that a biological attack has occurred. 
It will provide presumptive identification of the biological agent being used, and will produce a 
safely configured sample for later laboratory analysis. The M31E1 BIDS is C130 aircraft- 
transportable, has roll-onlroll-off capability, and can operate in a dismounted role separate from 
its dedicated Heavy High Mobility Multipurpose Wheeled Vehicle. 

Figure 6-H: BIDS 



Chemical Detectors 

Table 6-E: Sensitivitv and Limitations of Chemical Monitoring Equipment - . .  

M8 Paper 

M9 Paper 

[ AC,CK 8.0 mgi m3 I 
M-272 Water 1 Waler I G I 0.02 mgi m' I 7 min 

Time Equipment I Phase I Agent Symbol 

M-18A2 Detector Kit 

M-256A1 
Detector Kit 

Sensitivie 

Liquids 
only 

Liquids 
only 

L~quld 
Vapor 

Aerosol 

L ~ q u ~ d  
Vapor 

Test Kit 

Chemical Agent 
Monitor (CAM) 

Improved Chemical 
Agent Detector 
(ICAM) 
Improved Chemical 
Agent Detector- 
Advanced Pomt 
Detector 
(ICAM-APD) 

G 
VX 
H 

G 
XV 
H 

GB 
\ X 
H, HN HD HT 
1. ED. MD 
CG 
AC 
G 
VX 
HD 
L 
CX 

Vapor only 

Vapors 

100 p drops 
100 p drops 
100 p drops 
100 p drops 
100 p drops 

S 30 sec 

5 20 sec 

I00 p drops 
0 l mg m1 
o 1 mg!ml 
0 5 m g m 1  

1 0 0 m g  m i  
12 0 m& m' 
8 0 m g  m' 

0 005 mgi m3 
0 02 mgi m' 
2 0 m g i m 3  
9 0 mgi m3 
3 0 m g i m 3  

VX 
HD 
L 
AC 
GA 
GB 
VX 
HD, HN 
G 
V 
HD 
G 
V 
H 
L 

2-3 mm 

15 mm 
Senes is 

longer 
AC-25 mln 

0.02 mg/ m3 
2.0 mgi m3 
2.0 mgi m' 

20.0 mg/ m3 
0.03 mg/ m3 
0.03 mg/ m3 
0.03 mg/ m3 
0.1 mg/m3 

0.03 mgi m" 
0.03 mg/ m3 

0.1 mg/m3 
0.1 mg/ m3 

0.04 mg/ m3 
2.0 mg/ m' 
2.0 mgi m3 

7 min 
7 min 
7 min 
6 min 
30 sec 
30 sec 
30 sec 

5 1 min 
10 sec 
10 sec 
10 sec 
30 sec 
30 sec 
10 sec 
10 sec 



Equipment I Phase I Agent Symbol / Sensitivity I Time 

Miniature Chemical 
Agent Detector 
(ICAD) 

Chemical Agent 
Detector I 1 k a r d  

~, 

M-90 DIA 

G 
HD 
C 
AC, CK 
CG 

M-8A1 Alarm 
Automatic Chem~cal 
Agent Alarm 

0.2-0.5 m g  m' 
10.0 mgi m3 
10.0 me1 m' 

MM-1 Mobile Mass 
Spectrometry Gas 
Chromatograph 
RSCAAL M-21 

SAW Mini-CAD 

2 min (30 sec 
for high 

levels) 
50.0 mgi m" 
25.0 mgi m3 

Vapor only 

ACADA (XM22) 

2 min 
15 sec 

Vapor only 1 G 1 0.02 mg/ m' 

Vapor 

Vapor 

Vapor 

Field Minl-CAM 

I 0  sec 

Lewisite 
GA 
GB 
GD 

Vapor 

Vlking Spectratrak 
GCIMS 

I 1 ( Many others I 
Reference: Table 4-1 from Nat~onal Research Council's Chemrcal und Brologrcal Terrorism: 
Research and L)evelopmenl lo Improve Civilran Medrcal Response. 

VX 
HD 

20-30 CWA 

G 
H 
L 
GB 
GD 

L 
G 
V 
H 

HP 6890 GC w ~ t h  
flame photometric 
detector 

0.8 mgl m' 
0.2 mgi m' 
0.2 mg/ m3 
0.2 mgi m3 

HD 
G 
HD 

L 
G 
V 

80 sec 
9 2 min 
9 2 min 
S 2 min 

0.4 mgi m" 
10.0 mgi m3 

< 10.0 mgi m' 
Of surface area 

90.0 mgi m1 
2300 mgl m' 

500 mgi m3 
1.0 mgim' 

0.12 mgi m3 

----.. 

<0.0001 mg/ m' 
<0.0001 mgi m3 
c0.003 me/ m3 

Many others 
G 
V 
HD 

9 2 min 
5 2 min 
5 45 s a  

l min 
1 min 

0 6 m g i m '  
0.1 mgimJ 
2.0 mgi m3 

< 5 min 
< 5 min 
< 5 min - 

<O 003 mgl m' 
<O 0001 mgi m' 
<0 0001 mg/ m3 

l mln 
30 sec 
30 sec 

c 5 min 
< 10 mln 
< 10 mln 

<O 0001 mgi m' 
<O 0001 mgi m3 
<O 0006 mgi m3 

< 10 mln 
< 10 mln 
< 10 mln 
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6.16. M8 - Chemical Agent Detection Paper 

The M8 Chemical Agent Detection Paper is chemical treated, dye ~mpregnated paper, Issued in a 
book of 25 sheets. It is designed to detect liquid V, G, & H agents. M8 paper will change colors 
to identify non-persistent G-type nerve (yellow), V-type nerve (black or dark green), or hlister 
(red) agents. The chemical reaction between the M8 Paper and a chemical agent produces a pH 
dependent color change in the paper that indicates the presence of chemical contamination. M8 
Paper does not detect agent vapor and must contact the liquid chemical agent. M8 Paper is 
widely distribuled on the battlefield, w ~ t h  each soldier carrying a booklet in his protective mask 
carrler M8 Paper is also included in the M256A I Kit and in the M18A2 Chemical Agent 
Detection Kit. The M8 Paper is never used as the sole basis for agent identification. An 
alternate means of identification such as the M256A1 Kit should be used to confirm the nature of 
the chemical contammation. Undamaged paper has an indefinite shelf life. It has the potential 
for false positives. 

6.17. M9 - Chemical Agent Detection Paper 

The M9 Chem~cal Agent Detection Paper is chemical treated, dye impregnated, adhesive backed 
paper, issued in a 30-foot roll. The paper is cut off the roll in short stnps when needed in the 
field. The agent sensitive dye will turn red upon contact with liquid nerve agents (G and V) and 
blister agents (H and L). It can be readily attached to the body or to vehicles, shelters, and other 
equipment. The M9 paper does not identify either the specific agent or the type of agent 
encountered. The paper produces colored spots when in contact with nerve and blister agents. 
The M9 is packed in a cardboard dispenser box equipped with a serrated feedout edge for cutting 
the paper to the required lengths. The dispenser 1s sealed in a moisture-vapor harrier bag 
together with a re-sealable plastic hag. Because of the d~fficulty m identifying a color change in 
the M9 Paper during night time operations under "red light" conditions, personnel must be 
periodically rotated into white light areas to check for color changes 

6.18. M18AZ - Chemical Agent Detector Kit 

The M18A2 is a hand-held chem~cal sampling test kit made up of detector tubes, tickets, paper, 
substrates, and instructions contained in a carrying case. The M18A2 is used to detect and 
classify dangerous concentrations of toxic cbemical agents in the air and liquid chemical agent 
contammation on exposed surfaces. The kit is also used to collect and forward samples of 
unidentified tox~c chemical agents to a technical intelligence team or laboratory for 
identification. It is in use by Tech Escon Un~ts. 

6.19. M256Al - Chemical Agent Detector Kit 

The M256A1 is a portable and disposable chemlcal agent detector kit. Each kit consists of a 
carrying case, 12 sampler-detectors, instructor cards. and M8 chemical agent detector paper. The 
sampler-detector is used to test for chem~cal agents in the air. It is usually used to determine 
when it is safe to unmask after a chemical agent attack Battlefield contaminants can interfere 
wrth the M25G giving false readings. The M256 has a 5-year shelf life and is based on color- 
change chemistry. 



6.20. M272 - Water testing kit for chemical agents 

The M272 is a lightweight portable kit that will detect and identify harmful amounts of chemical 
warfare agents when present in raw and treated water. It 1s a test water sampler and is not a 
continuous monltor. The M272 has a 5-year shelf life. Each kit conducts 25 tests for each agent. 

6.21. Chemical Agent Monitor (CAM, ICAM, and ICAV-APD) 

1. The Chemical Agent Monitor (CAM) IS a hand-held, banery operated devlce for the 
monitoring of decontamination procedures and effect~veness on personnel and equipment. It 
can detect and discriminate between vapon of nerve and bl~ster agents and display the 
relative concentration, as well as detect~ng and d~unminating between other agents. The 
CAM has a radioactive source. If the CAM becomes saturated with vapors, it can take up to 
15 minutes before n can be used agan. The battery lasts 6-8 houn in continuous use. 

2. ICAM - Improved Chem~cal Agent Momtor. The ICAM is a hand-held, soldier-operated, 
post-attack device for monitoring chernlcal agent contaminat~on on people and equipment. 
It detects vapon of chem~cal agents by sensing molecular Ions of specific mobilities (time of 
flight) and uses tim~ng and microprocessor techniques to reject interferences. The monitor 
measures 4 x 7 x 15-inches and weighs approximately 5 pounds. The ICAM starts up faster 
after prolonged storage and is more reliable than the CAM. The ICAM does not require a 
specific military occupational specialty to operate and is used by a wide variety of units. 

3. ICAM-APD - Improved Chemical Monitor - Advanced Point Detector. The ICAM-APD 
weighs 12 pounds and has both audible and visual alarms. 

4. Personnel using either the CAM or ICAM should be in full NBC protective postures. 

Table 6-F: Common Interferents for the CAM 

Reference: Table 3-18 from FM 3-7, Table 3-44 from FM 3-7. 



Figure 6-1: CAM Levels on right. Picture of CAM on left. 

One to three 

Four to six High vapor hazard 

6.22. Individual Chemical Agent Detector (ICAD) 

The ICAD is a miniature lightweight chemical warfare agent detector that can be worn by the 
individual. It detects and alarms to nerve, blood, choking, and blister agents and is intended for a 
variety of applications. The ICAD may he used as a point detector. It may be connected with a 
radio for remote operations and can be mounted on vehicles. It has an audio and/or visual alarm 
capability. The ICAD weighs 8 oz, does not require maintenance, requires only min~mal 
training, and does not contain a radioactive source. The Mannes are presently fielding the ICAD. 

6.23. M90 D1A Chemical Agent Detector (CAD) 

The M90 CAD 1s a man-portable instmment designed to determine and indicate the hazard from 
nerve or blister (mustard) agent vapors present in the air. Hazard levels are indicated in high, 
medium, and Icw concentrations. The M90 is programmable, with the capab~lity to add new 
agents as they are developed. The M90 can be transported via backpack camer, vehicle, or used 
in a fixed site configuration. Operable from battenes, vehicle, or a main power supply, ~t IS 

versatile and can be remotely controlled from the remote alarm unit. Additionally, the M90 can 
be connected to a computer to pinpoint agent concentrations. It is operable over a multitude of 
operational platforms, including day or night conditions. It can be used to verify clean areas, 
perform area surveys, identify contamination, and verify the effectiveness of decontamination 
operations. The M90 is currently fielded within the Air Force The M90 uses ion mobility 
spectroscopy and metal conductivity technology to momtor up to 30 chemicals in parallel. 

6.24. MSAl Automatic Chemical Agent Alarm System 

The M8A1 is an automatic chemical agent detection and warning system designed to detect the 
presence of nerve agent vapors or inhalahle aerosols. The system is an electrochemical, point 
sampling, chemical agent alarm that can be hand-carried, backpacked, or mounted on a tactical 
vehicle. The system detects vapors of chemical agents by ~onizat~on. The system is composed of 
an M43AI Chemical Agent Automatic Alarm Detector Unit and up to five M42 Chemical Alarm 
Units. The M8A1 Alarm System is used primarily to alert stationary units when a cloud of nerve 
agent vapor has arrived or is about to arrive at their poshon. The M8AI will automatically signal 
the presence of the nerve agent in the air by promding troops with both an audible and v~sible 
warning. There are approximately 30,000 fielded units in service. The M8A1 requlres a NRC 
license. Battlefield contaminants can interfere with the M256 giving false readmgs. 



Figure 6 4 :  M43A1 Detector of the M8 Alarm 

6.25. MM-1 Mobile Mass Spectrometry Gas Chromatograph 

The MM-I 1s the gas chromatograph used on the FOX Chemical Recon Vehicle. The system 
heats the contammated surface to vaporize a small sample and then analyzes it. In addition to 
chemical agents, the MM-I is capable of detecting a variety of ~ndustnal chemicals. 

6.26. M-21 Remote Sensing Chemical Agent Automatic Alarm (RSCAAL) 

Figure CK: M21 RSCAAL 

The M-21 Remote Sensing Chemical Agent Automatic Alarm (RSCAAL) is a two-man portable 
tripod-mounted, automatic scanning, passive infrared sensor which detects nerve and blister 
agent vapor clouds based on changes in the infrared energy emitted from remote objects, or from 
a cloud formed by the agent. The M-21 is line-of-sight dependent with a detection range up to 3 
miles and a field of view of 1.5 degrees vertical and 60 degrees horizontal. It will be used for 
surveillance and reconnaissance missions, and will search areas between enemy and friendly 
forces. Where poss~ble, the RSCAAL will he employed in pairs (two reconnossance teams) so 
that one RSCAAL can be used in the overwatch position when the other reconnossance team 1s 
moving. The M21 is also mounted on the FOX vehicle. The audio alarm on the M-21 can be 
heard from 400 meters. LSCAD is the next generation M21 RSCAAL. It will permit detection 
on the move and from aerial platforms. 



6.27. SAW Mini-CAD 

The SAW Mini-CAD is a commercial available pocket-sized instrument that can automatically 
monitor for trace levels of toxic vapors of both sulfur mustard and the G nerve agents with a high 
degree of specific~ty. It does give false alarms from gasoline vapor and glass cleaner. 

6.28. M22 Automatic Chemical Agent Alarm (ACADA) 

The M22 system is an advanced, point-sampling, chemical agent alarm system employing ion- 
mobility spectrometry. It is man-portable, operates independently after system start-up, and 
provides an audlble and visual alarm. The system detects and identifies nerve and blister agents. 
The M22 system also provides communications interface for automatic battlefield warning and 
reporting. The M22 can operate in area warning, survey, and monitoring roles. It can be 
powered by batteries or an AC power supply adapter. The M22 system replaces the M8A1 
Alarm as an automatic point detector and augments the Chemical Agent Monitor as a survey 
instrument. The Army, Navy, Air Force, and Marine Corps will use the M22 primarily for area 
warning and to monitor collective protection shelters on vehicles. The M22 contains a 
radioactive source that requires a license. Battlefield contaminants can interfere with the M22 
giving false readings. 

Figure 6-L: M22 Alarm System 

6.29. Miniature Automatic Continuous Air Monitoring 
CAMS) 

System (Field Mini- 

Highly technical units such as the 520th ThSlL and Tech Escort use Field Mini-CAMS They 
are designed for field industrymon~toring and requlre 8 hours of traming. 

6.30. Viking Spectratrak Gas Chromatography I Mass Spectrometry 

The Viking is commercially ava~lable lab quality equipment that IS being used by some DOD 
units. It can analyze over 62,000 chemicals, In addit~on to chem~cal warfare agents. 



6.31. HP 6890 Gas Chromatography with flame photometric detector 

The HP 6890 is a state-of-the-art gas chromalograph used by the Chemical Weapons Convention 
treaty lab. 

6.32. Improved Chemical Agent Point Detection System (IPDS) 

The LPDS employs ion-mob~lity speceometry and 1s an improved version of a point detection 
system. In addition to G nerve agents and VX, the IPDS 1s designed to detect vesicant agent 
vapors. It is to be a shipboard Instrument, and therefore will be large and requlre power. 

6.33. Joint Chemical Agent Detector (JCAD) 

The JCAD will employ surface acoustic wave technology to detect nerve and bl~ster agents. It is 
designed to be l~ghtuetght and portable and will reduce false a l m s .  The JCAD wlll also allow 
detection ornew forms of nerve agents. 

6.34. Joint CB Agent Water Monitor (JCBAWM) 

The JCBAWM will be a portable device to detect, identify, and quantify CB agents in water. It 
will allow the user to sample water and receive a digital readout of the contents. The technology 
to be employed in the monitor is still under review. 

6.35. Joint Service Lightweight Standoff Chemical Agent Detector (JSLSCAD) 

The JSLSCAD is a passive, infrared detection unit employing Fourier Transform Infrared 
Spectrometry The device is designed to detect nerve and blister vapor clouds at a distance of up 
to 5 km. 

6.36. Shipboard Automatic Liquid Agent Detector (SALAD) 

Technologies lo be used in the SALAD have recently been reviewed, but no decis~on has been 
made on the final selection. The instrument is designed to be an automated, externally mounted 
liquid agent detector capable of detecting G nerve agent and VX and vesicant chemical agents. 

6.37. Special Operations Forces 

The Special Operations Forces Nonln t~s ive  Detector and the Swept Frequency Acoustic 
Interferometry detector are portable, hand-held acoustic instruments developed spec~fically to 
enable rap~d detectton and identification of chemical warfare agents w~tbin munitions, railcars, 
ton containers, etc. 

6.38. Automatic Continuous Air Monitoring System (ACAMS) 

The ACAMS can detect G agents, VX, or mustard at very low levels. It 1s an automated gas 
chromatograph that first collects agent on a solid sorbent and then thermally desorbs the agent 
into a separation column for analysis. The components eluting from the column are detected by a 
flame-photometric detector, which can respond to compounds containing either phosphorus (i.e., 



GB and VX) or sulfur (mustard). A direct readout, in units of the hazard level, is given on the 
front panel of the instrument. A permanent trace of the chromatogram is provided on the strip- 
chart recorder. The ACAMS requires environmental protection from extreme heat, cold, and 
dust to functiori properly. 

6.39. ANIKAS-IA - Chemical Warfare Directional Detector 

The ANiKAS-IA provides standoff chemical agent detection capability for surface ships and has 
also been adapted to fixed-site shore facilities. It is a forward looking infrared (FLIR) based 
Electro-optic sensor that can remotely detect the presence of some chemical warfare agents. It 
also provides night vision capability for shipboard security. The standard shipboard installation 
consists of two ANUS-IA's (except for the smallest ships, which have one). Approximately 
600 are deployed on surface ships. 

6.40. Shipboard Chemical Agent Point Detection System (CAPDS) 

The CAPDS is a fixed system capable of detecting nerve agents in vapor form using a baffle tube 
ionization spectrometer. CAPDS obtains a sample of external air, ionizes airborne vapor 
molecules, and collects them on a charged plate affer eliminating lighter molecules via the bame 
structure. When sufficient ion mass is collected, a pre-set potential is achieved, generating an 
alarm signal that is sent to damage control central and the bridge. The system is installed in an 
upper superstructure level and provides ships with the capability to detect nerve agents. The 
system will be activated when ships enter high threat areas and during operations in littoral 
waterways. The system is installed on most surface combatant's ships. 

6.41. M-93 and M-93A1 FOX 

The M-93 FOX NBC Reconnaissance System provides NBC detection, warning and sampling 
equipment integrated into a high speed, high mobility armored carrier with collection protection 
for its crew. The system contains a chemical agent monitor, a chemical agent detector alarm, a 
radiation detection device, a navigation system, secure communications, and an area marking 
system. The system provides combat information on the presence of NBC hazards, and can 
operate in all areas, in adverse weather and under all types of battlefield conditions. The road 
speed of the Fox is 55 mph and the water speed is 6 mph. Its armor is effective against small 
arms fire. The A1 modification reduces the crew to 3 and includes GPS, better electronics and 
communication, and the M21 RSCAAL. 

Figure 6-M: M-93 FOX 



Medical Countermeasures for Chemical Exposures 

6.42. MES Chemical Agent Patient Treatment 

UA (02491, LIN (M23673). 6545-01-141-9469. The Medical Equipment Set (MES) Chemical 
Agent Patient Treatment contains supplies and equipment required to provide unit, division, and 
corps level medical treatment to thirty contaminated casualties suffering from nerve, blood and 
blister agents. The basis of issue is two per battalion aid stationltreatment squad, one per 
treatment team, and five per Combat Support Hospital. The weight is 247.99 Ibs and cube is 

6.43. MES Chemical Agent Patient Decontamination 

UA (0258), LW (M25865), 6545-01-176-4612. The Medical Equipment Set (MES) Chemical 
Agent Patient Decontamination contains supplles and equipment required to decontaminate sixty 
contaminated casualties with nerve, blood, andlor blister agents. The basis of issue is one per 
battalion aid stationltreatment squad, one per treatment team, and three per Combat Support 
Hospital. The weight is 1046.27 Ibs and cube is 90 642 cubic feet. There is no power 



6.44. Medical Chemical Defense Material (MCDM) 

See also CANA, NAAK Mark I, and KAPP. The bas~c issue of MCDM to each soldier when 
deployed into an Area of Operat~ons with a \ahd chemlcal threat includes three NAAK injector 
sets, one CANA, and 42 NAPP tablets (2 ~ndlv~dual stnp packages). The first NAAK Injector set 
IS to he used by the individual sold~er upon susprcion of exposure to a nerve agent. The soldier's 
buddy uses the second and third NAAKs and the CANA once the sold~er exhibits incapacitating 
symptoms of nerve agent exposwe. All Items of MCDM are perishable medical material. The 
Army established a centrally managed program In 1994 for the MCDM. This program provides 
funding tor the Force Package 1 and 2 individual senwe member in~tial issue requirements. This 
materiel is centrally stored at des~gnated storage locations as D~vis~on Ready Brigade (DRB) sets, 
forward deployed In high threat areas. and at DLA depots. 

6.45. Convulsive Antidote Serve Agent (CANA) 

Convulsive Antidote Nerve Agent (CANA) IS a con\ulsion ant~dote for nerve agents CANA IS 

an auto-injector that contains 2ml ofdlazepam (more commonly known as Valium) as the anti- 
convulsant. Diazepam is fully approved for thls appl~cation by the USFDA. It is used only as 
buddy-aid, never self Injected. CAKA 1s a note 'Q' item requiring vault or safe storage. 
Additionally, t h ~ s  item must be stored at a controlled room temperature of 59-86 degrees 
Fahrenheit. The shelf life is two years. 

6.46. NAAK Mark 1 - Nerve Agent Antidote Kit 

The NAAK Mark 1 contains the AtroPen auto-injector (2mg of atropine) and the Pralidoxime 
Chloride auto-mnjector (600mg of pralidoxime chloride) in a compact package which facilitates 
emergency use. Atropine is in one of the injectors contained in the NAAK and is used as a 
treatment for nerve agent poisoning. The other inlector contains 2-Pam Chloride. These drugs 
are fully approved for chemical agent treatment by the U.S. Food and Drug Administration 
(USFDA). NAAK must be stored in a controlled room temperature of 59-86 degrees Fahrenheit 
with limited access. The shelf life is five years. Side effects of inadvertent use of Atropine 
lncludes inhibition of sweating, dilation of pupils, dry month, decreased secretions, mild 
sedation, and Increased heart rate. The side effects of the inadvertent use of 2-PAM-C1 include 
dizziness, blurred vision, nausea, and vom~ting. These effects are insignificant in a nerve agent 
casualty 

6.47. Nerve Agent Pre-treatment Tablets (NAPP) 

NAPP (also referred to as NAPS) contalns Ppdostgmine Brom~de tablets as a pretreatment for 
certain nerve agent poisoning (GA and GD) NAPP is des~gnated as an lnvest~gational New 
Drug by the USFDA for this apphcat~on. Pre-treatment improves the efficiency of therapy for 
nerve agent poisoning. The drug 1s ava~lable as a 30mg tablet and should be taken orally, under 
orders, three tunes a day. The standard packing is a plast~c and alumlnum foil blister pack 
contaming 21 tablets. Upon orders, NAPP IS taken once every e~ght hours. Since NAPP is still 
considered an lnvest~gational New Drug, the follow~ng release procedures apply: The Theater 
Commander-in-Chief (CISC) states the threat and need to use NAPP to the Joint Chief of Staff 
(JCS). The Assistant Secretary of Defense Health Affairs requests that the Food and Drug 
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Administration (FDA) allow DOD to use NAPP under IND protocol and also requests a waiver 
of informed consent. AAer this approval is received, the CINC can authorize release of NAPP to 
the individual soldiers in theater. NAPP must be stored under refrigeration between 35-46 
degrees Fahrenheit. NAPP cannot be left out of refrigerated conditions for more than a 
cumulative period of six months. The shelf life NAPP is five years. The side effects include 
increased gastrointestinal activity, increased urination, headaches, runny nose, tingling, difficulty 
breathing, slurred speech, and increased blood pressure. These effects are insignificant in light of 
the vast enhancement of Mark I kit effectiveness against the nerve agent GD offered by NAF'P. 

6.48. TESTMATE 

The Testmate is a hand-held instrument designed to rapidly assess the acetylcholinesterase level 
in blood samples. Fluctuations in the acetylcholinesterase level may indicate potential exposure 
to nerve agent. The Testmate can be utilized prior to deployments to determine baseline levels so 
potential exposures are better quantified. It is also used in the field as a rapid assessment tool for 
potential nerve agent exposure. Results from a sample can determine whether or not further 
investigations are needed. It recently received FDA approval. Two units have been fielded to 
the TAML. 

Decontamination Equipment 

Table CG: Standard Decontaminants 

Reference: Table 3-49 from FM 3-7, Table 3-50 from FM 3-7. 

6.49. M258A1 - Skin decontamination kit 

The M258 is used to decontammate skm contam~nated by liqu~d chemml agents. It may also be 
used to decontaminate protective masks, hoods, gloves, helmets, and indiv~dual weapons. It is 
also useful In decontaminating sensltlve equipment such as opt~cs and electronics Although 
soap and water are preferred, the skin decontaminat~on kit may also be used to decontaminate 
hiolog~cal agents. The M291 Skin Decon Kit will replace the M258 k ~ t ,  although both kits will 
be in the field for a time. 
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6.50. M280 - Decontamination Kit, Individual Equipment 

The M280 was des~gned to decontaminate an ~ndwidual's chemical protective gloves, mask, 
hood, overboots, Load Bearing Equ~pment. and weapon. 

6.51. M291 - Skin Decontamination Kit 

The M291 is used for skrn and equlpment decontammat~on It 1s non-toxlc, ellrninatlng the need 
for tralners The M291 Skm Decontam~nat~on Kit conslsts of a wallet-hke carrying pouch 
conta~n~ng SIX ~ndiv~dual tear-open decontam~nat~on packets, enough to do three complete skin 
decontaminat~ons Each packet contains an appl~cator pad filled w ~ t h  a nontox~clnon-imtating 
decontam~nat~ng powder The '4291 allows complete decontam~nat~on of skm through physical 
remo\al, absorpt~on and neutral~zat~on of tox~c agents The M291 replaces the M258A1 S k ~ n  
Decontammal~on Klr 

6.52. M295 - Decontamination Kit, Individual Equipment 

The M295 Ind~v~dual Equrpment Decontam~nat~on Kit consists of a pouch with four individual 
packets contain~ng decontamination wlpe mitts. Each individual mitt consists of an absorbent 
resin contained within a non-woven polyester material and a polyethylene film backing. The 
M295 allows complete decontammation of all individual equipment; chemical-biological 
protective mask and hood, gloves, footwear, helmet, rifle, and load-beanng eqwpment. The 
M295 replaces the M280 and M258A1 when used to decontaminate equlpment. The M295 
employs the sorptlve resin technology of the fielded M291 skin decontaminat~on kit. Basis of 
issue is one container per squad section, consisting of 20 ~ndiv~dual kits. 

6.53. MI1 - Portable Decontamination Apparatus 

DS2, 1 112 Quart (including ABC-MI 1). The MI 1 is used to decontaminate small areas that 
soldiers must touch. It is a steel contamer with an aluminum spray-head assembly and a nitrogen 
gas cylinder that provides the pressure. It is filled with 1.113 quarts of DS2, which is sufficient 
to cover 135 square feet. The ABC-MI1 is an equipment-mounted, standard U.S. Army 
decontaminating apparatus used for operator spray-down decontamination. The item is man- 
portable (welght of approximately 5 pounds). The ABC-MI1 has been replaced by the M13. 

6.54. MI3 - Portable Decontaminating Apparatus 

The MI3  is used to decontaminate vehicles and crew served weapons larger than a S O  caliber 
machine gun. The MI3  consists of a pre-filled decontaminant (DS2) container, a hose, a manual 
pump, two wand sections, an attachable brush, and an accessory container. The M13 was 
developed as a replacement for the ABC-MI1 portable decontaminating apparatus. The M13 is a 
man-portable, equlpment mounted decontamination device used for decontaminating areas of 
vehicles or equlpment requiring maintenance or personnel access The item possesses a 
scrubbing capability and adequate decontaminant for coverage of 1,200 square-feet of surface 
area. The device may also be used as a replacement for five-gallon pals, mops, and brooms at 
equipment decontamination stations. The MI3  is about the slze of a 5-gallon gasoline can and 
comes pre-filled with 14 liters of DS2. 
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6.55. M17 Lightweight Decontamination System 

The Lightweight Decontamination System is a compact, lightweight, portable decontamination 
system. It consists of a 7.3 horsepower engine, a self-priming pump for drawing and pressurizing 
water. It has a fan assembly to deliver combustion air to the heater, a water heater with a coil of 
tubing 90 feet (27.45 meters) long, a self-priming pump for the heater fuel system, and a small 
generator to supply electricity for ignition and safety control functions. The LDS is transportable 
by 3144011 trailers, 514-ton cargo trucks, cargo aircrafts, and helicopters (sling load). The LDS 
provides pressurized water at temperatures up to 248 degrees Fahrenheit (119.88 degrees 
Centigrade) at a rate of up to 9 gallons (34.06 liters) per minute. It draws water from a natural 
source up to 30 feet (9.15 meters) away and 9 feet (2.75 meters) below pump level. There is an 
additional 3000-gallon (1 13.55-hectoliter) water storage tank in the event that a natural source of 
water is not available. The system is salt-water resistant. The MI7 is used for hasty, or 
deliberate, equipment decontamination, and can be used for personnel showers. The MI7 
provides first-time hasty decontamination capability for battalions. It replaces the Ml2Al 
Decontamination Apparatus in chemical companies, thus improving logistics and mobility. The 
MI7 also replaces the AE32U-8 predecessor system. 

6.56. Decontamination Solution No. 2 @S2) 

DS2 is a clear, amber colored liquid effective against all h o w n  toxic chemical agents and 
biological materials (except bacterial spores). It is issued in a 1 113 quart can (MI I), 1bLiter 
container (M13), and 5 gallon container. DS-2 is extremely corrosive and dissolves paint. Since 
DS-2 is extremely corrosive it is not for use on people or on electronics or other sensitive 
equipment. DS-2 ignites spontaneously on contact with super tropical bleach (STB) or calcium 
hpochlorite (HTH). 

6.57. M21 lM22 1 MDS - Modular Decontamination System (MDS) 

This system consists of the M21 Deeontaminant pumper and M22 High Pressure/HOT Water 
Module. The M21 Decontaminant Pwnper dispenses decontaminating solution-2 (DS2) or liquid 
field expedient decontaminants through spray wands. While mounted on a trailer, the M21 
draws the decontaminant from a container on the ground. The M22 High Pressure Washer 
delivers hot-pressurized water up to 3000 psi at a rate of 5 gpm through two spray wands. Its 
accessories include the necessary hoses, wands, nozzles, hydrant adapters, and injector. The 
M22 High PressureiHot Water module can draw water from natural sources and dispense it at 
variable adjustable pressures, temperatures, and flow rates. The hydrant adapters provide a 
capability for using urban, water supplies. The MDS (one M21 and two M22s) modules will be 
supported by associated support items of equipment (ASIOE), including two 3,000 gallon, self- 
supporting collapsible water tanks, and a 125-gpm-water pump. The MDS will equip the 
decontamination line at a detailed equipment decontamination site at the three stations descnbed 
in FM 3-5. Each module (M21 or M22) may be transported or operated h m  a 314-ton trailer 
towed by a MI037 High Mobility Multipurpose Whceled Vehicle. The MDS will be fielded to 
the dual-purpose smokelchemical companies to conduct detailed equipment decontaminat~on, 
replacing the M12A1 Skid Mounted Decon Apparatus. For operational decontamination, it 
replaces the MI7 Lightweight Decontamination System. Chemical companies will use the MDS 



to fulfill the decontaminat~on requlrements of the imt~al wash, decontam~nant application, and 
rinse steps of detailed equipment deconlaminat~on. Son-chemlcal unlts may be provided 
components of the MDS for operational decontamination operations. 

6.58. Sorbent 

Sorhent Decon d u d e s  a famdy of chemical btologcal decontamlnants that increase 
decontamination efficiency. It will be less caustlc than DS-2 w ~ t h  no water requlrements. 
Development goals include improved tlme labor requlrernents by neutral~zlng with less contact 
time and no scrubbing. There will be less env~ronrnental, health nsks and improved storage 
stability with a minimum service l ~ f e  of 10 years. 

Protection 

Figure 6N: .M40 Mask and Chemical Overgarment 

6.59. M17 Protective Mask 

The M17 chemical and biologcal protectlve mask assembly includes the mask, the M15A1 
carrier, two lens outsens. and the MI waterproofing bag It 1s made of molded rubber with filter 
elements in each cheek, plastic eye lenses, and a bolce emltter outlet valve in the front. The Al  
and A2 models include the capablllty to dnnk water while masked. The mask protects the 
wearer's face, eyes, and respiratory tract agamst field concentrations of CB agents. The M40 
Protective Mask is replaclng the MI 7 hlask. See F.M 3-5 for filter exchange rates. 

6.60. M40 / M42 ChemicallBiological Protective Xlask 

The M40 Series protectlve mask (~ncludmg the .M42 Combat Veh~cle Mask) is the standard 
protective mask. The mask conslsts of a s~llcone faceplece uith ~n-turned periphery, binocular 
eye lens system, and elast~c head harness. Other features include front and side voice emitters, 
allowing for better commumcatlons. drink tube. clear and tmted inserts and filter canister with 



NATO standard threads. The mask protects against CB agents, toxins, radioactive fallout 
particles and battlefield contaminates. The M40142 senes field protective masks will replace the 
MI7 (general purpose), M25 (vehicle crewman). and M9 (heavy-duty) masks. A face-mounted 
canister (gas and aerosol filter) can be worn on e~ther the left or the right cheek, and can 
withstand a maxmum of 15 nerve, choking, and blister agent attacks It will also withstand a 
maximum of 2 blood agent attacks Biological agents do not degrade the filter. The mask is 
furnished m small, medium, and large slzes. It prowdes the user with unobstructed and 
undistorted forward wsion. and corrective lenses can be obmned. The mask also permits speech, 
does not interfere with heanng. and provides for a drirking capahlity while being worn. The 
mask can be worn cont~nuously for 8 to 12 houn. See FM 3-5 for filter exchange rates. 

6.61. M45 - Aircrew Chemical Biological Protective Mask System 

The M45 will replace the Army's M49 Mask System. The mask provides the required CB 
protection without the a ~ d  of forced ventilation air wh~le malntalnlng compat~hility with rotary- 
wing aircraR sightmg systems and n~ght vision devices. See FM 3-5 for filter exchange rates. 

6.62. M48149 - Aircrew Chemical Biological Protective Mask Systems 

The M48149 has a pilot-mounted, motor blower, does not require an aircraftmounting bracket, 
and can operate cont~nuously for 8 hours on a single battery. The M49 will replace the M24 
protective mask, as the general aviator's mask. The M48 will replace the M43 mask and w ~ l l  be 
worn only by Apache Helicopter Aviators. See FM 3-5 for filter exchange rates. 

6.63. MCU2AIP Chemical-Biological Mask 

The MCUZAIP Chemical-Biological Mask, with a serviceable canister installed, protects the 
face, eyes, and respiratory tract from chemical and biological warfare agents and radioactive dust. 
The MCU-2A/P is the standard ground crew mask used by all Air Force personnel. The MCU- 
ZA/P has been fielded since early 1988. 

Table 6-H: Protection Time for Chemical Overgarments 

Item 
Battledress overgarment 
Chem~cal protective 
overgarment 
14125-mil glove set 
Greenhlack vinyl overboot 
Chemical Protectwe 

Not exposed to chemical agents I Exposed to chemical agents 

footwear cover 

*30 days 

** 
** 
*t 

7-mil glove set 

24 hourj 

24 hours 
24 hours 
24 hours 

*I4 days I 6 hours 

'T~mes begn when removed from its sealed vapor bag, and stops when sealed back. 
**WIII protect against liquid and vapor hazards as long as they remain serviceable. 
Reference. Table 3-2 From FM 3-7. 

** 6 hours 
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6.64. Chemical Overgarment-84 (OG-84) 

The OG-84 is a camouflage colored (woodland or desert), expendable two-piece overgarment 
consisting of one coat and one pair of trousers. The OG-84 provides protection against chemical 
agent vapors, liquid droplets; biological agents; toxins and radioactive alpha contamination. 
When removed 6om its vapor-barrier bag and worn, its protective qualities last for a minimum of 
30 days. The OG-84 provides a minimum of 24 hours of protection against exposure to liquid or 
vapor chemical agent. 

6.65. Saratoga Suit 

The Saratoga sult provides protection against chemical agent vapors, liquid droplets, biological 
agents, toxins, and radioactive particles. The Saratoga suit was the replacement for the OG-84 
when initial fielding began in FY91. The Saratoga is a reusable, two-piece, camouflage 
(woodland and desert) suit consisting of a coat with integrated hood and trousers. The suit is 
made of a cotton ripstop outer layer and filter layer which consist of carbon spheres that absorb 
the chemical agents before they can reach the inner layer of the suit. In a non-NBC contaminated 
environment, the Saratoga may be laundered up to four times during its service life. Protective 
capabilities extend to 30 days with active protection of 24-hours during that period. It is not 
intended to be decontaminated or reimpregnated, and should be discarded within 24 hours after 
exposure to chemical agents. It protects against chemical agent vapors, aerosols, and droplets, 
and all known biological agents. 

Table 6-1: Saratoea Chemical Protective Overearrnent 
-- 

Protection Period 1 24 hours 
Durability 1 30 days continuous wear 
Concentration Resistance 1 10 me/m2 challenge for chemical agents and any 

6.66. JSLIST 

Max Effectme temperature 
Storage Life 
Weioht 

The JSLIST I S  a jomt sen-~ce program to design and develop the next generation of 
chem~cal~%~olog~cal prorecrltc clothm_e ensembles The JSLIST Overgarment design has raglan 
sleeves for more maneu\srab~lity, an megrated hood wh~ch eliminates the need for the heavy 
butyl rubber hood. is I~ghter. more supportable and has the ability to be laundered (up to six 
laundering). In addlr~on, the system is more durable than the Battle Dress Overgarment and 
reduces heat stress assoc~ated u ~ t h  protectlve gear. The ensemble provides durability for 45 days 
of wear as opposed to the Baule Drcss Overgarment's 30 days ofdurability 

challenge (battlefield) for biological agents 
120° F 
13 years 
A n n m r i m ~ t ~ l v d  7 nnzznd. I7 11 kiloommc) 

6.67. Joint Firefighter Integrated Response Ensemble (J-FIRE) 

J-FIRE consists of a chem~cal b~olog~cal protectlve mask and the JSLIST ensemble program J- 
FIRE reduces the thermal burden placed on the firefighter when operating In proxlmlty clothmg 



whlle pro\rd~ng 24 hours of cont~nuous l~qu~divapor protectlon after 6 laundenngs J-FIRE will 
be used by Arr Force and Army fire fighters In fire fighting, Me savlng, and rescue operations In 
a toxlc chem~cal b~ologlcal environment The mask combrnes posltlve pressure alr, self- 
contained breathmg capabrhues. and non-pressure breathmg chem~calib~olog~cal protectlon 

6.68. Decontaminable Litter 

The decontamlnable Irtter was developed to replace the canvas litters currently in use. This new 
l~tter IS made of a monofilament polpropylene that has hlgh tenslle strength and low elasticity. 
The fabnc does not absorb liqlud chemical agents and is not degraded by decontaminating 
solul~ons. The carrying handles retract Inlo the metal pole frame for a closed total length of 83.5 
in (212.1 cm) to allow for loadrng the I~tter onto the UH-60 hehcopter. The handle lengths are 
adjustable to conform to NATO standards as well as to allow for litter bearers' comfort. The 
aluminum poles are designed to provlde direct gripping surfaces for Inter stanchions as well. 

6.69. PPW - Patient Protective Wrap 

The wrap protects pat~ents from all known chemical agents for up to six contmuous hours. It is a 
s~ngle-use Item, Intended for discard after use. The wrap 1s a sturdy lrghtweight 2.7kg item. 
Although the protectwe wrap is permeable to both oxygen and carbon dioxide, the rate at which 
carbon dioxrde IS produced by a typrcal patient exceeds the rate at which gas passes through the 
wrap. The patient should not be left in the wrap for longer than six hours. 

6.70. M20A1 Simplified Collective Protection Equipment (SCPE) 

Tbe M20A1 is a lightweight modular system that provides nuclear, biological and chemical 
(NBC) collective protection for existing structures. The M2OAl is a low-cost, lightweight, 
inflatable field shelter. It consists of a large liner assembly (10 feet high by 16 feet in diameter) 
that is inflated inside a room or building. A support kit, similar to a suitcase, contains the blower 
for inflation and flexible air ducts to direct the air. A collapsible protectwe entrance attaches to 
the inflated liner an~d serves as an air lock for personnel enbyi'exlt. A hermetically sealed filter 
canister (HSFC) is provided to filter ambient a r  before it 1s introduced into liner area. A s~ngle 
system welghs apploximately 500 pounds and occupies a 40 cubic foot area. The M20A1 is a 
clean-alr shelter that allows personnel to perform duties without wearing individual protective 
equrpment. The M;!OAI can be used as a command/control or restlrellef shelter. The M20A1 can 
be deployed by two people and IS easily maintained. 

6.71. M28 Simplified Collective Protection Equipment (SCPE) 

The M28 1s a hrghl) transportable collectwe protect~on system capable of provld~ng cbemlcal / 
b io lopa l  protection for the tent. extendable, modular, personnel (TEMPER) enclosure Tbe 
modular system cc~ns~sts of enuylexlt arlocks, Ilqu~di\apor agent-resistant h e r  sectrons, 
blowers, recmulation filters for the ~ntenor of Irners, and nuclear, blologlcal, and chemrcal 
(NBC) filter@) A tunnel arlock 1s avalable for llner patlent enby/exlt Llke the TEMPER, 
bemg modular, the M28 hardware allows for a \anety of slzes and layouts, depending on the 
needs of a user It perm~ts configuring the hardware Into a CB hardened enclosure as small as 16 
feet to a layout as large as a Hosptal U N ~  Base (HCB). which utlllzes all M28 components 



needed to harden a fully protected deployable medical system. The M28 provides CB hardening 
of TEMPER tent shelters for the medical or command post mission area The M28 provides a 
clean-air shelter for use against CB warfare agents. The M28 is an inflatable shelter that allows 
personnel to perform duties without wearing individual protective equipment. The M28 liners 
take the shape of the tent when pressurized. 

6.72. Chemically Protected Deployable Medical System (CP DEPMEDS) 

The CP DEPMEDS provides large scale, environmentally controlled, collective protection for 
medical operations. CP DEPMEDS is a Tent, Extendable, Modular, Personnel (TEMPER), 
international Standardization Organization Kgid Wall Shelters and the M28 Simplified 
Collective Protection Equipment (SCPE) system to provide collective protection to the Hospital 
Unit Base of fielded DEPMEDS hospitals. The M28 SCPE includes chemically resistant 
TEMPER tent liners, litter, and ambulatory patient airlocks, and 200 cubic feet per minute filter 
blower units. Chemically hardened Field Deployable Environmental Control Units provide 
filtered, environmentally controlled air to the filter blower units in order to achieve an over- 
pressurized chemically protected facility. The CP DEPMEDS provides collective protection to 
casualties and hospital patients unable to don Individual Protective Equipment in response to an 
active chemical threat. It also allows surgical, clinical, and treatment personnel to continue 
performing critical medical procedures unencumbered by individual protective masks and gloves. 
The CP DEPMEDS provides collective protection for up to 72 hours in a chemically 
contaminated environment. 

6.73. Chemically and Biologically Protected Shelter (CBPS) 

The CBPS is a tactically mobile, quickly erectable, environmentally-controlled, collective 
protection shelter system. The CBPS is an integrated, self- contained system consisting of three 
major sub- components: a Lightweight Multipurpose Shelter (LMS) mounted on a High Mobility 
Multipurpose Wheeled Vehicle (HMMWV), an attached 300 square foot, air beam supported, 
chemically resistant soft shelter, and a High Mobility Trailer (HMT) with a 10 kW Tactical Quiet 
Generator (TQG) for auxiliary power. The CBPS provides a contamination-free, 
environmentally controlled, over-pressurized work area with litter and ambulatory patient 
airlocks to support casualty treatment in fonvard contaminated threat areas. A crew of four 
soldiers can deploy the system in less than twenty minutes. A single CPBS can function as a 
Battalion Aid Station, or the shelters can he connected to support the Division Clearing Statlon 
and Forward Surgical Team missions. 

6.74. Portable Collective Protection System (PCPS) 

The PCPS consists of the protective shelter, support kit, and hermetically sealed filter canister. 
The shelter consists of a tent and fly. The tent floor and fly are made of a saranaex composite 
material. An attached aluminum structure helps to support the tent. When overpressure is 
applied, the shelter will provide protection from liquid and vapor chemical agent penetration and 
biological agent penetration. An airlock allows decontamination of entering personnel. The 
PCPS provides an uncontaminated, positive pressure shelter for use as a command and control 
facility or a rest and relief facility for 14 people at a time in a contaminated environment. 
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7.46 1 Public Affairs Guidance i NBC 

7.1. Soldier and Biological Chemical Command (SBCCOM) 

I I I 

1. Reference: http.ilw7~-.sbccom.my.mill 

DOE 

2. SBCCOM develops. acquires, and sustam NBC protective and detection equipment. It also 
prov~des for the safe storage and destruct~on of chem~cal malenel. SBCCOM IS the pnmary 
focal point withm the Department of Defense for NBC matters. 

7-12 

7.48 

3 SBCCOM Public Affairs Office . Phone (410) 436-4345 ' Facsimile (410) 436-5297. The 
Domestic Preparedness CB Helpline (nonemergency technical assistance) 1-800-367-6498; Fax 
1-410-612-0715. 

DOD Defense Technical Inforrnat~on Center , lnforrnation 

4. Edgewood ChemicalIBiological Center. The Edgewood Center is the Army's principal R&D 
center for chemical and biolog~cal defense technology, engineering, and service. With a long and 
distingu~shed h~story of prowding our Armed Forces with qual~ty systems and outstanding 
customer servlce, we have ach~eved major technolog~cal advances for national defense, civilian 
needs, and mdustnal competitiveness. httu~' lww.sbccom.aorea.m~~mi l iRDAlecbcl  . Phone 
number: Commerc~al. 410-671-2879 or fax. 410-612-6529, DSN: 584-2879. 

7-13 
Exchange 

7.2. Armed Forces Medical Intelligence Center (AFMIC) 

1. Reference: AFhllC Information Pamphlet http:1!m1c.afmic.detr1ck.army mill 

2 Contact information: 

A 4 Hour ServlcdQu~ck React~on Task~ng 301-619-7574 DSN 343-7574. 

B Unclassified FAX 301-619-2409 or DSK 343-2409 Class~tied FAX 301-619-2649 or DSN 
343-2649. 

C. AFMIC Bullerln Board Sjstems Operator 301 -619-3883 DSS 343-3883 

D. Messayc. DIRAFMIC FT DETRICK MD 

E. Correspondence: D~rector, Armed Forces lrledlcal lntell~gence Center, Frederick, MD 21702- 
5004. 



M~ssion. The Defense Intelligence Agency's Anned Forces Med~cal Intelligence Center located 
at Fon Detr~ck in Frederick, Maryland, is the sole source of medical intelligence products within 
the Department of Defense (DOD). AFMIC mamtains a complete database on the medical threat 
of any area In the world (see FM 7-10-8) 

AFMIC Products: Infectious D~sease Risk Assessments, Environmental Health Risk 
Assessments, Medical, Environmental, Disease Lntelligence and Countermeasures (MEDIC), 
Medical Capabilities Study (MEDCAP), and AFMIC Wire. To he added to distribution for any 
AFMIC message product, please send your name, organization, mailing address, routing 
ind~cator, plain language address, DSN and Commercial telephone numbers and a brief 
justificat~on to AFMIC, 1607 Porter Street, Ft Detrick, MD 21702-5004, ATTN: MA-1 or 
DIRAFMIC FT DETRICK MDiiMA-1, DSN 343-3837 or Comm (301) 619-3837. 

SUBMITTING REQUESTS FOR INFORMATION (RFI'S) TO AFMIC. 

A. Requests for Information (RFI) is your way of asking AFMIC for answers to questions which 
are not found in published studies. RFIs should he directed to AFMIC through the Commun~ty 
On-Line Intelligence System for End-Users and Managers (COLISEUM) or by contacting 
AFMIC Operations at its 24 hour contact numher, DSN 343-7574 or Commercial (301) 619- 
7574. Telephones are secure via STU-111 through the TS-SCI level. 

B. Ident~fy and clanfy your medical intelhgence needs. Wnte them down. Check with your 
mtelligence officers (S-2's, G-2's, 1-2's, N ' s )  first; they may already have what you need. Upon 
mlssion completion, report items of significance, submit after action reports, tell us whether 
medical intelligence was correct and met your needs, and submit recommendations for 
improvement. 

Center for Health Promotion and Preventive Medicine (USACHPPM) 

Reference: USACHPPM Web pages. httu://chu~m-www.apeea.armv.mil/. 

CHPPM - Main: DSN 584-4375. Commercial is 410-436-4375. Toll free number is 800.222- 
9697. 24 hour response line 1-887-786-8633. C W P M  - Europe: DSN 486-8369. CHPPM - 
Pacific: DSN 267-4367. 

USACHPPM provides techmcal support for implementing preventive medicine, public health 
and health promot~on/wellness servlces into all aspects of America's Army and the Army 
Community anticipating and rapidly responding to operational needs and adaptable to a changing 
world environment. 

The professional disciplines represented at the Center include chemists, physicists, engineers, 
physicians, optometrists, audiologists, nurses, industrial hygienists, toxicologists, entomologists, 
and many others as well as sub-specialties within these professions. 

U.S. Army Chemical School 

Reference: http://www.wood.army.mil/usacmlsi 

Address. US Army Chemical School, Ft McClellan, Alabama 36205-5020 

Phone number: DSN 865-6437. Intelligence officer 645216454. 



The US.  A m y  Chemical School specializes in nuclear, biological and chemical defense 
doctrine, training, leader development, organizational design and material development. 

US Army Nuclear and Chemical Agency (USANCA) 

Address: US Army Nuclear and Chemical Agency, 7150 Heller Loop Road, Suite 101, 
Springfield, VA 22150-3197. 

Phone number: 703-806-786817859. DSN 656-786817859. 

Defense Threat Reduction Agency (DTRA) 

Reference: Web site: www.dtra.mil. 

The DSN Phone number is 221-7095. Commercial: (202) 325-7095 

Under the auspices of the Defense Reform Initiative, DSWA has merged into the new Defense 
Threat Reduction Agency. DSWA serves as the Department of Defense center for Nuclear and 
advanced weapons effects expertise. The Agency's mission is to research and develop 
technologies to support military systems and satisfy operational requirements. DSWA also 
manages military nuclear weapons stockpile support and conducts programs associated with 
threat reduction, force protection, arms control technology and counterproliferation support. 

Defense Nuclear Weapons School. Address: Interservice Nuclear Weapons School, Kirkland 
Air Force Base, NWI 871 17. Phone: 505-846-3452. This school puts on several courses on the 
reaction to nuclear accidents. 

Army Medical Department (AMEDD) Center and School 

Address: AMEDD Center and School, Fort Sam Houston, TX 78234-5000. 

Phone number: 210-221 -0505 

Combat Development. (DSN 471-102011364). NBC Sciences Branch. (DSN 471-6011) 

Medical Command (MEDCOM) 

Address: Medical Command, Fort Sam Houston, TX 78234-6000. 

Phonenumber. 210-221-6612. DSN 471-6612. 

MEDCOM can be accessed through the Fort Sam Houston webs~te 
http:iiwww.cs amedd.amy.m~Wdefault.asp. 

HQDA, Office of the Surgeon General 

Reference: Web page: hn~:/iuuw.nbc-med.org. 

Address: HQDA, A T N :  DASG-HCO. 5109 Lecsburg Pike, Falls Church, VA 22041-3257. 

Phone number: 703-681Phonenumber:703-681-818S,DSN761-8185.8185, DSN 761-8185. 
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Army Materiel Command (AMC) 

Reference: http:!.'wu .amc.army.mill 

Address: 5001 Emnhower Avenue, Alexandria, VA 22333-5000 

Phone number: 703-2'4-9375, DSN 284-9375. AMC Surgeon's Office: DSN 767-9370. 
Operations Center: DSS 284-8406 9223. Commerc~al: (202) 274-840619223. 

Communlcat~ons A: Electron~cs Command (CECObl) and SBCCOM are parts of AMC. 

Army Medical Materiel Development Activity (USAMMDA) 

Reference: htto nu- ann\medicme.arm\.mil usammda~ 

USAMMDA gu~des the de\elopmenr of equipment for the . b y  Med~cal Department 

Walter Reed Army Medical Center (WRkMC) 

Reference h n ~  uuu uramc amedd ant11 md 

Address U alter Reed A m y  Med~cal Center, 6825 16" St NW, Washington, DC, 20307-5001 

Phone number 30l427-SI6l. DSN 291-5161 

U'RAVC ha.  Radlolog~cal Adv~sory Med~cal Team 

520th Theater Army Medical Laboratory (TAML) 

Reference: TAML Bulletin. 

Phone: Commercial 410-671-3647. DSN 584-3647. FAX: 410-671-7142 

Mission. TAML's mission is to identify and evaluate health hazards in an area of operations by 
using laboratory analyses and rap~d  health hazard assessments of nuclear, biological, chemical, 
endemic disease, environmental and occupational health threats. TAML was activated as a 
FORSCOM medical surveillance unit under the command and control of the 44th Medical 
Brigade, XVIII Alrbome Corps. The area medical laboratory (AML) will replace the current 
Theater Army Medical Laboratory (TAML). The reorganization of the laboratory into the AML 
provides for its employment in the Corps and EAC. The TAML is designed for employment at 
EAC. 

National Military Command Center (NMCC) 

DSN 227-6340. Commercial 703-697-6340 

http:ilwww.disa.milijsscljc4.html 

Crisis Coordination Center 

DSN 364-9320. Commercial 202-769-9320. 



U.S. Navy Command Center 

DSN 225-0231 Commercial 703-695-0231 

U.S. Marine Corps Operations Center 

DSN 225-7366. Comrnerctal703-695-7366 

U.S. Air Force Operations Center (AFOC) 

DSN 227-6103. Commercial 703-697-6103. 

U.S. Army Operations Center (AOC) 

DSN 227-0217. Commercial 703-697-0217. 

Director of Military Support 

Reference: htt~:ilwww.dtic.milldoms/ or htt~:Nwww.ncs.~ovincsihtml/DOMS.htm 

The D~rector of Mtlitary Support serves as the Secretary of the Army's action agent for planning 
and executing DOD's Support Mission to civilian authorities within the Untted States. 

This servtce presents information on the planning and resourcing associated with DOD's 
response to requests from civil authorities for military support in time of natural disaster, civil 
disturbance or other emergency situations. The site includes the ofiice structure and 
responsibilities, the text of the Federal Response Plan, and other details which contribute to the 
DOMS mission. 

ChemicaUBiological Incident Response Force (CBIRF) 

Reference: 

Public affairs: 910-451-81 17. Operation 910-451-9093. 

The Marine CBIRF is a strategic organizatton: manned, trained and equipped to counter the 
growing chemtcal/biolog~cal terrorist threat. This response force will respond to chemical or 
biological incidents worldw~de, when directed by the National Command Authonty, to assist 
local civilian and mllitary agenaes m order to assin the on-scene commander in providing initial 
post incident consequence management. The CBRF deploys to inctdent locations by the most 
expeditious means poss~ble. where they w ~ l l  cmrdmate imt~al relief efforts, provide secunty and 
area isolation at the affected slte; detection, identification and decontaminatton; expert med~cal 
advice and assistance to local medical authonties; and service support assistance as required. 
The CBIRF's home base is Camp Lejeune, N.C. 

Tech Escort 

Reference: htt~:iiteu.sbccom.annv.mili 
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2. Public Affairs Office at the Unlted States Army Chemical Biological Defense Command at (410) 
671-4345; EPA at (214) 665-6783; or EPA Headquarters at (202) 260-5589. 

3. The United States Army Technical Escort Unit provides the Department of Defense and other 
federal agencies with a unique, immediate response capability for escorting, rendering-safe, 
disposing, sampling, verifying, mitigating hazards and identiffing weaponized and non- 
weaponized chemical, b~ological and hazardous matenal. 

7.23. HAMMER Adaptive Communication Element (ACE) 

1. HQ Air Force Communications, Speaal Purposes Communicatrons Drvision 

2. Hammer ACE is the Air Force's special purpose, qurck reactlon communication unit that 
supports worldwide emergency and disaster response forces, civil disaster relief operations, and 
military exercises and communication equrpment testin&,evaluatron 

3. Duty hours: DSN: 576-3431. Commercial: (618) 256-3431. 

4. Non-Duty Hours: Contact Scott AFB, IL Command Post at DSN 576-5891 or commercial (618) 
256-5891 

5 .  Message address: AFC4A SCOTT IT 1IU:SYQIISYQAIIINFO AFC4AIICC. 

7.24. Assistant Secretary of Defense (Public Affairs) 

DSN 227-5 13 I. Commerc~al 703-697-5 13 1 

7.25. Joint Nuclear Accident Coordinating Center (JNACC) 

1. Reference. TC 3-15 

2. JNACC is a combined Defense Nuclear Agency (DNA) and Department of Energy central office 
for the exchange and maintenance of mfomation regarding radiological assistance capabilities in 
connection wrth accrdents mvolving nuclear weapons and other radroactive materials. JNACC 
offices are located In Albuquerque, N.M. (505-845-4667) and in Alexandria, Va. 
(703-325-2102). 

3. DOD Element: DSN 221-2102I2103 or Commercial: (703) 325-210212103. 

4. DOE Element: DSN 244-4667 or Commercial: (505) 844-4667. 

5. M~ssion. The jomt nuclear accident-coordinating center (JNACC) at the Defense Nuclear 
Agency will drspatch other radiolog~cal assets to aid the incident commander m case of a Broken 
Arrow. The JNACC IS the central agency for the collection, compilation, and maintenance of a 
nuclear accident response capabil~ty (NARCL). It coordinates assistance for accidents or 
inc~dents involving radioactive materials, both CONUS and OCONUS. 

7.26. Armed Forces Radiobiology Research Institute (AFRRl) 

1. Reference: AFRRl's Web Srte: www.afrr~.usuhs.m~l 

2. Address. Amed Forces Rad~obiology Research Institute, 8901 iV~sconsm Avenue, Bethesda, 
MD 20889-5603. 



Phone number. 301-295-0530 

AFRRI, a tri-service laboratory chartered In 1961, conducts research in the field of rad~ohiolngy 
and related matters essential to the operatronal and medical support of the U S .  Department of 
Defense and the military services. The inst~tute collaborates w ~ t h  other governmental facilities, 
academ~c ~nstitutions, and civihan laboratories in the United States and other countries. Its 
h d m g s  have broad m111tary and c~vilian applications. 

Medical Rad~ob~ology Adv~sory Team (MRAT), 301-295-0316. Worldwide pager No. 1-800 
SKY PAGE pm=801 0337. 

Army Radiological Control Team (RADCON) 

References: htt~://www.monmouth.armv.mil/cecom/safet~/adio/ind htm 

U.S. A m y  Cnmmunicat~ons-Electrontcs Command 
D~rectorate for Safety 
Attn. AMSEL-SF-RE 
Fort hlonmourh. Neu Jerscy 07703-5024 

Commerc~al: ( '32) 532.9'23, Fax: (732) 542-7161 

DSS 992-9723. DSN Fax: 992-6403 

~Miss~on. Response to radiological acc~dents and ~nc~dents, worldw~de: special weapons, 
depleted uranium munitions, and all radioactive materials. The Army RADCON team is a 
follow-on organzation, supporting the response to Broken Arrows. The RADCON team's 
equipment and expertise can begm to glve the commander detailed and reliable information 
about radiological hazards. RADCOM is under CECOM, whlch 1s under AMC 

RADCON Assets: 20 personnel, expandable I S 0  shelter, alphaheta counting system, liquid 
scintillat~on, multichannel analyzer. 

Department of the Army Radiation Safety Office 

DSN 225-7291 

At HQDA, Safety Office. 

Operations Support Command (OSC) 

Forn~erly, Industrial Operations Command (IOC) 

Headquanrrs, U.S. . h n y  Operat~ons Support Command 
ATTN ofice q rrlhol (Example AMSOS-CG for the Command~ng General) 
I Rock Island Arsenal 
Rock Island IL 61299-60lM 

DSh 793-51 1115944 651 1 Commerc~al (309) 782-51 1 I 5944 651 I 
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The OSC 1s the Army's Instrument to project and sustaln logistics power anywhere in the world. 
A multi-faceted. multi-site subordinate of the U.S. Arm\ Vatenel Command, OSC supports the 
Army's \.mion by assunnx matenal and unlt readlness 

Radroact~r e uasle ofice http uux osc arm) rnll dm dmu%eb/~ndexdmw htm 

United States Army Ionizing Radiation Dosimetry Center (USAIRDC) 

Address CS Army lonizlng Rad~ation Doslmetn Center. ATTS: AMSMI-TMDE. Redstone 
Arsenal, A L  35897-5400 

LSAIRI)C prov~des dosimetry support to the U.S. Army 

US Army Armament and Chemical Acquisition and Logistics Activity 
(ACALA) 

ACALA-TACOM - Iillp. 'v n \k-ac,rla I .i.i:l m r ~ y  [nil 
Home page of ACALA (Armament and Chemical Acquisition and Logistics Activity), one of 
TACOM's nine business centers. The installation 1s responsible for procuring and managing all 
armament systems for the US. Army and supports other branches of the amed  forces. The 
facility is also the National Inventory Control Point (NICP) and National Mamtenance Point for 
these systems. The web site lists links to all major units and offices located at theRock Island, IL 
facihty, as well as an extensive points of contact list complete with phone numbers. 

Director, ACALA, ATTN: AMSTA-AC-SF, Rock Island, IL 61299-7630. 

COM 309-782-296212965, DSN 793-296212965. FAX COM 309-783-6758, FAX DSN 793- 
6757. 

Radiological Advisory Medical Team (RAMT) 

Mission: Provide medicaYtechnica1 advice and detection equipment for the treatment of 
radiologically contaminated patients to on-scene health care or medical treatment facilities. 

Walter Reed Hospital: DSN 291-5107 or Commerctal: (301) 427-5107. 

Landduhl - Europe : Military Ext. 2223-7387 or Commercial: (from CONUS) 49-6371-86-7387 
(m Germany) 06371-86-7387. 

Medical Research Institute of Chemical Defense (USAMRICD) 

Reference: USAMRICD's Web Site: htt~:1/chemdefa~eea.armv.mil1 

Address: Commander, U.S. Army Medical Research Institute of Chemical Defense, 3100 
Ricketts Point Road, Aberdeen Proving Ground, MD 21010-5425. 

Telephone number: 410-671-3628 or DSN 584-3627. FAX : 410-671-1960 or DSN 584-1960. 

Mission. The US.  Army Medical Research Institute of Chemical Defense is the nation's lead 
laboratory for research to advance the medical prevention and treatment of chemical warfare 
casualties. The Institute also has a clinical tralning miss~on and conducts the Medical 
Management of Chemical Casualties Course for health care providers from all armed sewices. 
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Electronic mail: General Institute Research Information: Program and Information Management 
Branch (USAMRICD-PAO@fidetrck-ccmail.my.mi1). Information concerning Medical 
Management of Chemical Casualties training. Chemical Casualties Care Office 
(ChemCasCare@fidetrck-ccmail.my.mil). 

Armed Forces Institute of Pathology (AFIP) 

Web page: www.afi~.org. 

AFIP is a tri-service agency of the Department of Defense w~th  a threefold mission of 
consultation, educat~on, and research. Within the institute there are 22 subspecialty departments 
with more than 120 pathologists. 

Medical Research Institute of Infectious Diseases (USAMRIID) 

Reference: USAMRIID's Web Site: h t t ~ : / i w . u s a m r i i d . m v ~ m i l i  . 

Telephone: 301-619-2285. FAX: 301-619-4625. 

Postal address: USAMRIID, 1425 Porter Street, FORT DETRICK, FREDERICK, MD 21702- 
5011. 

Mission. RlDD conduct research to develop strategies, products, information, procedures, and 
training programs for medical defense against biological warfare (BW) agents and naturally 
occumng agents of military importance that requlre special containment. 

Walter Reed Army Institute of Research (WRAIR) 

Reference: WRAIR's Web site. arair-x\x\w.n~~ny.mil/ 

Telephone. (202) 782-7580, or DSN 662-7580. 

Mission. The WRAIR's goal is to prevent illnesses and injuries, enhance human performance, 
and improve survivability on the battlefield. The Institute has produced many safe and effective 
drugs and vaccines, medical devices, diagnostic tests, and other much needed medical products, 
as well as obtained invaluable medical information that supports speclfic service policies. 

US Army Medical Research Detachment of WRAR 1s located at Brooks Air Force Base, San 
Antonio, TX. The detachment can prowde expemse In the medical effects, symptoms and 
treatment of both laser and rad~ofrequency mjunes The message address for the detachment is 
DIRUSAMRD BROOKS AFB TX ~IWCMR-UW-L. .  

Centers for Disease Control and Prevention (CDC) 

Reference. CDC's Web site: wxw.cdc.gov. 

Address: Cenlers for D~sease Control and Prevention, 1600 Cl~tlon Rd . M, Atlanta. GA 30333. 

Phone number: (404) 639-331 1. 

Expertise with diagnost~c testlng, sample management. d~sease pathogenes~s, and treatment. 
Mlssion- To promote health and quality of hfe by preventing and controlling disease, injury, and 
disability. CDC is an agency of the Department of Health and Human Services. The CDC 



includes I1 centers, ~nstitutes. and offices w t h  approxmately 6900 employees in 170 
occupations. 

5. Agency for Toxic Substances and Disease Registn (ATSDR). Dlvis~on of Toxicology, 1600 
Clifton Road NE. E-29. Arlanta, G.4 30333 

7.38. Nuclear Regulatory Commission (NRC) 

1. Reference: Web slte: \ru-\\.nrc.ro\-. 

2 Address: Kuclear Regulator)- Commiss~on. 11555 Rockwlle P~ke ,  Rockvdle Pike, MD. 20852- 
2737. 

3. Phone number 301-415-5385 

7.39. Radiation Emergency Assistance CenterITraining Sites (REACITS) 

1. Address: Rad~at~on Emergency Assistance Center. Oak Ridge Associated Universities, Oak 
Ridge, TN 37831-011-. 

2. Phone number. 615-5-6-3131 

7.40. Government Accounting Office (GAO) 

Web page. \\>nr sao so\  

7.41. Federal Emergency Management Agency (FEMA) 

I Web page \w-r\ fema cm mde\ btm 

2 FE\iA's m~sslon IS to reduce loss of hfe and property and protect our nat~on's cntlcal 
~nfrastructure from all t p e s  of hazards through a comprehenswe, nsk based, emergency 
management program of mltgatton, preparedness, response, and recovery 

7.42. National Emergency Coordinating Center (NECC) 

DSN 380-6100. Commercial 202-897-6100. 

7.43. Emergency Information and Coordination Center (EICC) 

DSN 544-772117720. Commercial 202-646-2400. 

7.44. Department of State - Operations Center 

Commercial 202-647-1512. 

7.45. HQ DOE Emergency Operation Center 
Commercial 202-586-8100. 

7.46. US Department of Energy's Public Affairs Guidance 

DSN: 244-6938 or Commercial: 505-844-6937 
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7.47. Domestic Preparedness Web Page 

7.48. Defense Technical Information Center @TIC) 

1. A key element of the DoD Scientific and Technical Information Program, DTIC is the central 
Department of Defense facihty for providing access to and facilitating the exchange of scientific 
and technical mformatlon. The DTIC Homepage describes the wide variety of products and 
services available from DTlC whrch are designed to assist our users in obtaining the information 
they need easlly and quickly. DTlC IS part of the Defense Information Systems Agency (m). 
http://www dtic.mil/ 

2. CBIAC. DTIC runs the Chem~cal and Biological Defense Information Analysis Center 
(CBIAC). The CBIAC generates. aqulres. processes, analyzes, and disseminates CB Science 
and Technology lnformat~on In suppon of the CINCs. warfighters, the Reserve Components, the 
CB Defense Research, Development, and Acqulslt~on community, and other federal, state, and 
local government agencles They have a number of handbooks and guides on NBC equipment. 
http:/iiac.dtlc.m~bcb~ac~ 
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A.1. Expertise 

1. US Army Medical Research Detachment at Brooks AFB can provide assistance in the medical 
effects, symptoms, and treatment of both laser and radiofrequency injuries. This detachment is 
part of Walter Reed Army Institute of Research (WRAIR). 

2. USACHPPM can provide assistance in the identification of and the protection against laser and 
radiofrequency hazards. 

A.2. Recognition and Identification of Laser Hazards 

1. References: 

A. FM 8-50. 

B. Klenke, W. Medical Implications ofLasers on the Modern Battlefield, 1990. 

C .  Letterman Army Institute of Research, Issues in the Development of the ADMAN 
SCREENER, Laboratory NoteNo. 90-81. 

2. Introduction. The threat of laser injuries on the battlefield is both real and significant. Lasers of 
many types, powers, and wavelength characteristics have been integrated into and are used by 
most force structures of the world. The Department of Defense prohibits the use of lasers 
specifically designed to cause permanent blindness and supports negotiations to prohibit the use 
of such weapons. The main symptom of laser injury is reduction in visual acuity. 

3. Threat. 

A. Potential Employment. The rapid growth of laser science has resulted in an increased use of 
laser instruments in the military. Currently lasers are used on the modem battlefield for 
rangefinding, targeting, detection, communications, and target destruction. They are also used 
extensively in training to simulate live fire during force-on-force exercises and general 
operations. The army has devices that can accidentally permanently blind personnel; therefore, it 
is likely that threat forces have similar equipment. This may increase the potential for laser eye 
injuries on the battlefield. In the future lasers may be used as antipersonnel devicesfweapons to 
disrupt military performance by reducing the soldiers' ability to see. 

B. Laser Effects on Visual Performance. Lasers may interfere with vision either temporarily or 
permanently in one or both eyes. At low energy levels, lasers may produce temporary reduction 
in visual performance during critical military tasks, such as aiming weapons or flying aircraft. 
At higher energy levels they may produce serious long-term visual loss. Critical military 
functions, such as reading a map or driving, may be impossible. Furthermore, soldiers who 



sustain minlmal lnjunes or even no Injury from low-energy laser exposures may develop serious 
psychological problems and become ineffective In the performance of thelr duties. Such 
psycholog~cal reactions may also develop among other soldiers assigned to units in which laser 
injuries have been reported Such reactions could affect morale and disclplme, as well as the 
overall ability of the u n ~ t  to accomplish its assigned misslon. 

A. Temporary. Bums of the skln and cornea indicate that an ~nfrared or ultravtolet laser could 
have been used. Significant retinal hemorrhage probably means that a pulsed laser in the visible 
or near-infrared portlon of the spectrum has been employed. Isolated retlnal bums without 
significant hemorrhage probably indicate the use of a vlsible laser In the continuous wave mode. 
At lower exposure levels, the visible laser can impair vtsual function for as long as the laser 
source is visible. When the laser exposure tmntnates. vlslon will recover to normal without 
observable changes In the structure of the eye. 

B. Permanent. In these cases there are alterations of ocular tlssue; they Include: 
(1) Circumscribed (local spotlike) lesions of the retina. 
(2) Leslons of the retlna with bleedlng Into the vitreous. 

(3) Severe corneal burns. 

A.3. Medical Operations - Laser Injuries 

1. References: 

A. FM 8-50 and FM 8-55. 

B. Textbook of Military Medicine, Part 111, Volume 2, Chapter 15, Nonionizing Radiation, 
1993. 

C .  Letterman Army Instltute of Research, Issues in the Development of the AIDMAN 
SCREENER, Laboratory Note No 90-81. 

D. Letterman Army Instltute of Research, Psycholog~cal Effecls of Lasers on the Battlefield: 
Issues and Ideas, Institute Report No. 246. 

2. Directed Energy Weapons. Directed-energy weapons are likely to cause large numbers of 
casualties and equipment disruptions ~f countermeasures are not In place Health semlce support 
units have adequate organization, doctrine, and resources to address low-level lasers. 

3. Evacuation. 

A. Criteria. The capability for medical evacuation. the mtenslty of the battle. tactical need. and 
the patient will determine if he will be evacuated or wlll remaln ensaged A v~sual function 
assessment, as well as other tindings such as hemorrhage, will be used to determine the soldiers' 
duty status The combat lifesaver and combat med~c must consider the soldier's need for 
evaluation by a phys~c~an/PA (to lnclude an ophtholomoscopic examlnatlon) From this 
information, one can determtne the need for ekacuatlon of the patlent. Ground ambulance is the 
preferred method of evacuatlon; the lack of urgency for treatment does not justify aeromedical 
evacuation. See FM 8-10-6 for additional information on evacuatlon. 
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B. Guidance. The situation will dictate the evacuation policy. The International Red Cross 
Eye-Injured Soldier Chart (Figure A-I) is a reproduction from "A Report on the Working Group 
of Experts on Battlefield Laser Weapons" by the International Red Cross. A Type A ocular 
injury is considered to he an extrafoveal lesion while a Type B ocular injury is considered to be a 
foveal lesion. 

Figure A-1: Red Cross Eye-Injured Soldier 

- - - - - - - - - - - - - - - - - - - - - - - - - - - a  

Reception Field 
I 
I : Modlosl 
I 
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I Station Ophthalmoscopic Exam I 
I 
I 
I L 1 i 

Type A Type B Thmal - : 
I Retmal I Vitreous Lesmn Vlueous : Hemorrhage 

I 

I - Hemorrhage Hemorrhage - 
Ultrasound 

Retmai No Ret~nai 

Reference: Letterman h y  Institute of Research, Issues in the Development of the AIDMAN 
SCREENER, Laboratory Note No. 90-81 



A.4. Laser Technical Information 

1. References: 

A. FM 8-50 and FM 8-55. 

B. Textbook of M~litary Mdc ine ,  Part 111, Volume 2, Chapter 15, Nonion~zmg Radiation, 
1993. 

C. American National Standard for the Safe Use of h, ANSI 2136.1, 1993 

2. Introduction. The word "LASER" is an acronym for "Light Amplification by Stimulated 
Emission of Radiat~on." A laser is a device that produces an mtense, narrow, and 
monochromatic beam of light. Several key laser parameters are the wavelength, the power 
density, and the divergence of the radiation. The effects produced by laser radiation are 
dependent on the laser radiat~on exposure dose. The higher the exposure dose, the more severe 
the effects. Lasers emlt radiant energy in several modes 

(1) In a continuous wave (CW), such as an automob~le headlamp. 
(2) In a single pulse of shon duration, such as a flashbulb. 
(3) In a repetit~on of short pulses, such as a strobe light. 

Fienre A-2: Electromaenetic S ~ e c t r u m  

Wavelength in meters 
10 I 10-1 lo-= lo4 10.' 10.' I O " ~ I O - ~ ~  lo-I' 

~ a d 1 0 4  h n f r a r e d  J! +X-ray- 

t h l i e r o w a v e +  % ~ltraviolet + -+ 

lo8 loq 10'0 1 0 ' ~  loN2 10" 10" 1015 loL6 lon lola loi9 1021 

Frequency in Hertz 

Reference: Textbook of Military Medicine, Part 111, Volume 2, Chapter 15, Nonionizmg 
Radiation, 1993. 

3. Laser Wavelength. Lasers generally produce radiation (light) in the ultraviolet, visible, near 
Infrared and far infrared portlons of the spectrum (see Figure ). The wavelength of the radiation 
depends upon the type of laser. For example, a C02 laser produces radiation in the far infrared 
(10.6 pm radiat~on) while a ruby laser produces radiation in the visible (red light). The laser 
wavelength is one of the critical parameters in determining the effects a laser will have on an 
object such as an eye. 
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Laser Power and Irradiance. The 
power emitted from a laser is 
expressed In units of energy per unit 
of time, referred to as the radiant 
power. Power 1s expressed in watts, 
where one watt is equal to one joule 
(a unit of energy) per second. A one- 
watt laser emits 1 joule of energy in 1 
second, or 2 joules of energy in 2 
seconds. Some lasers, particularly 
laser rangefinders and target 
designators, emit energy in a very 
brief ueriod of time (billionths of a 

Figure A-3: Irradiance 

Power Density 
/-- 

> , Laser Bea 

L 1 
seconi) A typical laser rangefinder emits 60 millijoules (60 x 10.~ joules) of energy in a 21 
nanosecond (20 x 10'' seconds) pulse. The irradiance is expressed in power per unit area, 
watts/cm2 (see Figure ). The laser irradiance is one of the critical parameters in determining the 
effects a laser will have on an object such as an eye. 

Laser Divergence. The divergence of a laser is a description of how fast the beam spreads out 
over distance It is expressed as an angle and given in milliradians. For a typical military laser, 
the laser beam is 1 meter in diameter at a distance of 1 kilometer, and 2 meters in diameter at a 
distance of 2 kilometers. The divergence of such a laser would he 1 milliradian (see Figure). 

Laser Classification. Army lasers are generally classified by the ability of the primary or 
reflected primary laser beam to do biological damage to the eye or the skin during intended use. 
The American National Standard for the Safe use of Lasers (ANSI 2136.1) is the primary army 
reference for laser classification. The class of the laser is a good reference for estimating the 
possible biolog~cal damage (see Table .-\-I) 

Common Laser Wavelengths. Lasers can produce radiation in the ultraviolet, visible, and 
infrared regions of the spectrum Table A-2 lists several common laser lines and the medium 
used to produce the laser 

Army Laser Systems Lasers perform a \ariety of functions and come in many shapes and 
forms. Dangerous lasers can be smaller than a pen or larger than a truck and every size and 
shape in between. Table lists seberal army-fielded systems. Several systems, such as the 
ANNVG-2. are almost ent~rel) phased out of the US Army inventory. They may, however, be 
found in foreign militaries or in Sat~onal Guard or reserve units. The Nominal Ocular Hazard 
Distance and the Optical Distance should only be used as a general guide. Specific questions 
need to be addressed to the CSACHPPM. 



Figure A-4: Divergence 

Table A-1: L u e r  Chssifiution Sfheme 

Class I Energy Huards 
Class 1 

Class 2 
(vis~ble 
lasers only) 

I J within 0.25 sec 
Class 4 1 Average power above I Direct and specula reflection viewing 

Class 3 
(3a and 3b) 

hazards 
Pulsed lasers: Exceeds 0.125 J Diffuse reflection may present a hazard 
within 0.25 sec May pose a fire hazard 

Depends on wavelength. Example: 
CW HeNe ( 632 nm) below 0.0068 
mW 
Depends on wavelength. Example 
CW visible lasers: Cannot exceed 1 
mW 

I I May generate plasma radiation 
Reference: ANSI 2136.1-1993. 

Incapable of producing damaging radiation 

Eye protection is normally afforded by the 
aversion response (0.25 sec for visible) 
Hazards comparable to projectors or the 

CW and repetitively pulsed lasers: 
cannot exceed 0.5 W for 0.25 sec 
Pulsed lasers: Cannot exceed 0.125 

- - 
sun 
Direct and specular reflection viewing 
hazards 
Diffuse reflection is usually not a hazard 
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Vis~ble light 1 ,sib, l i d  
Visible light 
Visible light 
Visible light 
Visible light 
Visible light 
Visible light 
IR-A 

lij 
Reference: Table A-l 

Wavelength (nm) 
327 

Table A-2: Common Laser Wavelengths 

Reference: USACHPPM 

Nitrogen Pulse-train 
Argon CW 

Table A-3: Armv Fielded Laser Svstems 

Helium-Cadmium 
Argon 
Krypton 
Nd frequency-doubled 
Copper vapor 
Helium-neon 
Ruby 
Rhodamine 6G dye 
Alexandrite 
GaAlAs 
Gallium-arsenide 
Neodymium:glass 
Neodynium:YAG 
Hydrogen fluonde 
Deuterium fluoride 
Carbon monoxide 

CW 
CW 
CW 
Pulsed 
Pulse-train 
CW 
Pulsed 
CWPulsed 
Pulse-train 
Pulse-train 
Pulse-train 
Pulsed 
Pulsed 
Pulsed 
Pulsed 
CW 



Table A-4: Army Fielded Laser Systems 

W) I 
MMS I 1064 (NIR) I 35 175 1 4.5 15.7 1 4 
FIR: Far Infrared Radiation, N R  Near Inkared Radiation, VIS: Visible Radiation 
Reference: USACHPPM. 

Nomenclature 

LAAT 
LPL-30 
MILES 

Figure A-5: Anatomical Structure of the Eye 

Cornea 

Wavelength 

1064 (NIR) 
800-850 (NIR) 
Generally 905 

Aquem 

Humor 

Reference: Modified from EM 8-50 

Nominal Ocular Hazard 
Distance 1 Nominal Ocular 

Hazard Distance with 

5 I30  
.1 1.7 

Variable 

Optical Density 1 
Optical Density 

with optics 

HazardMA 
3.5 14.5 
1.3 11.3 
Variable 

Laser 
Class 

3b 
3b 
3a 
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A.5. Medical Effects, Symptoms, and Treatments of Laser Injuries 

1. References: 

A. FM 8-50. 

B. Textbook of Military Medicine, Part 111, Volume 2, Chapter 15, Nonionizing Radiation, 
1993. 

C. Letterman Army Institute of Research, Issues in the Development of the AIDMAN 
SCREENER, Laboratory Note No. 90-81. 

D. Letterman Army Institute of Research, Psychological Effects of Lasers on the Battlefield: 
Issues and Ideas, Institute Report No. 246. 

2.  Introduction. Exposure or even suspected exposure to a laser could have several adverse effects. 
The effects include severe vision problems, skin bums, and psychological reactions. The skin is 
susceptible to laser damage. However, the damage threshold is much higher than the eye. 
Psychological reactions can be severe, but training and education can significantly reduce them. 
The eyes are extremely vulnerable to laser damage. Imaging systems such as the human eye 
increase the irradiance or radiant exposure of collimated laser light at the Image plane, such as 
the sensory retina for the human eye. For visible and near-infrared laser exposure of the human 
eye, the radiant exposure at the retina can be 100,000 times greater than that at the cornea or the 
skin surrounding the eye due to focusing or imaging by the eye. Laser emission is generally well 
collimated; that is, the diameter of the beam increases very little with distance (low divergence). 
Thus the energy contained in the beam diminishes only slightly over great distances. When 
taken in combination, low divergence of a laser emission and the increased radiant exposure due 
to ocular focusing means that low-powered lasers, such as rangefinders, pose little hazard to the 
skin at short ranges, but pose significant eye hazards at tactical ranges. Optical instruments such 
as binoculars or day sights increase light-collecting capabilities, thereby increasing the radiant 
exposure at the image plane. This increases the range at which eye injunes can occur. For 
visible lasers, this focusing results in seeing extremely bright light at distances that exceed 
antic~pated eye injury ranges. 

3. Injuries. lnjur~es result when the energy from the laser is absorbed by various anatomical 
structures The most vulnerable structure is the eye (Figure ), but other structures, such as the 
skin, can also be affected. The wavelength of the laser rad~at~on determines which structure 
absorbs the energy The poser denslty of the laser determines the damage level. 

4. Laser Ocular B~ology. The b~olog~cal effects of laser radiation on the eyes vary with the laser 
wavelength, pulse duration, and lntensily. The cornea and lens focuses v~sible and near-infrared 
laser radiation onto the retina where the concentrated energy directly impacts the photoreceptor 
cells and supporting tlssue. The cornea and lens absorb ultraviolet and mid-to-far-infrared laser 
radiat~on. Alteration can occur in these tissues, but the retina will be spared. 

A. Retlna. The retina is the back m i d c  of the eye uhere images are formed. During laser 
exposure of the retina, no image is formed and all energy is s~mply focused to a pinpoint. A 
laser exposure occurring in the retinal periphery will have a minimal effect on normal vision 
functtons (unless large portions of the retina are involved). A laser exposure in the central retina 



(about 1.5 mm and called the macula which includes the fovea) can cause serious injury since 
this is the only part of the eye where precise vision occurs. 

(1) At the lowest levels of laser energy, temporary changes in the ability to see can be 
produced without permanent damage. Continuous or repetitively pulsed visible wavelength 
lasers can produce veiling glare while the laser is on, but disappear when the laser is turned 
off. The laser simply appears so bright that it is dificult to see anything else around it. At 
slightly higher energy, these same lasers can saturate the photoreceptor cells. This saturation 
results in after-imagmg that fades with time after the laser is turned off. Only visible lasers 
will produce veiling glare and after-images; near-infrared lasers will not produce these 
effects even though the laser energy reaches the photoreceptor cells. It is important to note 
that these effects can also be caused by other bright light sources, such as searchlights, flares, 
and st~obes. Furlher increases in laser energy levels result in irreversible retinal damage. 
Absorbed energy heats the retinal tissue and is spread by thermal conduction. The heat 
causes thermal coagulation of the photoreceptor cells and other retinal structures. 
Inflammatory processes and edema will threaten the surrounding retina. These processes 
result in scotomas (blind spots) which vary in size, depending on the extent of the retinal 
damage. The effect of the scotoma on visual function will vary with the size and position. 
For example: A small bum away from the fovea may not significantly disturb vision acuity. 
A small bum centered on the fovea may result in a severe loss in visual acuity (this injury 
would appear as a large blind spot in the center of the visual field). The fovea is the part of 
the retina with the highest visual acuity. The visual acuity of the fovea is high enough to 
allow humans to read. When the fovea is damaged, the person experiences severe loss of 
vision 
(2) When the retina is exposed to a high energy pulsed laser energy, the tissue is superheated 
and undergoes an explosive change of state, creating shock waves, which mechanically 
disrupt tissue and spread the area of damage. If more energy is introduced, the injured area 
will become larger. The mechan~cal force produced can puncture a hole through the retina 
and choroid. resulting in hemorrhaging and may lead to severe visual loss. The blood can 
collect beneath the photoreceptor cell layer of the retina, disturbing its contact with the 
retinal pigment epithelium resulting in retinal detachment. A subretinal hemorrhage can 
result in the death of the photoreceptor cells and a scotoma will form that is much larger than 
the thermal bum or mechanical disruption. The blood may also move into the vitreous 
humor through the disrupted retina, where it may obstruct the passage of light through the 
eye. An extensive or centrally located hemorrhage can produce a significant loss of vision. 
Blood in the vitreous is absorbed very slowly, but in most cases it is absorbed. The visual 
impairment remains as long as the blood persists; vision may improve to normal with 
absorption of the blood. Persistent vitreal hemorrhages may be removed by a complicated 
surgical technique called Vitrectomy. This procedure may also return vision to "near 
normal" level, if the underlying retinal/choroidal damage does not ~nvolve the fovea. 

(3) Laser injury to the retina may damage the conducting fibers (axons) of the retina, 
producing a visual field defect peripheral to the site of injury. Laser damage to the 
retinalichoroidal areas may produce brief, severe pain. A major long-term effect of laser 
retinal injury is a scarring process that may degrade vision weeks or even months after the 
injury. 
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B. Cornea. The cornea is the transparent front part of the eye that separates it from the air. The 
cornea is continuous with the sclera (white of the eye). The cornea transmits most laser 
wavelengths except for the ultraviolet and far-mfrared radiation. 

(1) Ultraviolet and low energy far-~nfrared radiation can ~njure the epithelial layer of the 
comea; a condition that is painful and wsually hand~capping. At lower powers, this injury is 
primarily due to a photochemical reaction. A latency period of hours may exist between the 
time of exposure and the development of the corneal pathology. Minimal corneal lesions, 
which usually produce a decrement in visual performance, heal within a few days and 
generally result in a full recovery. More severe corneal lesions may scar. 
(2) High-energy far-infrared radiation is absorbed mainly by the cornea, producmg 
immediate bums u all corneal layers. An infrared laser can produce a bum resulting in 
immediate visual incapacitation and may lead to cornea scarring. Very high energy can 
perforate the cornea; this perforation may lead to loss of the eye. 

5. Biolopal Effects due to Laser Wavelength. Injuries result when the energy from the laser is 
absorbed by various anatomical structures. The most vulnerable structure is the eye, but other 
structures, such as the skin, can also be affected. The wavelength (frequency) of the laser 
radiation determines which slructure absorbs the energy (see Figure ). 

Figure A d :  Wavelength effects on the eye 

.High Radiofrequency and 
.Gamma Rays Near Ulhaviolet 

-Actinic Ultraviolet and Far Infrared .Visible and Near Infrared 

Reference: Modified from FM 8-50. 

A. Ultraviolet &V) Radiation (I80 - 400 nanometer (nm), W - A ,  B, C). The primary hazards 
from this wavelength range are damage to either the lens or the comea of the eye. Long tern 
low level and short term h~gh level exposures can cause corneal and lens opacities (cataracts) or 
inflammation of the eye. mdiatlon can also cause photokeratitis, which is sunburn of the 
cornea. The threshold for ultraviolet radiation skin bums is similar to that of the cornea. 

B. Visible Light (400 - 760 nm) and Near-Infrared (IR-A) Radiation (760 - 1400 nm). The 
primary hazard from this wavelength range is damage to the retina, including the macula and 
fovea, of the eye. Depending on the level of exposure, the damage may be temporary or 



permanent. Laser radiation in the v~sible spectrum (400-700 nm) is absorbed primarily within 
the retina by the pigment epithelium and the choroid. The threshold for skin bums for visible 
and near-infrared radiation is much higher than that for the retina. 

C Far-Infrared Radiation (1,400 nm - 1 mm). Absorption of radiation in this range will result in 
the production of heat with the resultant effects on both the comea and the lens of the eye. The 
threshold for far-infrared radiation skin bums is similar to that of the comea. 

6 .  Psychological Effects (including stress). Several aspects of the laser threat increase mental stress 
relative to that produced by other weapons. The fact that lasers travel at the speed of light along 
line-of-sight gives a new urgency to the saying "If you can be seen, you can be hit." This may 
produce the types of psychological stress reactions and inhibitions of combat initiative, which 
have been described in response to sniper fire. However, unlike the sniper's bullet, most lasers 
produce serious injury only to the extent that the target is looking at the laser source andlor 
through optical equipment. Because the dange~ is so specific, soldiers may be especially 
inhibited h m  performing cntical surveillance, target acquisition and aiming tasks. This is 
especially likely if they have just seen their fellow soldiers suffer the effects of laser while 
performing those tasks. It is inevitable that at least some soldiers will suffer laser injuries to their 
eyes. The reaction of the injured soldiers and their comrades will depend on: 

A. Their response to the stress of a new, silent, futuristic weapon on the battlefield. 

B. Their training and knowledge about laser weapons. 

C. The treatment they receive after being wounded. Laser injuries may be especially stress@ 
vision is one of our primary means of relating to the world about us; and the fact or prospect of 
being deprived of vision will be a source of fear. The soldier's colleague who has been 
accustomed to seeing external wounds of combat may have some reluctance to accept a disabling 
injury without outward evidence. Yet looking at the world through his own blood as a result of 
laser-induced retinal hemorrhage may cause panic in the amicted soldier and terror in his 
companion. 

7. Laser Injury Treatment. 

A. Stress. Medical management of stress reactions for patients suffering from real or imagined 
laser injunes is similar to stress management of other injuries. Repeat the reassurance that 
symptoms will improve with rest, nutrition, hygiene, and the expectancy of an early return to the 
soldier's unit. For specific combat stress control procedures, see FM 8-51. 

B. Bums. Far-infrared laser bums of the comea and skin are treated similarly to other types of 
thermal bums. If not perforated, apply antibiotic ointment to the eye then patch. The patient 
should also receive systemic broad-spectrum antibiotics coverage and systemic analgesic. There 
is very little likelihood of an isolated eye bum; the eyelids, skin of the face, and other parts of the 
body will be affected and should be treated (see FM 8-230 for treatment of bums). 

C. Retinal Injuries. Currently, there is no prover! treatment of laser retinal lesions except for 
surgical intervention (vitrectomy) for severe hemorrhage. A patient diagnosed with a laser 
retinal injury is evacuated to a hospital where he can be examined by an ophthalmologist. A 
vitrectomy consists of removing the vitreous of the eye and the hemorrhage. This procedure can 
only be performed in a hospital by a specially trained ophthalmologist. Retinal bums do not 
require eye patches. They only make the patient more disabled by taking away all of hts vision, 
thus, further emphasizing his injury. 
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D. Corneal Injuries. For laser bums to the cornea, only the injured eye is patched, after applying 
eye ointment. Do not patch both eyes unless both have been burned. 

8. Symptoms. The main symptom of laser injury is reduction in visual acuity; another symptom 
may be pain. Medical personnel should suspect laser exposure when soldiers report seeing 
bright flashes of light; experiencing eye discomfort and poor vision; and feeling unexplained 
heat. Obvious lesions such as corneal bums, ret~nal injury and hemorrhage, and skin bums make 
the diagnosis more certain. Conceivably, one may confuse the use of invisible lasers with 
chemical agents that also irritate the eyes and skin (see FM 8-285 for signs and symptoms of 
chemical agent injuries). Spontaneous fires and unexplained damage to optical instruments are 
additional evidence that laser devicedweapons are being employed. Table A-5 lists symptoms, 
signs, diagnosis, and treatment of laser induced injuries. 

9. Evaluation of Suspected Laser Injuries. Evaluation ofpossible laser injuries requires a search for 
specific findings on physical examination. The medic must determine quickly if the affected 
soldier is fit to return to duty or if he should be referred to the battalion aid station for further 
evaluation andlor treatment. The combat lifesaver and combat medic laser eye injury evaluation 
matrix (Figure ) is a reproduction from FM 8-50. 

10. Aidman Vision Screener. The aidman vision screener is an infomal test that can be used to 
assess the function of the eye by an m y  medlc. The test($ are function based and result in 
evacuation recommendations. The tests consist of a near visual acuity test, such as a random E 
chart or Snellen chart (Figure A-8), and an Amsler Grid (Figure A-9) visual field test. For 
soldiers who report being exposed to a laser source, the Aidman screener offers a quick laser 
injury recognition tool (Table A-6). 



Tahle A-5: Symptoms, Signs, Diagnos~ 

I Symptoms I Signs (Findings on 
(Reported by I Pxamination) 

patient) 
Skin and Antc 

Reduction in vision. I White or ham cornea. , Pain in eye, eyes Conjunctival 
tender. Red or warm inflamation. Facial ox 
face or skin. skin erythema. 

eyes. Burning Perforation of globe. 

e x @ e n c e . ~ ~ o  ;an. exam: normal. 
No or slight vlsual External exam: 
impirment. Dark spot normal. Internal 
in field of vision. exam: Non-foveal 

retinal lesion(s). 

I tetracaine are never prescribed, but may be use 

I 
)r E e ln'uries 
Mid-moderate corneal --l 

and Treatment of Laser-Induced Injuries 

and/or skin bum. 
(Infrared laser, 
intermediate dose.) 

Diagnosis (and likely 
laser etiology) 

Severe corneal and/or 
skin bum. (Infrared 
laser, high dose.) 

Treatment and 
Management 

If eye perforation is 
not suspected, apply 
topical antibiotics 
(ointment). Patch. 
Systemic antibiotics 
and pain medication* 
Needs 
physician/PA** 
evaluation. Evacuate 
as appropriate. 

njuries 
Glare, dazzle, or 1 None. Return to duty 
flash-blindness. (Low I 
dose laser.) 
Small non-foveal, I None. Return to duty 

medium dose). 
Peri-foveal retinal I Evacuate. Needs 

ret~nal bum wtth no or 
minimal hemorrhage 
(visible or near- 
infrared laser, low to 

butn, and/or pbysician/PA 

or nearinfrared laser, 

(Visible or near- 
infrared laser, high 
dose). 

if able to function 

used as needed. Topical anesthetics such as 
In a one-time basis only to ald examination. - .  

Repeated use of topical anesthetics may predispose to further corneal mnjury. 
**The optometrist at the MSMC may be consulted on questionable cases. 
Reference: Table 1 from FM 8-50. 



Treat as 0 
Figure A-7: Laser Injury Evsluatioo 

m 
I I 

Inspect skin and e)cs for bum 

Matrix 

Notes 

a. Reassurance continue to perform duty 
b Wear laser eye protection 
c .  Know d~fference between 

laser and NBC inpry 

2 EVAC to BAS includes: 
a. Reassurance ReNm 

to BAS 0 
to BAS 0 

Reference: FM 8-50 

Table A-6: Aidman Sereener Evacuation Criteria 

Visual 
Acuity 

* - If soldier indicates he can do his job, Return to Duty. If soldier indicates 
his vision is to poor to do his job. Evacuate 

Reference: AIDMAN VISION SCREENER. 

Amsler Grid Result 

20170 or worse in 
one or both eyes. 
20150 or better in 

both eyes. 

Major 
Defect 

Evacuate 

Evacuate 

Normal 

Evacuate 

Return to Duty 

Minor 
Defect 

Evacuate 

* 



Figure A%: Vuaal Acoily Cblrt 

Aidman Vlaon Scrrmer Immrtlom fm ormhng 
Visual Actwny: Hold card m g o d  I& 40 
cmhmcmr, appmxmauly 2 u r d  kn& from eye. 
T a t  each eyc mdindudy If the soldm mrrmlly 
wean glasses, rhcw rhould bc m m  mvlng the ten 
Record xovrty of the srmllat lur for arhrb the 
soldim can idcnbfy the kner or the h o o  of 7 om 
of 10 chamclm cornfly. 
Rcfmncc AIDMAN VISION SCREENER 

-hwr Ronde Au6lcr Record Chart pad for 
solber to dnw my lmgulanoer Test each eye 
-kly m gOod hght, rdtng the f 0 h m g  
I Cover your left [nght] eye 
2 Hold the u r d  about 40 cmhmcarr or two card- 
lengrhs YO= elre 
3 F o w  on the dot m the m t n  of riK end 
4. While cannmung to f a  on the center dot, do you 
nahce any dark or hazy arras anywhc om the gndq 
nf the answer rs YES. ~rovide a oen or m c i l  and ray 
Please draw in the arks that & e a r  dark or hazy ia 
YOU.] 
5 .  Whle still looking at the center dot, do you see all 
of the horizontal lines? Do these appear stmight? [If 
the answer to either question is NO, provide a pen or 
p e n d  and say: Draw the maight lines where you 
think they should be.] 
6. While shll looking at the center dot, do you see all 
of the vertical Lines? Do these appear straight? [If the 
answer to e~ther question is NO, provide a pen or 
pencil and say: Draw straight hnes where you thlnk 
they should be.] 
Inkpremg the Results: Normal- No dark or hazy 
axeas are seen. All lines are seen and are straight 
Minor defect- dark or haw area (or abnormal lines) 
which is less than 4 boxes iongg hiajor defect, dark or 
hazy areas (or abnormal Imes) whlch 1s 4 or more 
boxes long or the affected area includes the center dot 
Reference: AIDMAN VISION SCREENER 



A.6. Preventing Laser Injuries 

1. References: 

A. FM 8-50 and TB MED 524. 

B. Textbook of Military Medicine, Part 111, Volume 2, Chapter 15, Nonionizing Radiat~on, 
1993. 

C. Letterman Army Institute of Research, Issues in the Development of the AIDMAN 
SCREENER, Laboratory Note No. 90-81 

D. United States Army, Soldier Systems Command (SSCOM), Intranet WEB page, http:llwww- 
sscom.army.mil. 

2. General. Laser protective eyewear will prevent ocular injury from laser radiation emitted by low 
energy lasers such as rangefinders and target designators. The recently developed and fielded 
ballistic and laser protective eyewear (B-LPS) will protect the eye against ballistic fragments and 
specified fixed wavelength laser hazards. Narrow band filter eyewear made of polycarbonate 
ballistic-fragment-resistive material will reject specific laser wavelengths while transmitting light 
required for vision. The tint or color associated with laser protective eyewear may degrade 
vision and military performance under low hght conditions; that is, dawn, dusk, or night. 
Current protective eyewear is designed to protect against specific laser hazards; therefore, the use 
of issued protective eyewear does not preclude injury to the eye from other threat laser 
wavelengths. Care must be taken to assure protective eyewear in use is appropriate for the laser 
hazard or threat present. Laser protective visors also prevent injury to the eyes with the same 
limitations as described for eyewear. 

3. Laser Training. Laser training must provide the soldier with the knowledge to protect himself. 
Low energy infrared lasers can injure the eyes andor bum the skin. Ordinary clear glass or 
plastic lenses or visors will protect the eye from far-infrared laser radiation such as, carbon 
d~oxide laser radiation. Exposure to laser radiation requires hne of sight; therefore, concealment, 
cover, or avoiding loohng at a known or suspected laser threat is extremely effective for 
preventing injury. "DO NOT look at the light." Soldiers must be aware that protective 
equipment for certain laser frequencies is available; additional protection 1s anticipated from 
ongoing research. Understanding lasers requlres a certaln amount of technical information. As 
lasers become more widespread on the battlefield, the soldier may become accustomed to their 
use. The soldiers' fear of laser injury may increase as laser injuries increase. 

4. Passive Laser Protection. Passive protection consists of. 

A. Taking cover--get out of laser beam. Squinting can also limit the amount of laser energy that 
enters the eye. 

B. Using any protective gear that is ava~lable. 
(1) Protective goggles, visors or glasses (Figure A-10). 

(2) Protective built-in or clip-on filters for optical devices. 
(3) Ordinary eyeglasses or sunglasses wdl afford a \,cry limited amount ofprotection. 
(4) Keep all exposed skm areas covered to prevent skin bums. 

5.  Active Protection. Active protection consists of using: 
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A. Countermeasures and countermeasure systems. 

B. Maneuvers: Applying evasive action, Scann~ng battlefields wth  one eye or monocular optics, 
Minimizing use of binoculars in areas known to have lasers m use, Using hardened optical 
systems when available, and Battlefield Smoke Screen. 

6. Army Laser Eye Protection. 

A. BallisticILaser Protective Spectacles (B-LPS). The B-LPS system consists of multiple 
spectacle assemblies available in clear, snuggles, two wavelength laser protection, and 3 
wavelength (I) laser protection. Laser pmtstion is provided by using dye absorber technology. 
The B-LPS acwmmodates a prescripbon lens inseri via a noseplse carrier for soldiers requiring 
corrective lenses. All lmses are ballinic prolst~ve and are capable of defeating a 5.8 grain, T- 
37 shaped fragment simulating projectile at 650 feet per second. The B-LPS are designed to 
accommodate the 5" percent~le female to the 95" percentile male in one size. A hard carrying 
case is available that accommodates one complete spectacle assembly. Status: The improved 
BLPS successfully completed evaluation and was Type Class~fied-Standard in May 1995. 
Contract award for production of B-LPS was 3QFY96 and First Unit Equipped is scheduled for 
4QFY98. B-LPS clear and sunglass configurations w~ll  be central fielded to Force Packages One 
and Two. All configurations will be available for procurement through the Defense Supply 
Center, Philadelphia (DSCP) aAer FYOO. NSN number series 8465-01-416-4536.3207.3210 and 
NSN 8465-01-41 74004,9963. 

B. Special Rotective Eyewear, Cylindrical System (SPECS). The SPECS effort was initiated in 
1991, and is based on a requirement (SN-CIE) for ballistic and laser eye protection approved in 
1984. The current SPECS are designed for soldiers who do not requlre prescription corrective 
lenses. The SPECS system consisls of a lens carrying bmwbar, interchangeable spatula and 
cable temples, a nosepiece, and four interchangeable lenses. The temples are capable of 
panoscopic tilt adjustment for maximum fit, comfort, and acceptance. Lenses are available in 
clear, sunglass (neutral gray), two wavelength laser protection, and 3 wavelength laser 
protection. All lenses are ballistic protective and are capable of defeating a 5.8 grain, T-37 
shaped fragment simulating projectile at 650 feet per second. The SPECS are designed to 
accommodate the 5Ih percentile female to the 951h percentile male in two sizes. A hard carrying 
case is available that can accommodate a complete spectacle assembly and one extra lens. 
Status: The SPECS successfully completed evaluation and was Type Classified - Standard in 
May 1995. Contract award for production of SPECS was awarded for 1QFY97, and First Unit 
Equipped is scheduled for 4QFY98. The SPECS kit with clear and sunglass lenses will be 
central fielded to Force Packages One and Two. All configurations will be available for 
procurement through the Defense Supply Center, Philadelphia (DSCP) after FYOO. NSN number 
series 8465-01-416-4626,4629,4630,4633,4635,8516,4628,4631,4634,4632,4627. 

C. Sun, Wind, and Dust Goggles. Overview: The Sun, Wind, and Dust Goggle (SWDG) is the 
standard military goggle, providing eye protection. It has been a standard military item smce the 
1950s. The goggle consists of an injection molded rubber frame with a polyurethane foam 
backing with a skin that contacts the face. The rubber frame holds the lens while the foam 
provides a seal between the face and goggle frame. The goggle is compatible with standard 
military prescription eyewear. Flannel covered vent holes allow some vent~lat~on while keeping 
dust out. Two snap fasteners provide additional lens retention in the frame. T p e  3 (clear) and 
type 4 (sunglass) lenses are a single piece, simple curve, injection molded polycarbonate design 
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with an abrasion resistant coating. Type 5 and Type 6 lenses offer laser protection. The lens 
(classes 3 through 6), with a nominal thickness of 2 mm, provides ballistic protection. Type 1 
and 2 (thin acetate) lenses are no longer used since they offer no ballistic protection. Recent 
Improvements: Several improvements enhance the performance and comfort of the SWDG. 
Foam Pad: The foam pad, added to the rubber goggle frame in 1974, was increased in thickness 
to 112" in 1995 to provide better sealing of the goggle frame to the face. Also at this time the 
snap fastener was changed to facilitate easier lens replacement. Ballistic Lens: The nominal 
2mm thick polycarbonate lens was type-classified in 1983 to provide ballistic protection. It 
replaced the thin acetate lens. Laser Lenses: Two laser protective lenses were type-classified in 
1990. A two wavelength lens (Type 5), green in color, protects against neodymium and ruby 
lasers. A three wavelength lens (Type 6), brown in color, protects against neodymium, ruby, and 
double neodymium lasers. Current and Future Efforts: Advanced Protective Eyewear System 
(APES): The Armor School has a requirement for a new goggle system to replace the SWDG. 
The APES will offer improvements in comfort, fit, durability, ventilation, and fogging while 
maintaining equipment/clothing compatibility and ballistic protection. The APES will allow for 
attachment of a secondary lens in front of the ballistic lens and provide for corrective lenses. It 
is anticipated that this SEP program, starting in FY98, will last two years with procurement of 
commercial/NDI goggles during FY98. The NSNs for this item are in the category 8465-01 with 
the nomenclature Goggles, sun, wind, and dust. 

D. MASK, CHEMICAL-BIOLOGICAL, M40M42 SERIES LASERBALLISTIC OUTSERT 
(LBO). The laserhallistic outsert (Figure A-13) based on proven technology from the 
BallisticILaser Protective Spectacles (BILPS), provides protection from low speed mortar 
fragments and two laser wavelengths, 694 nm and 1064 nm. The outsert is made of dyed 
polycarbonate as the dyes provide the laser protection and the polycarbonate provides the 
ballistic protection. The dyes in the polycarbonate distinguish this outsert from the clear and 
neutral gray outserts as they cause the lens to have a green tint. As a result, the LBO has a light 
transmittance of 45.50% as compared to the clear, 85-90%, and neutral gray, 15-20%. The LBO 
can be purchased as an additional authorized list (AAL) item for the M40 and M42 series mask. 
However, the LBO is not compatible with the Red Hot mode of the thermal sight of the Bradley 
fighting veh~cle. Use inside combat vehicles should be scrutinized as the outserts increase 
standoff distance from sights and vehicle sights may already be laser hardened. The PMCS for 
the LBO IS similar to that of the other outserts. The NSN for the LBO is 4240-01-434-1503. 

E. 50 mm Binoculars and Other Optics. Soldlers are most vulnerable when using powered 
optics and stanng at weapons systems using lasers or at distant objects where lasers could be 
employed. Optics concentrates the light increasing vulnerability and staring increases the 
opportunity for exposure. Many weapons systems have laser protection built into the optics. 
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Figure A-10: B-LPS 

mr.a  Ru:nnu .~ . r - lonunwdl  

Reference: www-sscom.my.mil 

Figure A-12: Goggles, Sun, Wind, and Dust 

Reference: www-sscom.army.mil. Reference: www-sscom.army.mil 

Figure A-13: 40M42 LaserlBnllirtic Outeert (LBO) 

Reference: http://m40mask.ml.org/m40 
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A.7. Recognition and Identification of Rndiofrequency Hazards 

1. References: 

A. Textbook ofMilitary Medicine, Part 111, Volume 2, 1993. 

B. USACHPPM, Radlofrequency Radratron and Ulrrasound Course Manual, April 1997. 

C .  National Council on Radiation Protection and Measurements Report No. 86, Biological 
Effects and Erposure C n t e ~  for Radiofrequenq Electromagnetic F~elds. 2 April 1986. 

2. Introduction. Use of Radiofrequency (RF) sources in the military is widespread and not 
necessarily associated with weapons systems. RF radiahon is used for communication, target 
detection, navigation, surveillance, imaging, electroruc countermeasures, therapeutic medical 
diathermy, medical monitoring, industnal heating, and food prepaxallon. Although the military 
is experimentmg with h~gh-power sources as potential weapons, the main applications continue 
to be communications, information gathering, and electromc countermeasures. 

3. Threat. Radiofrequency radiation has direct (thermal), ind~rect b~ological effects (athermal or 
nonthermal) and potential psychological effects associated with exposure or suspected exposure 
to individuals. 

A. Direct Biological Effects. 
(1) Thermal. The absorption of energy is the key mechanism by which RF radiation affects 
living cells directly. Depos~tion of RF energy into the body incr- i& thermal load. If the 
temperature increase is large enough, thermal overload of the body will result. The body's 
thermoregulatory srjtem normally responds to this thermal load by transfer of energy to the 
surrounding mvimnment through convection, evaporation of body water (sweating), heavier 
breathing, and radiation @nmarily IR). If the thermal load is too great for the body to 
overcome, injury to the body may occur. These injuries are dependent on the frequency of 
the RF energy absorbed. At the higher frequencies (> 3 GHz), the skin and eyes (cataracts - 
clouding of the eye lens) are most susceptible. At lower frequencies, internal organs are 
more susceptible due to the penetration depth of the radiofrequency waves. Some individuals 
have also reported an audible sensation of knocking, clicking and buzzing from Super High 
Frequency pulsed RF energy. This is sometimes referred to as "microwave hearing" and is 
not a potentially hazardous effect. It should be remembered that unlike ionizing radiation, 
RF energy is not cumulative, unless of course the levels of exposure are so severe as to cause 
permanent injury. This is not likely to occur with any RF transmitting systems in the current 
Army inventory. 
(2) RF Shock and Bums. For systems operating at less than 100 MHz, a shock andlor bum 
potential is also present if an individual is very close to an energized antenna or makes 
physical contact with the metallic portions of the antenna. The threshold for RF current 
perception is a function of the frequency, surface area of the contact point and individual 
sensitivity. If the intensity of the current density is minimal, only a shock may be perceived. 
If higher, an actual RF bum may result. 

B. Nonthermal Effects. Nonthermal effects have been defined as phys~ological changes in 
which the core body temperature is not elevated but a quantity of energy IS absorbed sufficient to 
activate receptors and cause a physiological response. Nonthermal effects included immune and 
endocrine effects supposedly stimulated by exposure to low intensity RF. Some nonthermal 



effects reported in the llterahlre have mcluded carclnogenesls, reproduct~ve problems, and 
increased pmeabi l~ ty  m the blood-brain bamer and behavioral changes. No conclusive 
evidence substantlaces these reported effects from low low-level W rad~atlon. 

C. Psychological Effecls. Due to a lack of understand~ng of nonionizing rad~ation and RF 
radiation in particular, many ind~viduals also have a fear of workmg near radiating sources and 
also erroneously suspect that certain physical ailments have been a result of RF exposure. 
Headaches, anxiety, nausea, dizziness, fatigue, and sunburn, etc have frequently been blamed on 
perceived exposure to RF radiation. Most often t h w  symptoms have actually resulted from 
dehydration, sleep deprivation, poor ventilation, and high temperature environments. 

4. Recognition. If the temperature rise of the body is large enough, due to deposition of energy 
from the Radiofrequency radiation, thermal overload of the body will result. Exposure to 
radiation levels that are significantly greater than permissible exposure limits will be felt as heat 
to the body. At high frequenc~es (> 3 GHz), skin m e m a  may occur. At lower frequencies less 
than 3 GHz, n a w a  may occur as well as internal discomfort. Although lmt~cular cataracts are 
possible at higher frequencies, the possib~lity is extremely remote, as an indwidual would feel 
exweme heat on hidher face before a cataract could actually form. For RF shock, a tmghng or 
startle reaction would be noticeable. For an RF bum, a 3rd degee bum to the skin could result 
from direct contact to an antenna such as a dipole or monopole antenna (element type antenna). 
Unlike an electrical bum, which would be somewhat contiguous on the skin, a RF bum is 
concentrated in a very small area of the skin and penetrates deeply such as on a fingertip. 

A.8. Radiofrequency Technical Information 

1 .  General. The current army definition of RF applies over the range from 3 kHz to 300 GHz. The 
wavelengths associated with this limited electromagnetic spectrum extend from 100 kilometers 
at 3 kHz to 0.1 cm at 300 GHz. Frequencies below RF are referred to as Sub-radiofrequency. 
The various RF frequency band ranges are specified below. 

2. Transmission. Emission of Radiofrequency Radiation. W radiation requires a generator or 
source, a transmission line, and an antenna. Most systems require additional components 
relevant to the waveform and use of the device. 

A. Generator. RF radiation sources, or generators. convert electrical power into RF radiation 
using appropriate technologies such as oscillators or magnetrons. The rad~ation requirements of 
the system determine the type of generator or RF rad~ation source used. An oscillator is the most 
basic type of radiation source and consists of a tuned resonant circuit. The basic RF rad~ation 
generator is often used as the input to other high power amplifiers. These amphfiers, such as the 
klystron and traveling wave tube, increase the power of an osc~llator output. A magnetron is a 
vacuum tube with resonant cavities. These generators do not require an oscillating source or 
amplifiers. 

B. Transmission Line. RF radiation, once produced and possibly modulated, is guided from the 
generator to the antenna through a waveguide, coaxial cable, or other type of wire. A waveguide 
is a long, hollow conductor usually rectangular, the dimensions of which can be designed to 
accommodate the transmission of any frequency. A waveguide is impractical at frequencies 
lower than a few hundred MHz and is usually used for Frequencies of 3 GHz and h~gher. Coaxial 
cables will transmit frequencies up to 3 GHz. A collinear pair of wires will suffice for RF 
radiation up to 100 MHz. 



C. Antenna. The antenna is used to make a transition from a guided wave (from the 
transmission line) to a radiated electromagnetic wave. The design of the antenna is influenced 
by many factors such as size, frequency, and electrical impedance. Antennas are normally of 
two types - omnidirectional and directional. The omnidirectional antennas are element type 
antennas such as monopoles or dipoles. The directional are horn-type antennas, parabolic dish 
type antennas such as a satellite communications antenna (SATCOM), or a phased-may antenna 
which can emit many beams at once. The characteristics of the antenna are a very important 
aspect of hazard evaluation. 

3. Applications. Information gathering devices emit RF radiation. The devices include radar (air 
and ground), transponders, motion detectors, projectile tracking, surveillance, and many 
additional types of information gathering devices. Broadcast devices include radio and satellite 
communication terminals and electronic countermeasures systems. 

Tahle A-7: Radiofrwuencv Bands and Soectral Desienations - - -. . . . . - - = - - "  - 

Spectral Band Abbreviation 1 Spectral Band Designation I Range I 
ELF I Extremely Low Frequencies I 0 - 3 kHz 
VLF ( Very Low Frequencies 3-301dIz 

SHF I Super High Frequencres I 3 - 3OGHz 
EHF I Extremely High Frequencies I 30 - 300 GHz 

LF I Low Frequencies 
- 

MF 
HI 

\'H t 
I (HI. 

A.9. Medical Effects, Symptoms, and Treatments of Radiofrequency 

30 - 300 kHz 

1. References: 

Medlum Frequencres 
High krequenc~es 
Very Hlgh Frequencm 
Ultra High Frequenclcs 

A. Textbook of Military Medicine, Part 111, Volume 2, Chapter 15, 1993. 

300 - 3000 kHz 
3 - 30 MHr 

30 - 30U MHz 
300 - 3000 MHz 

B. National Council on Radiation Protection and Measurements Report No. 86, Biological 
Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields, 2 April 1986. 

C. Institute of Electrical and Electronics Engineers (IEEE) C95.1-1991, April 27, 1992, IEEE 
Standard for Safety Levels with Respect to Human Exposure to Radiofrequency Electromagnef~c 
fields, 3 kHz to 300 GHz. 

D. DODI 6055.11,21 February 1995, Protection of DOD Personnel from Exposure to 
radiofrequency Rodtation and Military Exempt Lasers. 

E. OTSG Policy Letter, Vision and Ocular Assessments of Personnel in Laser and 
Radiofrequency Radiation Environments, 1 l April 1994. 

2. Introduction. The primary concern of exposure to RF radiation is thermal overload. When RF 
energy is absorbed by biological tissue, it is converted to heat. The recognized mechanisms of 
interaction produce thermal effects followng adsorption of RF energy by ionic molecular, andlor 
cellular structures. If the amount of energy adsorbed exceeds the body's ability to dissipate heat, 
thermal stress (thermal overload) or Injury can occur. The energy is dissipated in the body as 



heat that increases body temperature. The body's thennoregulatory system response to dissipate 
thls heat includes increased blood flow, vasodilation, and an ~ncreased sweat rate. The site of 
energy adsorpt~on varies depending upon the orientation of the individual and the &equency of 
the electromagnetic energy. In the upper frequency bands, used by radar and satellite 
commurucation sets, the effect is limited to external organs such as the eyes and the slun. 
Internal organs may be affected at lower frequencies as the result of deep-body heating or 
induced currents. Other factors, which influence individual sensitivity to RF, are the individual's 
unique physiology (especially height, weight, and gender) and the external environment (such as 
temperature and humidity). Furthermore, energy deposition is not uniform throughout the body 
but is a function of the dielectric characteristics of various body tissues. RF excites thermal 
modes in water molecules, hence tissues with high water content such as skin and muscle are 
affected more severely than tissue with a low water content such as fat. 

3. Medical EffectslSymptoms. 

A. General. Current DOD and EEEIANSI national standards for human RF exposure are 
primarily based on the potential for exceeding the body's ability to thermoregulate. That 
threshold of thennoregulation is widely considered from medical research to be 4.0 Watts (W) 
kilogram (kg) of body weight, i.e., heat absorbed by the body (including RF energy absorption) 
or produced by the body that could cause a whole-body specific absorption rate (SAR) of greater 
than 4.0 Wkg could cause biological heating effects. A whole-body specific absorption rate 
(SAR) of 4.0 Wkg is a level one would typically experience from a brisk walk. The actual DoD 
and IEEE RF standards incorporate a ten-fold safety factor stating that personnel should not be 
exposed to SAR's of greater that 0.4 Wkg for whole-body exposure or 8.0 Wkg for partial-body 
exposures, respectively. Actual units of measurement for determining compliance with these 
standards are specified as permissible exposure limits (PELs), e.g., power density (mWIcmZ), 
electric field (voltslm), andlor magnetic field (amps/m[A/m]). 

B. Thermal Effects. During the operation of most RF sources, users may be exposed to levels of 
RF energy many times lower than permissible exposure limits. These levels, however, do not 
stress the thennoregulatory system. Consequently, no effects are observed nor can individuals 
perceive the RF energy being absorbed. With some higher power RF sources, especially at the 
SHF frequencies where the wavelengths are short, personnel can sometimes perceive the 
presence of RF energy. The perception of RF does not imply that an injury has occurred, 
especially when most of the energy is absorbed near the surface of the skin where temperature 
sensors abound. It is expected that many systems' operators will at some time in their careers 
perceive a mild warming sensation near a RF source. The perception of RF energy generally 
occurs at levels greater than but less than 5 times the PELs. At RF exposure levels between 5 
tunes and 10 tlmes the PELs, individuals not only perceive the RF energy but also will feel a 
discomfort in the presence of the field and will naturally shy away from the field. At RF 
exposure levels greater than 10 times the PEL, actual tissue damage may occur- usually in the 
form of erythema, i.e , reddening of the skin as if sunburned. The degree and amount of tissue 
damage can be worse, however, and depends on the RF exposure level obtained, the time 
duration of the exposure, and the frequency of the incident rad~ation. 

C .  RF Shock and Bum Effects. For RF frequencies lower than 100 MHz, shock andor bum 
may result from physical contact with the radiating antenna andlor metallic conductors in close 
proxlmlty to the antenna. These effects may result from e~ther a spark discharge when one is 
close to a RF energized conductor. A RF bum results if enough contact current enters the body 
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through a small cross-section, such as the tip of a finger. Unhke a conventional bum or electrical 
bum, a RF bum can penetrate the skin several mm. A RF shock can also occur from a spark 
discharge. A RF shock will not necessarily produce a RF bum. However, individuals startled by 
a RF shock could injure themselves or someone else while jerking away from the source of a 
shock. The threshold for RF shockhums is a function of the frequency, surface area of the 
contact point and individual sensitivily. 

4. RF Exposure Treatment. 

A. Thermal or RF contact current bums should be treated in a similar manner as conventional 
bums. Although similar, RF bums, whether thermal of contact current bums, are different from 
conventional bums in that contiguous tlssue are not necessarily affected. Which tissues are 
affected depends on the frequency of the incident radiation and the dielectric properties andlor 
water content of the affected tissues. All other reported symptoms such as headaches, nausea, 
fatigue, anxlety, etc. should be treated in convent~onal manners, as appropriate. 

B. Regardless of whether an injury has occurred, per the OTSG Policy Letter, April 1994, if it 
has been determined or suspected through evaluation of the incident that an individual has been 
exposed to RF radiation levels >5 times the PEL, it is also necessary to have a diagnostic ocular 
exam. This exam should be conducted within 24 hours, if possible, and can only be performed 
by an ophthalmologist, optometrist, or physician possessing the necessary skills1 qualifications. 
The diagnostic protocol basically conslsts of review~ng the ocular history of the exposed 
individual (with an emphas~s on previous eye problems and the use of medication, especially 
those with photosensil~zing side effects), a d~stance visual acuity check, and a Slitlamp 
Biomicroscope e~amlnation of the cornea. cnstalline lens and other smctures. The presence or 
absence of opac~ties in the ocular media will be recorded as  a mirumurn. 

C. USACHPPM should be contacted as soon as possible on any suspected overexposures to 
ensure a quick-response lo the Incident and a thorough investigation 
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Glossary of Terms and Acronyms 

ABOs -Agents of b~ological origin. - 
Absorbed dose -The energy ~mparted by 
~onizing radiation per unit mass of ~nadiated 
matenal. The units of absorbed dose are the rad 
and the gray (Gy). 

-US Army Armament and Chemical 
Acquisit~on and Log~stlcs Actiwty. 
ACE - Allied Command Europe. - 
AE - Aeromedical Evacuahon. a - US Armed Forces Medical 
Intelhgence Center. 

- Armed Forces Radioblology Research 
Institute. 
Afterimaee - A reverse conkast, shadow image 
lei? in the v~sual field after a direct exposure to a 
bright light, such as a laser pomter. 
Aidman Vision Screener - Informal test that 
can be used to assess the function of the eye by 
an army medic. 
AIRDC - US Amry Ioninng Radlahon - 
Dos~metry Center. 

- As Low As Reasonably Achievable. 
Alpha oartiele - A type of particle that can be 
em~tted dunng a radloacbve decay. 
A l ~ h a  Probe - A probe used to measure the 
presence of alpha parhcles. 
AMC - US Army M a b e l  Command. 

- Army Medrcal Dcparhncnt. 
AMEDD C&S - Amy Med~cal Department 
Center and School. 
Amsler Grid -Foveal Gnd Test, used to 
detem~ne v~sual ~rregulant~es. 
Anorexin - Lack or loss of the appet~te for food. 
Antibody - A  protein synthesized by an an~mal 
In response to the presence of a foreign 
substance or an immunoglobulin molecule 
synthes~zed on exposure to antlgen, which can 
combine spemfically with that anhgen. 
Antipen - A  substance that can mduce an 
immune response. Rotems, polysaccharides, 
and nucle~c acids are effective antigens. 
&& - Absence of excrehon of unne from the 
body. 

Aohonia - Loss or speech result~ng from dlsease 
or injury to the speech organs. 
Areflexia - Absence of reflexes. 

-Army Training and Evaluation 
RogIam. 
Artbrnleia - Pain in a jomt. 
ASGs - Area Support Groups. - 
&st&& - Lack or loss of strength and energy. 
&y& - Inability to coordinate muscular 
movements. 
ATSDR - Agency for Toxic Substances and - 
D~sease Registry. 
Antonomic - Self -controlling. 

Bacteremia - The presence of bacter~a ln the 
blood. 

- Free-livmng organisms consisting of 
nuclear material, cytoplasm, and a cell 
membrane that divide by simple divis~on. 

- Battalion Aid Stahon. 
BDO -Battle Dress Overgarment. - 
BDU -Battle Dress Uniform. 
K ~ a r l i c l e  -An electron emitted h m  a 
nucleus during a radioachve decay. Beta 
radiation e a shn hazard in addition to being an 
lntemalha7ard. 

- Rad~ological bloassay is the 
deternunahon of the hnd, quantity, or 
concentration and location of rad~oact~ve 
material in the human body by direct 
measurement or analysls of materials excreted 
or removed from the body. 
Bioloeical Aeent - A microorganism (or toxln 
derived from it) which causes dlsease in man, 
plants or an~mals or which causes deteriorat~on 
of material. 
Bioloeical Defense - Biolog~cal defense 
comprises the methods, plans and procedures 
involved m establish~ng and executing defenswe 
measures against. 
Bioloeical Wearon - An Item of matenal that 
projects, d~sperses, or d~sxnunates a b~ologIcal 
agent; includmg arthropod vectors. 
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Blenharosnssm - Uncontrollable wmk~ng 
caused by mvoluntary contractlon of an eyelid 
muscle. 
BLPS - Ballistic I Laser Eye protection. 
Bradycardia - Abnormally slow heartbeat. 
Broken Arrows -An accldent mvolvlng nuclear 
weapons. Wh~le  it is almost ~mposs~ble for the 
warhead to acc~dentally detonate, the acc~dent 
may spread rad~oactwe contammatlon over a 
wide area. 
Bronchitis - Acute or chron~c mflammauon of 
the mucous membrane of the bronch~al ~ b e s .  
Bubo -Inflammatory swellmg of one or more - 
lymphnodes, the confluent mass of nodes 
usually suppurates and drams pus. 
Bubonic - Charactenzed by or penaming to 
buboes. 

- Biological Warfare. 

Calcium Hy~ochlorite - A decontammant to be 
used only ~f STB is not available. 
CAM -Chemical Agent Mon~tor - 
CARM - Chem~cal agent rcnstanl maternal - 

- NavyMarine Corps Chermcal 
iBiologxal Incident Response Force. 
CBPS - Chemcally and B~ologcally Protected - 
Shelter. 
CDC - Centers for Disease Control and 
Prevent~on. 
CFR - Code of Federal Regulations. - 
CG -Phosgene. - 
Chemical Aeent - Substance that IS ~ntended 
for use m mdltary operations to k~ll,  seriously 
injure or lncapacltate people because of ~ t s  
physiological effects. Excluded from this 
definition are not control agents, herbic~des, 
smoke, and flame. 
Chemical Dosimeter - A type of dos~metm that 
uses a chem~cal change to measure the rad~at~on. 
Chemo~rorbvlaxis - Admm~strat~on of a 
chemlcal to prevent the development of an 
~nfectlon or the progression of an mfect~on to 
actwe manifest d~sease. 

Cbemotbenny - use of a chemical to cure a 
clm~cally recogmrable d~sease or to limt further 
dlsease progress 
CHI. - Combat Health Log~st~cs. 
Cfflamvdia - A genus of the famrly 
Chlarnyd~aceac occumng as two specles wh~ch 
cause a wdc  vancty of d~seases In man and 
anmals. Obl~gatory mtracellular parasites that 
grow only within hnng cells. 
Choroid - Highly vasculmud layer of eyeball 
wh~ch l~es  between the reuna and the sclera. 

- Sec USACHPPM. 
CHS -Combat Health Support. - a - Crnml htclllgence Agency. 
C M C  - Commandcr(s) m Chlef. - 

- Chloroacctophenone, a ~mtant  agent. 
COLPRO - Collective protection. 

COhlWZ - Commumcat~ons Zone. 
Couiunctivd - Pmamlog to the conjunctwa. 

- The cornea 1s the transparent front 
part of the eye that separates it from the air. 
COSCOM - Corps Support Command. 
CP DEPMED -The Cbem~cally Protected 
Deployable Med~cal System. 
CS - Combat Support. 

- 0 Chlombenryl~dene Malononlhlle, a - 
lrntant agent. 
CSR - Combat S h e s  Reaction. - 
CSS - Combat S m c e  Support. - 
Cutaneous - Perta~nmg to the skm. 
CW - Chemical Warfare. - 
CW - Contmuous wave. - 
CX - Phosgene oxlme. - 
Cvanosis - Bluish d~scoloration of the skin, 
caused by inadequate oxygenation of the blood, 
ewdent when reduced hemoglobin in the blood 
exceeds 5g per lOOm1. 
a - Combat Zone 

- Deparhncnt of Army 
Dazzle - A temporary loss of vmon or a - 
temporam reduct~on In b~sual aculty due to 
exposurc to a bnght hght source 
DCA - Dnis~on Cleanng Stat~on 
DE - Drectcd Energy - 
Defetvescence - The m o d  of abatement of 
fever 



Defoliant - Chemical used to k~ll plants and 
trees. 
Denleted llrsnium - A  mixture of uranlum 
metal used In armor plerclng rounds and In tank 
armor. 
DEPMED - The Chemically Protected 
Deployable Med~cal System. 
Dermatitis - Inflammahon of the shn. 

- Drrected Energy Weapon. 
DIA -Defense Intelligence Agency. - 
Dia~horesiq - Perspiration, espec~ally profuse 
perspiration. 
Dinthesis - Condition In whlch tlssues reacts m 
speclal ways to certain extrinsic stimuli and thus 
tends to make the person more susceptible to 
certam d~seases. 

- Double vlslon. 
Divereence - A description of how fast a laser 
beam spreads over distance. 
DLA -Defense Logstics Installat~ons. 
DNg - Disease and Non -Battle Injuries. 
Dosimeter - An instmment for measuring the 
total amount of radiation absorbed in a gven 
time. Worn by an individual to record the 
exposure of that person to rad~ation. 
DSA -Division Support Area. - 
DSWA - Defense Spec~al Weapons Agency. 
DTRA -Defense Threat Reduct~on Agency - 
DU - Depleted Uranium. DU 1s a rnlxture of - 
uranium metal used in armor p~ercing rounds 
and In tank armor. 
Dvsarlhrla - Imperfect articulation of speech 
due to drsturbances of muscular control whlch 
result from damage to the central or peripheral 
nervous system. 
Dvsohama - D~fficulty m swallowing. 
DvsDhonia - Any lrnpalrment of voice. 
Dvsoae. - bfficult or labored breathing. 

EAC -Echelons above corps - 
Ecchvmoses - Small hemorrhagic spots m the 
skin or mucous membrane forming non - 
elevated, rounded or megular, blue or purplish 
patches. 
E,&gg - The presence of abnormally large 
amounts of fluid m the intercellular tlssue 
spaces of the body. 

E m  - En+ Ldccd Imm~osorbent 
Assay. An ~mmunologwal test that uses enzyme 
-11nked antiglobul~ns and substrate bound to the 
walls of polystyrene tubes. 
Fmesis - Vomlt~ng. 
EMP - Electromagnet~c Pulse 
Endemic - Constant presence of a disease or 
mfectious agent within a given geographic area. 
The usual prevalence of a given disease within 
such an area. 
Enterotoxin -An exotoxin produced by certam 
species of bacteria that causes various diseases. 
Toxm spec& for the cells of the mteshnal 
mucosa. 
E n m e  linked immunosorheut assay - See 
ELISA. 

- Environmental Protection Agency. 
E~idemic - Occurrence in a commumty or 
region of cases of an illness or outbreak clearly 
In excess of expectancy. 
E~ididvmo -orchitis - Inflammahon of the 
epididymls and testls. 
Eoistallis - Nosebleed; hemorrhage from the 
nose. 

- Any disease of animals that attacks 
many an~mals In the same area. 
Eructation - An act of belching. 
Ervthema - A redness of the dun. 
a - Pertaining to the cause of disease. 

- Soluble toxins, usually produced by 
gram-positwe bacteria that have a specific toxic 
effect. These toxic substances are found outside 
the bacter~al cell, or free in the culture medlum. 
Far - See mfrared. 
Fasciculations - A small local contraction of 
muscles, visible through the shn, representing a 
spontaneous discharge of a number of fibers 
~nnervated by a single motor nerve filament. 
FDA - Food and Drug Administration. - 
Fission - A nuclear process In which a heavier 
nucleus dlvides or spits Into two or more hghter 
nuclei. 
@& - Weak, lax, and soft. 
Flashblindness - A temporary visual 
mterference effect that oersists after the source 
of ~llumrnation has been removed. Thls is 
similar to the effect produced by flashbulbs, and 
can occur at exposure levels below those that 
cause eye damage. 
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Fluetuaut - Showmg varylng levels. 
Fomite - Objects that poss~bly harbor a disease - 
aeent and are c a ~ a b l e  of lransm~ttrne that 
d~sease (clothmg, utensils). 

-Fragmentary order. 
Fulmlnant - Sudden, severe. 

- Primitive plants wh~ch do not u t ~ l ~ u  
photosynthes~s and are capable of anaerob~c 
prowth. Most fung~ form spores. 
Fusion - Generally regarded as the oppos~tc of 
fiss~on. The joining of nucle~ to form a heaner 
nucleus. 
GZ - See S2IG2. - 
G5 - See S5iG5 - 
GA - Tabun. A nerve agent. - 
QIAJ& - Gallium -Alum~num -Arsen~dc 
(LASER medium). 
Gamma Photon -Electromagnetic radiat~on 
onglnatlng from the nuclei of decaymg atoms. 
G B  - Sann. A nerve agent. - 
GD - Soman. A nerve agent. - 
Geieer Counter - An instrument used for 
detectina radiation. 
C;cnome - Ihr  cnmplete sct or herrd~tary 
factors, a5 c o n l a n d  In the haploid a%<ortment 
of chromosomes 
Glare - The temporary loss of vwon due to 
exposure to a br~ght hght source. Vwon returns 
to normal soon after the hght source IS turned 
off. 
Gram-stain - dwides most hactena Into two 
groups. Tke gram-reactlon depends on the 
abhty  of certain bacter~a (Gram-posit~ve) to 
retam a complex o f a  purple dye and ~odrne 
when bnetly washed with alcohol Grarn- 
posltive bacter~a protect the~r mmbrane u ~ t h  a 
t h ~ k  cell wall made ofoeorldodvcan Gram . . - 2  

negatlve bactena do not retam the dye and can 
be counterstamed red. 
Grav (Gy) -The SI unit of absorbed dose. One 
gray IS equal to an absorbed dose of 1 J kg : 
(1 00 rad) 
H - Mustard. A bllster agent. - 
IlallLife - The t m e  ~n wh~ch half ihc atoms of 
a part~cular radwact~ve substmce dm~ntegrate to 
another nuclear form. 
HAZMAT - Hazardous Material. 
Hematoeenous - Produced by or derlved from 
the blood 

Hematnria - Blood in the unne. 
Hemahsis - Scparat~on of the hemoglobin from 
the red blood cells and 11s appearance m the 
PI- 
KY - Host Nat~on - 
Host XaQo - A natlon that recaves the forces 
andor supplm of all~ed natlons andlor NATO 
to be located on, or to operate m, or to m s ~ t  
through m tcmtory. 
HSS - Health Scmce Suppon. - 
HTH - See Calc~um Hypochlorite. - 
Hyreremia - An excess of blood In a part. 
Hv~er teus ioo - Persistently high artenal blood 
pressure 
H + w u l u i a  - Incomplete development or 
underdevelopment of an organ or tlssue. 
H w t e n s i o n  - Abnormally low blood pressure. 
H ~ w v o l e m i a  - Abnormally decreased volume 
of c~rculatmg flrud In the body. 
Hnmxemia - Defic~ent oxygenation of the 
blood (bypoxla). 
Hypoliia - Low oxygen content or Lenslon. 

L 

- Intemat~onal Council on Radiological 
Protection. 
Ieterus - Jaundice. 
lleus - Obstruction of the ~ntest~nes. - 
Immunity - The resistance usually associated 
with presence of ant~bodies or cells having 
specific actlon on the microorganism concerned 
w ~ t h  a part~cular mfect~ous disease or its toxin. 
Immunoassay - The measurement of ant~gen - 
antrbody mteractlon. 
Immunoelobulin -The class of glycoprotems 
w t h  ant~body actwity. 
Incubation ~ e r i o d  -Time interval between 
tnttlal contact wlth an mfectious agent and 
appearance of first symptoms of the disease. 
ISD - Invest~gat~onal New Drug. - 
Infarction - An area of coagulation necrosis In 
a tlssue due to local ~schemla resulting from 
obstrucr~on of c~rculaf~on to the area, most 
commonly by a thrombus or embolus. 
Infection - Ento and development or 
mult~pl~catlon of an mfect~ous agent m the body 
of man or anlmals lnfect~on 1s not synonymous 



with ~nfect~ous d~sease, result may be lnapparenl 
or man~fest. 
Infectious aeenl - Organwn (vlms. rickettsia. 
bacrena. fungus. protozoa. or helmlnth) that IS 

capable of producmp mfectton or ~nfect~ous 
dlsease 
Inhct iv ih  - Producing or capable of productng 
~nfectlon. 
Infrared - Infrared radlat~on 1s radiation with 
aarelengths between 760 nanometers I 
millimeter Most of the lasers and nlght vlsion 
dewces used by the A m y  operate In t h ~ s  regton 
Investienlional Sew Drug - A drug that has not 
recewed full FDA appro\.al and can only bc 
used wlth wnncn approval ofthe patlent. 
10C - lndusmal Openuons Command. - 
lonizine radiation - Rad~auon that has 
suffic~enl energy to r m v e  electrons from 
atoms 
IPE - Indnidual Protective Equ~pment. 
IR - See Infrared. - 
Irradiance - The power per unlt of energy 
produced by a laser transmttted to the surface of 
the skm, eye, or into the eye. 
Isotope - Atoms of the same element may have 
d~fferent numbers of neutron III their nucle~, 
these are called Isotopes of the element. Tritium 
is an lsotope of Hydrogen. 

LjL& 

J - Joules. A measure of energy. 
Labile - Chem~cally unstable. - 
Lacrimation - The secretion and discharge of 
tears 
LASER - L~ght Ampl~ficatton by Stimulated 
E m ~ s s ~ o n  o i R a d ~ a t ~ o n  
Lens - A transparent. b~con\ex, nearly spherical 
body In the cye which focuses ltght passlng 
through the pupd (images) onto the retina. 
L e u k o ~ e n i a  - Reduct~on In the number of 
leukocytes (wh~te  blood cell) In the blood, the 
count bemg 5000 or less. 
LLR -Low Level Radiat~on - 
Lvm~hadeni t i s  - Inflammatton of lymph nodes. 

.Macro~haee - Any of the large, h~ghly 
phagocyt~c cclls occumng In the walls of blood 
vcswls and In loose connectwe tlssue. 
&g& - D~scolored spot on the s h n  that 1s 
not elevated above the surface. 
MCDM - Med~cal Chenucal Defense Material. 
MEDCOM - U S  Army Medlcal Command. 
Mediastind - Pcrta~n~ng to the m e d m  septum 
or panltmn 
Mclen.- Thc passage o i d a r k  p~tchy, and 
grunwus stools statncd with blood pigments or 
w t h  altcmd blood 
Yenineitis - lnflammatton of the mcnlnges (the 
membranes that envelop thc bntn  and sptnal 
cord). 
METT -T - M ~ s s ~ o n ,  enemy, tenam, hoops, and 
tlme available. 
Micturition - Urtnation. 
Miosis - Conhactton of the pup11 

- Mission Orientated Protective Posture. 
- Memorandum of Understanding. 

MRAIMSA - Mid -range agents i m ~ d  spectmm 
agents. 

- See USAMRICD. 
- See USAMRIW. 

MSMC - Main support medical company. 
M T F  - Medical Treatment Faciltty. 

- Modtfied Table of Organmtion and 
Equ~pment. 
Muscariuic effects -Relating to, resembling, 
producing, or mediating the parasympathetic 
effects such as a slowed heart rate and ~ncreased 
acttnty of smooth muscle. 
&&&-Pam in the muscles. 
Mvdriasis - Exheme or morbid dtlat~on of the 
pupil. 
Mvonecrosis - Necrosis or death of indwidual 
muscle fibers. 

tt 

NAAK M a r k  1 -Nerve Agent Antldote Kit. 
NAIRA - Nuclear Acc~dent and Inc~dent 
Response and Assistance. 

- Nerve Agent Pre -treatment Tablets 
(also referred to as NAPS). 

- North Atlantic Treaty Organ~zat~on. 
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NCRP - Nat~onal Council on Rad~ation - 
Protection and Measurements. 
Nd:YAG - Neodymium:Yimum -Aluminum - 
Gamate (LASER med~um). 
Near-IR -See mfrared. - 
Necrosis - Death of tissue, usually as mdividual 
cells, groups of cells, or m small locallzed areas. 
Necrotif - Perta~nrng to or charactenzed by 
necrosis. 
Neurooathy - A general term denoting 
funct~onal disturbances andlor patholog~cal 
changes in the peripheral nervous system. 
Neotroq - An electrically neutral pamcle 
assoc~ated w~th the nucleus of an atom and 
havrng an atomlc mass number of 1, and symbol 
n. 
Nieotinie - Relatmg to, resemhlmg, producing, 
or mediat~ng the effects produced by nicotine on 
nerve fibers at autonomic ganglia and at the 
newomuscular junctions of voluntary muscle 
wh~ch increase activity in small doses and 
inhibits ~t In larger doses. 
nm -Nanometer (1 billionth of a meter). - 
NOHD - Nommal Ocular Hazard Distance. 
Non -ionizine Radiation - Radiation that has 
insuffic~ent energy to remove electrons from 
afoms. Laser and Rad~ofrequency rad~ation is 
considered non-ionmng radiation. 
Non-oersistant - Non-pers~stent chemical 
agents d~sperse rap~dly after release and present 
an immediate, short duration hazard. 
NRC - Nuclear Regulatoly Commss~on. 
NSN - Nat~onal Stock Number. - 
Nuclei - See nucleus. 
Nucleus - The center of an atom conslstlng of 
protons and neutrons. 

Obtundation - Dull~ng 
OEG - Operat~on Exposure Gu~dance - 

- Secret~on of a d~mmshed amount of 
unne In relation to the flu~d mtake 

- Operabans Other Than War 
Orthoones - D~fficult breathmg except m an 
upnght posltlon 
OSLR - Operat~onally S~gnlficant Level of - 
Rad~at~on 

Osteomvelitis - Inflammation of bone caused by 
a pyogenic organism. 
OTSG - The US Army Office of the Surgeon - 
General. 
Pallor - Paleness; absence of skin color. - 
Ppnous - Superfic~al vascularization of the 
cornea with infiltration of granulation tissue. 

- A small circumscribed, superficial, 
sohd elevat~on of the skin. 
Parenchvma -The essenhal elements of an 
organ; used in anatonncal nomenclature as a 
general term to designate the functional 
elements of an organ, as d~stinguished from its 
framework. 
-ty - The capability of an infectious 
agent to cause disease in a susceptible host. 
PB - Pyridostigmine Brom~de. - 
PCPS - Portable Collective Protection System. 
PEL - Permiss~hle Exposure Limit. - 
Persistancy - Persistent chem~cal agents 
contmue to present a hazard for considerable 
periods after dehvery. 
Petechiae - Pinpoint, nonraised, perfectly 
round, purphsh red spot caused by mtradermal 
or submucous hemorrhage. 
Photoohohia - Abnormal visual intolerance of 
light. 
Pleural - Pertaining to the serous membrane 
mvestmg the lungs and lining the thoracic 
cavlty. 
Pneumonic - Pertaming to the lung or to 
pneumonia. 
POC - Point of Contact. 
Power Densih - See hadiance. 
Prodrome - A symptom mdicat~ng the onset of 
a disease. 
Prostration - Extreme exhaustion or 
powerlessness. 
Ptosis -Prolapse of an organ or part. - 
Pustule - A vis~ble collection of pus withm or 
beneath the epidenms, often in a hau foll~cle or 
sweat pore. 
PVNTMED - Preventwe Medmne. 
Qnarantine - Resinct~on of acovif~es of persons 
who have been exposed to a commun~cable 
d~sease dunng the penod of commun~cab~l~ty In 
order to prevent disease transnnsslon dunng the 
incubation period. 
RADCON - Radiological Control Team. 



Radiaoactive w t o ~ e s  - Isotopes of a glven 
element that are rad~oact~ve 
Radioactive decav -The process wherem 
rad~oact~ve lsotopes emlt lontzlng rad~at~on and 
transform Into dfferent elements 
Radioactrvity - The property possessed by 
some elements (as uranium) or  soto opes (as 
cardon-14) of spontaneously cmlttlng energetic 
part~cles such as alpha or beta pan~cles. often 
accompan~ed by gamma rays. by the 
d~smtegrat~on of the~r atormc nuclel 
Radioisotow - See rad~oact~ve  soto ope 
Radionucleide - Set rad~oactwe sotope 
Rales - Abnormal rcsplratory sound heard m - 
ausculfat~on, and ~nd~catmg some patholo@cal 
cond~t~on 
RTAM - Radrolog~cal Advlsory Med~cal Team 
RDD - Rad~at~on D~spersal Devlce - 
RDW - Radlat~on D~spcrsal Weapon - 

- Radlahon Emcrgency Assrstance 
CenteriTra~n~ng S~tes  
RES - Rad~atlon Exposure Status - 

- The back lns~de portlon of the eye 
where lmagcs are formed 
Retrosternal - S~tuated or occurring beh~nd the 
Stemum 
RF - Rad~ofrequency - 
Rhiuorrhea - The free d~scharge of a thm nasal 
mucus 
Rickettsiae -Organisms tha~  have metabol~c 
enzymes and ccll membranes but only grow 
w ~ t h ~ n  living cells. 

- Chills. 
MID - See USAMRIID. - 
ROTA - Releases Other Than Attack. - 

- Reverse Osmos~s Water Punficat~on 
Un~t. 

- Radiat~on Protect~on Officer. 
RSO - Rad~at~on Safety Officer. 
E- Real Time Analysis Platform. 
RTD - Return to duty. - 
RTM -Real Tme  Monttors. - 

SZIG2 - Intelhgence section on the command - 
staff of the un~t. 
S51G5 - Cwil Affairs sect~on on the command - 
staff of the unit. 

Sacroiliitn - Inflammat~on In the sacrodlac 
jolnl 
SAR - Spec~fic Absorpt~on Rate - 
SATCOM - Satellite Communlcatlons 
SBCCOM - Sold~er and B~ologlcal Chem~cal 
Command 
SCBA - SelfConlamcd Breathmg Apparatus - 
Sclera - T k  tough wh~te outer coat of the - 
eyeball 
Srotom. - Blmd or dark spot In the v~sual field 
SeDllcermc - Pcrra~nmg to a systemlc dlwase 
aswx~ated w~th  thc presence and pers~stence of 
pathogen~c mlcrmrganlsms or them loxm In the 
blood 
Scalrel.e - Any les~ons or affections followmg 
or c a u d  b) an attack of d~wase 

- Standmg Opcratlng Procedures 
SSCOM - Sold~cr System Command - 
STANAG - See NATO STANAG 
STB - Supcr Trop~cal Bleach A - 
decontarmnant 
Sternmutor - A substance that Irritates the 
nasal and resplratory passages and causes 
coughmg and sneezmg 
Stridor - A harsh, h~gh  -p~tched resplratory 
sound such as the msplratory sound often heard 
In acute laryngeal obstruct~on 
Subretinal hemorrhaee - A collect~on of blood 
between the retma and the chorold 
Svnarses - The anatom~cal relat~on of one nerve 
cell to another 

r. 
- Theater Army 

TAACOMs - Theater Army Area Commands 
Tachvcardia - Excesswe rapld~ty In the actton 
of the heart 
TAML - 520'~  Theater Army Med~cal 
Laboratory 

- US Amty Technical Bulletm 
TEMPER Tent - An expandable lmed tent 
Tenesmus - Strammg, espec~ally Ineffectual and 
pamful stralnlng at stool or In urlnatlon 
Thrombocvto~enla - Decrease m the number 
of blood olatelets 
~h rombbs i r  - ' h e  format~on. de\.elopment, or 
presence of a thrombus (clot) 

- TOXIC lndustnal Chem~cals. 
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TIM -TOXIC Indushlal Matenal. - 
TLD - Thermolum~nescent dos~meter. 
TOE -Table of Organ~zat~on and Equipment. - 
Toxic Industrial Chemicals - Chem~cals from 
mdushlal processes that pose hazards to 
indwiduals. 
Toxic lndustrisl Material - Mater~als such as 
chem~cals and rad~oact~ve mater~al from 
mdustr~al processes that pose hazards to 
mdlv~duals. 
Toxin - A poisonous substance produced or 
denved from lwng plants, ammals, or 
microorganisms; some toxins may also be 
produced or altered by chem~cal means. In 
many aspects, they are comparable to chemcal 
agents. 
Tritium - A rad~oact~ve Isotope of hydrogen. 

- -  - - -  

Ultraviolet - Ulhavlolet rad~at~on is radiation 
w~th wavelengths between 180 -400 nanometer. 
USACHPPM -US Army Center for Health 
Promot~on and Preventwe Medmne. 
USAIRDC -US Army Ionizing Rad~ation 
Dosimetry Center. 
USAMRICD - US h y  Med~cal Research 
Institute of Chem~cal Defense. 
USAMMID - US Army Medical Research 
Inst~tute of Infectlous Diseases. 
USANCA - US Army Nuclear and Chem~cal 
Agency. 

- See Ultrav~olet. 
Vaccine - A wspenslon of lwing or mact~vated 
organisms used as an antlgen in order to confer 
~mmumty. 

Vector - A carner, especially the anlmal wh~ch 
transfers an infective agent from one host to 
another. 
Vesicant - Causmg blisters. 
Viremie - The presence of viruses m the blood. 

Virulence - The depee of pathagenlcity of an 
infechous agent, indicated by case fatallty rates 
andlor ds abihty to invade and damage tissues of the 
host. 
Virus - Organisms cons~sting of RNA or DNA 
surrounded by a protective proteln shell whlch 
requlre livmg cells to repl~cate. They are 
dependent on the host cells energy y~elding and 
protein synthesizing apparatus. 
Visible Light - Visible is radiat~on with 
wavelength between 400 - 800 nanometer. 
Vitreous hemorrhaee - A collection of blood 
w~thm the vitreous humor. 
Vitreous humor - A jelly-hke substance that 
fills the area ofthe eye behveen the lens and 
retma. 
W - Watts. A measure of power. - 
Waveleneth -The distance between the peaks 
of any two comecutwe waves. 
WHO - World Health Organizat~on - 
WMD - Weapons of Mass Destruct~on. 

- Walter Reed Army Institute of 
Research. 
WRAMC -Walter Reed Army Medical Center. 
X - Elechomagnet~c rad~ation originatmg 
from the elechon shells surroundmg atoms. 
Zoonosis - an infection or infectious disease 
transmissible under natural cond~t~ons from 
vertebrate animals to man. 
Zoonotic - Pertaining to disease of an~mal that 
may be transmitted to man. 
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ANIPVS4. A-8. A-9 

ANNVG-I, A-8, A-9 
ANNVG-2, A-6, A-8, A-9 
ANNVG-3, A-8, A-9 
Analgeac, 5-22, A-13, A-15 
Anatoxin A, 4-7,4-21 
Animal, 2-5,4-5,4-15,4-17,4-18, 4-19, 4-28,4-31, 

4-32,4-34.4-35,4-36,4-38.4-39 
Anorexla, 2-27, 2-33,4-32,4-35, 5-24 
ANSI, 3-29, A-5, A-6, A-7, A-25 
Antennas, A-24 
Anthrax, 1-9,4-5,4-7,4-9,4-20, 4-22.4-27,4-28, 4- 

29.4-30.4-31. 6-1 1 

~ntichoimer~ic,  5-22, 5-38 
Anticholmesterase, 5-22 
Ant~convulsants, 5-29, 5-32 
Ant~emetics, 2-29 
Ant~gen, 4-17.4.31, 6-11, 6-12, 6-13 
Antim~crobial, 4-17,4-22, 4-23,4-24.4.25 
Amsera, 4-22.4-23.4.24, 4-25 
Antltaxin, 4-27,4-32 
Antiviral, 4-16,4-27 
Anuna, 4-36 
Anxlety, 5-17, 5-25, 5-40, A-23, A-26 
AOC, 7-1,7-7 
Aphorua, 5-24 
Areflexla, 5-25 
Arenavirus, 4-20,4-2 1 
Argentine hemorrhagic fever, 4-20,4-29 
Arsenlc, 5-9, 5-10, 5-12, 5-25, 5-35 
Arsenicals, 5-8, 5-9, 5-12, 5-33 
ARTEP, 1-7 
Arthralgia, 4-29, 4-32 
Asthenla, 4-39 
Ataxla, 5-25 
Atmospheric, 2-20, 3-5, 3-21,4-6, 4-16, 5-19, 5-51 
Atropine, 4-1.4-30, 5-18, 5-22, 5-29, 5-32, 6-23,6- 

24 
ATSDR, 543,7-I 1 
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AVENGER. A-8, A-9 
BA, aec Btologml Agent 
Biicdiirr anrhmcv. see Anthrax 
Bacterem~a. 4-39 
Bactcna,4-I. 4-16.1-17. 4-20.4-22.4-32. 6-11, 6-12 
B a n m  nursmg. 4-12.4-14.4-27 
Battalm. 3-3. 3-3-. 5-14. 6-23. 6-2? 6-22 
Bank Dress L n l i o n  1-15. 1-16 
Battledress O\rrgarmcnl 6-30 
BD, see B~oloycal  Defcnrc 
BDO, see Banledreri O\erganncnt 
BDC, see Battle Dress L-nlform 
Beryllium. 2-13 6-10 
Beta panlcler. 2-19. 2-20. 3 ~ 9 .  3-13, 3-14 3-22. 1-23. 

3-28. 3-29. 3-31. 3-32. 3-35. 3-3. 3-39 340 .  3- 
41, 3-42. 3-43. 3-44, Mi. 3-16, 6 ~ 6 .  6--. 6-S. 6- 
9, 6-1 1. 7-8 

BIDS, 1-4. 1L10, 4-2. 4-4. 4-1'. 4-19, 6-1 6 ~ 1 3  
Bmuasay, 3.1, 3-15, 3-18. 3 ~ 1 9  3-36 3-16 6-1. 6-11. 

6-12 
B d o g ~ c a l  Agent, 1-3. 1-8. 1-9. 1-10, 3-3. 4-1. 4-2.4- 

5, 4~6 .4 -7 ,  4-8.4-9. 4-10.4-11. 4-12, 4-1?.4-1.1 
4-15.4-16, J-I?.-I~lR.  4-19. 4-20, .I-?-. 1-25.4- 
30,4-31, 5-9. 6-12. 6 ~ 1 3 ,  6-25. 6 ~ 2 9 .  6-50. 6-32 

Biological anack. 1-4. 4-2. 4-9. 4-12.4-15. 4-34. 6 
13 

B~olog~cal  Defense, 4-15.4-27, 7-3 
Bdogical  Integrated Detect~on Systcm rce BIDS 
Bmlogical Warfare, 1-2, 1-9, 2-5.4.1 4-1 4-3.4-1. 

4-5,4-6.4-7,4-9,4-10.4-1 1.4-12.4-13.4-14.4- 
15, 4-17,4-18, 4-19,4-20, 4-21.4-2- 4-29.4- 
31, 4-32,4-33, 4-34.4-35. 4.36.4-36. 4.39. 6- 
12. 6-29. 7-10 

B~olog~cal  weapon, 1-2, 1-3, 1-5, 1-6,4-I, 4-2,4-15, 
4-7,4-16, 4-31,4-37, 8-15, 5-18 

Blast, 1-11, 2-2, 2-6, 2.17, 2.18, 2-19, 2-20, 2-21, 2- 
75  -- 

Blister agent, 1-2. 5-1, 5 ~ 7 ,  5-10, 5-1 I ,  5-15. 5-20, 5- 
71. 1-32, 5-33. 5-34, 6-16. 6-17, 6-18, 6-19, 6- 
20. 6-21 6 ~ 2 i .  6-29 

Blood agent. 5-1. 5-20. 5-21. 5-36. 6-1s. 6~23 .  6-29 
BLPS. A-2. ..\-IS. A-19. A-21 
Bollrlan hemonharc h e r .  4-20.4-29 

38. 5-22. 5-25, 5-31 
BoNlmum loxin. 4-7. 4.2 I. 4-21. 4-27. 4-28.4-29.4- 

30. 4-31, 4-32. 6-1 1 
Bomhsrn, 4-2 1, 4 3 1 
Bradycardia, 5-22 
Bromne, 5-7 
Bromoacetone, 5-41 
Bromobemylcyamdc. 5-20, 5-21, 5-22, 5-23, 5-24, 5- 

25, 5-26. 5-27. 5 4 1  
Bronchit>s, 5-24 
5,-mellrr. see Bruccllor~s 

Bmcellos~s, 4-7, 4-20, 4-22, 4-27, 4-28, 4-29, 4-30, 
4-32, 6-1 1 

Bubo, 4-34 
Bubonic. 4-5. 4-28.4-34 
Buddy-ald. 1-9. 6 2 4  
Bun)a\tnrr. 4-20 
Burhholderio mallrr, see Glanders 
B u m ,  2 ~ 1 .  2-2. 2-3. 2-6. 2-7, 2-11, 2-17,2-22, 2-27, 

2-28. 2-33. 5-35. 542 .  5-50. 5-51, 5-52, A-3, A- 
10. 4-12, A-l3.A-I4.A-18. A-22.A-26 

Burst. 2-6. 2-12, 2-16, 2-17, 2-18, 2-19, 2-20. 2-21, 
3 4 .  5-5. 5 1  7. 6-5 

BW. ur B~olagncal H ' d w c  
BZ. ict 3-qu~nuclbdm)l benztlatc 
C.A. see Bromobenrrlcvanrdc 

Calclwn hypahlonte. 6-23. 6-27 
CAM. rrr Chrrmcal Agent Manltar 
CASA. 6-2.6-24 
Cannabmal. 5 4 0  
C4PDS. 6-2. 6 2 2  
Carbamtc anncholmertcraw. 5-29 
Carbon. 3-8. 343 .  5-17, 5-38. 5 4 5 ,  5-53, 5-54, 5-55, 

A-8. A-18. 6 3 0 .  6 3 1  
Carbon rmnondc. 5-16. 5-51. 5-52, 5-53, A-8 
Casualnes, 1-1. 1-3. 1-7, 1-9, 1-10, 1-11, 1-13, 1-14, 

1-17. I-18. 2-1. 2-2. 2-5. 2-6. 2-7. 2-9. 2-11, 2- 

I'. 5-18, 5-20. 5-28. 5-32. 5-34. 5-35. 5-36. 5 . . . . 
37, 5-38, 5-39, 5-41, 5-43, A-3, 6-23,6-32, 7-10 

CBIRF, 4-17, 7-2, 7-7 
CBPS. 6-3. 6-32 
CDC, 1-10,4-20, 4-32, 7-2, 7-10. 7-11 
Central Nervous System, 2-26,4-34, 5-25, 5-29, 5- 

30. 5-32. 5-36. 5-37, 5-38 
Ccnum 3- 16 
Cerlum 3 4 .  3-5.3-6, 3-7, 3-8, 3-13, 3-15, 3-16, 3-43 
C F R  3-30. 3-18, 5-19 
CG, uc Phorgcnc 
Chamofcustody. 1 4 ,  1-10. 4-19 
Charrod filtcrr. 3-36 
Chelanng. 3-12. 3 4 6  
Chenucal Agent Monitor. 1-15. 1-16, 3-13, 3-44, 5- 

28. 6 1 ,  6-10, 6-14.6-17, 6-18. 6-20, 6-22 
Chemlcalagent, 1-2, 1-3, 1-8, 1-10, 1-12, 1-15,4-8, 

4-11.4-13.4-16.4-17.4-29.4-35. 5-1. 5-2. 5-3. 



INDEX 

Chemml School, 7-1, 7-4, 7-5 
Chemrcal warfare, 1-2, 1-10, 1-15, 2-5,4-12, 5-13, 5- 

15, 5-18, 5-46, 5-48, 6-17, 6-18, 6-20, 6-21, 6- 
22, 7-10 

Chemcal weapons, 1-2, 1-3, 1-5, 1-6, 1-7, 1-14, 5-3, 
5 4  

Chemoprophylax~s, 1-1 1,4-13.4-35 
Chkungunya Fever, 4-20,4-25.4-29 
Chlamyd~a, 4-1,4-17,4-20,4-23 
Chlormatmn, 4-6, 5-10, 5-13 
Chlanne, 1-6, 1-15,4-7,4-13, 54 ,  5-7, 5-10, 5-13, 5- 

26, 5-37.5-44, 5-52 
Chloroacetophenone, 1.2, 5-20, 5-21,5-22, 5-23.5. 

24, 5-25,5-26, 5-27, 5-41,542 
Chlorop~cnn, 5-20, 5-21, 5-26,5-27, 5-37 
Chlarosubhomc acld. 5-50. 5-51 

~ h a l e r i  4-7.4-20,4-22, 4-27,4-28,4-29,4-32.4-33 
Choroid, A-11, A-13 
CHPPM, see USACHPPM 
CIA, 1-5 
CINC, 4-13,4-14, 6-24, 6-25 
CK, see Cyanagen chloride 
Class 1, A-7 
Class 2, A-7 
Class 3, A-7 
Class 4, A-7 
Cltmate, 1-8, 5-7 
Closhidum, 4-7, 4-21,4-24,4-31,4-33 
Closrridum botulmum, see Botulwm 
Closrri~lum perflingens, 4-7,4-21, 4-24 
Closnidum tetanr, see Tetanus 
CN, see Chloroacetophenone 
CNS, 2-28, 2-33, 2-36, 5-20, 5-26, 5-27, 5-31, 5-38, 

5-39, 5-40, 5-53 
Cobalt, 3-4,3-6.3-7,3-8,3-13,344,5-37 
Cocctd~oides ~mmitis, see Coccidioidamycos~s 
Coccidlo~domycosis, 4-21 
Collcctlve protection, 1-11, 1-12, 1-13,4-10,4-l1,4- 

12,6-3.6-20, 6-31, 6-32 
Combat sncss reactmn, 5-18 
Combat zone, 4-l3,4-I4 
Commumcablc. 4-6. 4-13, 4-34 

Contmuous wave, A-3, A-5, A-7, A-8 

Cornea, 2-23,5-35;~-3, A-10, A-12, A-13, A-14, A- 
15, A-26 

Corticosteroids, 5-22 
Coxiella bumetir, see Q fever 
CP DEPMEDS, 6-3,6-32 
CR, see Dibenzoxazepine 
Crimean-Congo hemorrhagic fever, 4-20,4-25,4-27, 

4-28,4-29, 4-33 
Cnsis coordination center, 7-1, 7-6 
Cryptosporid~osis, 4-7,4-21 
Cryptosporidium spp , see Cryptosparidmsis 
CS, see 0-Chlorobenzyhdene Malononrtrile 
CSA, see Chlorosulphonic acid 
Cutaneous, 4-5,4-31,4-35,4-39, 5-28 
CW,4-17,5-13,5-15, CX, see Phosgene mime 
Cyamde, 5-7, 5-11, 5-14, 5-20, 5-22, 5-36, 5 4 1  
Cyanogenchloride, 5-20, 5-21,5-22,5-23,5-24, 5- 

25, 5-26, 5-27, 5-36, 5-37, 6-14, 6-15 
Cyanogen, 5-1, 5-10, 5-14, 5-20, 5-36, 5-37 
Cyanoss, 4-31,4-34,523 
Cycloplegm, 5-22 
DA, see D~phenylchlomsine 
DAForm4137,4-I9 
DAMP, 5-22 
Danger zones, 4-8 
Dampride, 2-29 
Dazzle, 1-3, A-15 
DC, see Diphenylcyanarsine 
Decay, 2-1, 2-14, 2-15, 2-19,2-20, 3-5, 3.6, 3-7, 3- 

31, 3-39,340,343,344,345, 347.4-6 
Decontaminable Liner, 6-3,6-31 
Decontamination, 1-1, 1 4 ,  1-7, 1-9, 1-10, 1-1 1, 1-14, 

1-15, 1-16, 1-17, 2-7, 2-29, 2-32, 3 4 ,  3-15, 3-10, 
3-20, 3-21, 3-26, 3-28, 3-29, 3-3(2,3-34,3-48,4- 
9,4-10,4-11,4-13,4-14, 4-17, 5-1, 5-2, 5.9, 5- 
10, 5-13.5-14, 5-15, 5-17,5-35, 542, 549, 5- 
51, 5-52, 6-2, 6-3, 6-17,6-18, 6-23, 6-25, 6-26, 
6-27, 6-28, 6-32, 7-7 

Defervescence, 4-37 
Delivery system 4-5,4-6 
Dengue fever, 4-21, 4-25.4.27, 4-28,4-29 
Department of State, 7-3.7-1 1 
Depleted uranium 3-2, 3-10, 3-12, 3-15, 3-19,3-28, 

3-29, 3-38, 346. 347. 348. 6-10. 7-8 
Deplayment, 1-1, 1-3, 1 4 ,  1-7, 1-8, 1-10, 1-12, 5-2 
DEPMED, 6-32 
Dermal exposure, 4-6.4-1 1,4-13.4.30 

Detection, 1-3, 1 4 ,  1-5, 1-9, 1-11, 1-12, 2-7, 3-l,3- 
3, 3-13, 3-10, 3-24, 3-25, 3-31, 3-32, 3-34, 3-35, 
343,4-2, 44,4-16.4-17, 5-9, 5-17, 5-28, 5-33, 
5-36, 5-37, 5-39, 541, 542, 549, 5-50, 5-51, 5- 
52, A-2, A-22, 6-1, 6-2, 6-3, 6-7, 6-8, 6-1 1, 6-12, 
6-13, 6-16, 6-18, 6-19,6-21, 6-22, 7-3, 7-7, 7-9 
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Ueterlor, 1-10, 1-12, 1-15, 1-16. 3-13, 3-34. 3-16. 5- 
9, 5-16. 5-28, 5-33. 5-39. 6-1. 6-2, 6-1. 6-5. 6-i. 
6-8.6-10,6-13.6-14.6-15.6-16. 6-1'.6-18.6 
19, 6-20. 6-21. 6-22 

Detonation, 2-1, 2-2. 2-5, 2-6. 2-12, 2-13, 2-14. 2-15. 
2-17,2-18,2-19,2-20,2-21.2-22. 2-23.2-25.3- 
22,3-39 

DEW. see Directed enerev a e a w n  -. . 
DIA, i-5, 
Diagnosis, 2-26, 2-27, 2-28. 2-29. 4-27.4-29. 5-16. 

5-18. 5-39,A-l,A-14,A-I5 
Dlaphoresis, 4-31 
Diarrhea, 2-11, 2-25, 2-26.2-27, 2-28. 2-29. 2-33. 4- 

2,4-29,4-30, 4-32,4-35.4-38, 4-39. 5-24. 5-29. 
5-32, 5-34, 5-53 

Dlathesis, 2-33,4-34 
Diazepam 5-22, 5-29, 5-32, 5-41, 6-24 
Dlbenzoxazepme, 5-20, 5-21, 5-22, 5-23, 5-24, 5-25, 

5-26. 5-27, 5-41 

~ k e c t e d  energy weapon, A-3 
Director of Military Support, 7-2, 7-7 
Disease mcidence, 4-2,4-5,4-9 
Disease panern, 4-5 
D~spasition, 2-2.2.31, 2-34, 2-35, 3-18. 5-1, 5-9, 5- 

12,s-49 
Dissermnafion, 1-5, 4-5.4-6,4-16, 4-22,4-23,4-24, 

4-25. 5-2, 5-41 

DKI<~-17  
D-Lyserge Acid Dlethylam~de, 5-20, 5-21, 5-22, 5- 

23. 5-24. 4-25. 5-26. 5-39. 540 .  5-41 
DM see Adamstte 
DNA probe, 4-17 
DNBI, 1-4, 1-9 
Dosnneter. 2-26. 2-27, 3-15, 3-31, 3-35. 3-36. 3-37, 

6-1, 6 4 ,  6-5, 6-6, 6-11 
Dosmehy, 2-6, 2-26,2-29,2-35, 3-1,3-15, 3-23,3- 

35, 3-36,3-37, 3-43, 7-2, 7-9 
Draeger rubes, 5-49 
Droplet, 4-1,4-6, 4-8, 4-16, 4-30, 4-36, 4-37 
DS2. 5-15. 6-2. 6-26. 6-27 
DSWA, 7-5 
DT-236, 6-4, 6-5 
DTRA, 3-16, 3-17, 7-1, 7-5 
DU. see Deoleted uranlum 

Eastern equnx cnccphalnlr, 4-21,4-25,4-28, 4-29 
Ebola. 4-21. 4-25,4-27.4-29 
E h .  4-31. 4-36.4-38, 5-22. 5-23, 5-24, 5-34. 5- 

35. 5-37. 5-38. 5-50, 5-51. 5-52. A-l l 
EEE. we Eartcm c q u m  cncephalmr 
EHF. wc Exaeml)  Htgh Frrqucnc8er 
EICC. --3. '-I I 
Elccmc Bcld 4-25 
E l c c u o m ~ m t ~ c  field. A-22. .A-ZJ 
Elccuomgnc t~  pulu.  2-5. 2-17. 2-18. 2-21 
Elrctromgrrt~c spcctnrm A-I. A-5. A-23 
Electron 3-7, 3-8, 3-32, 3-35,3-39, 340 ,  345 ,  6-12 
ELISA. we Enz)mc Lmkcd lmmunororbent Assay 
Emcrlr. 2-32, 4-30, 5-41. 5-53. 5-54 
EMP, rce Elrcoomgnet~c pulse 
Encephalomyeltttr, 4-7 
Endermc Tlphus. 4-20,4-28 
Endermc, 1-3, 1-1, 1-8, 2-10, 4-28, 7-6 
Enhanced rad~ation, 2-1 8 
Entcrotoxm, 4-7, 4-21, 4-24,4-27,4-29,4-32.4-37, 

4-38 
Enzyme Llnked Imunosorbent Assay, 4-30,6-l ,6-  

11,6-12 
EPA, 3-48, 7-7 
Epidemology, 1-2, 1-9 
Epdidymo-orchitis, 4-32 
Epistaxls, 4-36 
Epizaotic, 4-36 
Eructation, 5-24 
Eryihema, 2-26, 2-28, 3-48, 5-23, 5-34, 5-35, 5-51, 

A-15, A-23, A-25 
Etiologic agent, 4-17 
Evacuation, 1-1, 1-4, 1-9. 1-17, 2-6. 2-8, 2-9. 2-25.2- 

34, 2-35.3-19, 3-23, 3-25,4-11,4-14, 5-22. 5- 
38, 5-39, 5-46, A-l,A-3, A-4,A-14,A-16 

Exotoxm, 4-38 
Entremelv H ~ e h  Freauenmes. A-24 . - .  
Extremely Low Frequencm, A-24 
Fallout. 2-1, 2-6, 2-7, 2-8, 2-9, 2-12, 2-13, 2-14. 2-17, 

2-19, 2-20, 3-3, 3-32, 2-36, 3-41, 3-42.343, 5-9, 
5-10.6-1 1, 6-29 

Fasciculatrons, 5-25 
FDA, 4-27.4-33.6-24,6-25 
FEMA. 3-3. 7-2.7-11 



Flarhblmdnesr, 2-2, 2-22 
Flavivms, 4-20.4-21, 4-27 
Fleas, 4-6, 4-34 
Flocculat!on, 5-10 
Fluctuant, 4-34 
Fog od, 5-50,s-51 
Fomite, 4-37 
Faod, 1-2, 1-9, 2-7, 2-l5,3-5, 3-6, 3-15,342, 343 ,  

344,3-46.4-5,4-6,4-9,4-10,4-12,4-17,4-18, 
4-22,4-23,4-24,4-30,4-32,4-33,4-38.5-1, 5-8, 
5-9,s-10,:-11,s-12,s-34,s-39, A-22,6-24 

FOX, 1-4, 1-10, 6-2, 6-19, 6-22 
Francuello fularensrs, see Tularemia 
Frequencies, A-18, A-22, A-23, A-24, A-25 
Fulrmnant, 4-29,4-32,4-34,4-39 
Fungi, 4-17, 4-38 
G3, 2-8 
G4, 2-8 
G5, 1-3 
G6, 2-8 
GA, see Tabun 
GaAIAr, A-8 
Gamma rays, 2-17, 2-19, 2-20, 3-8, 3-13, 3-14, 3-22, 

3-23, 3-27, 3-30, 3-31,3-32, 3-35.3.36, 3-39.3- 
40, 3-41, 3-42, 3-43, 3-44.6-4, 6-5,6-6,6-7,6-9, 
6-11 

Gangrene, 4-33 
GAO, 1-2.7-11 
Gasholntestmal, 2-23, 2-24, 2-25, 2-26, 2-29,2-36, 

3-21, 341 ,  344 ,  342,4-33.4-37,4-39, 5-30, 5- 
34, 6-25 

GB, see Sam 
GD, see Soman 
Geiger-Mucller Counter, 3-31, 3-32, 3-46 
Generator, 3-5. 3-9, 5-3, A-23, 6 4 ,  6-13, 6-27, 6-32 
Gcmmc.4-17,6-12 
GF, 5-20, 5-21, 5-22, 5-23, 5-24, 5-25, 5-26, 5-27 
Glanders, 4-7, 4-20, 4-27,4-29,4-34 
Glare. A- l l .  A-15 
Glover, 1-11, 1-13, 1-14, 1-15, 3-6.3-12, 3-14, 3-15. 

3-18. 3-19,4-I 1, 4-13,4-14, 5-28, 5-33, 5-39, 6- 
25, 6-26, 6-32 

GO BOOK, 4-8,4-12,4-31 
Gram-negative, 4-32.4-34.4.38 
Gram-stam. 4-30 
H, we  Sulfur Mustard 
Half-hfe. 3-16, 3-39, 342.  343 ,  3 4 4 , 3 4 5  
HAMMER ACE, 7-2, 7-7 
H a n l a a ~  4-20.4.25, 4-28 
HC, see Hexachloroethane smoke 
HD, sce Sulhu Mustard 
Hcat mess, 1-8, 4-10, 6 3 0  
Helmprcr, 1-17,2-8, 2-16, 6-27, 6-29, 6-31 
Hematopoletic, 2-23,2-25,2-36 
Hematuna, 4-33, 5-53 
Hernolys~s, 4-33 

Hemorrhagehng. 4-2,4-33.4-34,4-38, A-3, A-I I, A- 
13, A-14, A-15 

Hepatltls A, 4-7.4.21 
~ekbicldes, 5-1, 5-53 
Hexachloroethane smoke, 5-37,s-50.5-51 
HF, see H ~ g h  Frequencies 
Hieh Freauencm. A-24 - .  
Hlrtoplasma capsulatum see I l~rraplrrmow 
H~stoplarmons. 4.7, 4-?I. 4-23 4.29 
HL, see Mustard Lcw~stlc Mrxrurc 
HN. see Nluoeen Mustard 
HQDA, 7 - I , G ,  7-9 
HSS, 4-10 
HT, see Mustard 
HTH. 6-27 
Hydrocarbon. 5-1, 5-52, 5-53 
Hydrogcn chlmde, 5 4 4  
Hydrogen cyamde. 5-14, 5-19, 5-20, 5-21. 5-22. 5- 

23, 5-24, 5-25, 5-26, 5-27, 5-36, 5-37, 544 ,  6- 
14, 6-15, Hydrogen sulfide, 5-7, 5 4 4  

Hyg~ene, 1 4 ,  1-12.4-4,4-10,4-12,4-13, A-I3 
Hwererma. 5-30 
~ G e r t h e A i a ,  2-26,2-28 
Hypotension, 2-26, 2-27, 2-28.2.29, 2-33,4-29,4- 

33. 4-35.4-38. 5-22. 5 4 0  
Hypothemua, 2-28,4-35 
Hypovolema, 4-32 
Hypoxemia, 5-38 
Hypoma, 5-38, 5-51 
IBADS, 4-4, 6-1, 6-12, 6-13 
ICAD, 6-1, 6-15, 6-18 
ICAM, 6-1, 6-14, 6-17 
ICRP, 3 4 8  
ICt50.5-19 
Ictems, 4-36 
IFA, 4-30 
Ileus, 4-30, 4-3 1 
IM-143iPD, 6 4  
IM-147,6-I, 64 ,6 -5  
IM-9, 6 4  
IM-93.6-1, 6 4 ,  6-5 
IM-9WD, 61.6-4.6-5 
Immunity, 4-37 
Immunization, 4-4,4-lO,4-L2,4-34,4-35,4-38 
Immunoassay, 4-17,6-12,6-I3 
Immunofluorescence, 4-18 
Immunoglobulin, 4-17 
Immunoprophylaxis, 4- 12 
Incapacitatmg agents, 5-16, 5-20, 5-38, 5-39 
Incendiary, 1-2, 5-52 
Incubahoh4-6,4-13,4-15,4-16,4-22,4-23.4-24,4- 

25.4-26.4-28.4-31,4-32.4-34, 4-35,4-36, 4- 
37,4-39 

IND, see Invest~gatianal New Drug 





Mass rpcchorcop), 4-1- 
Mars specnomu).. 6-2. 6-13, 6-15.6-19.6-20 
Maxlmum D o ~ a u l n d  H-d. 1-9 
MCDM. 6-2, 6-24 
h1CU-2AnP. 6-3. 6-29 
MDS, 6-1, 6-27, 6-28 
MEDCOM, 7-1. 7-5 
Medmr~nal. 4-18 
Meducal T r e a m n t  Fachty. 1-9. 1-10. 1-14. 3-20, 3- 

38.4-13.4-19,7-9 
Med~um Frequencler. A-24 
Melena, 4-33 
Melm~dor~s.  4-7. 4-20. 4~22 .  4-29 
Menmg~ns. 4-31. 4-35 
Meleorologral. 2-20. 5-3. 5-18 
Methyl-mcyanarc. 5-7 
Meloclopropamdc. 2-29 
MF. sce \ledturn Frqucncrr 
MICAD. 6-1. 6-3 
M u o c y r t r s ,  4-7. 4-2 I 
M~croorgamrm 4-5.4-9. 4-15, 4-16 
Microuave. A-22 
M~ctur~tmn. 5-25 
MILES. A-8. .+9 
Mm-CAD. 6-2, 6-15, 6-19. 6-20 
M ~ I ~ C A M S .  6-2, 6-20 
Mlosls, 5-16, 5-23, 5-30, 5-31 
Mssion, 1-4, 1-7, 1-8, 1-9, 1-10, 2-9, 2-11, 2-13.3. 

23, 3-24, 3-25, 3-26, 3-28, 3-29, 3-34,3-37, 5-2, 
5-14, 5-50,A-3, 6-3, 6-11, 6-19, 6-32, 7-4, 7-5, 
7-6, 7-7, 7-8, 7-9, 7-10, 7-1 1 

MMDA, see USAMMDA 
MMS. A-8. A-9 . , ~. 
Modeccin, 4-21 
MOPP, 1-1, 1-3, 1-7, 1-8, 1-12, 1-13, 1-14, 1-15, 2- 

22.4-4.4-10.4-11 4-12 5-14 , . ~ - .  ~ - 
Morqu~to, 4-5, 4-28.4-30.4.36, 4-39 
MRICD. see USAMRICD 
MRMC, see USAMRMC 
MSMC. A-15 
MTF. see Medical Trearment Fachty 
Muchum. 4-20 

Muscan~uc, 5-29, 5-30 
Musrard. 1-8, 5-8. 5-9. 5-10, 5-12. 5-13, 5-15, 5.20, 

5-21, 5-22, 5-26, 5-27, 5-32, 5-33, 5-34, 5-35.6- 
14, 6-15. 6-18, 6-21 

Mustard/Lew~site MixNre, 5-20, 5-2I,5-22, 5-23, 5- 
24, 5-25, 5-26, 5-27 

Myalgia, 4-29, 4-32.4-34,4-38, 4-39 
Mycotox~n, see Tnchothecene Mycotaxms 
Mydnasls, 5-23 
Myanecros~s, 4-33 

SAAK Mark 1, 6-2. 6-24 
Varrobrur 4-20 

SBC Center. 4-8 
\CRP. 3 4 1 , 3 4 5 , 3 4 8  
SECC. 7-2. 7-1 l 
Secror~s. 347 .  4-35, 5-23. 5-52 
Newc, 1-7, 3-16. 4-1.4-15.4-29, 4-30.4-32, 5.1, 5- 

2, 5-7, 5-8, 5-9, 5-10. 5-1 1, 5-12, 5-13, 5-15, 5- 
16. 5-20.5-21, 5-28, 5-29,s-30, 5-31, 5-32, 5- 
42, 6-2, 6-16, 6-17, 6-18. 6-19, 6-20, 6-21, 6-22, 
6-2!. 6-24.6-25. 6-29 

Seurologlc. 2-26. 2-28. 2-29.4-37.4-39 
\europath>. 5-53 
\curovawular. 2-25 
Seutron. 2-1. 2-17, 2-18. 2-19, 2-20, 3.7, 3-8, 3-13, 

3-32, 3-36, 3-39, 3 4 0 ,  3 4 2 ,  343 ,  344 ,  3-45, 6- 
4. 6-5. 6-1 1 

Slckcl. 3-6. 1-13 7 4 4  ,~ ~ . -  
Nitrogen hlusrard. 5-20. 5-21, 5-22. 5-23, 5-24. 5-25. 

5-26, 5-27. 5-32. 6-14 
Nitrogen tehoxrde, 5-7 
NMCC, 7-1,7-6 
Non-persistent, 5-3, 5-18, 5-28, 5-41, 5-42, 6-16 
NRC, 1-4, 3-10,3-13,3-29, 3-30, 3-38,347,  6-18,7- 

2. 7-11 
Nuclear reactors, 1-2, 1-6, 3-5, 3-17 
Nuclear weapon, 1-2, 1-6,2-1, 2-5, 2-6,2-7,2-8,2-9, 

2-17, 2-20, 2-21, 2-23, 3-1, 3-3, 3 4 ,  3-l4,3-15, 
3-16,3-22, 3-44, 6-7, 6-10, 7-5 

Nuclei, 2-20, 4-16 
Nucleus, 2-19, 3-39, 3-40 
Obscurant, 5-50 
Obtundatlon, 4-36 
O-Chlarobenzylrdene Malonon~hile, 1-2, 5-20, 5-21, 

5-22.5-23.5-24. 5-25. 5-26. 5-27. 5-41. 5-42 . . . 
Ocular, 4-30, 4-36, A-3, A-4, A-6, A-9, A-10, A-18, 

A-24, A-26 
OEG, 2-1 1, 3-34, 3-37 
Office of the Surgeon General, 1-10, 2-6, A-24, A- 

26.7-1.7-5 
OG-84; 6-3, 6-30 
Ohguna, 5-53 
OOTW, see Operations Other Than War 
Opcranon Joint Endeavor. 1.5 
Opcrahonal data, 4.1, 4-19.4-20,4-22.4-23.4-24,4- 

25 
Operallons Other Than War, 3-22. 3-23, 3-25, 5 4 3  
Ordnance, 1 4  
Orthopnea, 5-38 
Orthopoxvirus, 4-2 1 
Osteamyelita, 4-32 
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Overgarment, 1-12, 1-13, 1-14, 1-15, 1-16,5-28, 5- 
33, 5-39, 6-3, 6-28, 6-29,640 

ox&, 5-22,5-32.5-33 
Pallor, 5-23 
Palytoxm, 4-21,4-24 
Paralytic Shellfish Porronmg, see Saxitoxin 
Pathogentcity, 4-16 
Patlent ~ratectwe wrap (PPW), 6-3,6-31 
PCPs, 6-3, 6-32 
PCR, see Polymerase Chain Reaction 
PDR-77, see ANIPDR-77 
PEL, A-25, A-26 
Percutaneous, 4-6.5-14 
pcrslstence, 4-8, 4-22,4-23.4-24,4-25,4-26, 5-2, 5- 

18, 5-21, 5-28, 5-33 
Persmtent, 1-2, 3-20, 3-46, 5-3, 5-7, 5-18, 5-20, 5-28, 

5-32, 5-36, 5-41, A-ll  
Petechlae, 4-29.4-33,4-36 
Phenargen, 5-22 
Phlebovims, 4-21, 4-28 
Phosgene oxrme, 5-13, 5-20, 5-21, 5-22, 5-23, 5-24, 

5-25, 5-26, 5-27, 5-32, 5-33, 5-35, 6-14 
Phosgene, 5-7, 5-13, 5-20, 5-21, 5-22, 5-23, 5-24, 5-  

25, 5-26,s-27, 5-33, 5-35, 5-37, 5-38,544, 5- 
52,6-14, 6-15 

Phosphorus, 1-2, 5-12, 5-44, 5-51, 5-52, 6-21 
Photophobia, 4-31,449, 5-23 

Plasma radmtmn, A-7 
Pleural. 4-18.4-31.5-24. 5-35 

Pneumomc, 4-5, 4-22, 4-28,4-30,4-34,4-354-39 
Pocket Dosimeters, 3-36 
Polymerase Cham Reacnon, 4-18,4-30, 6-1, 6-11,6- 

12 
Portal shield, 1-10 
Power densrty, A-5, A-6, A-10, A-25 
PP-4276iPD. 6-4 

Prodrome, 4-37 
Prophylaxis, 4-9,4-10,4-16,4-27,4-31, 4-32, 4-33, 

4-34,4-35,4-36.4-37,4-38,4-40 
Proshatton, 4-33,4-39, 5-25, 5-34 
Protective mask, 1-7, 1-12, 1-14, 1-15.3-19,4-13, 5- 

17. 5-25. 5-34. 5-36. 5-38. 5-39. 5-42. 5-50. 6-3. - ,  , . 
6-16, 6-25,6-26, 6-28,6-29,6-30, 6-32 

Protectwe posture, 4-4,4-12,4-14, 5-48, 6-17 
PS, Chloropicrm 
Pseudomanas pseudomalle~, see Melioidosir 
pslttacasts, 4-7,4-20, 4-23, 4-29 

PSP, see Saxdoxin 
Psychological, 3-4, 3-22, 3-27, 5-16, A-3, A-10, A- 

13, A-22, A-23 
Ptosis, 4-30.4-31 
Public Affam Guidance, 7-3, 7-12 
Pustule, 4-37 
Pyridostigrmne bronnde, 6-24 
Q fever, 4-7.4-15,4-20,4-23,4-27,4-29.4-28,4-30, 

4-35 
Quarantine, 1-17.4-37 
Radar, 2-10, A-24, A-25 
RADCON, 3-3,7-2,7-8 
RADIAC, 2-7,3-14, 3-46, 6-1, 6-4, 6-6, 6-7, 6-11 
Rad~ation Exposure States, 2-1, 2-11, 2-12.3-23, 3- 

25, 3-26.3-27, 3-28, 3-37.3-38 
Radiatron protection, 2-1, 2-14, 2-15, 3-30, 3-38 
Radtation safety, 3-9, 7-2,7-9 
Radio. A-24,6-18 
RadioachviN. 3-4. 3-5.3-6. 3-28. 3-38.3-42 . .  . 
Radiofiequency, 1-3, 1-7, A-1, A-2, A-22, A-23, A- 

24, A-25,A-26, 7-10 7-1,7-2, 7-4, 7-7, 7-8 
Radlolog~cal hazard, 1-2, 1-6, 1-7.2-8, 2-13,3-I, 3- 

G, 3-26, 3-43,7-8 
Radianuckde, 3-2, 3-6, 3-15, 3-16, 3-28, 3-30, 3-39, 

6-10 
Radiosensit~vity. 2-l,2-2, 2-23, 2-24 
Radium,3-4,3-7,3-8, 3-13, 3-14, 3-15, 3-38, 3-45, 

6-10 
Rales, 5-24 
RAMT. 7-2. 7-9 . . 
Rangefindem, A-6, A-10, A-18 
REAC, 7-2,7-11 
Red Cmss, A-I, A-4 
Releases Other than Attack, 3-2, 3-16, 3-17, 3-24, 3- 

25, 5-1, 5-3, 5-7, 5-47, 5-48, 5-49 
RES, see Radiation Exposure States 
Respirator, 4-11, 5-10, 5-32, 5-46, 5-48, 5-50.5-51. 

5-52 . .. 
Retina, 2-22,Z-23, A-3, A-10, A-l 1, A-12, A-I3 
Retinallnjuriesldamage, A-3, A-11, A-13, A-14, A- 

15 
Rehostemal, 4-38 
Rekostemal, 5-43 
Reverse osmosis, 5-10 
RE, see Radiofrequency 
Rhinarrhea, 4-30. 5-24.5-30 
Rlbaviri~ 4-27, 4-33.4-34,4-36 
Rlcin, 4-7.4-21,4-24,4-27,4-28.4-29.4-35,6-11 
Rzckellsia, 4-1.4-7,4-l6,4-20,4-23,4-28,4-35 
Ricketrrmpmvo;ekiz, we EDdemic Typhus 
Rlckerrrro nckmls,,, see Rocky Mountain Spotted 

Fever 
Rtckelrrm rrulrugomurhr, we Scrub Typhus 
Rtft Valley Frrcr, 4-7, 4-21, 4-26.4-27, 4-28,4-29, 

4-35.4-36 



Rigors. 4-34,4-37 
MID. see USAMRllD 
Rlot control agents, 5-11, 5-38, 5 4 1  
Risk, 1-4, 1-9, 1-10, 1-14, 1-17,2-1, 2-2,24,2-11, 

2-12. 2-27. 3-1. 3-3.3-21.3-22. 3-23. 3-25. 3-27. . . . 
3-28,3-32, 348 ,  4-L,4-2; 4-3,4-14,4-18,4-19, 
4-34, 5-2, 5-6, 5-13. 5-l4,5-15, 5-19.5-23, 5-24, 
5-45, 5-46, 547 ,  5-50.74.7-11 

Rocky Mountmn Spotted Fever, 4-20.4-23.4-28,4- 
29 

ROTA, see Releases Ofher than Attack 
ROWPU, see Reverse osmosis 
RPO. 3-9.3-18 . ,~~ 
RSCAAL, 5-28, 6-2, 6-15, 6-19, 6-22 
RSO, 3-9, 3-18. 3-19 
Russian spring-summer encephalms, 4-21.4-26, 4- 

28. 4-29 
RVF, see Rift Valley Fever 
S2IG2, 1-3, 1-5 
S2lS3. 1-3.2-6 
S5lG5, 1-4, 1-5 
Sabotage, 4-6,4-22,4-23,4-24,4-27 
Salmonello. 4-7, 4-20 
Salmonella enteriltdrs, see Salmonellosa 
Solmonello fyphi, see Typho~d Fever 
Saln~onella fyphimurium, see Salmonellaas 
Salmonellosa. 4-20.4-29 
Sanitation. 2-15.4-10.4-11.4-12 . . , 
Saratoga, 6-3.6-30 
Sann, 346, 5-12, 5-15, 5-20, 5-21, 5-22, 5-23, 5-24, 

5-25, 5-26, 5-27, 5-28, 6-14,6-15, 6-21 
Saxltoxln, 4-7,4-21, 4-24, 4-29,4-36.4.37 
SBCCOM, 1-12, 7-1, 7-3, 7-6, 7-7 
SCBA, see Self-Cantamed Breathme Aooarahls - .. 
Scmntillatmn, 3-18, 3-32, 346, 6 4 ,  6-5, 6-7, 6-8, 7-8 
Sclera, A-12 
Scatoma, A-l 1 
SCPE, 6-3, 6-31, 6-32 
Scrub Typhus, 4-20 
SEB, see Staphylococcal enterotoxin B 
Secretary of Defense, 6-24, 7-2, 7-8 
SELF-AID, 1-7, 1-9 
Self-contamed Breathmg Apparatur, 5 4 8  
Sephcermc, 4-34.4.39 
Sequelae, 4-36, 5-38 
SHE, see Super High Frequenmes 
Shielding, 2.1, 2-14. 2-15,2-24.2-35, 3-14, 3 4 0  
Shigello, 4-20,4-29 
Sh~gellosa, 4-7,4-20,449 
Smallpox, 1-17, 4-21,4-26,4-27,4-28,4-29,4-30,4- 

77 

Smoke, 3-43, 5-16, 5-26, 5-37, 541 ,  542 ,  543 ,  5- 
50, 5-51, A-19, 6-17,627 

Snellen chart, A-14 
Sod~um 2-21, 3-8, 3-16, 3-48,4-13.4-36,4-37, 5-10, 

5-12, 5-14, 5-23, 542 ,  5-43, 6-23 

Sodlum hypochlante, 4-13, 4-37 
Soman, 5-12, 5-15, 5-20, 5-21, 5-22, 5-23, 5-24, 5- 

25, 5-26, 5-27, 5-28, 5-29, 6-15, 6-24, 6-25 
SOP, 1-10,3-37 
Sorbent, 6-3, 6-21,6-28 
Sore throat, 4-2,4-29.4-31.4-37,4-39 
Special Forces, I 4  
&ec~men, 3-38,4-17,4-18,4-19,4-20 
SPECS, A-2, A-19, A-21 
Spore, 4-17 
SSCOM. A-18 
stability; 1-2, 1-3.4-l6,4-28, 5-19, 6-28 
STANAG 2002, 3-21, 3-24, 5-45, 5-49 
STANAG 2083. 2-9. 2-1 1. 3-21. 3 4 8  

STANAG 2112: 3-21: 3-24,545 
STANAG2150,3-21,545 
STANAG 2352, 3-21, 5-45 
Staphylococcal enterotoxm B, 4-21.4-24.4.28, 4-29, 

4-30,4-37, 4-38, 6-1 1 
Staphylococcus aweus, see Staohvlococeal . . 

enterotoxm B 
STB, I-15,4-13,5-15.6-25, 6-27 
Stockpie, 7-5 
STP 21-1-SMCT. 1-2, 1-7 
Stress, 1-8,4-10, 5-18, A-13, A-24, A-25 
Stridor, 4-31,4-34 
Shontium 3-5, 3-7, 3-13, 3-15, 3-16, 3-41, 3-43, 3- 

45 
Subretinal hemorrhage, A-l I, A-I5 
Sulfur diox~de, 5-7, 5 4 4  
Sulfur Mustard, 5-1.5-20.5-21.5-22.5-23. 5-24.5- 

25,5-26, 5-27, 5-32, 5-52, 6-14, 6-15, 6-16. 6-21 
Sulfur mox~de. 5-7 
Super Hlgh Frequenc~es, A-22, A-24, A-25 
Superchlannat~an. 5-10 

Smtomat ic  treatment. 4-27. 5-39 

51, 5-53,A-1,A-2, A-I0,A-13,A-14, A-15,A- 
23, A-24, A-25, A-26, 6-24, 7-10 

Synapses, 4-31, 5-38 
T-2 MYCO~OXIR see Tnchathecene mycotoxms 
T a b w  5-12, 5-20, 5-21, 5-22, 5-23, 5-24, 5-25, 5-26. 

5-27.5-28,6-14,6-15.6-24 
Tachycardia, 5-18, 5-22, 5-32.5.40 
TAML, 1-4, 1-10, 3-3,4-17,4-18.4-19,4-20,6-12, 

6-20, 6-25, 7-1, 7-6 





Vmcctorny. A-Il ,  A-13 
Vmeous, A-3, A- l l ,  A-13. A-15 
VLF, see Very Law Frequencies 
Volatil~ty, 5-27, 5-28, 5-52 
Vomting, 2-11,2-25,2-26,2-27.2-28.2-30, 2-32,4- 

32.4-33.4-35.4-38, 4-39. 5-1. 5-14. 5-20. 5-22. 
5-24, 5-29, 5-32, 5-34, 540 ,  5-41,5'42,5>3,5- 
53, 6-24 

Vulnerability, 1-3,2-I, 2-7, 2-16, 4-1,4-2,44,  5-2, 
A-20 

VX, 5-12, 5-15. 5-20.5-21, 5-22, 5-23.5-24, 5-25, 5- 
26, 5-27, 5-28, 6-14, 6-15. 6-21 

Vx. 5-21. 5-26. 5-27. 5-28 
Water, 1-4, 1-10, 1-13, 2-7,2-15, 2-17.2-20. 3-5, 3- 

6,3-13,3-15,3-18,3-19.3-20,3-21,3-26,3-32, 
3-40, 3-42, 3-46, 4-1,4-5,4-6.4-7,4-9,4-10.4- 
11,4-12,4-13, 4-17, 4-18,4-21.4-22,4-24,4- 
25, 4-32.4-33, 4-36.4-38.4-39, 5-1.5-2, 5 4 ,  5-  
8, 5-9, 5-10, 5-11, 5-12, 5-13, 5-14,s-15, 5-18, 
5-19, 5-26, 5-28, 5-33, 5-34, 5-36, 5-37, 5-39, 5- 
40, 5-41, 5-42, 5-43, 544 ,  549 ,  5-50, 5-51, 5- 
52, 5-54, A-22, A-25, A-26, 6-1, 6-2,6-12,614, 
6-17, 6-21, 6-22, 6-25, 6-27, 6-28 

Wavelength, 1-3, A-1, A-2, A-5, A-6, A-7, A-8, A-9, 
A-10, A-11, A-12, A-18, A-19, A-20, A-23, A- 
25 

Weather, 1-3, 1-8, 1-13.2-6.2-8.4-8. 5-47, 6-22 
WEE, see Western equine encephalitn 
Western e q u m  encephalits, 4-21, 4-26.4.29 
WHO, 4-33 
Wmd. 1-8. 1-17, 2-6. 2-12, 2-20, 2-21.3-17, 3-18. 4- 

5,4-8. 5-3, 5-14. 5-19, A-2. A-19. A-20. A-21 
Wounds, 1-14. 2-32. 2-35. 3-20, 3-32, 3-41, 3-47.4- 

13, 5-13.5-15, A-13 
\VP. see Phosphorus 
WRAIR. 4-20, A-2, 7-2, 7-10 
WRAMC 7-1. 7-6 

66-6 ,6 -7 ,6 -8 ,6 -9 ,6 - I0  
YAG, A-8 
Yellow fever, 4-15, 4-21, 4-26,4-27.4-28,4-29 
Yellow Kaln. see Trlchothecene Mvcotoxms 
Yersinia pest% see Plague 
Zoonots, 4-31,4-32,4-34,4-35,4-3 
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