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FOREWORD

I This military handbook 1s approved for use by all Activities and Agencies of the Department of the Army and 15
avaulable for use by all Departments and Agencies of the Department of Defense

2 Beneficial comments (recommendations, additions, deletions) and any pertinent data that may be of use 1n
improving this document shouid be addressed to Commander, US Army Chemical Research, Development, and
Engineening Center, ATTN SMCCR-PET-S, Aberdeen Proving Ground, MD 21010-5423, by using the self-
addressed Standardization Document Improvement Proposal (DD Form 1426) appeaning at the end of this
document or by letter.

3 This handbook was developed under the auspices of the US Army Mateniel Command’s Engineering Design
Handbook Program, which 1s under the direction of the US Army Industrial Engineering Activity Research Tnangle
Institute was the pnme contractor for the preparation of this handbook, which was prepared under Contract No
DAAA09-86-D-0009

4 This handbook provides military design engincers, scientists, analysts, and planners with a gmide 1o research of
chernical and biological detection systems It provides a consistent and thorough approach to evaluating the technical
options available for design and development of detection and monntoring systems
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CHAPTER 1
INTRODUCTION

The purpose and scope of the this handbook are described The history of chenucal and biological (CB)
warfare and development of CB detection and monitoring in CB defense on the battlefield are discussed The
contents of each of the remaining chapters are summarized

1-1 PURPOSE

The purpose of this handbool is twofold (1) to provide
design engineers with a guide to research and development
of chemical and biological (CB) agents detection systems
and (2) to provide a consistent and thorough approach to
evaluating the technical options available for the design
and development of detection and monitoring systems

The continuous, massive builldup of CB weapons
capabilities and the periodic, alleged use of CB weapons
by potential enemues of the Umted States require rapid
detection, warming, identification, and monitoring of the
presence of CB agents by our armed forces To meet this
requirement, the US Army s developing a wide vanety of
CB detection and monitoring systems based on many new
concepts and technologies

Designing CB detection and momitoring systems that
can be used effectively in this context involves application
of complex technology This handbook was written with
the following intentions

1 To give design engineers and other users the
benefit of past experience, current concepts, and projected
technological advancements in the detection of CB agents

2 Toconserve time, matenials, and funds by outiiming
approaches to solving the problems that are most likely to
be encountered in the design of detection and momtoring
systems for CB agents

3 To provide a source of fundamental design
information not readity available elsewhere that will
facilitate the evolution of new designs for CB detection
and monitoring systems

4 To generate, compile, and document an up-to-date
set of equations, tables, and physical values useful in the
design of CB detection and monitoring systems

5 To preserve unique technical knowledge that
would otherwise be lost when design engineers are
reassigned or leave Government service This considera-
tion apphies particularly to CB detection and monitoring
research and development because many members of the
Army’s experienced engineering design work force in this
field have retired or will reach retirement age within a few
years

6 Toprovide a source of information for orientation,
guidance, and training of new Government personnel and
Army contractors involved 1n the design of CB detection
and monitoring systems

1-1

7 To communicate concisely to design engineers the
requirements for mihitary operations and of telated
saientific, technical, and matenel acquisition disciphines
that must be considered during development of CB
detection and monitoring systems

8 To permit the design of CB detection and monitor-
ing systems to accelerate under mobihization or other
emergency conditions during which expenienced engineers
may be inundated with emergency requirements

1-2 SCOPE

This handbook 1s a design lool that provides the
following knowledge
I A basic understanding of the operational effects of
CB agents
2 Adescription of the required operational enviren-
ment and the requirements for CB detection and monitor-
Ing systems
3 Anexplanation of past technologies explored and
current technologies being explored to meet CB detection
and momitoring requirements
4 An explanation of CB detection system design
components and criteria
Because there are major differences between chemical
and biologlical agents and their required detection tech-
nologies, most information on chemcal agents and
detection systems is presented separately from the informa-
tion on biological agents and detection systems
The information 1n this handbook 1s presented at a
technical level considered suitable for augmenting the
basic skills and knowledge of the following target
audiences
1 Army design engineers, scientists, and analysts,
1 ¢, personnel with a bachelor’s degree and experience 1n
the field, who participate in the design ol TB detection
and monitoring systems
2 Speciahsts in vanous fields of Army design who
have only superficial knowledge of the allied technical
fields required for the design of CB detecuon and
monitoring systems
3 Design engineers and systems analysts employed
by contractors to research and develop CB detection and
monitoring systems for the Department of the Army
4 Personnel concerned with procurement, produc-
fion, inspection, drawmgs, specnﬂcallons, testing, main-
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tenance, and administration of CB detection and momtor-
1ng systems

{3 BACKGROUND

This paragraph discusses the history of CB warfare, the
history of the development of CB detection and monitor-
tng devices, and the role and applhication of detection and
monitoring systems in relation to other areas of CB
defense 1t also defines the terms relating to CB detection
and monitoring systems

The key terms defined in this paragraph and used
throughout this handbook are based on definitions
appeanng in approved Army doctrinal publications and
regulations The basic terms that follow apply specifically
to this handbook

I Chemical Agents Chemical agents are chemcal
substances intended for use in mihitary operations to kill,
seriously injure, or incapacitate humans through physio-
logical effects Excluded are niot control agents, herbi-
«ides, and smoke

2 Biological Agenis Biological agents are either
microorganisms with disease-producing properties or
toxins intended for military use that produce lethal,
incapacitating, or damaging effects to humans, livestock,
or plant life

3 Toxins Toxins are nonliving, poisonous chemical
substances produced by living orgamisms When mhaled,
swallowed, or injected into man or animals, they cause
ijury or death Toxins also can be produced syntheti-
cally by genetic engineering

4 Derecnion Detection 1s the determination of the
presence or absence of a chemical or biological agent at
a specific point 1n time and at a specific location

5 Monuoring Montoring 1s the continuous or
penodic act of determining whether a chemical agent or
3 bological agent 1s present

There have been frequent reorganizations and realign-
ments of the responsibihues for CB defense materiel
development Thus the current responsible orgamization
the US Army Chemical Research Development, and
Engineering Center (CRDFC), has been known by a
variety of names and acronyms References may name
one or more of these orgamzations

1-3.1 HISTORY

Chemicals and biological materials have been used in
warfare for many centunies, but CB warfare was not
well documented unti] the twentieth century To prevent
casuaities, 1t 15 essenual that the presence and identity
ol CB agents be established quickly A responsive CB
detection and monitoring capability 1s the solution to
this problem For a more thorough understanding of
the CB detection problem. 1t 1s necessary to examine
the {ollowing points

I The eltect of the introduction of new agents to

tJ

the battlefield or 1nto nauonal stockpiles, as related to
CB defense

2 The evolutionary development of CB equipment
to detect and 1dentify these agents

3 The application of vanous technologies to the
problem of detection

The modern history of 1oaic chemical warfare began
in World War | when the Germans employed chlonine
gas, a choking agent, against the French on the western
front on 22 Apnl 1915 at Ypres, Belgium The un-
protected French troops suffered about 15,000 nonfatal
casualties and 5000 fatalities from this chemcal attack

Durning the war, many new “war gases” were in-
troduced by both sides and resulted in about 1,205,000
nonfatal casualties and 92,000 fatalities The Russians
suffered the most casualues about 420,000 nonfatal
casualties and 56,000 fatalities In 1918, the United
States suffered 71,345 nonfatal casualties and 1462
fatahities from chemcal attacks (Ref 1)

The first “war gases” used were experimental chem-
cals that affected the respiratory system and had to be
nhaled to be effective By 1917 the gas mask had been
so improved that 1t fully protected the individual against
these agents, and the only chemical casualties were
those troops who could not don their masks in time or
who removed their masks too soon after the attack To
counter this development, 1n July 1917 the Germans
began employing mustard *“gas”, which could not be
protected against solely by the improved gas masks

Mustard 1s a hquid that not only damages the
respiratory system but also blisters the skin and burns
the eyes (Ref 2) The first large-scale mustard attack by
the Germans occurred at Nieuport, France, between 21
and 29 July 1917 Gas masks alone did not protect the
soldiers from mustard, which not only blistered exposed
skin but was readily absorbed through boots and uni-
forms to cause additional casualties (Ref 3)

Early chemical agent detection methods used during
World War | consisted mainly of \dentifying the agents
by sight and odor By 1918, however, most of the
Furopean armies had developed vesicant gas detector
paints, crayons, and powders that contained dyes which
changed color 1n the presence of blister agents such as
mustard The only “gas alarms™ consisted of man-
activated bells, gongs, sirens, and Klaxon® horns

In June 1918 the Chemical Warfare Service (CWS) at
Edgewood Arsenal, MD, was assigned total responsi-
bility for research, development, and procurement of
chemical materiel Shortly thereafier, American Univer-
sity developed an improved detector paint that incor-
porated a British-developed dye Drops of mustard on
the paint were detected by the chemical reaction with
the dye, which changed the color from olive drab to red
(Ref 4)

Although large-scale military use of biological warfare
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has not been experienced in modern times, Germany
reportedly used glanders on a small scale to infect
French and Rumamnian cavalry horses during World
War 1. Biological agent research was active in Germany
and Japan in the 1930s The US National Academy of
Sciences studied these incidents and concluded that
biological warfare was technically feasible In 1942 the
US Army Biological Defense Research Program was
established, and early in 1943 the CWS implemented
this program at Camp Detrick, MD (Ref 5)

The only reported uses of chemical agents between
World War 1 and World War 11 were mustard attacks
by Italy on the Ethiopians in 1935 and 1936 and limited
chemical attacks by Japan against the Chinese 1n the
late 1930s Both of these Axis powers employed chemi-
cal warfare to gain local tactical advantages against foes
that could not retaliate 1n kind (Ref 6)

Meanwhile, unknown to US intelhigence sources, the
Germans had developed the first nerve agent, tabun
(GA). in 1936 Germany built the first pilot production
plant in 1939 and had manufactured 12,000 tons of GA
by 1945 (Ref 6) GA and the follow-on family of nerve
agents (called G-agents), such as sann (GB) and soman
(GD), also developed by the Germans, possess many of
the 1deal charactenstics for chemical agents They were
highly toxic, clear, and odorless hquids Although
impurnities introduced during the production process
intially gave GA a characteristic sweet, fruity, or
chocolate odor, breathing a nerve agent sufficiently to
detect the odor could lead to incapacitation or death

As early as 1940, the CWS recognized that almost
complete reliance for detecting chermical agents had
been placed on human sensory methods Realizing that
these methods were unreliable and hazardous, Edgewood
Arsenal immediately started a research program that
led to development, type classification. production, and
issue of a number of chemical agent detector items by
1942 Among these were the M5 liquid vesicant detector
paint, M6 hquid vesicant detector paper. M7 ‘esicant
detector crayon, and M4 HS (mustard) detector kit
These detectors, however, were effective only for detec-
uon of liquid or high vapor concentrations of bhister
agents, such as mustard, lewisite (L), mtrogen mustards
{HN), and certain arsenicals (Ref 4).

By 1941 the U S had expendea much time and effort
in pure research and 1n practical apphcation to obtain a
reliable, simple, and sensitive (less than 4 mg/ m?)
method for detecting toxic chemical agent vapors
Chemical reactions based on color change, development
of acidity, production of turbidity, and precipitate forma-
tion had been studied Physical detection methods based
on spectrographic interferometry, Graham's diffusion
law, and measurement of physical constants were
studied Physicochemical methods such as detection of
a change 1n acidity or alkalimity, 1 e, pH. conductivity,

production of heat from an exothermic reaction, and
catalytic reactivity also were investigated Researchers
also studied biological detection methods (other than
Lhuman sensory detection) involving blood reactions
visible under the microscope and reactions using small
animals. birds, and fishes (Re{ 6)

Many of these methods proved exceedingly sensitive
in the laboratory but could not be adapted to field
requirements Shocks, tremors, and jarring were the
chief reasons for mechanical failure of the experimental
detectors Atmospheric conditions affected many of the
physical detection methods The chemical methods failed
in the presence of high concentrations of toxic agents,
mixtures of agents, or various gases, dusts, and vapors
that might be encountered in combat Also many devices
were too complicated for use in the field by soldiers with
hmited technical training (Ref 7)

Throughout World War II, US training and doctrine
in detection of chemcal agents required the soldier to
break the seal on his gas mask and use his sense of smell
1o “test for gas™ This procedure was enforced despite
the continued attempts by scientists to develop new
chemical agents that were highly toxic, immediately
effective, colorless and odorless Furthermore, heavy
concentrations of the standard agents could overpower
the olfactory sense and thus prevent identification and
also increase the possibility of injury

There were no reports of chemical agent use dunng
Worid War 11 (Ref 6) Although the Germans had over
104 X 10" kg of chemical agent mumitions in their
stockpiles, most of their GA nerve agent stockpile was
contained 1n bombs The Luftwaffe (German Air Force)
had over 40,000 250-kg GA bombs available in 1ts
mumtions depot in Bavaria The remainder of the
German stockpile was mainly mustards and phosgene
(CG) artillery projectiles and bombs (Ref 8) Germany
did not employ these nerve agent munitions on 6 June
1944 (D day), 1e., when the Allied forces were most
vulnerable to chemical agent attacks

Despite hints of the existence of nerve agents dunng
World War 11, 1t was not until April 1945, 1¢ , when the
US Army captured the German stockpile of GA n
Bavara, that this new class of agent was revealed to the
Alhed forces (Ref 8) Meanwhule, the Russians captured
the GA production facilities 1n Silesia and data on other
nerve agents, such as GB and GD, 1n development at
that ime Many of the current Soviet chemical agent
detectors and munitions, e g, 250-kg bombs, evolved
from captured German munitions.

The US Army also captured a vanety of German
“gas™ detection items, such as detector kits, tubes, hand
pumps, powder, powder shakers and pumps, papers,
crayons, spray cards, and an automatic fortress gas
detector The tubes changed color in a typical
Schoenemann reaction when exposed to chemical agents,
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and they were capable of detecting Levenstein mustard
(H), arsemcals, HN, CG, diphosgene (DP), chloropicrin
(FS), cyanogen chloride (CK), phosgene oxime (CX),
and hydrogen cyamde (AC) The tubes were marked
with colored bands to 1dentify the type or class of agent
(Ref 9) Other German agents 1dentified 1included
ethyldichloroarsine (ED), adamsite (DM), diphenyl-
chloroarsine (DA}, and diphenylcyanoarsine (DC)

The capture of the German nerve agents and exploita-
uon of this technical intethigence had these effects

I A major change 1in doctrine away from detection
and idenufication by the sense of smell

2 Estabhshment of an urgent requirement for detec-
tion devices that could detect and/or identify the nerve
agents

3 Establishment of the need for an automatic
chemical agent alarm system that would respond im-
mediately and warn of the presence of nerve agents in
the atmosphere

The Congressional Repori of the Chemucal Warfare
Review Comnussion (Ref 6) 1o the President on 11
June 1985 vahdates previously aileged employment of
chemical agents and biological toxins by vanous nations
since World War 1l The {ollowing incidents are
examples of such employment

I The Egyptian attacks in Yemen during the period
1963 10 1967

2 Attacks by the Vietnamese in Laos and Cambodia
dunng the late 1970s

3 Use by the Soviet Union in Afghamstan that
began 1n the early 1980s

4 Use by Iraq in the Iran-lrag war from 1986
through 1988

Table 1-1 summanzes the history of hquid agent
detector (1LAD) and chemical agent detector kit develop-
ment

By 1950 US scienuists had developed a detector tube
test for G-senes nerve agents The test was based on the
Schoenemann reaction of G-agents with an alkaline
indole, sodium pyrophosphate solution, 1o produce the
insoluble dye. indigo The test consisted of adsorbing the
G-agent on a plain silica gel detector tube and adding a
drop of the solution indole-peroxide in water to the
sihica gel As Ittle as 2 ug of G-agents were readily
detectable by the formation of a green-blue band on the
silica gel (Refs 12 and 13)

In 1953 the M6AI paper replaced the M6 paper and
the M7A1 cravon replaced the M7 crayon Both were
improved items capable of detecting hquid G-agents

British development of the persistent VX nerve agent
in 1960 also had a major impact on the technical

charactenstics required of detection devices for detection
of chemical agents The M5 pamnt, M6AI paper, and
M7ALl crayon were unable to detect the VX agent and
therefore were reclassified as obsolete in 1964 (Ref 10)
In 1964 the Canadian-developed ABC-M8 VGH chemi-
cal agent detector paper replaced the M6A1 paper The
M8 paper consists of a book of 25 DB3 dye-impregnated
papers The paper changes to charactenstic colors when
exposed to a hquid V-agent (dark green spots), G-agent
(vellow spots), or H-agent (red spots) Adding M8 VGH
paper to the chemcal agent detector kits provided a
liquid VGH detection capability (Refs 12 and 14)

In 1960 enzyme detector tickets based on the substrate-
hydrolyzing activity of cholinesterase enzymes were
developed to detect V-agent vapors When enzyme
detector uickets are exposed to V-agent vapors and a
chromogenic substrate solution 1s added from a squeeze
bottle, the active enzyme hydrolyzes the chromogenic
substrate and changes the color to orange The detector
ticket 1s flat polyvinyl plastic and can be used for vapor,
aerosol, and surface sampling Forty tickets are sealed 1n
a foil-polyethylene laminate to reduce detenoration in
storage Dichloroindopheny! acetate (DIA) substrate was
selected as the most stable compound with the best rate
of hydrolysis when reacting with the enzyme The enzyme
detector tickets were added to the various detector kits
(Ref 12)

The MI8A2 chemical agent detector kit, adopted by
the Army as a standard item in 1977, 1s currently
authonized for use by nuclear, biological, and chemical
(NBC) specialists to identify a broad range of chemical
agents and to send samples to technical intetligence
teams or fixed jaboratories for analysis The MI8A2 kit
can detect bhister agents, nerve agents (G and V), choking
agents, arsenicals, and blood agents in the air A book
of ABC-M8 paper provides the VGH hquid agent
detection capabihity for the kit (Ref 14)

The M256 chemical agent detector kit was type classi-
fied and replaced the M15 senes kits The M256 kit
consists of a plastic carrying case, 12 sampler-detector
cards, instruction cards, and a book of ABC-M8 VGH
chemical agent detector paper The sampler-detector
cards contain reagent ampoules When the ampoules are
crushed between the fingers, channels 1n the plastic
sheets, of which the cards are made, direct the flow of
the hiquid reagents to wet the test spots The test spots
change color when exposed to chemical agents in the
air The M256 kit detects CX, H, HD, and L blster
agents, V and G nerve agents, and AC and CK blood
agents (Ref 14) The technology leading to the design of
the M256 15 described 1n more detail in Chapter 4
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TABLE 1-1. SUMMARY OF CHEMICAL DETECTOR KITS AND
LIQUID AGENT DETECTORS (Refs. 10 and 11)
DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS* COMMENTS
Liquid Agent Detectors
1 MS Pamnt pH color change for H and L Obsolete No nerve agent capability
2 Mé6 Paper pH color change for Hand L Obsolete No nerve agent capability
3 M6A! Paper pH color change for H, L, and G Expendable** No V-agent capabihity
4 M7/M7AI Crayon pH color change for H and L Obsolete No nerve agent capability
5 ABC-MB8 Paper pH color change for persistent Expendable** Has V, G, and H capability and
nerve agent family (V). (1973) reacts to lubnicants and

M9 Paper

M4 HS Kut
{Detector Tubes)

M9/ M9AL/MIA2 Kn
{Detector Tubes)

a MIS(E27R4) Kt
{Detector Tubes)

b MI5A1 (E27RS) Kit
(Detector Tubes and
Tickets)

¢ MI5SA2 (E27R6) Kit
{Detector Tubes and
Tickets)

a MIS8 (E28) Kut
{Detector Tubes)

b MIBAI (E28R1) Kut
(Detector Tubes)

¢ MI8A2 (E28R2) Kit
(Detector Tubes and
Tickets)

nonpersistent nerve agent family
(G). H, L, and CX

Dye-impregnated paper, pH color
change for V, G, H, and L

Expendable**

(1980)

Chemical Agent Detector Kits

Schoenemann reaction for H, HN,

and L

Schoenemann reaction for H,
distilied mustard (HD), HN, L,
CX, phenyldichioroarsine (PD),
ED, DM, DA, DC, CG, AC, CK,
GA, GB, and GD

Schoenemann reaction for G, CK,

H. HD, mustard mixture (HT),
HN, and CX

Schoenemann reaction for G and
H. Enzyme ticket—dichloroindo-
phenyl acetate (DIA) substrate
reaction for V-agents added

Schoenemann reaction for G, H,
HD, HT, HN, CX, L, ED, DM,
CG, AC, and CK

Enzyme ticket—DIA substrate
reaction added for V-agents

Obsolete

Obsolete

Obsolete

Obsolete

Obsolete

Obsolete

Obsolete

Standard
(LCC-B)t
(1977)

decontamnants

Has camouflage and adhesive
backing, scuffing causes false
indication, reacts to lubricants,
decontaminants, and exposure to
extremely high temperatures

No nerve agent capability and
heater required

G-agent detector added in 1950
and no V-agent capabihity

No V-agent capability

No V-agent capability

No V-agent capability

V-agent capability added

(cont'd on next page)



Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)
TABLE 1-1. (Cont'd)

DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS* COMMENTS
11 M256 Kt Schoenemann reaction for CX, H, Standard Cards replace detector tubes,

(Sampler-Detector Cards) HD, L, V, G, AC, and CK

(LCC-A} tickets and reagents, takes 15 min
(1977 to complete test

Food and Water Testing Kits

12 ABC-M3 Food Testing

and Screeming Kat color change for G-agent

I3 M4 Poison Water Testing Quantitative—color changes—

Kit untreated water

14 AN-M2 Water Testing Kit  Go-no-go quahtative indicator
change 1n untreated water, detects  (LCC-B)t
arsenicals, G-agents, mustards (1958)

1y ABC-M30A2 Refill Kut
for V-agents

16 M272 Water Testing Kit

color

Go-no-go qualitatitve indicator

Detects in treated and untreated
water, tickets and tubes change (1983)

Obsolete No V-agent capability

Obsolete No V-agent capabihity and reacts
to treated water

Standard Can be used with M30A1 kit to

detect V, no V-agent capability,
reacts to treated water, faint HN
reaction

Used with AN-M2 water testing kit Expendable**

(1972)

Expendable** Detects agents in treated and
untreated water

Sampling and Analyzing Kits

17 MI19 Sampling and Qualitative and quantitative Standard Portable laboratory in aluminum
Analyzing Kit analysis for all known chemical (LCC-A)t suitcase, contains all supphes and
agents, sampling for unknown (1964) equipment for field analysis,
agents requires specialized chemist
traiming and skills to operate
18 M33 Analyzing Contains consumables for Expendable**
Components Refill Kit resupplying M19 Kit (1964)

* Type classification data s indicated for standard and expendable items
** The term * expendable™ 1s used to denote those nems that are no longer functional after use

t LCC signifies a logistic control code Both LCC-A and B items are issued for use and recewve full logistic support, but an LCC-B

item 1s used 1n heu of an LCC-A tem or 1t 1s an item that can no longer be procured

The M9 chemical agent detector paper for detecting
liquid chemical agents was adopted for Army use 1n
1980 The M9 paper 1s a roll of gray-green paper with an
adhesive backing for attachment to uniforms or equip-
ment The dye-impregnated paper turns pink, red, red-
brown, or red-purple when it contacts liquid nerve or
blister agents (Ref 14) The B-1 dye used in the original
paper was mutagenic, but the Army decided to field the
M9 paper until a suitable replacement dye was found In
982 Solvent Red 119 (SRI19) was tested and found to
be a satisfactory nonmutagenic replacement dye (Ref
1?)

In the early 1960s three kits were available to test for
chemical agents in food and water These were the ABC-
M} chemical agents food testing and screening ki, the
AN-M2 chemical agents water testing kit, and the M4A|

poison water testing kit These kits were capable of
detecting most chemical agents except V-agents or in-
capacitating agents (Ref 12) The ABC-M3 and M4Al
kits did not meet new user requirements, therefore, they
were reclassified as obsolete in October 1970 (Ref 10)

The AN-M2 chemucal agents water testing kit was
adopted for Army use as an expendable item 1n 1958
This kit 1s used to detect contammation of unchlorinated
water by chemical agents The AN-M2 kit contains
qualitative and quantitative tests of water samples for
arsenicals, mustard, nerve agents (G only), acidity or
alkahnity, and chlorine demand . The kit does, however,
give false readings when testing water treated with
chlorine or 10dine (Ref 14)

The M272 chemical agents water testing kit was
adopted as an expendable 1item 1n January 1983 This kit
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1s used by medical and engincering teams to detect
hazardous levels of nerve, mustard, lewisite, and blood
(cyamde-based) agents 1n raw and treated water. The kit
functions 1n the presence of background matenal and
chemicals used in the treatment of water The M272 ku
was developed to improve upon and replace the AN-M2
water testing and screeming kit and the ABC-M30Al
refill kit (Refs 10, 12, 15, and 16)

The M19 CBR agent sampling and analyzing kit was
type classified as standard in 1964 The M19 kit 1s a
portable laboratory used by technical intelligence teams
1o detect and identify unknown chemical agents and to
perform prehiminary processing of umdenufied chemical
and/or biological agent samples Consumable items 1n
the MI19 kit are resupphed from the M33 analyzing
components refill kit and the M34 sampling kit (Ref
14) These two kits replaced the MI0OA} and M12 kuts,

which were reclassified as obsolete 1n 1964

The introduction of 10xins by Soviet-supported forces
in Southeast Asia and Afghanistan during the past
decade generated an urgent US Army requrement for
an effective toxins detection and monitoring capability.
Product improvement programs have been imtiated to
attain this capability as soon as possible with the M256
and M272 kits (Ref 12) There are, however, no current
plans to improve the M19 kit

Since the 1950s the Army has investigated a variety of
automatic chemical agent alarm technologies Table [-2
hists the charactenstics and principles of operation of
some of the point sampling automatic chemical agent
alarms that have been developed or are being developed.
Of interest are some of the early E-series nerve agent
alarms, which have evolved into the current standard
chemical agent detection and monitonng systems

TABLE 1-2. SUMMARY OF POINT SAMPLING AUTOMATIC CHEMICAL
AGENT ALARMS (Refs. 10, 11, and 12)

DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS COMMENTS
Early Alarms
I MS(E17) Fixed Aqueous Schoenemann reaction  Obsolete (1969) Large size (20X 061 X 066

" Installation Automatic
G-Agent Alarm

for G-agents

2 M6/M6AI (E21) Field

Automatic G-Agent dianisidine) for G-agents

Colorimetric paper tape (o-

Alarm

3 M7(E43R3) Field Colorimetnic paper tape
Automatic VG-Agent
Alarm

4 E22R1 GB Aurcraft Fluorescence quenching on

Alarm paper tape
5 E25 Automatic G-Agent

Alarm for G-agents

E38 Automatic G-Agent

Alarm for G-agents

Aqueous Schoenemann reaction

Agqueous Schoenemann reaction

m) and weight (329 kg), not
adaptable for field use

Obsolete (1969) First field G-agent alarm, no
V-agent capabiltiy replaced by
M8 alarm

Obsolete (1969) First field VG-agent alarm,

replaced by M8 alarm

Cancelled Did not meet user requirements
Cancelied Not portable (113 kg)
Cancelled Not portable (127 kg)

Current Alarms

7 M43 Chemical Agent
Detector Unit (M8
Alarm)

change in voitage

Electrochemical reaction of
agent 1n electrolyte solution
Electronic detector cell senses

Standard (LCC-A)*
(1969)

First fully fielded portable
chemical agent alarm (1969),
rugged and portable, con-
tinuous resupply of electrolyte
solution required from M299
refill kits

*LCC signifies logistic control code

(cont'd on next page)
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TABLE 1-2. (Cont'd)
DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS COMMENTS

8 M43A1 Chemical Agent lonization-type detector Alpha Standard (LCC-A)* Dry system, no resupply solu-

Detector Umit (M8BAI
Alarm)

radiation source causes chemical (1981)
agent 1ons 1n contaminated air
to cluster Electronmic module

tions required, rugged and
portable, detects VG-agent
only

monitors electrical voltage
output changes

Developmental Alarms

9 XM22 Automatic lon mobihity spectrometry —
Chemical Agent Detector (IMS) used 1o detect nerve (G,
Alarm (ACADA) V) agents, mustard, lewisite

Lightweight (9 kg)

10 Chemical Agent Momtor lon mobility spectrometry
(CAM) detects chemical agent vapors
(nerve and mustard) by sensing
their molecular 10ons of specific
mobihties (time of flight), uses
tuming and microprocessor
techniques to reject interferents

International Hand-held, hghtweight (2 kg)
Materiel Evaluation device, detects agent vapors,
(IME) Program availability through IME

11 German Mass Quadrupole-based mass
Spectrometer (GEMS)— spectrometer detects chemucal
MM-1 Mobile Mass agents based on relative
Spectrometer abundance of four umque ions

ot specific threat agent, can be

International High specificity and detects,

Mateniel Evaluation disciminates, identifies up to

(IME) Program 128 different chemical agents
or unknowns, availability
through IME, extremely

N M6 Detector Unn
Chemical Agent
Automatic Alarm Ligund
(AL AD)

WMRS Central Afam
U (C ALY Agent
Automatic Alarm Liguid

Individual Chemical
Agent Detector (ICAD™)

programmed for up to 128 sets
of 4 ions, for surface contamina-
tion monitoring uses inherent
gas chromatography-like
function of sample probe 10
obtain additional interferent-
agent separation

ALAD detects single droplets Terminated
(200 um or larger) of hiquid

thickened GD (TGD), VX H,

and L by physical-chemical

reacuion of agent with silver flake

bearing paint resin agent causes

swelling and separation of con-

ductive silver flakes and change

in electrical resistance of detector

grid activating alarm, CAU con-

tinuously monitors ALAD to

determine location, aerosol cloud

course, velocity, and dimensions

Conssts of disposable sensor
module containing electrodes,
electrolvies and membranes for
developing a signal proportional
to the G- V- H-, or L-agent
concentration n the air and
activates audio alarm

Item (NDD

Nondevelopmental

complex system, requires

highly trained speciahsts for
operation and maintenance,
large size, servicing difficult

Unattended autornatic hqud
agent detection, portable
svstem

Small, badge-size, battery-
powered alarm for detecting
chemical agent vapors in air
that immediately warns
individuals of hazard poor
specificity

21 CC sipmfies fopsie control code
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Specifically, the E21 and E43R3 automatc field alarms
are examples of early attempts to field a universal nerve
agent point samphing alarm for Army use The sensors
on these alarms operated on the pninciple of colorimetric
paper tape (o~diamsidine), which changes color when
wetted with a reagent and exposed to nerve agents in the
air The E21 alarm was adopted as the M6 and M6A1
field automatic G-agent alarms, and procurement was
limited because the E21 did not fully meet the required
technical charactenstics The E43R3 alarm was adopted
as the M7 field automatc VG-agent alarm and designated
for limited procurement pending development of a more
effective system for field use Both the M6, M6A] and
M7 alarms were reclassified as obsolete in 1969 (Refs 10
and 12)

The M8 automatic chermcal agent alarm (ACAA) was
type classified as standard in 1969 The M8 alarm
consists of a portable, battery-operated, electrochemical
pont sampling M43 detector umt and a battery-operated
M42 alarm unit The M8 alarm was authonized to
company-size units throughout the Army Vanous
accessories, such as the M229 refill components ki,
MI10 power supply, M253 wintenization kit, BA3517/U
battery, and M182 and M228 mounting kits are needed
to support the Mg alarm system 1n the field To reduce
the mmitias fielding cost to the overseas commands, 10
dfferent configurations based on various combinations
of these accessories were type classified and authorized
This decision eventually led to many problems in manag-
ing this high-density system, therefore, the 10 imtial
configurations were reduced to one.

The M43 detector unit uses electrolyte wetting solution
from the M229 kit passing through an electrochemical
cell 1o detect AC, CG, CK, CX, GA, GB, GD, and VX
chemical agents in the air An M74 test set 1s used to test
the electronics The M8 alarm and the MI0 power
supply were reclassified as LCC-B 1n 1981 upon adoption
of the M8A! alarm and MI0A I power supply (Ref 14)

The M8A|[ automatic chemical agent alarm was type
classified 1n 1981 The MBAI alarm consists of the
MA43A] detector unit, a portable, omzation-type elec-
tronic point samphng sensor, and the M42 alarm unn
The M43A1 detector unit uses an alpha radiation (dry)
source for detection of nerve agents The main advantage
of the MBA1 alarm 1s the elimination of the costly M229
refill kit and time-consuming servicing that the M8
alarm requires The MI0A1 power supply 1s a product
improvement providing a smalier, more compatible (form
and fit) power supply for convering from ac to dc
power to operate the M8 and MB8AI alarms at fixed
mnstallations The remaining M8 alarm accessornes are
compatible with the M8A1 alarm configuration (Ref
12) Unhke the M43 detector unit, the M43A1 detector
unit cannot detect choking, bhster, or biood agents
Planned product improvement for the M43A1l unit

includes developing the capability to detect these agents
and toxins used as agents (Refs 12 and 13).
Other improved automatic chemical agent detection

.and monutoring systems are 1n varying stages of develop-

ment These include remote detectors or sensors, which
will provide a greatly enhanced capability for CB detec-
tion and monitoning. Table 1-3 outlines some of the
remote detection technologies being pursued in CB
defense research and development (R&D) programs.
Chapter 4 descnbes these technologies in more detail

The XM21 remote sensing chemical agent alarm 1s a
first-generation automatic scanmng sensor system that
employs passive nfrared (IR) technology for remote
detection of chemical agent vapors The remote sensor
system evolved from the long path infrared (LOPAIR)
technology, which was investigated 1in 1956 The XM21
sensor detects the absorption or emission of IR energy
by chemical agent vapors within its field of view (FOV)
at a range of up to about 5 km (Ref 16). The XM2i
alarm consists of a detector, tripod, and power source
The XM2I alarm technology 1s based on a concept that
uses Fourner transform speciroscopy and discrimination
algonithms to compare the agent cloud IR pattern with
the IR illumination naturally occurring in the background
scene The XM21 alarm entered full-scale development
in 1986 (Refs 17 and 18)

Of particular interest to the designer of CB detection
and monitoring systems 1s the rapid development of
active IR technology during the past decade CRDEC 1s
pursuing differential scattered (DISC)/ differential absorp-
tion hight detection and ranging (LIDAR) (DIAL)
{DISC/DIAL) remote sensing technology for a remote
detecuon (of agent vapor or aerosol) and ranging (cloud
distance) capability for chemical agents Testing from
1984 through 1987 employed a ground-mobule bread-
board umit (GMBU) and has demonstrated that DISC/
DIAL technology detects threshold concentrations of
chemical vapors and aerosols at ranges of up to 3-5 km
and chemical surface contamination at a range of 150-
600 m The GMBU also demonstrated that active IR
technology will achieve many other unique recon-
naissance, detection, and identfication capabilities not
achievable through passive IR technology alone

Based on these findings and Air Force requirements,
CRDEC s developing a second-generation remote detec-
tion system This system will be a computer-controlled
automatic scanmng device that combines active and
passive IR sensor technologies for remote detection,
discrimination mapping, warning, and transmission of
ranging information (distance, location, content, and
concentration) regarding chemical agent vapor, aerosol.
and hmited surface contamination This model s being
developed to meet fixed site installation (FSI) require-
ments  As this development effort matures, the Army
will adapt the Air Force system to meet its Fixed Site
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TABLE 1-3. SUMMARY OF CHEMICAL AGENT STANDOFF (REMOTE)
DETECTION SYSTEMS (Refs. 12 and 13)
DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS COMMENTS
E33R1 and E49 Long path infrared (LOPAIR) remote  R&D Remote detection of chemical
Scanning G-Agent sensor (nerve agents) terminated agents demonstrated, fore-
Alarm (LOPAIR) (1966) runner of infrared remote
detection system, required
retro reflector setup 370 m
away, positioming retro-
reflector 1n battlefield
situations for effective
operation 1s difficult
XM2I Remote Sensing Portable, remote sensing alarm, uses R&D Remote detection of nerve

Chemucal Agent Alarm
(RSCAA)

Advanced Warning
360 CW Scanning
Alarm (CWSA)

Light Detection and
Ranging (LIDAR)
Remote Detection
System

passive infrared Fourier transform
spectroscopy of vapor clouds, automatic
scanmng sensor detects absorption or
emission of IR energy by chemical agent
vapor clouds within 1ts field of view
(FOV) by comparison with IR
illumination naturally occurring in the
background scene

Remote passive infrared sensor, has 36
filters set to sense 10 imncrements of
airspace surrounding ship or facility

Navy standard

Vehicle-transported remote sensor, R&D
combines active differential scatter
(DISC) and differential absorption
LIDAR (DIAL) infrared techmiques to
identify and measure chemical agents at
a range of 3-5 km, DISC measures
wavelength-dependent charactenstics of
scattering particles, recogmzes pattern,
identifies particulate composition by
measuring bachkscatter at several
wavelengths and range resolves this
information, DIAL uses column content
technigue to measure absorption of IR
energy in the 9- to 11-um region by
chemical agent aerosols laser pulses are
transmitted, backscattered from
naturally occurring atmosphernc
aerosols, and received by the sensor for
processing using microcomputer and
algorithms for discrimination and
identification

and blister agent vapors in
FOV up to 5 km, portability
margnal

Response time 30 s, nerve
agent vapors only, manual
operation required

Remote detection of nerve
and mustard agent vapors,
aerosols, droplets, and surface
contamnation, does not need
a topographical target, range-
resolving, mapping, identifica-
tion, and column content
capability, high-resolution
mcasurements, WCIghl, si1ze
and power requirements very
high, short laser hife, not
portable

110
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Detection and Warning System (FSDWS) and nuclear.
biological and chemical reconnaissance system
{(NBCRS) requirements Parallel programs will pursue
additional detection capabilities for biological and toxin
agents and operation from helicopters. remotely puoted
vehicles (RPV). and satellites (Ref 17)

Table i-4 summar:zes the development status of the
biological agent detection kits and technologies that
have been applied to the biological agent detection
problem Table 1-5 summarizes the status of biological
agent point samphng detectors and technologies For
example. the point sampling biological detector and
warning system (BDWS) development program was inj-
tiated in the [960s entered demonstration and vahda-
tton n 1971 entered full-scale development 1n 1975, but
was terminated in 1983 before type classification

The BDWS consisted of the XM [9 chemiluminescence
automatic biological agent alarm and the XM2 bio-
logical agent sampler The XMI9 alarm signaled the
presence of biological agent aerosols by monitoring
chemiluminescence reactions with specific reaction char-
actenstics The XM2 sampler collected samples of the
suspect aerosols and maintained their viability so that
the orgamsms contained could be identified at designated
medical laboratones A BDWS station consisted of the

XMI9 alarm, the XM2 sampler, consumabie supply
refill kits, and the M42 alarm umits The M42 alarm umt
provided the audio and wvisual alarm when biological
agents were detected in the environment Each BDWS
station required 110 V ac and 60 Hz power from
electrical generators BDWS stations were to be assigned
to command and control centers down to brigade level
with a station density of about five per division and two
per separate brigade (Refs 14 and 15)
The BDWS failed to meet user requirements for the

following reasons

I Harmless background interferents caused too
many false alarms

2 The system was too heavy and bulky The large
volume of air to be sampled required larger equipment
than desired by the user community The XM19 alarm
weighs 66 kg, and the XM2 sampler weighs 64 kg Both
items measured about 0.56 m long, 0 4! m wide, and
0 79 m high (Ref 14)

3 Power requrements were high and required a
dedicated generator system

Various technologies for remote detection of biological

agents are being investigated through the Army’s CB
defense research program Table 1-6 summanzes the
status of these programs

TABLE 1-4. SUMMARY OF BIOLOGICAL AGENT DETECTION KITS (Ref. 17)

DETECTOR NAME
OR ACRONYM

BASIC FUNCTIONS

STATUS

I Sampling Kit, Biological Agent,
E25

2 Sampling Kit, CB Agent, M34

3 Biological Agent Test Kut
(BATEK)

Collect aerosol samples

Collect soil and water samples, sub-
Ject samples to microfiltration,
preserve samples for identification
by medical personnel

Provide preliminary information to
the commander relative to the neces-
sity for protective action, confirm or
negate the alarm, estabhsh “all
clear” conditions, detect presence of
low concentrations of secondary
aerosols, provide genenc test for
bacteria and viruses and a specific
test for T-2 toxin

Sampling function was eliminated, and
the other components were included 1n
the E34 knt

In supply system, only current capabii-
ity for obtaining information on pres-
ence of BW agents, component of
Sampling and Analyzing Kit, CB
Agent, ABC-M19

Exploratory development was to be
completed by December 1984, per-
formed poorly in the mission perfor-
mance analysis and was not moved
forward into demonstration and valida-
tion

1-11
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TABLE 1-5. SUMMARY OF BIOLOGICAL AGENT POINT
SAMPLING DETECTORS (Ref. 17 and 19)

DETECTOR NAME
OR ACRONYM

BASIC DETECTION
PRINCIPLE

Circular Intensity
Differential
Scattering (CIDS)

Single Particle
Aerodynamic Relax-
ation Time
(SPART) Analyzer

Esterase Detector

Laser-Induced Fluo-
rescence (L1F)

Particle Size Ana-
lyzer (PSA)

Partichrome Ana-
lyzer (PACT)

Determination of the intensity
of the light scattered when the
incident beam 1s left circularly
polanized minus that scattered
when the incident beam 1s
night circularly polarized,
divided by the sum of the two,
believed to discnminate among
microorganisms based on
differences 1n packing of DNA
or RNA*

Laser-based tnstrument that
can determine the acrodynamic
size, shape, electrical charge,
and fluorescence spectrum of
the protein content of the par-
ticles suspended 1n air in real
time or on an individual parti-
cle basis

Flow system used to collect,
develop, and read out soluble
or extractable products of
enzyme activity from the intact
organism

Uses a nonfluorescent dve that
when enzymaticallv acted upon
by an orgamism such as 4 bac-

terium produces a fluorescent

metabohte

Uses the detection of forward-
scattered hght (45 deg off
axial) to count particles on an
individual basis and classifv
them according to size

Particles are impacted upon 4
sticky tape, treated, stained
with a dye, and then destained,
protein particles accept and
retain the stain, whereas others
reject or lose the stain, tape 1s
illuminated and viewed
through colored filters, biologi-
cal and nonbiological particles
are counted

STATUS COMMENTS _
Under mnvestigation Nonhquid, rapid response,
extreme single biological or
toxic particle sensativity
Under investigation Nonliquid, rapid response,
extreme single biological or
toxin particle sensitivity
Breadboarded, under inves-
tigation
Under invesuigation Prowvides qualitative and ~

quantitative microorganism
data within a relatively short
time span (20-60 min)

Did not possess adequate
sensiivity, therefore the
PSA approach was aban-
doned

Simple, tnexpensive, rugged
sensitivities to about 10% of
background required

Little effort was expended  Reduces eftects of back-

on this detection system ground by discriminating
while the XM 19 alarm was against nonprotein particles,
in development, PACT has cnitical focus and hght source
reached the breadboard requirements, complex
stage. new investigations optics, liquid reagents create

are being imtiated 4 logistic burden

*deoxynbonucleic acid (DNA) and nbonucleic acid (RNA)

(contd on next page)

(
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TABLE 1-5. (Cont'd)
DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS COMMENTS

7 Pyrolyzer

8 LIDAR Point
Detector

9 Mass Spectrometry
(MS)

-

10 Single Particle Light
Scattering

Il Fluorescence Anu-
body Staining Tech-
nique (FAST)

12 Radioactive-Labeled
Antibody Staining
Technmque (RAST)

Cleanses air of particulate
content, particulate matter 1s
treated to produce ammonia
from the protein matter
present, the ammonia 1s
reacted with hydrochlonc acid
to form parucles, these parti-
cles are then detected in an
1on-counting chamber

This technique 1s a short-range
version of LIDAR, a biologi-
cal fluorescence detection
technique that depends on the
existence of tryptophan which
1s present in all biological
matenals

Single-particle laser 1omzation
mass spectrometry is used to
measure the mass spectra of
individual particles

Light scatter from singie parti-
cles 1s detected by a photomul-
upher tube

FAST uses a fluorochrome
indicator to detect the presence
of antibodies following reac-
tion with the collected antigen.
uses UV excitation to detect
fluorescent tag

RAST uses a radioisotope to
detect the presence of anui-
bodies following reaction with
the collected antigen uses scin-
tillation counting to detect the
radioisotope

Onginal breadboard had a
low sampling rate which led
to poor sensitivity, higher
current collection capability
indicates enhanced sensi-
tvity, this technique 15
currently being reexamined

Recently completed the
research stage, in-house
work at CRDEC 1s being
performed on this tech-
nique, and the feastbility
still looks good

Now under study by the Jet
Propulsion Laboratory,
spectra were generated 1n
March 1983 by 1omizing bio-
logical particles on a con-
tinuous basis

Poor sensitivity, therefore
approach was abandoned

Both FAST and RAST
devices have been bread-
boarded and tested exten-
sively with both simulant
and pathogen aerosols and
on outside air, these tech-
mques are stll being inves-
tigated, with promising
developments cited

Rapid response time, no
complex optics, ruggedness,
no cntical liquid reagents,
oniginal low sampling rate led
o poor sensitivity

Simpiicity. iow power
requirement does not require
any hiquids. easily stored,
requirement for extreme con-
centration of the biological
aerosol

Hf mass spectra of individual
particles can be accurately
measured. ability to separate
out background materials
will be enhanced

Low power requirements;
very simple, rapid response
tuime, no hquid requirements,
lack of specificity led to high
false alarm rate

Both FAST and RAST tech-
niques help eliminate
response due to background
because of their specificity
Both FAST and RAST
require a different antibody
preparation for each bactena
and use hquids that are diffi-
cult 1o store and very expen-
sive RAST uses radioactive
matenals that present a waste
disposal problem in the field

(cont'd on next page)
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TABLE 1-5. (Cont’d)

DETECTOR NAME
OR ACRONYM

BASIC DETECTION
PRINCIPLE

STATUS

COMMENTS

13 Biological Detection
and Warming System
(BDWS)

The two components of the
BDWS are the XM 19 alarm

BDWS reached
engineenng development

and XM2 sampler The XMI19 stage, however, the

1s designed to detect rapidly
the presence of dilute
biological aerosols 1n an
ambient atmosphere The

developed system did not
meet the Army’s field
needs By reducing the air
sampling rate from 1000 to

detection principle ts based on 200 L/mn, significant
the chemiluminescent reaction reductions could be made

between alkaline luminol,
sodum perborate, and the
microorganism The XM2
collects a sample of the
suspected biological aerosol
upon command from the
XM 19 when an alarm s
declared

in size, cost, and power

Requires no optics, modified
version of the XM19 alarm
achieves a very rapid re-
sponse time (less than 30 s)
Size, mechanical complexity,
insufficient background
discrimination, high power
requirements, and need for
Iiquid reagents could pose a
logistical problem

1-14
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TABLE 1-6. SUMMARY OF BIOLOGICAL AGENT STANDOFF (REMOTE) DETECTION
(Refs. 17 and 19)
DETECTOR NAME BASIC DETECTION
OR ACRONYM PRINCIPLE STATUS COMMENTS
1 Light Detection and A remote sensor receiver and ~ Under investigation No hquid required, short
Ranging (LIDAR) signal processor monitors the response time, high power
intensity of the fluorescence of requirements, large size
trypotophan
2 Daifferenual Scatter Pulsed laser techmque for Under investigation Standoff capability possible,
(DISO) determinming the presence and high power requirements,
spaual location of acrosol large size
clouds, DISC makes mea-
surements of the wavelength-
dependent scattering charac-
teristics, which 1éentify the
composition of scattering par- .
ticles, pattern recogmtion 1den-
tifies the particulate composi-
tion made possible by
measurement of backscatter at
several wavelengths
3 Differential Combines long path Under investigation Standoff capability possible
Abscerption LIDAR  absorption measurements with
(DIAL) LIDAR instrumentation
4~ Raman Scatter Uses a form of fluorescence to  Under investigation, may  More specific than con-

detect biological aerosols be able 1o dentify

ventional fluorescence, very

5 Infrared Uses infrared absorption of
obscurant cross sections to

detect biological aerosols

biologicals as opposed to
nonbiologicals

Although 1981-82
laboratory tests showed

small interaction cross sec-
tion of 10 or 10 orders of
magnitude less than the sig-
nals produced using direct
ultraviolet (UV) excitation
of the tryptophan

Large concentration
requirement

promise, actual field tests
found large concentration
requirement for a detection
response, therefore,
approach was dropped

1-3.2 CHEMICAL AND BIOLOGICAL
DEFENSE

The Army's current fighting doctrine 1s embodied 1n
the AirLand Battle concept, which divides the battle
into three operations rear, close, and deep The
AirlLand Battle doctrine describes the Army's approach
to operating and applying combat power at the opera-
tional and tactical levels

The AiwrLand battlefield 1s not only an extended
battlefield but also an integrated one It 1s extended
because the battle 1s fought from the forward hne of
own troops (FLOT) both forward and rearward The

range, cccuracy, and general sophistication of modern
weapon systems are such that both combatants can
expect their rear arcas as well as their forward areas to
be attacked The AirLand Battle 1s integrated because
the opposing forces have the capability to integrate
electronic warfare and NBC weapons with the use of
conventional weapons

Threat forces have the capability to produce and
employ NBC weapons that can be dehivered to any part
of the battlefield In addition to causing damage and
casualties when initially employed, NBC weapons cause
surface contamination and downwind hazards over large
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areas to personnel, supplies, equipment, vehicles, and
tecrain  CB defense encompasses all three areas and
operational and tactical levels of the AirLand battle-
field
Threat forces possess the capability to contaminate
¢uipment, terrain, and personne| with lethal persistent
and nonpersistent agents primarily nerve, bhister, and
blood agents Agent-filled artillery and mortar shells,
tube-launched rockets, acnial bombs, mines, and tactical
missiles provide specific agent and munitions combina-
tions that give a nearly all-weather capability to con-
taminate designated targets Stockpiled nerve agents
include GA, GB, GD, and V-senes agents Blister agents
may include various types of mustard (H, HD, HT),
N, L, mustard-lewisite mixtures (HL), and CX Blood
agents include AC and CK Chapter 2 describes the
eifects and characteristics of these chemical agents in
detail Threat chemical agents are primanly used to
accomphish the following tasks
1 To kill or incapacitate enemy personnel The
main idea of this threat doctrine 1s to destroy the enemy
and use his facilities, equipment, and terrain with the
least resistance and damage possible Evacuation and
treatment of chemical casualties will impose a heavy
logistic burden on the enemy’s transportation and
medical support umts
2 To force the enemy to wear chemical protective
clothing and masks Wearing chemical protective cloth-
ing and masks reduces performance effectiveness in
mission tasks by 30-50% exclusive of the fatigue and
heat effects suffered from sustained wear
3 To restrict the enemy’s capability to maneuver
and concentrate forces
4 To contaminate the enemy’s combat and combat
support (CS). combat sérvice support (CSS), and FSI
When cnitical equipment, facilities, food supplies,
petroleum resupply lines, ammunition supply points
(ASP) air bases, and similar key areas or matenel are
contaminated by persistent agents extensive protection
and decontamination measures must be taken
Threat forces are able to synthesize toxins and to
punfy natural toxins Recent advances in biotechnology
have made possible the manufacture of toxins in the
laboratory in large quantities The United States, how-
ever, confines its military programs for toxins, whether
natural or synthetic, to research for only defensive
purposes Biotechnology methods applied to production
ol materials such as toxins represent the most serious
potential threat that could achieve technological surprise
over the United States The Soviet Bloc nations classify
toxins as chemical warfare agents to be employed 1n all
areas of the battlefield (Ref 20)
Prolific enemy use of CB agents on the battlefield
would force our troops to assume vanous levels of the
nussion-oriented protective posture (MOPP) and to take

1-16

time-consuming measures for contamination avoidance
and decontamunation Protection from CB agents re-
quires wearing protective clothing and/or masks. A
significant charactenistic of the protective gear is the
physical burden associated with prolonged wear, espe-
cally in warm temperatures The equipment 1s bulky
and uncomfortable, and soldiers wearing this equipment
in hot weather soon become fatigued, lose combat ef-
ficiency, and may suffer heat prostrauon Also they
must be able to monitor CB agents so that they can
remove their masks and unfasten the protective clothing
with reasonable confidence when the all clear signal 1s
given

Although collective protection equipment (CPE) sys-
tems give troops some respite from from the CB environ-
ment, such facilities or equipment will not be available
to most soldiers on the battiefield Even those troops
assigned to missions during which CPE s available must
have some means of momtoring, detecting, and warming
to insure that hazardous levels of CB agents are not
present inside or outside shelters

Immediate treatment must be given to any troops
exposed to CB agents Besides the loss of personnel
through casualties from CB agents, considerable medical
treatment facilities and personnel resources must be
devoted to the treatment, evacuation, and care of
casualties Warning and momitoring for these facihties
and personnel are essential

The employment of CB warfare also requires the
capability to decontaminate personnel, equipment, and
key facilities needed to carry out the Army’s missions on
the battiefield Decontamination is a tedious task requir-
ing a broad range of supples, equipment, and personnel
10 do even a mimimal job of reducing this hazard To
reduce this hazard, it 1s essential to know not only when
contamination 1s present but also when there is reason-
able assurance that personnel, equipment, facihties, and
terrain are free of contamination

CB dctection and monitoring begins with the soldier,
who may be located anywhere on the battlefield—{rom
the FLOT to the rearmost boundary of the theater of
operations Although the current individual detection
equipment available to the soldier 1s hmited to the M9
chemical agent detector paper for detecting liquid blister
and nerve agents, research is being conducted to provide
the soldier with methods to monitor for CB vapor
contamination in the air

Squads use the M256A1 detector kit 10 detect and
monunor chenical agents 1n the air Platoon- and com-
pany-size units use the M8AI portable manpack auto-
matic chemical agent alarm to detect and warn of nerve
agent vapors and toxic chemical agents on the battle-
field Due to rapidlv improving technology. units will be
using a variety of detection momitonng, idenutication,
samphing  and warning devices when performing CB
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reconnaissance and other related CB detection and mon-
itoring functions on the battlefield FSI require a vanety
of CB detection and monitoring systems 10 provide ade-
quate warming and CB detense in the rear areas

Various studies of the Army’s reconnaissance, detec-
tion, and identification (RDI) system have categorized
the functions for performing the CB detection and
monitoring mission on the battiefield (Refs 19 and 21)
These studies and functions are discussed in the later
chapters of this handbook Table 1-7 lists and defines
these functions

1-4 OVERVIEW

Chapter 2 descnibes the vanous types of CB agents
and their charactenstics and dissemination technmques
Chemucal agents are discussed 1n terms of their general
chemical composition, dose in terms of concentration
and ume, physiological response, sensstivity, and re-
sponse time Candidate biological agents are discussed
1n terms of types, incapacitating dose or lethal dose,
response time, physiological response, and physical
forms Dissemination 1s discussed as it relates to the
physical form of the agent, 1e, Lhquid, aerosol, or
vapor, and 1its distribution from a munition source

Chapter 3 describes the various combat scenarios
that dictate detector system requirements, namely,
combat and CS, CSS, reconnaissance, and FSI The
chapter addresses the CB threat of agents employed, the
method of employment in each of these battlefieid
situations, and the detector and monitor requirements

Chapter 4 describes the various CB detection tech-
nologies and the charactenistics of CB agents that permit
detection by particular chemical, physical, and bio-
technological methods For each method of detection,
the chapter addresses chemical, biological, and toxin
detection requirements and capabilities necessary

Chapter 5 introduces the concept that detection techno-
logies must be incorporated when developing equipment
for the detection processes of sample acquisition, sample

analysis, and response or alarm Sample acqusition for
CB agents 1s addressed in relation to collection and
line-of-sight concentration Sample analysis covers
signal processing, ie., visual and electronic methods,
such as signal-to-noise ratio, pattern recogmtion, and
disciminatory functions Response or alarm includes
visual indication, audio warning, and electrical signals

Chapter 6 explains detector performance critena 1n
terms of (I) sensitivity and its relation to human
response, combat concentrations, and background inter-
ferents, (2) response time and its relation 1o human
response and masking time, (3) specificity and discnmina-
tion of agents versus battlefield contaminants, and (4)
other design considerations, which are addressed n
relation to how various required technical charactenstics
affect the design of CB detection and ‘monitoring
systems

Chapter 7 addresses cnitenia for design of chemical
point sampling detectors, chemical standoff detectors
{remote sensors), and biological agent detectors. For
each type of detector, the design s addressed in relation
to the threat scenario, detection requirements (criteria),
and component design Component design 1s discussed
in terms of the detection functions of sample acquisi-
tion, sample analysis, and response or alarm
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TABLE 1-7. DEFINITION OF RECONNAISSANCE, DETECTION,
AND IDENTIFICATION (RDI) RELATED TERMS (Ref. 19)

Detect Determine the presence of CB agent

Alarm Signal or message that provides warming of CB attack

Track Follow path of incoming munition or movement of CB hazard (agent), may provide data for mapping

Search Seek CB agent by systematic movement of CB detection methods through preset sectors on the
battlefield

Classify Discern among CB agent classes

Identify Discern among specific CB agents, or further define agent class and/ or specific agent

Quanufy Measure concentration and/or amount of agent present

Map Plot agent as cloud, acrosol, rain, or ground contamination as a function of area and time

Process Manipulate data or information inputs with preestablished procedures and software to generate specific
information for designated users for planning and operational purposes

Display Present information 1n a form readily understandabie by the user
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CHAPTER 2
CB AGENTS: CHARACTERISTICS AND
DISSEMINATION TECHNIQUES

Chemucal and biological (CB) agent dissenunation as it relates 10 the physical form of the agent and its
distribution over target area and agent characteristics are discussed in this chapter The general classifications
of chemical agents and biological agents and some of the basic dissemination techniques are addressed The
composition, dose response, and physical forms of agents are provided Ageni dissemunation and the
consequent placement of detectors are discussed

2-0 LIST OF SYMBOLS

C=
Cs(x,yv,2,1) =
Cel(x,v.z,0) =

Cr=

Cip=
D{x,y,z) =
D(x,y,2,1) =
Dy =

Dc =

Dine =

Diyy =

ICTs

i

1Dy =
LCTy =
LD« =
LD% =
Q =

TCis =

,=

h =

1 =
u=
X(x,y,z,1) =

concentration of a chemical or biological
agent 1n the atmosphere, mg/m’
biological agent concentration function 1n
space and time, org/m’*

chemical agent concentration funcuon 1n
space and time, mg/m’

dosage (vapor concentration of the agent
multiphed by the time agent 1s present),
mg-mm/m3

biological dosage, org-min/ m***

total dosage field from a point source,
mg*mm/m3

partial dosage function from a point
source, mg'min/m’

biological dosage that 1s the integration of
C1 over time, org'min/m’**

chemical dosage that 1s the integration of
Ct over ime, mgemin/m’

infective dose, org

inhaled dose, mg

inhalation median incapacitating dosage,
mg-min/m’

liquid median incapacitating dose, mg; kg
inhalation medaan lethal dosage, mg-min; m’
liquid median lethal dose, mg/ kg
brological median lethal dose, org

imtial amount of gas to be disseminated,
mg

minmmum effective dosage, mg:min/m’ or
mg

time concentration 1s present, min
beginming of time interval of exposure,
min

end of time interval of exposure, min
mean transport wind speed, m/min

mean concentration of gas function in the
atmosphere at time 7, mg/m’

organisms per cubic meter

** orgamisms'minutes per cubic meter

[V )

= downwind coordinate, m
v = across wind coordinate, m

~
}

2z = upward coordinate, m
o = decay rate factor, dimensioniess
B = breathing rate, m’/mm
0. = standard deviation of the longitudinal (down-

wind) concentration distribution, m

o, = standard deviation of the lateral (across
wind) concentration distribution, m

o: = standard deviation of the vertical (upward)
concentration distribution, m

2-1 INTRODUCTION

The diversity of highly toxic materials available for use
as CB agents affects the requirements for detection and
momtonng systems Many toxic chemical compounds,
biological organisms, and toxins--—chemical compounds
that are the natural by-products of biological orgamsm
production and growth—have become a part of the
offensive weapons arsenal of various nations Con-
siderable research has been devoted to investigating
highly toxic chemical compounds, extremely virulent
strains of biological organisms, and toxins

Development of the methods and munitions necessary
to employ the more promising of these agents effectively
on the battleficld has been concurrent with the search for
these new materials

Some of the matenals that have been investigated are
so toxic and fast acting that defensive measures have also
required special attention, particularly in the areas of
detection and warming The presence and location of the
agents must be detected, and the threatened troops must
be informed in time for them to take protective action

The forms in which these materials are encountered,
the physiological effects they produce, and the variability
in the ume required to affect exposed personnel all
contribute to the difficulty of detection and warning The
diversity of chemical composition is also a sigmficant part
of the problem It has led to the investigation and use of
approaches that exploit properties of the matenals that
will effectively differentiate each material and also identify
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each matenal by a umque signature This discrimination
problem 1s compounded by the frequent practice of
mixing several agents 1n one mumton
The remaining paragraphs of this chapter describe

chemcal agents and biological matenal by

| Descnibing the chemical and physical charac-
tenistics and toxicology of agents

2 Dhiscussing charactenstics and physiological effects
of biological agents

3 Describing how agent dissemination affects the
physical charactenstics of the dispersed agent, which in
turn affect the employment of detectors and detection
sysiems

2-2 AGENT CHARACTERISTICS

The term “agen1” apphes to threat warfare matenal and
refers to a toxic chemical, a toxic biological organism, or
a toxin Although this paragraph mainly addresses the
classes of chemucal agents, the charactenstics of biological
agents and toxins are similar to those of chemical agents
Chemical agents are classified according to their chemcal
composition, physical state (hquid, solid, or gas), toxicity
{(toxic or incapacating), and physiological response
(nerve, blister, blood, choking, or vomiting) Agents are
described as persistent and nonpersistent Persistencyisa
function of agent volatility, weather, terrain, and the
munition used Highly volatile agents are generally
nonpersistent and their effectiveness lasts for a few hours,
whereas agents that have low volatility are more persistent
and can last for a few days Even agents within a given
class vary considerably in these characteristics, and a
combination of these characteristics provides the basis for
the vanous detection methods Physiological response is
most commonly used to classify chemical agents for
detection and monttoring purposes (Ref 1)

The chemical composttion of a chemical agent 1s an
essential characteristic for detection, identification, and
monitoning Most detection techniques rely on some
chemical characteristic signature given by the agent
vapors The unique spectral properties of chemical com-
pounds provide a means of detection and identification
by their characterisic wavelengths Spectral charac-
teristics usually are evaluated at a single wavelength This
property provides a means by which such advancements
in technologies as infrared (IR) and ultraviolet (UV)
sensors can be apphed to the detection of CB agents

Most military chemical agents are hquids with varying
degrees of volaulity, which 1s a measure of the tendency of
a chemical substance to go from the hquid or sohd state
directly to the vapor state Volaulity 1s expressed as
mulhigrams of vapor per cubic meter at a specific tempera-
ture and pressure |t depends on vapor pressure and varies
with temperature Liquid agents also produce vapor
through evaporation All hquid agents evaporate at a rate
that directly corresponds to their volatihity Sohds. on the

tJ

other hand, produce hardly any vapor since their volatility
1s low Consequently, sohd or hiquid agents of low
volatility and vapor pressure must be disseminated as
microscopic airborne particles, 1.¢., acrosols, by mechani-
cal or thermal means. All typeclassified chemical agents
are stored 1n hiquid form and disseminated 1n an acrosol
or particle form The detection of agents is dependent on
the forms most likely to be encountered on the battlefield

The forms of agents are based on their physical state after
dissemination, 1 ¢ , vapor, aerosol, or iquid (Ref 1)

A vapor is the gaseous form of a sohd or hquid agent
An aerosol 1s a suspenston of fine liquid or solid agent
particles 1n a gaseous medium Once disseminated, a
hquid agents restricted by the type of surfaces on which it
1s deposited and its viscosity

Agent properties have been modified 1n some dissemi-
nation systems to increase persistence and to obtain
improved target coverage Matenals such as polymethyl
methacrylate and cellulose gums have been employed to
thicken the agents A colioidal or true solution of the
agent-thickener combination 1s obtained, which resultsin
a hquid of sigmficantly higher viscosity Indissemination
systems 1in which aerodynamic breakup is used, the
droplet size produced by thickened agents s much larger
than the droplet size produced by unthickened, or neat,
agents The larger droplets greatly improve control of
agent deposition

The duration of the effectiveness of a chemical agent 1s
dependent onits physical and chemical properties, meteo-
rological conditions, methods of dissemination, and
terrain Chemical agents are often described as either
persistent or nonpersistent (Persistency 1s not considered
a class ) A persistent agent 1s an agent that remains in the
environment for extended periods of time and retains its
potency on the battlefield from days to weeks. A non-
persistent agent dissipates relatively quickly and retains
its potency on the battlefield from a few minutes to about
an hour (Ref 1)

Factors that determine the duration of a hazard are the
physical properties of the agent, weather conditions,
method of dissemination, terrain and target conditions,
and agent toxicity Temperature, atmospheric stability,
wind speed, and precipitation are the most important
meteorological factors in determining the duration of a
hazard Vegetation, soil, and buildings also play an
important part 1n the duration of effectiveness of a
chemical agent at its point of release Persistency also
affects the requirements for contamination avoidance
and decontamination For example, decontamination
personnel are required to don impermeable protective
clothing as well as protective masks in order to perform
decontamination in the safest possible manner.

Persistency 1s a function of agent vapor pressure and
volatility, 1e, highly volatile agents with high vapor
pressure evaporate more rapidly and the hazard persists
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for short periods. Liquid agent evaporauon and hazard
duration are functions of meteoroiogical condinons and
agent particle size. Viscosity 1s another important physical
factor that affects persistency and agent effectiveness

The size of the droplets or particles disseminated by a
mumuon greatly influences the effectiveness of agents
that are normally liquid or sohid In explosive munitions
the droplet sizes are dependent upon the amount and type
of burster charge and upon the fuzing of the munition (air
or ground burst) Nonexploding mumtions, such as
aerosol generators and spray tanks, are devices used to
vary the degree of dispersion and thus influence the
duration of the effectiveness of chemical agents

Toxicity 1s defined as the property possessed by a
material that enables 1t to injure the physiological
mechanism of an organism by chemical means, and the
maximum effect of this imjury 1s death Chemucal agents
that produce death are classified as lethal agents, whereas
chemical agents that produce temporary physical dis-
ability, mental confusion, amnesia, or stupor are classed
as incapacitating agents A chemical or biological agent
casualty 1s a person who has been sufficiently affected by a
lethal or incapacitating agent to make him or her
incapable of performing duties or continuing the mission
The United States (U S ) no longer produces or stockpiles
incapacitating agents

'[he main threat agents are classed as toxic chemical
agents Used in effective concentrations in the field, toxic
chemicals, regardless of their physical state, can produce
injury or death Toxic chemical agents are also classified
according to their use as casualty agents The toxicity of
agents at specific concentration levels affects the require-
ments for the sensitivity and response time of detection
equipment The threshold effect level of the agent,1 ¢ , the
amount of agent dosage that causes the first appearance
of symptoms in exposed personnel, must be ascertained 1n
order to establish meamngful sensitivity parameters for
the design of detectors that will meet the user requirements
on the toxic battlefield

The toxicities of the agents, particularly the effective
dose and time to affect personnel, are important design
considerations They help to establish priorities for the
operating charactenstics of detectors such as sensitivity
and response time

Sensitivity 1s the concentration of agent the detector
system will detect within its charactenistic response time
Concentration 1s the quantity of a chemical or biological
agent present in a unit volume of air The concentration of
airborne chemical agents 1s usually expressed in mulli-
grams per cubic meter

Response time 1s the amount of ume needed for the
detector or sensor system to detect an agent, Lo process
the information gathered on the agent encountered, and
to respond by displaying in some form the required
information (such as detection, identification, or quantifi-

2-3

cation) to be used for operational decision-making pur-
poses The idecal detector detects the presence of a
hazardous concentration of an agent (sensitivity) and
responds immediately (real time) so that threatened
troops can take protective measures before casualties
occur

Exposure to CB agents 1s usually stated 1n terms of
levels of dosage, therefore, an understanding of these
levels is essential for the designer of CB detection and
monitoring systems Inhalation dosage Cr1s the concentra-
tion of a chemical agent in the atmosphere C multiphed
by the time 7 the concentration remains Dosage 1s usually
expressed as milhgram minutes per cubic meter

Other terms commonly used to express the effects of
chemcal agents are

I Liguid Dose The amount of liquid agent received
by a person on his skin 1s usually expressed as median
lethal dose LD« n milligrams of contaminant per
kilogram of body mass (Ref 1)

2 Threshold Effect Level The amount of agent that
causes the first appearance of symptoms in exposed and
unprotected personnel (Ref 2)

3 Detoxificannon Levet The concentration or level
of agent that can be counteracted or destroyed by the
human body within a short peniod of time without
harmful effects (Ref 2)

4. Detoxification Rate The rate at which the body s
able to counteract the effects of a chemical agent lt1s an
important factor in determining the hazard of repeated
exposure to low concentrations of chemical agents Some
chemical agents are not detoxified at any detectable rate
by the human body Sarin (GB) has a cumulative toxic
effect (Ref. 1)

5 Medan Incapacuating Dosage or Dose The
incapacitating dosage or dose of an agent 1s generally
expressed as the median incapacitating dosage or dose,
1.e , the amount of inhaled vapor or hquid agent on the
skin that 1s sufficient to disable 50% of a large group of
unprotected, exposed personnel Forinhalationeffectthe
median incapacitating dosage 1s expressed as /Ctso and
for hiquid effect as the median incapacitating dose /Dso
They vary in accordance with the protection furnished by
the masks and clothing worn by personnel (Ref 1)

6 Medwan Lethal Dosage or Dose The median lethal
dosage or dose i1s the amount of agent that is sufficient to
causc death to 50% of a large group of unprotected,
exposed troops if they do not receive medical treatment in
time This dosage or dose 1s generally expressed as the
dosage LCrso 1in milhigram-minutes per cubic meter for a
chemical agent to be inhaled as a vapor or aerosol Fora
chemical agent employed for absorption through the
skin, the dosage or dose 1s generally expressed as a dose
LDso in milligrams per kilogram of body mass (Ref 1).*
*Lethal dosage may also be expressed in amounts other than

median dosage, ¢ g , LCr2s 15 the dosage required to kill 25% of
unprotected, exposed troops
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7. Incapacuanion 5% The agent concentration or
level that prevents, through disablement or senious degrada-
hon of abihies, 5% of all unprotected, exposed troops
rom performing their mission (Ref.2)

8 Infectrous 5% Concentration of biological agent
that will infect 5% of all unprotected, exposed troops
(Ref 2)

After exposure to a chemical agent, an individua) may
show signs and symptoms that are more or less than
expected for a given dosage, depending on

1 How long the breath was held dunng short
exposure

2 Speed with which mask was donned

3 Abihty to fit mask and any mask leakage factors
present

4 Whether the chemical agent was also absorbed
through the skin

5 Whether the chemical agent stimulated the
breathing rate

6 Rate and depth of breathing of the individual at
time of exposure

7 Amount of physical exertion by the individual at
time of exposure

§ Rate of detoxification, especially if exposure was
long

The physiological effectiveness of skin and respiratory
aerosof dosages 1s influenced by particle size as well as by
time and concentration because retention by the lungs
and impingement upon the skin are functions of particie
size These dosages are usually expressed in mill-
gram-minutes per cubic meter for a particle size

Until the 1950s the previously histed varniables were
generally ignored, and the Cr values were assumed to
measure the amount of chemical agent received by an
individual breathing at a normal rate 1n a temperate
climate with average humidity These values provided a
basis for companson of the chemical agents More
exacting techniques and test equipment, however, have
been developed and arrive at a more scientific approach
for computing dosage, as illustrated by De, that results
from anexposure to an agent over a time interval (Ref 3)

I 3
D, = / Cdx,v,2,0)dr, mg-min/m  (2-1)
l‘

where

C.(v 1+ = 1) = chemical agent concentration function
In space and time mg/m‘
beginning of imeinterval of exposure,
min
end of time interval of exposure, min

0

The coordinates v 1, and : relate the point of
concentration measurement (or exposure) to the location
oithesource e g anexploding mumition The “bubbler™,
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one of the commonly used field testing samplers, provides
results in terms of dosage, 1 ¢, the integration indicated in
Eq. 2-1

Most agents also produce toxic effects when the skin 1s
exposed to the vapor or hquid Although nerve agents are
the most serious threat, blister agents can cause debili-
tating and disabling injuries Percutaneous (whole body
or skin) exposure is not as easy o define as inhalation
exposure For vapor exposure the levels are stated in
terms of dosage and measured in milligram-minutes per
cubic meter, whereas for hiquid exposure the levels are
stated 1n terms of dose and measured 1in muihigrams
Dosage alone does not indicate the toxicity of a chemical
agent

The actual toxicity of an agent 1s determined by the
dose a soldier recewves For inhalation, the soldier’s
breathing rate must also be considered The inhaled dose
Dinpy 1s

Divy = Cr8, mg (2-2)

where
Ct = dosage, mg~mm/m3
B = breathing rate, m’; min

Although the term “breathing rate™ 1s commonly used
in this context, the correct terminology is “munute
volume™, 1.e , the quantuity of air inhaled 1n one minute
“Breathing rate™ 1s more accurately the term for the
number of respirations per unit of time

The body surface i1s not uniformly vuinerable to agent
effects The eyes and the skin surfaces of the head and
neck are especially vulnerable Table 2-1 presents an

TABLE2-1. ESTIMATED PENETRATION
RATE OF PERCUTANEOUS
SINGLE-DROP APPLICATIONS OF
VX NERVE AGENT (Ref. 4)

BODY AREA* PENETRATION RATE,
ug-mm/cmz
Ear 0 498
Forehead 0.318
Top of head 0203
Cheek 0183
Back of neck 0070
Forearm (volar) 0037
Armpits (axilla) 0032
Abdomen 0027
Back of knee (popliteal) 0017
Buttocks 0012
Back 0 008

*Usually specified for a 70-kg man
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example of this variation 1n sensitivity. based on the
percent of subjects with symploms, as exhibited by the
agent penetration rate for nerve agent VX The time
required to obtain a physiological response is also
dependent on the type of exposure Systemuc effects from
inhalation are the most rapid. therefore, exposed troops
must hold their breath and don a protective mask imme-
diately The eyes are affected rapidly also The visibie
symptoms of exposure of skin surfaces usually are
delayed but the actual ymyury occurs well in advance of
visible symptoms Therefore, immediate donning of pro-
tective clothing is required

2-2.1
2-2.1.1

Nerve agents are chemical agents that directly affect the
human nervous system and are hughly toxac 1n both the
hiquid and vapor forms These agents can be absorbed
through the skin or inhaled and quickly act to cause
incapacitation and death Essentially, nerve agents cause
an increase of the amount of acetvicholine tn the body by
their interference with the enzyme acetylcholinesterase
Thus they affect the transmission of nerve impulses
Nerve agents belong to the class of organophosphorus
compounds that, though different in structure elicit a
common physiological response

Nerve agents are the most toxic class of chemical

CHEMICAL AGENTS
Nerve Agents

agents Minute doses of nerve agents can produce incapaci-
tation and tatalities in less than a minute Nerve agents are
subdivided into G- and V-series agents

The G-series of nerve agents can range from low- to
high-volatility compounds that are disseminated as gases,
aerosols, and iguids and by the use of thickeners, can be
disseminated as toxic rawn (large droplets) The G-agents
are toxic by bothinhalation as the primary route and by
percutaneous absorption as a secondary route Dosage
for chemical agents 1s expressed in terms of (¢ A Cr of
100 for GB will cause lethality in 50% of the unprotected,
exposed population The onset of symptoms s rapid, and
death occurs in minutes

The V-seites agents are low-volatility compounds that
are disseminated as aerosols and hiquids (including toxic
rain} and are persistent and toxic primarnily by per-
cutaneous absorption The percutaneous toxicity of V-
agents s approximately 50 to 100 umes greater than that
of G-agents: however, symptoms occur more slowly with
V-agents when they are absorbed through the skin V-
agents are colorless, odorless, and difficult to detect on
the battlefield The known compounds have a range of
physical properties and toaicities that influence their
employment. the form in which they are encountered, and
the problems of detection Table 2-2 summarizes selected
nerve agent properties Table 2-3 shows the effects of
those agents for eye, inhalation, and skin toxicity

TABLE 2-2. NERVE AGENT PROPERTIES (Ref. 1)

r
1 | LIQUID VAPOR
SYMBOL: STRUCTURE ’ NAMF i MOl FCULAR DENSITY PRESSURE | VOLATILITY
WEIGHT AT 25°C AT 25°C AT 25°C
| g/cm’ mm Hg mg;m’
7 | A
! cH o " Ethvi N N-dimethyl
Gas 3\ i | phosphoramidocyamdate 162 1 10N 0070 610
i N-— FI’-' O—C.Hg I
/
| CH, CN
! F CH, Isopropyl methyl
GB i { phosphonofluondate 140 10 1 0887 29 22 000
' CHy—~ P—0-CH !
i ] ]
i
j Pinacoly] methy!
GDe* | f ?Hs /CH° phosphonofluoridate 182 178 10222 040 3900
| CH,—P—O—C—?—CH,
] I
’ o) H CH,
| L .
O CH )
| 3 O-ethy!
N/ CH ’
VX | P=8§=CH, / (CHy), | S{2-«(dusopropy lamino) 267 38 1 0083 0 0007 105
! \CH(CHa)z | ethy!] methyl
OCH,CH;, | phosphonothioate
i
*GA = 1abun

**GD = soman

2-5
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TABLE 2-3. NERVE AGENT TOXICITY (Ref. 2)

SKIN
AGENT EYE, INHALATION
mg'min/m’ VAPOR, LIQUID, (ASSUME MILD ACTIVITY),
mg-min/m’ g/ person mg-min/ m’
TCis* ICtso LCiso LDso ICis LCiso
GA 3 2 No data  20,000- 1-1'§ 300 400
40,000
GB 40 8000- 15,000 17 35 70
8850
GD 20 1900 2900 40 75 100
VX 40 25 50 50 18 35

*TCiy ts the amount of agent dosage that causes 5% of exposed, unprotected personnel to exhibit threshold effects

**Median concentration detectable by eye effects (mg/m')

1-2.1.2 Blister Agents

Bhister agents are chemical agents that affect the eyes,
lungs, and skin In liquid or vapor form these agents can
burn or blister any part of the body they may contact,
esther internally or externally They are effective in small
quantities and produce delayed casualties

Mustard (H, HD, or HT) s the most likely blister agent
to be encountered on the battlefield Liquid mustard 1s
classified as a persistent agent Agent persistency depends
upon the munition used and the weather Heawvily splashed
hquid persists from one to two days 1n concentrations that
provide casualties of mulitary sigmificance under average
weather conditions and from a week to months under
very cold conditions Once dissolved in water, the hydroly-
sis of mustard i1s very rapid lts solubility, however 1s so
low that hydrolysis 1s not an effective decomposition
factor (Ref 1) Therefore, mustard can present a serious
hazard to troops forced to wade or swim in waters
contaminated with hiquid mustard Mustard vapor or
hquid 1s not nearly as toxic as the nerve agents but causes
severe burming of the lungs upon contact Exposure of the
skin to mustard 1s not accompanied by symptoms nordo
any local manifestations occur until redness develops
Depending upon the type of mustard encountered, this
redness develops from 30 s to 6 h after exposure Mustard
1s especially damaging to the eves as a vaporor hgmd H s
Levinstein mustard, HD 1s distilled mustard, and HT s a

mixture of 609 HD and 40% T, a sulfur and chlorine
compound similar in structure to HD

Intelhigence analyses indicate that lewisite (L) and
combinations of mustard and lewisite are threat agents
(Ref 5) A mustard-lewisite mixture (HL) s a vanable of
HD and L that provides a low-freezing mixture (—25°C)
for use 1n cold weather operations or as a high-altitude
spray Lewsite produces cffects similar to those produced
by mustard but in addition acts as a systemic poison and
causes pulmonary edema (fluid 1n the lungs), diarrhea,
restlessness, weakness, subnormal temperature, and low
blood pressure Unlike mustard, however, lewisite pro-
duces immediate pain upon exposure Because L and HL
are arsenicals, hydrolyze rapidly. and are less toxic than
other agents of mihitary interest, the U S classifies them
as obsolete agents

Phosgene oxime (CX) 1s a bhister agent that can be used
as a harassing agent CX causes painful wheals that
appear as welts, like bee stings, when 1t contacts the skin

Nitrogen mustards (HN) are persistent blister agentsin
which nitrogen 1s the central atom These related chermical
compounds are considered derivatives of ammonia (NH;)
because the hydrogen atoms are replaced by various
organic radicals

Table 2-4 summarizes the selected properties of blister
agents, and Table 2-5 shows toxicity levels for common
blister agents
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TABLE 2-4. BLISTER AGENT PROPERTIES (Ref. 1)
[ LIQUID | VAPOR | -
SYMBOL STRUCTURE NAME MOLECULAR DENSITY PRESSURE | VOLATILITY
WEIGHT AT 20°C AT 20°C AT 20°C
g/cm' mm Hg | mg/m'
Bis(2-chloroethvl) {
HD WM HoH sulfide L 15908 1 268 0072 ' 610
Cl=C~C~=S=C=~C—Cl ‘ |
P 1 1
H H H H !
Dichioro (2<chloro- 1, )
L ';‘ o vinyl) arsine L2078 1 89 0w | 4480
Cl—C= <l: ~As=Cl [ |
) | L
|
Mixture Mustard-lewisite !
HL** (637 L 1% HD) | mixture IR6 4 1 1 66 0 248 . 7%
! S S —
Cl | i
] | ! ‘
C~—N—OH ] |
CX [} i Drchloroformoxime 113194 No data 12e | 1800
cl L l |
{ 4
*a125°C
**Eutectic Mixture 616 L 8% HD by weight
TABLE 2-5. BLISTER AGENT TOXICITY (Ref. 2)
SKIN
AGENT EYE VAPOR, INHALATION,
mg'min/m’ LIQUID, mg mg-min/m’ mg:min/m’
TCrs* IC1s TCis IDso TCis ’Clso LCis
HD 50 200 — — 50 — 1500
L — <300 — 1500 — —_ 1200-1500
HL — 200 — 1200- — — 1500
1500
CX — — 200 — 200-500 — 3200

*The data shown under TCis may have been reported as “mnimum effects™ level or “no effects™ level or as some other characterization

of mimimal exposure

2-2.1.3 Blood Agents

Blood agents have such high volatihties that they
evaporate almost immediately after dissemination and
are taken into the body by inhalation They affect the
circulatory and respiratory systems by blocking the use of
cytochrome oxidase by cells that carry oxygen in the
blood These agents can act very quickly and cause
symptoms ranging from cyanosis (bluish discoloration of
the skin) to convulsions, coma, and death

Typical blood agents are cyanogen chlonde (CK) and
hydrogen cyanide (AC) Arsine (SA), or arsenic tn-
hydnide, 1s also included 1n this classification They are
prnimanly inhalation threats that attack the enzyme
cytochrome oxidase and prevent absorption of oxygen by

the blood The U S has reclassified these blood agents as
obsolete

Although blood agents are much more volatile and less
toxic than nerve agents, mulitary tnterest in these com-
pounds has persisted because they are not readily ad-
sorbed on activated charcoal A special treatment, whetleri-
zation, during which the activated charcoal 1s impregnated
with a mixture of metal salts, 1s required The current
standard, designated ASC Whetlerite, 1s somewhat vul-
nerable because exposure to hot, humid environments
degrades 1ts effectiveness against CK

Table 2-6 summanzes selected properties of blood
agent compounds, and Table 2-7 shows inhalation toxicity
for common blood agents
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TABLE 2-6. BLOOD AGENT PROPERTIES (Ref. 1)
DENSITY VAPOR
PRESSURF VOLATILITY
SYMBOL STRUCTURE NAME MOLECULAR | VAPOR, LIQUID AT 25°C AT 25°C,
WEIGHT ar=1{ gicm’ mm Hg mg/m’
Hyvdrogen 270 093 0 68* 742 11X 10
AC HCEN 1 cyanide
Cyanogen 61 48 21 . 1 18e* 1000 26 X 10°
CK Ci=C=N -:[ chloride %
! T
Arsenic i
SA M 1 trihvdnde 7793 296 [ 3dee 11,0001 309 X 101t
As — H \ arsinc
\H l
sat 10°C
*rat 25°C
tat 20°C
tta 0°C
TABLE 2-7. BLOOD AGENT TOXICITY Phosgene (CG) 1s a typical choking agent The U S
(Ref. 1) reclassified CG as obsolete many years ago, however,
phosgene 1s still used as an industnial chemical (gas)
INHALATION, Other countries may still stockpile phosgene or such
AGENT mg min/m’ denivatives as diphosgene (DP) for chemical warfare
purposes
ICtw Ll Table 2-8 lLists the principa! physical and chemical
AC Varies with 2000* properties of various choking agents, and Table 2-9
concentration summarizes toxicological data on some of these agents
CK** 7000 11,000
SA 2500 5000 2-2.1.5 Vomiting Agents

*Exposure ume of 05 mun effectiveness 1s concentration
dependent

1
**Eye 1rruitant detectable at 12 mg-min/m

2-2.1.4 Choking Agents

Vomting agents are compounds that cause nausea and
vomiting and may also cause coughing, sneezing, pain in

TABLE2-9. CHOKING AGENT TOXICITY

Choking agents are nonpersistent chermical agents that (Ref. 1)
vaporize very rapidly after dissemination and are taken INHALATION
into the body by inhalation . y
AGENT mg-min/m
They are characterized by high vapor pressure and high
volatlity, and their toxicity i1s much lower than that of ICiso LCiso
] l
nerve agents These matenals affect the respiratony CG 1600 3200
system by damaging the nose, throat., and lungs In DP 1600 3200
extreme cases. membranes swell, lungs become filied with
liquid. and death results from lack of oxygen *For resting personnel
TABLE 2-8. CHOKING AGENTS (Ref. 1)
- B
LIQUID VAPOR
SYMBOL|{ MOLECULAR NAME MOLECULAR DENSITY * PRESSURE.* VOLATILITY,
FORMUL A WEIGHT g cm' mm Hg mg/m’
CG** | COCI Carbonyl chlonde 98 92 1IN 1173 4 300 000t
{phosgene)
DP C1COOCCH Tnchioromethyl 197 85 1653 42 45,000*
chloroformate
(diphosgene)
*at 20°C

**Phosgene was the principal member of the class Diphosgene was ineflective due 10 lower vapor pressure

tat 76°C

2-8
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the nose and throat, nasal discharge, and/or tears
Headaches ofien accompany these symptoms In confined
arcas sustained exposure to vomiting agents can lead to
death of exposed individuals These compounds do not

TABLE 2-11.

TOXICITY (Ref. 1)

VOMITING AGENT

present a detection requirement Chloropicnin (PS) and INHALATION
adamsite (DM or DM 1), former training and riot control AGENT 3
agents, were in this category before they were declared mgemin/m
obsolete by the U § Other nations may have PS stocks in ICt LCts
their inventory
oL
Chloropicrin 1s a nonpersistent liguid that vaponzes g':/‘ ;E" :2%
rapidly when disseminated Adamsite and its derivatives, DC 30 10‘000
diphenylchloroarsine (DA) and diphenylcyanoarsine ! '
(DC), are solids that when disseminated in the air, * 10-min exposure
condense to form aerosols ** One-min exposure
Table 2-10 summanzes the physical and chemical 130-s exposure
properties of vomiting agents DM, DA, and DC, and
Table 2-11 summanzes their toxicities
TABLE 2-10.  VOMITING AGENTS (Ref. 1)
VAPOR
SYMBOL STRUCTURE NAME | MOLECULAR DENSITY PRESSURE VOLATILITY
i WEIGHT g/em’ mm Hg mg/m'
T
DA cl
L Diphenylcloroarsine 264 5 1387 0 0036* 48*
(liquid density
at 50°C)
DM H
i
N Diphenylamino- 27757 165 Neghgible Neghigibie
chloroarsine (sold density)
(also phenarazine at 20°C)
AS chlonde)
|
Cl
DC
Diphenylcyanoarsine 2550 1 3338 0 0002+ 28>
As—CEN (hquid density
at 35°C)
*a145°C
**ar 200C

2-9
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2-2.2 BIOLOGICAL AGENTS

Biological agents include bactenia, viruses, rickettsia,
fung:, and toxins National policy states that biological
matenals, such as bactena and viruses, as well as chemical
matenals derived from biological sources, such as toxins,
be considered similarly Unlike chemical agents, which
generally cause casualties relatively quickly, biological
agents (including some toxins) do not cause immediate
casualties The longer term effects of biological agents
and toxins can be deadly if their use 1s not detected before
symptoms appear The spread of disease by live micro-
orgamisms through arthropod vectors and person-to-
person contact increases the range and area threatened by
encmy use of biological agents

Microorgamisms that constitute antipersonnel biologi-
¢al warfare (BW) threats can be divided according to their
taxonomy into viruses, rickettsia, fungy, and bacteria
Fung s a class of pathogens capabie of producing serious
discases in humans In general, however, fungal diseases
are basically less acute than diseases produced by the
other three classes of pathogens Viruses and rickettsia
share the charactenistic that they can grow only within
living cells, but they differ in size—rickettsia are larger
Bacteria are the largest of the three and do not require
hiving cells to grow Protozoa and fung: are possible, but
very unlikely, BW agents Table 2-12 summarizes the
charactenistics of some biological agents

Toxins produced by biological organisms or synthesis
constitute some of the most toxic substances known,e g ,
ootulinum, staph enterotoxin, and shellfish toxin Myco-
toxins, such as tricothecene, are of particular concern
pecause of their use in Afghanistan and Laos in the 1980s

The onset of the diseases produced by biological agents
may vary from a few days 10 two weeks Some of the
toxans produce symptoms in a matter of minutes These
factors influence use of the agents and design of the
detection and warning equipment

Biological orgamsms and toxins are usually fragile
matenals that gradually are rendered harmless upon
exposure to the environment Living organisms are
particularly sensitive to ultraviolet light and low relative
humidities whereas toxins undergo chemical decomposi-
tion The rate at which orgamisms the 1s the decay rate

Orgamsms are microscopic bodies occurring in many
shapes and forms When produced for BW applications,
these organmisms are 1n a slurry (suspension in a hquid
medium) or powder form

Exposure to biological agents 1s described in dosage
units similar to those for chemical agents The dosage
equations are equivalent except concentration 15 ex-
pressed 1n units of organisms per umt volume (Ref 3)

The actual biological dosage Ds can be expressed as

n
D= a / Cs (x,y.z,0)dt, org'min/m’* (2-3)
1

where

Cs (x,1,2,1) = biological agent concentration
function in space and time, org/m’
a = decay rate factor, dimensionless

As with chemical agents, toxicities are less ambiguously
defined 1n other terms, 1 ¢, the number of orgamsms
required for infection This infective dose Djnris obtained
by

Dine= Ctp B3, org (2-4)

where
Cis = biological dosage, org'min/ m’

An average value 1s generally used to represent
breathing rate, however, a more detailed analysis may use
a probabihity distribution for this variable, which reflects
the differences in individuals and the variety of activities
in which they are involved The dose 1s the number of
orgamisms ingested Djand B are based on a probability
distribution  For example, the LD?%; represents the dose
required to infect 50% of the unprotected population
exposed to a lethal level

Response time and sensitivity are critical factors in
biological agent detection False alarm rate and agent
identification are closely linked with detector response
time and sensitivity Detectors designed with high sensitivi-
ties may detect nonagent material present on the battle-
field. such as fertihzer, petroleum, o, and lubricants
(POL), orgamic pesticides, and smoke Even at low levels,
these nonagent materials, commonly referred to as inter-
ferents, can cause alarms to function Therefore, there
must be tradeoffs between detecting pathogenic organisms
and preventing personnel from being exposed to casualty-
producing concentrations Pathogens must be detected in
a sufficiently low concentration, and false alarms must be
minimized

*org-min m' = organisms minutes per cubic meter
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TABLE 2-12. SELECTED BIOLOGICAL MICROORGANISMS (Ref. 5)

INCUBATION
TYPE MORTALITY. % PERIOD, day SYMPTOMS

Anthrax (pulmonary) 100 I-5 For inhalation, onset 1s mild and

{Bacillus anthracis) resembles an upper respiratory in-
fecion For skin, a painless pustule
forms on exposed surface and
causes mild fever, headache, and
malaise followed by cyanosis,
dyspnea, mediastimitis, and hemop-
tysis

Brucellosis 2-5 5-21 Low-grade fever, chills, headache,

(Brucella) weakness, insomnia, sweating. an-
orexia, patn over the spine, and
malaise Other complications in-
clude orchitis, subacute bactenal
endocarditis, and ocular disorders

Cholera 10-80 i-5 Sudden onset of diarrhea, vomit-

(Vibrio cholerae) ing. muscular cramps, and collapse
Dehydration leads to cyanosis,
pinched facies, loss of skin turgor,
and thready peripheral pulses

Glanders 100 1-5 Acute localized supportive in-

(Actinobacillus mallei) fection, acute pulmonary infection,
acute septicema, and mucous
membrane discharge

Plague (pneumonic) 100 2-5 Severe ilymph node infection with

( Yersima pesus or very tender and sometimes necrotic

Pasteurella pesns) lymph nodes, also prostration,
cough, dyspnea, and cyanosis

Tularemia Usually low 1-10 Sudden onset with high fever,

(Pasteurella tularensis chills, and prostration Enlarged

or Francisella tularensis) lymph nodes

Dystentary or shingellosis <10 -4 Fever, crampy lower abdominal

(Shugella species) pain, and diarrhea that may be
bloody

Q-fever <1 - 4-26 Headache, chills, fever, malaise,

(Coxiella burnerti) myalgia and anorexia

Rocky mountain spotted 20 2-14 Severe headache, shaking, rnigor,

fever prostration, myalgia (especially in

(Ricketsia ricketisii) back and legs), nausea, vomiting,
and fever

Typhus (epidemic) 10-40 5-15 Headache, chills, and fever

{Rickertsia prowazeki)

followed by spasticity, agitation,
stupor, and coma

(cont'd on next page)
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TABLE 2-12.

(cont’d)

TYPE MORTALITY, %

INCUBATION

PERIOD, day

SYMPTOMS

’hikungunya fever <1

Dengue fever <i

Yellow fever 30-40

Smallpox 25-40

Coccidiodomycosis <10

(Cocadiodes imnuits)

3-12 Abrupt onset of fever, ngor, head-
ache, pain in the large joints, skin
rash on trunk, myalgia, and pharyn-

gitis

Abrupt onset of headache, retro-
orbital pain, backache, leg and
joint pain, and pain with eye
movement

Sudden onset of headache,
dizziness, fever, slowing of pulse
followed by neck, leg, and back
pain, nausea, and vomiting In
severe cases there are hemorrhages,
Joss of urine output, and delirrum
6-22 Fever, headache, myaigia
(especially of the back), abdominal
pain followed by pustule formation
In severe forms there 1s severe
prostration, bone marrow
suppression, hemorrhagic skin
lesions, and bleeding Death occurs
in 3 to 4 days from onset of
symptoms

7-21 Half of victims are asymptomatic,
others have fever, chills, fatigue,
headache, severe arthraigia, skin
rash, and symptoms of respiratory
infection

2-2.2.1

There are thousands of different species of bacteria
Each 1s characterized by its size, shape, structure, and
arrangement Individual organisms have one of three
general forms sphenical or elupsoidal, cylindrical or
rodhike, and spiral or helicoidai Spherical forms, such as
staphylococci and streptococci. have diameters of 0 75 to
125 um (Ref 6) Rod forms. such as typhoid and
dysentery, have widths between 05 and 1 00 um and
lengths of 20103 0 um Refinementsin electron microsco-
py and developments in microbial cytology and bactenial
anatomy have made cell structure an important element

Bacteria

in bacterial characterization Fig 2-1 1s an example of
how arrangement plays a role in the characterization
process
Some bacteria have the capability to convert to highly

resistant forms called spores This form 1s an essentially
dormant one that can be reactivated when the proper
nutritional environment s provided Bacterial organisms
that have been considered biological warfare agents are

1 Bacillus anthracis (anthrax)

2 Yersima pesnis (plague)

3 Francasella 1ularensis (tularema)
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From Microbrology by M J Pelczar and R D Reid pubhished by McGraw-Hill, inc

McGraw-Hill, Inc
Figure 2-1.

2-2.2.2 Viruses

Viruses constitute a large group of infectious organisms
Unlike bacteria, viruses depend on the enzymatic com-
ponents of the infected cell for their existence They are
parasitic Although early investigators concluded that
viruses were not living matter, later they were found to
contain ribonucleic acid, which 1s considered hiving
matter Some farger viruses also contain the matenal of
genes They appear to function by taking over the
chemstry of the host cell 1n their own interests The
average virus is only about 1/ 1000 the size of the average
bacterium

Viruses that have been considered biological warfare
agents are

| Group A Arboviruses, ¢ g, Chikungunya fever,
dengue fever
2 Group B Arboviruses, e g . yellow fever

2-2.2.3 Rickettsia

Rickettsia, like the viruses, are in a class called
sorbactena Their size 1s between that of bactena and
viruses and, hke the latter, they are parasitic The
rickettsia, however, are parasitic to animals such as ticks
and hce These insects are carniers and spread the disease

1986 Reprinted with permission of

Anatomy of Bacteria (Ref. 6)

Pathogenic organisms that produce well-known diseases
and are also potential biological warfare agents are

1 Rickettsia rickettsu (Rocky Mountain spotted
fever)

2 Ruckettsia prowazehi (typhus)

3 Coxiella burnetu (Q-fever)

Rocky Mountain spotted fever 1s spread by ucks and

typhus 1s spread by lice

2-2.2.4 Toxins

US Army FM 27-10, The Law of Land Warfare, dated
18 July 1956, specifically states, that “ United States
considers bacteriological warfare (BW) to include not
only biological weapons but also toxins all toxins,
however, regardless of the manner of production, are
regarded by the United States as bacteriological methods
of warfare "(Ref 7) This statement places broad himits
on the defimtion of toxins and includes synthetically
produced materials

Toxins are produced by a large number of hving
organisms from bacteria and fung: to aigae, frogs, and
other amimals Chemically, toxins are protetns and alka-
lords Known toxins are either cytotoxins or neurotoxins
Cytotoxins cause cell destruction both internally and
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percutaneously Like nerve agents, the neurotoxins inter-
ferz with the function of the nervous system

Table 2-13 summanzes information on toxins whase
pioperties have been investigated. Developments 1n bio-
tzchnology methods, however, could change the character
of toxins Considerable efforts have been devoted to
producing botulinum toxin, staphylococcal enterotoxin,

and saxitoxin (derived from algae concentrated in shell-
fish)

2-3 AGENT DISSEMINATION

Agent dissemination methods are mainly dependent on
the normal physical form (liquid, aerosol, or vapor) of the
agent under varying atmospheric conditions The goal 1s
to distribute the matenial effectively over the chosen
target to achieve a 509% probability of severe incapacita-
iion to troops over 50% of the target areca before
protective action can be taken These requirements
generally define the dissermnation technique A less
vigorous technique than a high-explosive system may be
appropnate to avoid destruction of the agent For

example, if the agent 1s a vapor, under normal conditions
the dissemunation method should create an instantaneous
concentration and have a high probabihity ef achieving
the desired physiological response

Dunng approximately the first 30 s after dissemunation,
the s1ze and travel of an agent are determined pnmarnily by
the functioning charactenstics of the munition or dehivery
system When dispersed as chemical agent vapor or an
aerosol, the agent forms an agent cloud Thereafter, the
travel and diffusion of the agent cioud are determined
primarily by weather and terrain (Ref 8)

Terrain contours influence the flow of chemical clouds
as they influence airflow Chemical clouds tend to flow
over low rolling terrain and down valleys and to settle in
hollows and depressions and on low ground Local winds
coming down valleys at night or up valleys during the day
may deflect the cloud or reverse its flow On the other
hand, the terrain may produce conditions favorable for
chemical cloud travel when general area forecasts predict
calm conditions

A chemical cloud released 1n a narrow valley and

TABLE 2-13. INVESTIGATED TOXINS (Ref. 5)
TYPE MORTALITY. % ONSET PERIOD, h SYMPTOMS
Botulinus toxin formed from 75 12-36 Most common symptoms are ocular

Clostridium botultnum

Mycotoxins ND*

{tricothecene type)

Saxitoxin ND*

(shellfish toxin)

Tetrodotoxin ND#*

Ricin (castor bean) ND*

diplopia, blurred vision, and photo-
phobia Other symptoms include
consupauon, urine retention, and
reduced salivation and lacrimation

ND* Effects vary considerably In general,
trichothecenses act as hepatotoxins,
nephrotoxins, dermatoxins,
alimentary toxins, and neurotoxins

0254 Tinghng numbness 1n the facial area
with muscular weakness and prickly
feelings 1n the fingerups followed by
increasing lack of muscular coordina-
uion, paralysis, and respiratory failure
025075 Nausea, vormiting, diarrhea, and epi-
gastric pains, tinghing and prickling in
the extremities, dizziness, pallor, and
malaise followed by muscular
paralysis, tremor, and coma

6-10 Nausea, vomuting, bloody diarrhea, ab-
dominal cramps, tenesmus,
drowsiness, stupor, cyanosis, and
dehydrauon followed by anuna that
can provoke death by uremia

*ND = No data
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subjected to a mountain breeze retains a high concentra-
uon of agent as 1t flows down the valley because of the
munimal lateral spread. Hence high dosages are obtained
in narrow valleys or depressions High dosages are
difficult to obtain, however, on crests or on the sides of
nidges or hills Also, after a heavy rain, the formation of
local mountain or valley winds 1s sharply reduced In
areas of adjacent land and water, daytime breezes from
the water and nighttime breezes from the land control
chemical cloud trave!

Agent clouds tend to go around obstacles such as trees
and buildings Rough ground, including ground covered
with tall grass or brush, retards the movement of clouds,
whereas flat country promotes an even, steady move-
ment

Transport, or the travel, of chemical agents depends on
the physical form that results from the dissemnation
process Vapors and aerosols less than 10 um in diameter
behave in similar manners under the control of at-
mospheric forces (primarily wind speed and atmospheric
stabihty) The transport of intermediate-sized droplets,
10 10 100 um, 15 controlled by gravitational forces as well
as by atmospheric forces Gravitational forces have a
more dominant role for larger particles (>100 um)
Atmospheric stability influences droplet transport in-
directly, 1e, the wind field structure 1s related to the
atmospheric stabihity

Liquid agent transport 1s comphcated by the fact that
hquid agents are volatile and go through a phase change
from liquid to vapor dunng transport. Therefore, pre-
dicting the transport of disserminated agent requires
consideration of all three potential forms, vapor and
aerosol within the smalier droplet size range, intermediate-
sized droplets, and large droplets

To be effective, sohd agents must be disseminated as
aerosols with particle sizes of predominantly less than 10
um This size requirement anses from two factors (1) The
particies must be in this size range to be inhaled and
produce casualty effects, and (2) they must also be in this
size range to maximize the area covered by the agent

A major factor that influences agent dissemination 1s
the weapon system used to employ the agent and the
mode of agent release Almost all conventional weapon
systems, from mortars to long-range tactical missiles, can
have compatible shemical ammunition or warheads and
are available to land, air, and naval forces Military forces
have speaific fire-planning requirements for chemcal
weapons that calcutate the rate and density of fire
depending on target size and location Typical delhivery
and dissemination systems are

| Missiles

2 Arullery

3 Mines

4 Multiple rail- and tube-launched rockets

5 Fighter-bombers and attack helicopters with aerial

bombs, rockets, and spray tanks

In general, threat doctrine calls for dehiveping non-
persistent agents, such as GB, by artillery shells or rockets
against frontline combat and combat support troops for
immediate casualty effects The doctrine requires de-
livering a persistent V-agent or low-volatihty G-agent,
such as thickened GD. against rear area targets, such as
fixed site or terrain denial situations, by missile warheads,
bombs, or rockets Typical targets for chemical weapons
are
Nuclear delivery systems
Aarfields
Naval bases and seaports
Command, control, and communications facilities
Storage depots
Supply routes
Troop concentrations
Artillery and armor
Amphibious and helicopter landing zones

Data on the field behavior of chemical agents are
cntical inputs to the development process for detection,
warning, and identification equpment Unul 1967 an
extensive testing effort existed in which the use of weapon
systems filled with a chemical agent supported the
development efforts Since then, however, outdoor func-
tional tests have been conducted with agent stmulants.
These simulants have been selected to match the actual
agents in both physical and chemical properties.

Mathematical modeling of agent transport in the
environment assists system development and testing The
modeling efforts are highly dependent on the data derived
from testing This testing forms the basis for the develop-
ment of empinically derived models to valhidate those
based on theoretical considerations Modeling plays an
increasingly important role in the development process
The physical processes that govern the behavior of agents
in the environment, however, are complex Existing
models 1ncorporate scientific assumptions to deal with
these complexities

The theoretically based models usually depict the
distribution of the agent in air in terms of a three-
dimensional Gaussian function This assumption is not
verified by test data, however, the data do indicate that
the total dosage prediction (integration of Eq 2-1 over the
full duration of cloud passage) gives acceptable agrec-
ment The partial dosage case of the first 15 to 30 s after
cloud formation or arrival 1s covered by the models, but
the confidence that can be placed in these results has been
questioned (Ref 9) Recent developments tn test tech-
nology are expected to provide the capability for real-
time monitoring of agent concentration using light de-
tection and ranging (LIDAR) systems These systems
should help to fill two requirements (l) to provide an
assessment of current models and (2) to provide the data
necessary to develop new and improved models

OO0~ O b N —
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2-3.1 CHEMICAL AGENTS
2-3.1.1 Liguid
Systems for disseminating liquid agent are designed to
provide maximum coverage of the target to the desired
contnmnation density (usually expressed in units of
milligrams per square meter) To obtain the best coverage
the munition should function over the target Three
concepts of munition function are
I Explosive burster
2 Spray tank
3 Aerodynamic breakup of bulk quantities
Conventional munitions, which usually incorporate a
central explosive burster, use somewhat lower agent-to-
burster ratios than those used for agents for which the
goalis vaporization Aernial spray tanks are effecttve when
used at low altitudes These systems use the forward
motion of the aircraft (ram air) and compressed gases to
eject the agent through nozzles
Coverage of large areas 1s achieved by a simple
dissemination techmique using aerodynamic breakup to
disperse large masses of agent suddenly exposed by
stripping a thin metal shell from a missile warhead Unless
the viscosity of the agent (resistance to shear) 1s changed,
however, the resulng particle size i1s too small and

inadequate contamnation densities are obtained Usually
the wind carnies the small particles off the selected target
area The large dropiet sizes needed for effective dissemi-
nation and transport require a viscosity change, which 1s
achieved by thickening the agent with appropnate poly-
mers Agents of both low and moderate volatility can be
disserminated using this concept Particle sizes with mass
median diameters in the range of 2500 um are typical for
these systems

Table 2-14 summanizes particle size data for a vanety of
dissemination systems There 1s a wide range of sizes
produced by each system, but the mass median diameter
{(MMD) 15 smaller in each case for neat (unthickened)
agents Tables 2-15 and 2-16 show the relationship
between droplet size and contamination density that
resuits from dissemination and transport of thickened
and unthickened agent-filled mumtions Ligquid agents
change from hiquid to vapor after dissemmation Dunng
the dissemination process, both hquid and vapor hazards
are present in the contaminated area Persistenceisaterm
used to define the period of time during which all hazards
exist after dissemination Vapors are transported and
subsequently dissipate to nonhazardous levels in relatively
short imes (usually less than 30 mun), thus persistence 1s
normally associated with the hiquid phase

TABLE 2-14. DROP SIZE DISTRIBUTIONS FOR LIQUID CHEMICAL AGENTS (Ref. 2)

DROP SIZE EXPLOSIVE EXPLOSIVE ARTILLERY EXPLOSIVE BOMBS BULK RELEASE  SPRAY TANKS
BOMBLETS NEAT  THICKENED NEAT THICKENED MISSILES NEAT AGENT
NEAT AGENT AGENT AGENT AGENT AGENT THICKENED
AGENT
Diameter
range wm 20-500 40- 1000 500-5000 60-1500 500-5000 500-5000 60-1500
Mass median
duameter um 100 200 2500 100-500 2500 2500 200

TABLE 2-15.

DISTRIBUTION OF DROP SIZE AND CONTAMINATION DENSITY

COMBINATIONS FOR THICKENED AGENTS (Ref. 2)

CONTAMINATION DENSITY, mg/m’

AGENT DROP SIZE. 1-100 100-1000 1000-5000  5000-10.000
mm
FRACTION OF COVERAGE AREA
TGD 0105 021 0 0 0
(thickened GD) 05.10 035 010 0 0
10-50 010 015 003 0
>50 003 002 001 0
THD 0105 022 008 0 0
(thickened HD) 0510 006 022 012 001
| 0-50 003 006 013 002
>50 001 002 002 0




Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)

TABLE 2-16. DISTRIBUTION OF DROP SIZE AND CONTAMINATION DENSITY
COMBINATIONS FOR UNTHICKENED AGENTS (Ref. 2)

CONTAMINATION DENSITY, mg/m’

DROP SIZE, 1-10 10-100 100-500 500-1000 1000-5000 5000-10,000
mm FRACTION OF COVERAGE AREA
0 04-0 06 023 020 0 0 0 0
006011 013 016 004 001 0 0
011020 003 004 004 003 0.02 0
0 20-0 37 0.01 001 00! 0ol 00! 002

Thickened agents are more persistent because of their
increaszd particle size The contaminated area produced
presents an active source of vapor both on target and
downwind for extended periods Table 2-17 summanzes
the effects of thickening matenals on the physical proper-
ties of agents Thickened agents and the more persistent
hguid agents create areas that are a source of potential
transfer of contamination to individuals crossing or
occupying the areas and a source of vapor downwind of
the contaminated terrain The characterization of the
concentration dosage field from an evaporating source 1s
complex This complexity 1s primarily due to the im-
portance of time and the requirement to momtor the
vapors over penods extending from many hours to days
Conversely, nonpersistent agent clouds that pass a point
1n a few minutes (normally not more than 20 min) require
only a mimimal consideration of time to determine their
hazard

Table 2-18, generated by use of Ref 9, summarizes the
evaporation process for a large area contaminated with
thickened GD (TGD) These data were developed by
computer simulation using

2-17

TABLE 2-17. EFFECT OF THICKENING
ON AGENT PROPERTIES*

(Ref. 9)
NEGLIGIBLE SIGNIFICANT
Density X
Boilhing point X
Freezing point X
Vapor pressure X
Volatility X
Surface tension No data
Viscosity X**
Evaporation ) G

*Most agent propertics are virtually unchanged by thickening
because only a small percentage of thickening agent 1s required
to achicve the desired result As evaporation proceeds and the
fraction of thickener increases, however, this characterization
changes
**Increased viscosity influences the aerodynamic breakup prop-
erties of the agent and results in a substantial increase 1n mass
median diameter (MMD) For a given mass of agent, the
deposited area for the larger drops presents a proportionally
smaller surface for evaporation
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I Target size 1000 X 875 m

2. Wind speed. 2.235 m/s

3. Femperatwres 1.6, 8.3, and 22 7°C

4 Contamination density. | g/m’

S Mass median diameter 2500 um

The simulation, generated by the Surface Evaporation

(SUREVAP) Model., provides a history of the vertical
profile of the axial dosage and concentration at selected
umes and downwind points The lateral “picture” of the
cloud 1s not shown For large areas, this lateral vanation
may not be too severe since the crosswind change 1n
concentration and dosage may not differ too greatly from
the axial values until the edges of the cloud are ap-
proached The concentration and dosage predictions are
computed at a height of I 5m and at a distance of 1500 m
from the downwind edge of the contaminated area Table
2-18 shows that the total evaporation time at lower
temperatures is long and the bulk of the contamination
has evaporated in a small fraction of the total evaporation
time

2-3.1.2 Gases

Chemical warfare agent compounds that can be classi-

fied as or behave as gases are

1 Liguids with high vapor pressure that are gases
under usual temperature conditions

2 Liquids with moderate vapor pressure that become
predominantly vapor when disseminated.

The first of these categortes includes compounds such
as AC and CG The boiling points of these compounds
(25 7°Cfor AC and 7 6°C for CG) are below or close to
normal atmospheric temperature (Ref 1) Consequently,
when exposed to the environment, they spontaneously
vaporize This process i1s expedited by the standard
dissemination systems used for these agenits

The second category contains compounds that remain
liquid at normal atmospheric temperatures These com-
pounds have boiling points well above the boiling point of
water For example, the nerve agent, GB, has a boiling
point of I58°C The dissemination techmque 1s designed
to maximize vaporization These compounds are classed
as nonpersistent agents The categories “persistent” and
“nonpersistent” are clearly not exclusive and do not infer
restnictive modes of behavior. Current modeling goals are
to incorporate sufficient flexibility to accommodate all
compounds and thereby also accommodate the problems
that arise 1n classifying compounds that change from one
physical state to another at normal atmospheric tempera-
tures Transitional compounds include nearly all im-
portant agents Nonpersistent agents are generally dissemi-
nated by high-explosive means including artillery systems,
multiple launch rocket systems (MLRS), bombs, and
missiles with multiple bomblet warheads

The atmosphenic transport theory and modeling 1s
more completely developed for nonpersistent agents than

it 1s for persistent hquid agents Major testing programs,
which continued until 1970, provided important support
to theory and model development The test data on this
class of agents were largely responsible for the develop-
ment of a segment of the atmosphenic transport model
used today

The applicable mathematical models are based on the
atmospheric diffusion theory oniginated by Sutton and
furthered by Calder (Ref 10) This theoretical structure
extends to cover chemical agent gases and considers such
factors as size, location of the dissemination source. and
those specific aspects relative to exposure The model
considers an amount of gas Q instantaneously released
into the atmosphere at atime, 7 = 0, by a point source at
the ongin of a fixed coordinate system The x..z
coordinates are downwind, across wind, and upward,
respectively Two a priori assumptions are involved (1)
that the same mean concentration in the cloud 1s dis-
tributed normally, 1 e . Gaussian, tn each of the three
directions and (2) that the standard deviation* of the
distnibution of mass 1n cach of these directions 1s defined
by asimple power law function of the distance traveled A
statement of the model is

, —ut)
Alxvzt) =— 0 exp __.E_’_"___
V2modl) 20(1)
1 [ y2 ]
X exp | -
V2mo,(1) L 20%1)
i .
1 z
X o €XP _— .
V2mo:(1) [ 20:(1) |

mg/m’ (2-5)

where
x = downwind coordinate, m
= across wind coordinate, m
= upward coordinate, m
= mean transport wind speed, m; min
= time, min
= mean concentration of gas function in the
atmosphere at time ¢, mg/m’
= the imtial amount of gas to be disserm-
nated, mg
o, = standard deviation of the longitudinal (down-
wind) concentration distribution, m
o, = standard deviation of the lateral (across
wind) concentration distribution, m
o. = standard deviation of the vertical (upward)
concentration distribution, m

0 > o TN -

*The use of the term “standard deviation ™15 analogous to its use in
statistics and characterizes the vanation, 1 e . distribution of mass,
of agent in the cloud
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The concentration expression can be integrated to give
the Tollowing equation for dosage

Q
o) =f \/5”3/201((’ )a,(1)o1)
0

X exp _! (x-:?t)2+ ¥

2 o(1) oX(r)
22 3
+ dt, mg-min/m’ (2-6)
2
oy (0
where
D(x,y,z) = total dosage field from a point source,
mg-mm/m3

The o's are assumed to be constants at any distance x in
the downwind progress of the cloud Eq 2-6 shows the
integration over hmts that encompass the time for
complete cloud passage This relationship 1s defined as
“total dosage” Of more significance to the problems of
detection and warning 1s the dosage at times intermediate
to total dosage, 1e, the concept of “partial dosage™
Partial dosage ensures that the detector senses the
presence of an agent cloud promptly and prevents
harmfulexposure Thusthe capability to compute dosages
(exposures) for these intermediate times 1s necessary The
partial dosage expression ts

0

W2, T=
Dlx-p.2.1) 2ma,(x)o(x)u
2 2
X exp{ - Y4z
20i(x)  20%x)
X 4 l—erf [ xou
:;20\(,\')
mg-min/m' (2-7)
whete

D(x.1.o0) =partial dosage funcuion irom a point
source mg mm/m'

As noted earlier. the o are defined by simple power
faw functions The term “ert™ designates error functions,
which we tabulated in standard compifations of mathe-

maucal functions Because inhalation 1s the primary route
of entry for agents in this form and time of action 1s most
rapid for this mode of action, it 1s particularly entical to
be able to charactenize the process rehiably The results of
the apphication of the models characterize exposure in
terms of time and level (Ref 10)

2-3.1.3 Aerosols

Acrosols are defined as {inely divided liquid or sohd
particles suspended in a gaseous medium The particie
size 1 not nigidly defined, but 1t 1s considered to be where
the atmosphenic transport behavior of an aerosol cloud 1s
dominated by turbulent forces and consequently ap-
proaches that of a gas or vapor Only a small fraction of
the agent disseminated from standard explosive mumtions
1s 1n the aerosol size range Consequently, agent aerosols
cannot be effectively disseminated using the same muni-
tions that disseminate agents 1n hquid form Munitions
for solid agent dissemination include spray tanks and
aerosol generators incorporated into other munitions
such as bombs

In past years efforts have been made to exploit methods
that produce small particles (10 to 100 ym) of chemical
agents because the combination of vapor and aerosol
produced an enhanced toxicity effect Thiseffect was later
found to be unsupportable and munitions development in
this area was terminated Biological agent dissemination,
however. 1s designed to maximize the yield of small
particles The goal s to actieve a high level of inhalation
capability

Data to describe the samphng process that occurs as a
result of both nasal and mouth breathing have been
denived from experiments in which a head form or a
complete mannequin was exposed to aerosols in a wind
tunnel Breathing was simulated by sinusoidal flow, and
isokinetic sampling was employed to determine the
quantity of the test aerosol inhaled

The data derived from these investigations are shown in
Figs 2-2 and 2-3 The sampling efficiency of mouth and
nasal breathing is sstmilar, although a somewhat smoother
decline 1n sampling efficiency versus aerodynamic
diameter for mouth breathing seems to be apparent

The fate of aerosol particles that enter the respiratory
tract 1s shown in Fig 2-4 These resuits are derived from
theoretical considerations of the behavior of particles in
an airstream as 1t passes through tubes sized to simulate
the respiratory system The processes of impaction,
sedimentation, and diffusion were considered in these
computations
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Figure 2-2.  Average Sampling Efficiency for Mouth Breathing (Ref. 11)
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Figure 2-3. Average Sampling Efficiency for Nasal Breathing (Ref. 11)
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Note This figure assumes a respiratory rate of 15 L/min, with a tidal volume (TV) of 1450 cm®

and 15 respiratons per minute
Figure 2-4.

2-3.2 BIOLOGICAL AGENT
DISSEMINATION

There are no venified instances of the use of biological
agents in recent history Biological agents. however,
could be produced, stockpiled, and disseminated without
being immediately detected Poor sanitary conditions
during wartime compound biological warfare (BW) de-
tection problems (Ref 12)

Threat dissemination of biological agents could be
accomplished by aircraft spray, aerosol bombs and
penerators mussiles infected animals, vials. capsules. or
hand dispensers The selechon of a biological agent
depends on the target nature of the operation chmate,
and weather Biological agents may be released on theater
resenve torces marshalling areas supply depots and deep
rear area installations to impede the support of tronthne
LHoops

There 15 no conclusive evidence of nations maintaining
an in-being capability to employ BW weapons eitherin a
strategic or theater role Many potential U.S adversaries
have conducted research and development (R&D) pro-
grams in this Lield in the past. and there 1s someindication
that such R&D 15 continuing despite treaties to the
contrary  The United States has forsworn the use ot
brological weapons. and national policy 1s to maintain
only defensive capabilines (Ref 13)

Despite these considerations that suggest a low hikeli-
hood of emplovment of biological weapons. the known
past research and existing development base and our
national policy to maintain defenses mean that the
possibihity of biological wartare must be taken seriously

Deposition Fraction for Inhaled Aerosols of Various Particle Sizes (Ref. 11)

Consequently and because of a relative lack of BW
experience, the biological threat must be approached as a
descniption of possibilities, largely based on considera-
uon of past R&D efforts Furthermore, the distinction
made by the former Soviet Union that toxins are
“chemical agents™ increases the threat of their use in
tacucal situations (Ref 13)

Biological agents disseminated in aerosol, hquid. or
sohd form can enter the body through inhalation, lesions
on the skin, and by ingestion Ingestion threats can be
accomphished by saboteurs’ contaminating food or water
supplies Inhalation threats are produced by generating
fine aerosols, which can be inhaled These aerosols can be
produced either with drv powder forms of the agent or
slurries of the agent in some hquid Regardless of their
torm agent particles or drops with diameters in the 1-10
S5-um size are considered the most effective for dis-
semination of biological agents for inhalation etlect

Biological agents that are hving organisms do not
survive well in the natural, open environment Exposure
to the ultraviolet rays of the sun and low relative humidity
rapidly kills these microorgamisms after dissemination 1f,
however, live, infectious microorganisms enter the body
and the agent victim 1s not properly treated, the micro-
organmism will multiply and incapacitate the vicum The
disease may spread to the entire populationina large area
and cause an epidemic f countermeasures, such as
1solation, 1mmunization, personal hygiene, and arca
sanitation, are not enforced (Ref 13)

Some biological agents can be disseminated by arthro-
pod vectors. such as fleas mosquitoes. and ticks Some
agents can be used to contaminate food and water
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supphies The main threat from biological agents, how-
ever, 1s the direct applicanon of aerosols on rear arca
targets Acrosols can be apphied to contamnate surfaces
cither as a pnimary threat or as a by-product of direct
antipersonne] action (Ref 12)

Bactenal and fungal spores are very persistent 1in
virtually all environments, they may survive for yearsin a
harsh environment without nutnients and water When
conditions become favorable, spores can transform into
vegetlative cells to produce casualties in the area long after
the onginal contamination (Ref 12)

Toxins are generally solids Although some toxins are
percutaneously active, inhalation and ingestion are the
principal routes of entry for many toxins The methods of
dissemination depend upon the route of entry being
attacked The percutaneously active toxins could be
disseminated in a way manner similar to that used for
persistent chemical agents To obtain aninhalation effect,
the toxins could be disseminated similarly to sohd
chemical agents and microorgamisms Toxicity data on
toxins are scarce, and hittle or no data exist on inhalation
or percutaneous toxicity (Ref 2) Some toxins are known
to be highly toxic, rapid acung, and difficult to detect,
therefore, they may be used for tactical operations similar
to those for which toxic chemical munitions are used to
take advantage of these agent characteristics Data on
toxins are changing rapidly due to ongoing research
programs

Because of their delayed effects, most threat micro-
organisms in a theater or strategic role have generally
been used for targets deep in the theater or along the
borders of the country being attacked Thus the most
hkely delivery systems are large rockets, mussiles, bombs,
manned and remotely piloted arcraft with spray tanks,
submarines, and surface vessels

Spraying-, bursting-, and dispensing-type munitions
can be used to disseminate BW agent aerosols Spraying
from a low-flying, fast-moving aircraft will generate an
imtially quasi-linear aerosol cloud, whereas a bursting
munition will produce a more locahzed cloud Dispensers
can also create either linear or point sources of contam-
nation In all cases dnft and diffusion spread the aerosol
cloud over a large area Local micrometeorology, how-
ever, can easily affect drift and diffusion processes Wind
speed and direction, air stability, and temperature
gradient also affect agent dispersion and area coverage
The actual distribution and density of agent matenal can
vary greatly from place to place, therefore, any CB
detector and alarm system must be built to recogmize and
take into account this probability

Because of the wide area over which microorgamsms
can be dispersed, biological agent detectors should be
scattered throughout the rear arcas of the battiefield to
warn the most likely targeted personnel of the presence of
disease-producing organisms The number of these de-
tectors per troop unit will probably be low Toxins

2-23

present a hazard similar to that presented by chemcal
agents to troops 1n the forward areas of the battiefield
The placement and number of toxin detectors should be
stmular 10 those of chemical agent detectors
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CHAPTER 3
OPERATIONAL SITUATIONS AND DETECTOR REQUIREMENTS

This chapter describes the operational situations the Army will face on the battlefield, how these
situations will influence the enemy'’s selection and use of chenmucal and biological (CB) agents, and how the
situations and environment will affect requirements for CB detection and monitoring systems. Par 3-1
explains how targetr mobility, location, operational mission, response, and CB defense posture will
influence enemy use of CB warfare and how these potenual threats and operational situations will
influence the design of CB detection and monitoring systems Par. 3-2 describes four functional groupings
of battlefield umits, their operational missions and capability 10 operate in a CB environment, as well as
the rationale for this approach in the context of detector design requirements and performance criteria.

3-1 INTRODUCTION

Enemy use of CB agents and their associated delivery
systems depends on numerous operational factors
These factors include the mobihity of the target. target
location operational mission, probable protection level
required for personnel, and urgency of target response,
1 ¢ . onset of symptoms and contamination All of these
significantly impact agent and delivery system selection
If enemy forces employ CB agents on the battlefield,
the combination of various operational situations with
hnown threat apents and delivery systems yields a vast
variety of potential CB hazard situations Detectors
must be developed that will meet the entire spectrum of
challenges

The target characteristics of mobility, location, and
operationdl mission are largely interdependent Targels
located closest to the forward hine of own troops
(FLOT) tend to be very mobile and usually are ful-
filling combat and combat support missions Farther
belind the FLOT however, units are spread out and
the targets tend to be less mobile and usually tulfil]
combat service support missions Due to the diversity
ol unmit sizes and missions 1n this region, the enemy will
employ a vanety of longer range weapons depending
on the objective and targening success

In o CB environment the standard United States
(US) combat unitorm 1s the chemical overgarment with
protective gloves, mask. hood. and overboots Based
on the immediate CB thieat. unit commanders deter-
mine what level of mission-onented protective posture
(MOPP) must be assumed by their troops (Ref 1) As
shown i Fig 3-1 the tive MOPP levels are

I MOPP Zcio The soldier carries a CB mask
with hood Gloves protectine overgarment and onvet-
boots are readily avatlable

2 MOPP! The soldier wears the overgarment
apen o cdosed and catnies overboots. mash with hood
and gloves

3 MOPP2 The soldier wears the overgaiment

Py

open or closed, wears the overboots, and carnes the
mask with hood and the gloves

4 MOPP3 The soldier wears the overgarment the
overboots, mash with hood. and carrnies the gloves The
overgarment may be left open, and the protective mash
hood may be rolled up 1n warm weather

5 MOPP4 The soldier wears the overgarment
closed and wears the overboots, mask with hood. and
gloves (Ref 1)

In all operational sitzations the probable protection
level (or MOPP) of the target personnel influences the
enemy’s use of chemical agents Based on intelligence
reports and estimates of the situation, the enemy may
choose to use fast-acting, nonpersistent nerve agents
against target personnel perceived to be unprotected or
unmasked The enemy may also choose 1o use persistent
blister agents against personnel assumed to be wearing
protective clothing and mashs These troops will sustain
casualties from percutancous liquid contamination when
they are mashed only The persistent hazards of these
agents also force fully protected personnel to remain 1n
protective gear for extended periods Extended periods
in MOPP4 greatly reduce the effectiveness of soldiers
(Ref 2)

The wide vanety of CB agents and delivery systems
the enemy can use across the battietield poses many
threats Each combination of agent and delinery system
poses a umque challenge to detectors Therefore.
detectors must be developed that are capabie of detect-
ing each of the hazards and agent challenges that may
be present across the battlefield

3-2 SITUATIONS

The problems faced by the held user of detection and
monitoring equipment must be understood bv the
designer of such equipment 1l 11 15 1o be responsine to
field needs Critical needs tor battlefield mformation
about CB agents shape the characteristics required of
detectors
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MOPP Zero

Mask and Hood Camed

Overgarment Readily Available
Overboots Readily Available
Gloves Readily Available

Overgarment Worn* >,
Overboots Carned
Mask and Hood Carned 7
Gloves Camed @
MOPP 2 { y
Overgarment Worn® ' \
Overboots Worn ® £
Mask and Hood Carned : j i
Gloves Carned \ A
k i
Lufﬂ"‘; Y&’/
MOPP 3
Overgarment Worn®
Overboots Worn
*In hot weather the coat or Mask and Hood Worn®
hood can be left open for Gloves Carned
ventilation
MOPP 4
Overgarment Worn
Overboots Worn
Mask and Hood Wom
Gloves Worn

Figure 3-1. Standardized MOPP Levels (Ref. 1)



Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)

Because such needs vary across the battiefield, four
different situations or functional groupings of umts
based on their umque and common operational or
mission requirements are addressed: combat and com-
bat support, combat service support (CSS), reconnais-
sance (RECON), and fixed site installations (FSI)
These functional groupings include the majonty of
units involved 1n the AirLand Battlefield and envisioned
under the Army 21 Concept structure (Ref 3)

Each situation has common and umque requirements
that are cntical 1n the context of detector performance
cntenia  Performance cnitena are statements of the
levels of performance established for a system within
each of its required operational charactenistics Current
detector performance critena were generated by the
Reconnaissance, Detection, and Idenuficauon Master
Plan (RDIMP), a joint US Army Training and Doctrine
Command (TRADOC) and US Army Mateniel Com-
mand (AMC) master plan, which was prepared by the
US Army Chemical School (CMLS) and US Army
Chemical Research, Development, and Engineering
Center (CRDEC) in 1985

The master plan encompasses a defimtion of battle-
field user and detection system developer requirements
It also contains an analysis of current and future
detection technologies as an aid to determining tech-
nology approaches that meet user needs in the near-,
mid-, and far-term The RDIMP defines detector
characterstics and subcharactenistics 1n terms of specific
performance cnitena for cach of the four battleficld
situations Multiple levels of performance are given for
many of these characteristics Level | 1s the ultimate or
desired need 1n terms of performance perceived by the
user Other levels indicate less than desirable but
acceptable levels of performance, the lowest level 1s the
minimal acceptable performance (Ref 3) Detector
design requirements and performance criteria for each
situation or functional group are discussed in the para-
graphs that follow

3-2.1 COMBAT AND COMBAT SUPPORT

Combat and combat support units will be engaged in
all types of combat operations with varymg missions
and environmental conditions on the modern, integrated
battlefield Combat and combat support operations
include infantry and armor combined arms teams, Light
infantry, fire support, air defense, close air support,
combat engineers, Army aviation, and electronic war-
fare

Successful offensive operations will depend upon
close, orgamized cooperation of the joint services to
achieve concentration of effort, surprise, speed, and
flexibility When on the defensive, combat umts and
their allocated combat support umits will attempt to
block, disrupt, and disorgamize an enemy attack In

LA

both offensive and defensive operations, combat and
combat support units will be subjected to a wide variety
of enemy chemical and biological threats.

The enemy will most likely employ nonpersistent
agents against combat and combat support units to
inflict the maximum possible number of immediate
casualties, degrade mssion performance, and slow
friendly attack momentum along avenues of approach
More persistent chemical agents may be used for terrain
denial or may be delivered 1n flank areas away from the
main enemy breakthrough area to contain and chan-
nelize units Conventional biological agents (pathogenic
orgamisms) are not considered to be a likely threat to
combat and combat support umts because the onset of
symptoms 1s delayed, the targets are too close to the
enemy’s own troops, and the area coverage 1s uncertain
and uncontrollable

Given the close proximity of our troops to enemy
combat units and probabie precise enemy target acquisi-
tion, enemy delivery systems may include cannon
artillery, missiles, rockets, and multiple rocket launcher
systems Rapid-fire rocket systems are capable of
dehivering large quantities of agent and thus can cover
large areas with lethal concentrations with almost no
warming Artilery sysiems also are capable of covering
large arcas with lethal concentrations, but the time
required to do so is greater than with rocket systems

Immediate challenges to detectors from nonpersistent
or semipersistent agents delivered by these systems will
be primarily in vapor form with dropiet mass median
diameters (MMD) of less than 200 um. Due 1o the
mobulity of combat and combat support units, there 15
also a high probability that they will encounter areas
previously contaminated with more persistent agents,
for example, flank areas Thus detectors must be
capable of detecting ground contamination Secondary
vapor emussions from these areas are likely to have very
low concentrations, so detectors must have high sen-
sittvities

Due to the nature of combat operauons, detectors
must be very versatile Technology advances 1n types of
agents, agent toxicities, and modes of dissemination
will create ever-changing challenges to detector tech-
nologies Critical to the success of these units 1s the
capability of detectors to detect all known and unknown
agents with a real-ime or close to real-time response
(warning) 1n order to mimimize casualties

Other operational factors will significantly impact
detector development cnteria The mobile nature of
combat and combat support operations will require
detectors capable of operating on the move To be
successful. combat and combat support units must
fight 1n the most efficient manner possible When he 1s
in protective gear, 1 e , MOPP gear, a soldier’s efficiency
1s greatly dimimshed For this reason, false alarms that
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put the soldiers 1n unnecessary MOPP must be mini-
mized In the momtonng role, 1t 15 important to know
when the concentration of a toxic substance has been
reduced to the level at which 1t 1s safe to remove
protective clothing

Detector sensitivities must be geared to human
tesponse The components must be small and lght-
weight and must require mimimal setup, operator input,
and maintenance Detectors must be rugged n order to
survive all the environmental. meteorological, and opera-
tional situations that will be encountered on the battle-
ficld Finally, detectors must be mghly rehable, avail-
able, and maintainable

Because detection without timely warning to troops
5 of mimmal value, detectors must be capable of
iesponding with both audible and wvisible alarms to
pzrsonnel 1n the immediate area Also the alarm must
be transmitted via radio or other means to higher,
adjacent, or lower unts

Detectors must also be capable of obtaiming. pro-
cessing, and sending other types of data to support
battlefield actions Detectors must determine agent
class e g, nerve, bhster, blood, and exact identification,
e g, sarin (GB), soman (GD), persistent nerve (VX),
distilled mustard (HD), phosgene oxime (CX), hydrogen
cyamde (AC), cyanogen chlonde (CK), or phosgene
(CG), as well as the amount of agent present These
data, when transmitted to higher headquarters, will
support commanders making operational decisions
These decisions inctude whether the contaminated unit
should move and decontamuinate or remain and de-
contaminate The data will also enable commanders to
warn units that may be approaching a hazard or units
that are threatened from the downwind drnift of the
agent cloud

Table 3-1 shows detector charactenistics and perform-

ance criteria specified for combat and combat support
units

3-2.2 COMBAT SERVICE SUPPORT (CSS)

Tvpical combat service support umts are located
from 15 to 50 km rearward of the FLOT, throughout
the corps support area, and ™ the communications
zone The mussion of these umits 1s to develop and
maintain maximum combat power by sustaining com-
bat and combat support forces Future conflicts will be
intense and will consume all resources very rapidly
Combat service support units must supply and resupply

depleted resources such as ammunition, equipment,
repatr parts, and petroleum, oils, and lubricants (POL),
and repair damaged equipment Combat service support
units include maintenance, medical, supply, transporta-
tion, personnel, and ordnance

Survival and efficient operation of combat service
support units must be emphasized to ensure their capa-
bility to support combat operations Commanders must
plan tactics and logistics concurrently to ensure that
the tactical scheme of maneuver and fire support 1s
logically supportable and can be accomplished in a
timely manner

Combat service support umts operate from widely
dispersed posiions Commanders must consistently
receive imformation concerning the status of supply
stocks and transportation systems The effectiveness of
the combat service support system 1s heavily dependent
on command decisions based on timely information n
order to meet changing situations, environments, and
requirements

Combat service support units on the battliefield vary
in size and massion Smaller, more mobile combat
service support units, such as units closer to the FLOT,
encounter threats similar to combat and combat sup-
port umits Large service support units, such as supply
and maintenance units, are usually located toward the
rear of the battlefield and operate as semifixed or fixed
sites These units may encounter persistent agent
threats

Chemical attacks on combat service support units
have a significant effect on logistic operations Con-
taminated supphes, such as ammunition, equipment,
and repawr parts, may require decontamination before
1ssue to combat units Maintenance and repawr work
often done at CSS unmits would be sigmficantly
hampered by contaminated equipment

Because of the many threat agents and delivery
systems available to the enemy, chemical attacks
represent a serious threat to combat service support
units Due to the wide varniety of combat service support
unit sizes and mussions and depending on the objective
and targeting success, the enemy will be more selective
1n weapons employment Smaller service support units
closer to the FLOT may be within enemy artillery and
rocket range, whereas larger CSS units located farther
from the FLOT are more likely to be targets for aenal
bombs and mussiles
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TABLE 3-1. DETECTOR CHARACTERISTICS AND PERFORMANCE
CRITERIA FOR COMBAT AND COMBAT SUPPORT (Ref. 3)

CHARACTERISTICS AND

SUBCHARACTERISTICS

PERFORMANCE CRITERIA®

1 Agent Detection**

a
b
c

Biologicals

Chemicals
Toxins }

2 Response Time

a

Detection**

(1) Chemicals
{2) Biologicals }
(3) Toxins

{dentification

(1) Chemicals

(2) Biologicals }
(3) Toxins

Quantification
(1) Chemicals

(2) Biologicals }
(3) Toxins

Sensitivity**

a

b

[

Chemicals**

Biologicals**

Toxins**

Detector Operation Parameters

a

h

Accuracy

Size**

Data transmission

Service, setup-takedown

Consumables**
Alarm
Fnvironmental extremes

Power*»

Level 1
Level 2

All known and unknown agents 1n all physical states
All known agents, with capability to expand to all unknown agents

Level I Real ime on demand (<5 s) for Level 3 sensitivity criteria
Level 2. 2 min for Level 1 and 2 sensitivity criteria

1 min on demand
10 min

Level 1
Level 2

Level |
Level 2

Instantaneous and continuous (5 s)
2 min

Level 1 Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population

5% of affected population infected

Level 1 Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3. Incapacitation. 5% of affected population

Per 72-h mission
False positive One
Falise negative Very low probability of occurrence

Per component

Volume 0028 m'

Weight Level | 4 536 kg
Level 2 Man-portable

Within unit
Capability of interfacing with warning transmisston system
Night vision compatible
Battalion- Automatic transmit
Attack occurred
Which agent present
Location
Date/time group

Level | Instantaneously usable | min
Levei 2 30 min

Within size constramats for 72-h mission
Emit tnigger automatic (electronic and optical signal)
Hot, basic, and cold (AR 70-38)%1

Internal supply within size constraints

tcont’d on next page)
3-5
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TABLE 3-1. (Cont’d)
CHARACTERISTICS AND
____SUBCHARACTERISTICS PERFORMANCE CRITERIA®*
5 Survivability
a RAM Rehability—500 h mean time between failure (MTBF)

Availabiity—23 of 24 h
Maintainability—90% of failures can be corrected by the unit within I h

b Conventional attack
¢ NBC attack

High probability of survival
AR 70-71 regarding NBC survivability must be met

AR 70-60 regarding nuclear survivability must be met

6 Agent Identification

! Operator Requirements
a Input
b Qualifications

8 Ruggedness
Range

Identify all known, be adaptable to unknown

None (turnkey operation)
Common skills, nonspecific

MIL-STD-810

Immediate operational area of platoon (approximately | km’ for

reconnaissance, detection, and 1dentification (RDI) system)

10
i

Capabihty to Operate While Mobile

Agent Quantification

12 Reset Time

(Time between samples) Level2 2 min
13 Time for Prototype Producthon Not determined
14 Sensor Cost Not determined
15 Producibility Not determined

Quanufy all known, be adaptable to unknown

Level ! Continuous <15s

*Level | 1s the desired need in terms of performance as perceived by the user Other levels indicate less than desired but
acceptable levels of performance The lowest level 1s the minimally acceptable performance

**Cnucal charactertstics or subcharacternstics

t The basic cimauc design types as defined in AR 70-38 ranges are

Constant high humidity temperature 24°C RH 95-100%
Vanable high humidity temperature 26° to 35°C RH 74-1009%
Basic hot temperature 30° 10 43°C RH 14-449%
Basic cold temperature —21° to —32°C RH saturation

Persistent chemical agents may be used to disrupt
and degrade support functions along mobhty and
supply routes Persistent chemical agents also will be
the agents of choice against major supply, equipment,
and ammunition depots and supply points Contamina-
tion with persistent agents results in a long-lasting
hazard to personnel who must work with and handle
the supplies, and thus 1t degrades unit sustainabihity and
operations Nonpersistent chemical agents may be used
on awrdrop zones for enemy airborne or airmobile opera-
tions or on arcas likely to be exploited in the near
future Use of pathogemic biological agents against
smaller CSS units closer to the FLOT 1s unlikely because
of the delayed reaction time, large area of coverage, and
the possibihity of infectious disease being spread to the
enemy forces The enemy may, however, use biological
agents against larger CSS umts toward the rear. The
possibility exists of course that any type of agent or

munition could be used in any situation if the ap-
propriate level enemy commander deems 1t necessary to
achieve his objectives

Because many CSS units must operate from widely
dispersed positions and should remain highly mobile,
the detector performance critena for CSS units are
similar to those for combat and combat support umts
Detectors must detect all known and unknown agents
Detector sensitivity requirements and critenia for power,
size, weight, and mobility usually are identcal to those
for combat and combat support units The efficiency of
CSS units 1s also degraded significantly when missions
are performed in MOPP gear Therefore, the require-
ment that mimimal time be spent in MOPP gear 1s the
same as for combat and combat support units

Table 3-2 shows detector characteristics and per-
formance critenia for CSS units
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TABLE 3-2. DETECTOR CHARACTERISTICS AND PERFORMANCE CRITERIA
FOR COMBAT SERVICE SUPPORT (CSS) (Ref. 3)

CHARACTERISTICS AND
SUBCHARACTERISTICS

PERFORMANCE CRITERIA*

1 Agent Detection®*
a Chemicals
b Biologicals }
¢ Toxins

2 Response Time
a Detection**
(1) Chemcals
(2) Biologicals }
(3) Toxins

b ldenufication
(1) Chemicals
(2) Biologicals }
{3) Toxins

¢ Quantification
(1) Chemucals
(2) Biologicals }
(3) Toxins

3 Sensitivity**
a Chemicals**

b Biologicals**

¢ Toxins**

4 Detector Operation Parameters
a Accuracy

b Size**

¢ Data transmission

d Service; setup-takedown

Consumables**
Alarm

Environmental extremes

> o0 ™ o

Power**

Level 1 All known and unknown agents 1n all physical states
Level 2 All known agents, with capability to expand to all unknown agents

Level | Real ime on demand (<5 s) for Level 3 sensitivity critenia
Level 2 2 min for Level I and 2 sensitivity criteria

Level 1 1 min on demand
Level 2 10 min

Level | Instantaneous and continuous (5 s)
Level 2 2 min

Level 1 Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population

5% of affected population infected

Level | Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population

Per 72-h mission
False positive One
False negative Very low probability of occurrence

Per component

Volume 0 028 m’

Weight Level | 4 536 kg
Level 2 Man-portable

Within unit
Capabihty of interfacing with warning transmission system
Night vision compatible
Battalion Automatic transmit
Attack occurred
Which agent present
Location
Date/time group

Level | Instantaneously usable | min
Level 2 30 min

Within size constraints for 72-h mission
Emit tngger automatic (electronic and optical signal)
Hot, basic, and cold (AR 70-38)1

Internal supply within size constraints

(cont'd on next page)
3.7
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TABLE 3-2. (Cont’d)
CHARACTERISTICS AND
SUBCHARACTERISTICS PERFORMANCE CRITERIA®*
5 Survivability
a RAM Rehability—500 h (MTBF)

Availability—23 of 24 h
Maintainability—90% of failures can be corrected by the unit within 1 h

b Conventional attack
¢ NBC attack

High probability of survival
AR 70-71 regarding NBC survivability must be met

AR 70-60 regarding nuclear survivability must be met

Agent ldentification

7 Operator Requirements
a Input
b Qualifications

8 Ruggedness MIL-STD-810
9 Range
10 Capability to Operate While Mobile

11 Agent Quantification

12 Reset Time

(Time between samples) Leve! 2 2 min

13 Time for Prototype Production Not determined
14 Sensor Cost Not determined
1S Producibility Not determined

Idenufy all known, be adaptable to unknown

None (turnkey operation)
Common skills, nonspecific

Approximately 3 km’ desirable

Quantify all known, be adaptable to unknown

Level 1 Continuous <l5s

*Level 1 1s the desired need in terms of performance as perceived by the user Other Jevels indicate fess than desired but
acceptable levels of performance The lowest level 1s the mintmally acceptable performance

“*Critical charactenistics or subcharactenstics

1 The basic chmatic design types as defined in AR 70-38 ranges are

Constant high humidity temperature 24°C RH 95-100%

Vanable high humidity temperature 26° 1o 35°C RH 74-100%

Basic hot temperature 30° to 43°C RH 1444% -
Basic cold temperature —21° 10 —32°C RH saturation

3-2.3 RECONNAISSANCE (RECON)

The purpose of reconnaissance 1s to gather informa-
tion upon which commanders and their staffs may
form plans, make decisions, and issue operational
orders Reconnaissance includes surveillance, the term
given to systematic observation by any means Army
units have an inherent reconnaissance mussion that
includes nuclear, biological, and chemical (NBC) recon-
naissance NBC reconnaissance is needed to prowvide
tommanders with information to plan, make decisions,
and; or 1ssue orders during NBC operations

Aside from the inherent reconnaissance missions
within all unuts, certain units have a dedicated reconnais-
sance mission and others a dedicated surveillance mis-
sion These units conduct reconnaissance on all aspects
of the battlefield, such as terrain, the effects of weather,
and the presence or absence of the enemy Recon-

1-4

naissance 15 a continuous, ntegral part of the modern
battlefield Much of the success of a reconnaissance
unit depends on 1its stealth, speed, maneuverability, and
strength It 1s not equipped to fight the enemy to gain
information

Reconnaissance units are located throughout the
battlefield and are subjected to all threats associated
with combat and combat support and CSS units
Reconnaissance umts have specific NBC responsibilities
that introduce umque additional NBC hazards and
associated requirements

NBC reconnaissance umts support the commander in
locating and designating contaminated and uncontami-
nated terrain to facilitate troop, supply, and equipment
movement information from reconnaissance provides
intelligence permitting maneuver units to avoid hazards
or to take the required defensive measures for opera-
tions in contaminated areas NBC reconnaissance umts
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need to provide commanders with integrated, systemized,
and umely NBC hazard information with high levels of
accuracy

Reconnaissance .units are subjected to the entire
spectrum of enemy chemical agents and delivery
systems They are subjected to CB threats with much
greater frequency than any other type of unit Because
direct targeting of these highly mobile umits 1s difficult,
the most significant hazard faced by these umits 1s
previously contaminated terrain, especiaily along recon-
naissance routes or in surveillance areas These areas
will most hikely be contaminated with persistent nerve
or blister agents and will present sigmificant contact
hazards as well as a secondary vapor hazard Reconnais-
sance umts, especially in rear areas, could also en-
counter areas contaminated with biological agents

This situation presents unique challenges to detectors
Reconnaissance units must be capable of detecting all
known and unknown agents with close 1o real-time
(immediate) response Detectors must be capable of
detecting, 1dentifying, and monitoring CB agent con-
tamination while the RECON team 1s on the move
Detector sensitivity 1s critical because the agent con-
centrations likely to be encountered from secondary
evaporation will be mimmal

Detection equipment and crews of chemical recon-
naissance units are housed 1n a ground vehicle This
situation requires detector power, weight, and size
specifications similar to those of combat and combat
support umts, although not quite as constrained The
equipment must be highly rehiable, accurate, and
rugged An additional requirement for many recon-
naissance units will be the need for a remote detection
capability to extend the range for detectors including a
“look ahcad™ as well as a “look down™ capabihity for
aenial reconnaissance units Detectors must be capable
of operating continuously, day and might, in all environ-
ments Effective reconnaissance must provide data to
commanders and their staffs thus detectors are required
to interface with communications equipment capable of
transmitting required data

Table 3-3 lhists detector charactenstics and perfor-
mance criteria specified for reconnaissance (RECON)
units

1.9

3-2.4 FIXED SITE INSTALLATIONS (FSI)

Fixed site installations represent cntical resources to
the theater command. These instaliations include air-
bases, depot storage areas, ammunition supply points,
maintenance facilities, signal sites, and some medical
installations that are usually located far to the rear of
the battlefield Combat and combat support and CSS
units are dependent on fixed sites in many ways, con-
sequently, enemy attacks against these sites can have
serious long-term effects

Fixed sites are highly vuinerable to enemy air attacks,
infiltration, and terronst activities Therefore, these
sites present lucrative targets to threat forces employing
NBC weapons Although persistent agents are con-
sidered the primary threat to fixed sites, nonpersistent
chemical attacks can be expected prior to an attempted
assault or takeover of these sites Persistent chemical
agents present a long-term hazard resulting in con-
taminated equipment and cnitical supply items Per-
sonnel will be forced to remain in MOPP gear for
extended periods, thus their efficiency 1s reduced and
their mission performance 1s significantly degraded
Due to the long-range distance of FSI from the enemy,
threat deiivery systems for chemcal agents will probably
include bombs, aircraft equipped with spray tanks, and
missiles Agents also may be delivered upwind of a
fixed site so that the resulung cloud dnfts over the site
without warning or indication of its presence.

Enemy use of biological agents against fixed sites 1s
more probable than for any other situation Delivery of
biological agents may come from conventional delivery
systems or through covert sources

Detectors must be capable of detecting all known
and unknown agents with sufficient response to prevent
or mimimize the number of immediate casualties Follow-
ing an attack, reconnaissance of ground surfaces and
facility exteniors and surveillance of personnel and
equipment must be undertaken High detector sensitivity
levels will be required for detection of low-level con-
centrations in FSI operational areas Detection of the
agent no ionger prowvides sufficient chemical informa-
tion, identification and quantification also are required
for information or data processing to support the
prediction of hazard persistency as well as downwind
travel
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TABLE 3-3. DETECTOR CHARACTERISTICS AND PERFORMANCE CRITERIA
FOR RECONNAISSANCE (RECON) (Ref. 3)

CHARACTERISTICS AND

SUBCHARACTERISTICS PERFORMANCE CRITERIA®*
Agent Detection** o
a Chemicals Level | All known and unknown agents in all physical states
b Biologicals } Level 2 All known agents, with capability to expand to all unknown agents
¢ Toxins
Response Time
a Detection**
(1) Chemicals Level 1 Real ume on demand (<5 s) for Level 3 sensitivity cntena
(2) Biologicals } Level 2 15 s for Level 2 sensitivity
(3) Toxins
o ldenufication
(1) Chemicals Level 1 | min on demand
(2) Biologicals } Level 2 10 min
(3) Toxins
¢ Quantification
(1) Chemcals Level 1 Instananeous and continuous (5 s)
(2) Biologicals } level 2 2 min
(3) Toxins
Sensitivity**
a Chemicals** Level 1 Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population
b Biologicals** 5% of affected population infected
¢ Toxins** Level 1 Detoxification level
Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population
Detector Operation Parameters g
a Accuracy Per 72-h mission
False positive One
False negative Very low probability of occurrence
b Size Per component
Volume 0028 m’
Weight Level 1 4 536 kg
Level 2 Components must fit in tactical vehicle
¢ Data transmission Within unit
Capability of interfacing with warning transmission system
{Signal may or may not be electronic, may be optical)
Night vision compatible
Division/ Corps Data must be capable of being transmitted over
Division/ Corps nets
Attack occurred
Which agent present
Location
Date/1ime group
d Service/setup-tahedown Level I Instantaneously usable | min
Level 2 30 min
¢ Consumables** Within size constraints for 24-h mission
f Alarm Emit trigger automatic (electronic and optical signal)
g Fnvironmental extremes Hot, basic, and cold (AR 70-38)t
h Power** Vehicle power within s1ze constraints
A

(cont’d on next page)

3-10
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TABLE 3-3. (Cont’d)
CHARACTERISTICS AND
SUBCHARACTERISTICS PERFORMANCE CRITER]A*
5 Survivability
a. RAM Rehiability—500 h (MTBEF)
Availability—23 of 24 h
Maintainability—90% of failures can be corrected by the umt within | h
b Conventional attack High probability of survival
¢ NBC attack AR 70-71 regarding NBC survivability must be met
AR 70-60 regarding nuclear survivability must be met
6 Agent Identification Idenufy all known, be adaptable to unknown
7 Operator Requirements
a Input None {turnkey operation)
b Qualifications Common skills, nonspecific

Level I Common skills, nonspecific
Level 2 MOS 54E, reconnaissance scout

8 Ruggedness MIL-STD-810
9 Range Minimally acceptable operational range 3-12 km required
10 Capability to Operate While Mobile
a Ground Capable of operating at 48 km/ h required
b Air Look ahead 3-5 km, 45 deg to either side of center lookdown scan
capability
11 Agent Quantification Quanufy all known, be adaptable to unknown
12 Reset Time Level I Continuous < 15s
(Time between samples) Level 2 2 mun
13 Time for Prototype Production Not determined
14 Sensor Cost Not determined
15 Producibility Not determuned

*Level 11s the desired need in terms of performance as perceived by the user Other levels indicate less than desired but
acceptable levels of performance The lowest level 1s the minimally acceptable performance
**Cntical charactenstics or subcharacteristics
$The basic chimatic design types as defined in AR 70-38 ranges are

Constant high humdity temperature 24°C RH 95-100%
Vanable high humidaty temperature 26° to 35°C RH 74-100%
Basic hot temperature 30° 10 43°C RH 14-44%
Basic cold temperature —21° to —32°C RH saturation
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Detectors must provide data to maintain the operat-
ing capability of personnel in a threat environment for
a loag time and must be sensitive enough to provide an
inchication that a threat to personnel no longer exists to
minicze time spent in MOPP gear For this reason,
dei ¢tors must have a low false alarm rate and must be
highly reliable, available, and maintainable The nature

of operations at a fixed sie installation allows for
increases 1n detector power, size, and weight require-
ments Detectors for FSl1s can be less rugged and need
not have the capability to operate while mobile

Table 3-4 shows detector charactenstics and perform-
ance cntena specified for fixed site installations

TABLE 3-4. DETECTOR CHARACTERISTICS AND PERFORMANCE CRITERIA FOR
FIXED SITE INSTALLATIONS (FSI) (Ref. 3)

CHARACTERISTICS AND
SUBCHARACTERISTICS

PERFORMANCE CRITERIA?

| Agent Detection**
a Chemicals
b Biologicals }
¢ Toxins

’ Response Time
a Detection**
(1) Chemicals
(2) Biologicals }
(3) Toxins

b ldentification
(1) Chemicals
(2) Bologicals }
(3) Toxins

¢ Quantufication
(1) Chemicals
(2) Biologicals }
(3) Toxins

3 Sensitivity**
a Chemicals**

Level 1. All known and unknown agents in all physical states
Level 2¢ All known agents, with capability 1o expand to all unknown agents

Level 1 Real time on demand (<5 s) for Level 3 sensitivity cnitenia
Level 2 2 mun for Level | and 2 sensitivity criteria

Level I | min on demand
Level 2 10 min

Level 1 Instantaneous and continuous (5 s)
Level 2 2 min

Level 1 Detoxification level

- Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population

b Bioclogicals**

¢ Toxins**

59 of affected population infected

Level I Detoxification level

Level 2 Threshold response level, 5% of affected population
Level 3 Incapacitation 5% of affected population

4 Detector Operation Parameters

False negative Very low probability of occurrence

a Accuracy Per 72-h mission
False positive One
b Size Per component

¢ Data transmission

Volume Adjustable
Weight Adjustable

Within umt
Capability of interfacing with warning transmission system
Night vision compatible
Corps or Organization (automatically transmit)
Attack occurred
Which agent present
Location
Date/time group

(cont’d on next page)
3-12
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TABLE 3-4. (Cont'd)

CHARACTERISTICS AND
SUBCHARACTERISTICS

PERFORMANCE CRITERIA®*

13
14
15

d Service/setup-takedown

¢ Consumables
f Alarm
g Environmental extremes

h Power

Survivability
a RAM

b Convenuonal attack
¢ NBC attack

Agent ldentification

Operator Requirements
a Input
b Quahfications

Ruggedness
Range

Capability to Operate While Mobile

Agent Quantification

Reset Time
(Time Between Samples)

Time for Prototype Production
Sensor Cost
Producibility

Level 1 Instantaneously usable | min
Level 2. 30 min

Within size constraints for 24-h mission
Emit trigger automatic (electronic and optical signal)
Hot, basic, and cold (AR 70-38)1

Unrestricted

Rehabiity—500 h (MTBF)
Availability—23 of 24 h
Maintainability—909% of failures can be corrected by the unit within 1 h

High probabihty of survival

AR 70-71 regarding NBC survivability must be met
AR 70-60 regarding nuclear survivability must be met

Identify all known, be adaptable to unknown

None (turnkey operation)
Common skills, nonspecific

MIL-STD-810

Immediate operational area of fixed site and beyond (approximately 3 km’
for RDI system)

Quantfy all known, be adaptable to unknown

Level | Continuous < 15s
Level 2 Mimimally acceptable 2 min

Not determined
Not determined

Not determined

*Level | 1s the desired need 1n terms of performance as perceived by the user Other levels indicate less than desired but
acceptable levels of performance The lowest level 1s the mimimally acceptable performance

**Cntical charactenistics or subcharacteristics

1 The basic chmatic design types as defined in AR 70-38 ranges are

Constant high humiduy
Variable high humidity
Basic hot
Basic cold
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CHAPTER 4
CHEMICAL ANDBIOLOGICAL (CB) DETECTION TECHNOLOGIES

This chapter describes chemical, physical, and biotechnological methods used 1o detect CB agents. It
describes the scientific principles associated with each technology, apphication of these technologies 10 mulitary
environments, and potential detection capabilities The role of quantitative and qualitative analysis as the
basis for detection equipment 1s discussed Chemical methods of detection are explained, and associated
concepts and principles are described The concepts classified as biotechnology methods of detection and
selecied technologies assoctated with detection of biological agents are discussed

4-1 INTRODUCTION

Well-established methods of qualitative and quanti-
tative analysis have been the starting point of development
of detection systems Many of these methods have a long
history of successful use in laboratones throughout the
world, and a well-documented body of literature is
available The principal challenge facing the developer of
detection equipment 1s to adapt the basic features of these
methods and concepts to the special demands of milhitary
applications Noteworthy among the military require-
ments are

1 Small volume and weight

2 Rupggedness

3 Operation over a wide range of chimatic extremes
The laboratory 1s a controlled environment and personne!
are trained 1n the requirements associated with laboratory
handhng and use of equipment, therefore, a major
transformation 1n equipment 1s necessary to produce
detection equipment for military use

Methods based on the chemistry of agents were the
basis for the earhest detection attempts Many of the
standard methods of qualitative analysis are based on
color change These color change methods were the basis
for early manual detection equipment or kits, which still
provide a supplement to automatic devices Colonmetric
techmques also provided the basis for some of the earher
automatic detectors Inthese devices detection was based
on a change 1n light transmission through a liquid caused
by color change or reflecting paper tape

Detection systems based on wet chemistry, such as
colorimetric techmques, have never been very popular
withsoldiers Each system has its own particular problem
that adds to the logistic burden associated with supporting
the detection system

Detectors based on physical principles have largely
replaced the wet chemical techniques 1n current systems
and in the technologies being investigated for future
systems The bases for physical methods are inherent in
the agent molecule and its reaction to some form of
energy The most prominent physical detection techmiques
rely on electromagnetic spectroscopy. mass spectrometry,
and 1omization-based concepts

4-1

4-2 CHEMICAL METHODS

Initially, all methods for detection of toxic chemical
agents depended on the properties of certain dyes to
exhibit a color change When contact with the agent s
made, the solubility of these dyes depends on the acid-
base properties of the agent The dyes are incorporated
iInto papers or crayons, or they are coated on a plastic film
base The color change occurs upon contact with a iqud
agemt

Manual vapor detection based on color change 1s
accomphished through agent contact with suitable
reactants on a small quantity of silica gel 1n a glass tube
Air s drawn through the tube 1n 2 prescribed manner with
either water or reactants introduced The tube 1s checked
visually for the presence or absence of color change,
which indicates the presence of agent vapor The reactions
in Figs 4-1through 4-5 are representative of the chemustry
employed in these visual detection kits Most of these tests
require about | S min to perform for each agent

The most recent deveiopment in manual detection
employs a device called a sampler-detector card (a
disposable plastic sampler) This card provides a medium
for tests for most toxic agents The basic configuration
and lavout of the sampler-detector card 1s shown in Fig
4-6

The sampler-detector card simphfies the probiem of
vapor detection Itis self-contained, uses a senies of simple
steps to release the reagents, and requires only static
exposure of the prepared sample surface to air

H H

1| NaOH
Cl—C=C—AsCly =9 H—C=C —H

Lewisite Acetylene

H—C=C—H + Cuyly =9 Cu—~C=C—Cu

Co?er Acetylide

ed-Brown

Figure 4-1. Reactions Employed in Visual
Kits: Test for Lewisite (Ref. 1)
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i'igure 4-2. Reactions Employed in Visual | t@or)——> CH, ———

Kits: Test for G-Type Agents

{Schoenemann Reaction) (Ref. 1) | | | |
Sy \T , N

(a) or (b) (L)or )

083 Colorless Purple - Biue
4 - (4 - Nitrobenzyl)
pyndine

NOTE Mercunc cyamde ts incorporaied as a calalyst

Figure 4-3. Reactions Employed in Visual
Kits: DB3-NaOH Test for HD or HN

(Ref. 1) —_
+H,0
CNCI + — — -_ + HCl + NH,CN— Polymenzes
(Hydro- (Yellow Orange
Cyan- | Polymer, Color
Chionde e Contentration
n
(CX) CH, centratio
d ] O o
x Xy X, cHe! CHO CHOH
CI" |
CN CN
DB3 B - (p-Nitrobenzyl) -
4 - (4’ - Nitro- glutaconic aldehyde
benzyl) -
pyndine
Figure 4-4. Reactions Employed in Visual Kits: Test for Cyanogen Chloride (Ref. 1)
~
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Hydrolysis
o] OC-— CH3 + Cholinesterase ——————3p 0O N o
Buﬁered
Solution
Blue Cl
Red 2, 6-Dichloroindophenyl Acetate 2. 6-Dichloroindophenylate

(A) No Agent Present

a Agent + Cholinesterase ———3 Agent — Cholinesterase

c 0]
b O N O — CH, + Agont— Cholinest N\ No Reaction
—-— n - -
3 ge inesterase = Colorioss or
cl Light Red-Orange

(B) Agent Present

Figure 4-5. Reactions Employed in Visual Kits: General Test for Anticholinesterase Material—
Phosphoro, Phosphono, Quaternary Ammonium Salts, and Carbamates (Ref. 1)

Blister Agent Test Spot
Hinged Protective Strip

(Open Position) Blood Agent Test Spot

/ Nerve Agent Test Spot
Hinged :
Heater Assembly\" N\ 9 Pull Tab to Expose
< %) K \ / Lewisite Tablet
o o
f\la G |-Lewisite Detecting Tablet
sl 131 | 3B~
I - -
/ T
Blister Reagent Ampules ' Nerve Reagent Ampules

Blood Reagent Ampules

ewisite Tablet
Rubbing Tab

Figure 4-6. Disposable Plastic Sampler (Ref. 2)
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4-2.1 COLORIMETRIC

When a molecule absorbs hight, 1t undergoes a transition
from a state of lower energy to a state of higher energy
This concept 1s absorption spectroscopy and is used in
most colorimetric analysis In most instances one or two
chemical solutions are added to an unknown solution to
produce a color that 1s analyzed spectroscopically This
methodology 1s used 1n many kits and detection devices,
as shown previously in Figs 4-1 10 4-5

Early attempts to provide high-sensitivity, rapid-
response automatic detectors used colorimetric reactions
In these systems color change was detected by a photocell
that responded to the change 1n reflectance of a wetted
spotl on paper tape through which air was passed The
reflectance of the wetted spot was compared with a dry
spol on the tape, and when the change exceeded a preset
leva!, a visual and/or audible alarm was triggered These
detectors were based on the Schoenemann reaction,
which 1s actually a family of reactions conducted in
alkaline solution The sensitivity of the reaction 1s re-
ported to be such that the reaction will detect 0 02 parts
per mulhon (ppm) of GB i1n 2 min and will respond to
concentrations above 2 0 parts per billson (ppb) in 5 min
(Ref 3)

4-2.2 FLUOROMETRIC

Fluorescence, the emussion of radiation (hght) by a
substance that has absorbed radiation from another
source, amplifies the amount of emitted radiation over
that which would be achieved with reflected light alone
Often the emitted radiation has a different wavelength
from the incident radiation and 1s substance dependent
This process was used in an early automatic alarm by
selection of the reagent for the Schoenemann reaction so
that a fluorescent product, indoxyl, would result

Photoluminescence 1s a process whereby a solution 1s
radiated with a hight source and the resultant solution
fluoresces The distinction between photoluminescent
and absorption processes 1s that in a photoluminescent
process a fluorescent dye 1s produced in a chemical
reaction, whereas in an absorption process a color 1§
produced that 1s analyzed spectroscopically

Fluorometric analysis 1s a very sensitive method of
analysis, but usually the solutions are not stable over a
long time period One widely investigated and used
fluorometric technique was the sodium pyrophosphate-
peroxide and indole method When these two chemical
solutions were mixed with a nerve agent solution, the
resulting solution slowly increased in fluorescence to a
peak value and then decreased

Fluorometric techniques have long been investigated
for use 1n chemical detection devices, and numerous
compounds have been tested Two compounds tested
were indole and aluminum morin Indole wasinvestigated
for use 1n plant chemical agent alarms E-17 and E-59

44

Indole reacts with strong oxidizers to produce the highly
fluorescent indoxy! The presence of nerve agent catalyzes
the reaction Aluminum morin, a related compound, 1s
fluorescent as a dry compound and is impregnated on a
dry tape for use in one of the nerve agent alarms 1fa nerve
agent containing the phosphorus—fluonne bond (P—F),
such as sarin or soman, passes through this tape, the agent
reacts with and strips off the aluminum monn and leaves
a black nonflucrescing compound The absence of
fluorescence indicates the presence of nerve agent

Because detection of biological agents requires a sensi-
tive technique, fluorometric principles were investigated
Fluorometric analysis 1s about 10 times more sensitive
than colonmetric analysis Several concepts for biological
detection aiso make use of fluorescence and are described
in par 44

4-2.3 ELECTROCHEMICAL

Electrochemical and absorption spectroscopy are
comparable in function because both use wet chemustry
methods and both depend on a reaction of nerve agents
with a substrate to produce a compound of detectable
moiety The electrochemical process produces a com-
pound that 1s detectable as a change in potential between
two electrodes, whereas the absorption process produces
color change, which is analyzed spectroscopically

Under appropriate conditions a number of chemical
reactions may result in the development of a potential ina
cell Such areaction may also alter the conductivity of the
solution in the cell and thus cause a change in potential
The introduction of a G-agent with the P—F bond into a
cell contaiming 0 04 mL of isonitrosobenzoyl acetone
(IBA) results in the formation of a cyamde ion (CN)
These reactions are shown in Fig 4-7

The reactions produce one mole of CN™ per mole of
G-agent reacting at pH 9 3, the pH in the reaction cell
The released cyamide 1on 1s detected electrochemucally
and shows the existence of a concentration of organo-
phosphorus agent in the air (Ref 4)

Reactions with G-agents are very rapid V-agents are
converted to more chemically reactive compounds by
passing the airstream through a conversion filter, which
converts the V-agents to G-type compounds When
sufficient CN™ has been produced to result in a cell voltage
that exceeds a preset threshold of 15 mV, an alarm 1s
activated

The biochemistry of enzymes has been investigated for
automated apphication The resulting detectors have
features similar to those of the early wetted tape system,
however, the detector monitors electrical potential across
a cell tn which the wetted reaction medium is held The
presence of an anticholinesterase agent inhibits the hy-
drolysts of the substrate by the enzyme and causes a
change 1n potenual across the cell

Prototype models of the clectrochemical detector have
good sensitivity, 0 | mg/m’ for GB and a response time
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Figure 4-7. Reaction of G-Agent With IBA

of | min These models are small—127 mm X 127 mm X
254 mm (51n X 51n X 101n )—and weigh 3 6 kg (8 1b)
Disadvantages include resupply and stability of required
reagents, difficulty 1n automating the system, and diffi-

culty of operation by soldiers of detectors using wet
chemustry

4-5

The M8 chemical agent detector uses an electro-
chemcal cell, which is constructed of plastic, as its source
of detection The cell consists of silver and platinum
clectrodes, a silver bead scrubber, and a solution con-
taining 1somtrosobenzoyl acetone (IBA) The combina-
tion senses any change in potential when agent is present
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4-3 PHYSICAL METHODS

Physical methods of CB agent detection and monitoring
rely on the agent molecule and 1ts structure, which
detesmines 1ts response to various forms of energy
Several of the most promising technologies classified as
physical methods are based on spectroscopic principles
These systems rely on the fact that molecules exhibit a
unique spectral signature when they are irradiated with
energy in selected regions of the electromagnetic spectrum
Fig 4-8 illustrates the electromagnetic spectrum with
charactenstic regions marked according to wavelength

Characteristic molecular spectra occur n a broad
segment of the electromagnetic spectrum, 1e, ranging
from the microwave region to the ultraviolet (UV) region
CB agents exhibit various spectral charactenstics across
the ranges of the electromagnetic spectrum, therefore,
some ranges can be readily adapted to CB detection
techmques Other ranges, however, cannot be easily
applied to CB detection technigues

4-3.1 SPECTROSCOPIC PRINCIPLES AND
TECHNOLOGIES

The spectroradiometnic sensing and detection of CB
agents 1n any form (ligwd, aerosol, or vapor) generally
require four distinct yet interrelated components and/ or
charactenstic features, including (Ref 6)

1 A source of electromagnetic radiation

2 A physical phenomenon in which the interaction
of the agent and electromagnetic radiation results insome
modification of the radiation

3 A receiver or detector of the radiation signal

4 A signal process or computer-based algonthm that
determines whether the modification to the incident
rachation correlates to some predetermined or likely
pattern

Sources of electromagnetic radiation 1n these spectro-
radiometric concepts can be classified as either passive or
active Passive systems use the naturally occurning radia-
tion from the background, the atmosphere, and/or the
characteristic emssion from the agent 1tself as a source,
whereas active systems artificially stimulate the agent
cloud by employing their own source of radiation The
most common active radiation source for detection
systems 1s the laser, which can produce coherent radiation
in wavelengths ranging from the ultraviolet to the infrared
(IR)regions In the microwave and milimeter wavelength
region, active radiation sources include klystrons and
magnetrons

Extensive research is being conducted in the develop-
ment of frequency-agile, continuously tunable lasers that
are capable of producing coherent radiation over wide
spectral intervals Such lasers will give detection and
monitoring systems much greater flexibility by providing
spectral data in the most useful spectral wavelength
regions Increasing the number of spectral wavelengths
monitored provides a higher resolution image to perform
interference discninunation schemes

Several relevant physical phenomena may occur when
electromagnetic radiation is incident on a gas or acrosol
sample (cloud) in the atmosphere The signal 1s “trans-
mitted " if radiation passes through the sample unaltered
Although this transmission phenomenon 1s of httle
interest to detection equipment designers, 1t does allow
passage through the atmosphere of radiation that provides
a reference for the detector system

The remaining physical phenomena of absorption and
scattering provide the basis for the majority of spectro-
scopic sensing systems Absorption and scattering are
dependent on the molecules in the path of the radiation,
as well as on the wavelength of the radiation Thus it 15
possible to design and develop CB detection and moni-

Wavelength, cm™’'

4x10° P 400 4000 125x10° 25x10° 50x 10° 107 10?
1 1 i 1 A 1 i 1
Spin Onentations Moiecular  Molecular Valence Electromc Transtons Inner Shell Nuclear
{sn Magnetic Freld) Rolallons  Vibrations Electronc Transr
NMR*® ESR** Transitions tons
Infrared Regron Visible Uhtraviolet X Rays
Rado Micro- Far “Fundamental”  "Overtone” Near UV Vacuum UV ~Soh” Gamma
Waves mdkmeler  Infrared Region Region X Rays Rays
Waves
(Radar)
- T T T T T T T ~T
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* Nuclear Magnetic Resonance
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Reprinted with permission Copynight © by Robert P Bauman

Figure 4-8. Schematic of Electromagnetic Spectrum (Ref. 5)
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toring systems that spectroscopically monitor these
phenomena and respond to the charactenstic spectral
responses of the agents of interest

Selection of the most .appropnate spectral region for
sensing of CB agents rehies primarily on three con-
siderations The first consideration 1s the ability of the
particular radiation wavelength to propagate through
naturally occurring and common atmospheric con-
stituents For example, the far infrared region (25-500
pm) exhibits intense absorption by water vapor under
rather common atmospheric conditions This intense
absorption hLimits its utihty for CB agent detection
techniques

The second key parameter 1s the choice of wavelengths
for which agents of interest exhibit charactenstic and
appropnate, strong spectral features, 1e, strong ab-
sorption or scattering An extensive data base of agent
and simulant spectral responses is a basis for determi-
nation of the most appropriate and effective spectral
regions for CB detection technologies

The third critical consideration concerns the spectral
responses of possible interferents and obscurants, either
natural or induced Detection techmques on the battle-
field are useful only if they can operate and perform with
high rehiability 1n the presence of a variety of obscurants
and interferents Knowledge of the spectral features of
possible interferents and obscurants s essential to develop-
ment of discrimination algorithms used to distinguish
possible interferents from CB agents

A brief overview of the spectral characteristics of agents
of interest for wavelengths ranging from the microwave

and millimeter wave region through the ultraviolet region
1s presented in the paragraphs that follow

The microwave and millimeter wave region includes
radiation wavelengths of 500 um or greater Spectral
features of agent molecules in this regign are caused by
molecular rotational transitions Although durable sources
of radiauion are available in this region, absorption
measurements must be performed at low pressures (<130
Pa). and these low pressures significantly himit the apph-
cation of microwave spectroscopy to CB detection in the
lower atmosphere

The infrared region of the electromagnetic radiation
spectrum includes wavelengths rangu,l'g from 07 to 500
um Infrared spectroscopy, as apphed to CB detection,
uses the unique molecular spectral charactenistics of the
various agents within the infrared region as a basis for
detection Within the infrared region three subranges exist
for which the feasibility and applicability of CB detection
techmques vary sigmficantly

In the far infrared region (25-500 um) spectral charac-
tenistics are driven primarily by rotational transitions and
vibration bands The use of infrared spectroscopy as a
means of CB detection is extremely limited in this region
due to the presence of intense water vapor absorption
under common atmospheric conditions Water vapor

4-7

absorption effectively overwhelms the absorption charac-
tensucs of other atmospheric matter, including CB agents

In the middie infrared region (2.5-25 um) spectral
features are due to fundamental and combination vibration
rotation bands This particular region of the infrared
spectrum 15 often referred to as the “clectromagnetic
window™ for spectroscopic sensing of chermcals and gas.
The most extensive research has been conducted 1n this
region Spectroscopic analysis 1n this region 1s the most
fully developed and 1s used quite widely for both military
and civihan apphcations

Within this region, chemical agents (particularly the
organophosphorus nerve agents) exhibit their strongest
absorption bands in relation to other atmosphernic con-
stituents Fig 4-9 shows how several absorption peaks for
GB occur in the 8-12 um region, these peaks correspond to
wavelengths at which the greatest energy absorption
occurs High energy absorption 1s essential in order to
obtain a high level of specificity. Many interferents,
particularly dust and smoke, have strong spectral features
in this region, thus high-resolution spectral images become
arequirement for input to discnmination algonithms Fig
4-10 illustrates this problem through a presentation of
absorption spectrums for several agents and a common
dust

Percent of Radiatton Absorbed

9:10 o0 00 1S 1100 1%
Wavelength, um
Figure 4-9. GB Spectrum (Ref. 7)
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Figure 4-10. Discrimination of Nerve Agents
Versus One Type of Dust (Ref. 7)

Vibrational overtone and combination bands dominate
the spectra in the near infrared region (0 7-2 5 um) The
spectra of CB agents in this region are approximately 100
times weaker than those encountered in the mddle
infrared region and thus limit the usefulness of the near
infrared region for CB detection and monitoring systems

Spectral charactenstics in the visible region (0 4-0 7 pm)
are caused by electronic transitions Few molecules have
absorption bands in this region, so its usefulness for CB
sensing 1s himited Beyond the lack of agent absorptive
bands in this region, significant scattering due to aerosols
and dust particles in the atmosphere further restricts the
apphicabihity of this region

Electronic transitions determine the spectral features in
the ultraviolet region (0.25-0 4 um) Although all molecules
have electromic absorptive bands, few molecules have
charactenistic resolvable bands in the ultraviolet region

Several agents of interest, particularly biological agents,
exhibit the phenomenon of fluorescence when irradiated
by ultraviolet energy When these agents are irradiated
with electromagnetic energy in the UV region, they often
luoresce or emit radiation in the IR region Fig 4-11)
graphically depicts the fluorescence phenomenon Several
promising new technologies that use ultraviolet radiation

may be particularly apphcable to detection of biological
agents

4-8

for CB detection systems usually requires the use of an
active source, such as a faser. Like absorption, scattering
of incident radiation is dependent upon numerous param-
eters The most significant parameters are the agent of
interest, the particle size, and the wavelength of the
incident energy Rayleigh scattering occurs when the
wavelength of the incident radiation 1s much larger than
the particle size, but Mie scattering 1s charactenzed by a
sharp increase in the amount of energy affected and occurs
when the particle sizes are of the same order of magnitude
as the incident wavelength Of special interest 1s Raman
scattering, in which the scattered hght s shifted
frequency according to the particular agent

Another major component of a spectroscopy-based
detection system 1s the recewver, or detector, of the
radiation signal Several spectroradiometnic detection
approaches and concepts have been and are being pursued
The receiver configuration depends largely upon the
wavelength region and the charactenstics and properties
of the physical phenomena being monitored

Due to the strong and unique spectral features exhibited
by the traditional chemical agents in the IR region and the
low natural attenuation of radiation 1n this region,
numerous concepts, both active and passive, have been
and are being developed to exploit these features Of
particular interest 1s the 8-12 um segment of the infrared
region, in which the chemical agents exhibit their strongest
absorptive bands The spectral data base of CB agents in
this region 1s quite thorough
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By contrast, spectral charactenstics of biological agents
are more pronounced in the ultraviolet region. For this
reason, several spectrogadiometnic.approaches have been
studied for biological agent detection using ultraviolet
radiation

The paragraphs that follow summanze the major
spectroscopy-based concepts that have been and are being
researched for CB detection systems

4-3.1.1 Interferometry

The Founer transform interferometer is probably the
most fully developed remote detection system operating
in the infrared region of the spectrum This passive
concept produces interferograms of the radiance observed
1n a narrow band filtered region of the infrared spectrum
to obtain absorption spectrums Systems based on this
concept measure and store the spectral information that
charactenzes the scene, or background When an agent
cloud intervenes between the detector and background,
the spectral charactenstics are altered by the absorption
and emission properties of the agent Fig 4-12 presents a
schematic of this principle The altered spectral image 1s
compared to the known spectral images of CB agents, and
detection occurs when the two images comncide

Cloud

Sensor

4-3.1.2 Differential Absorption Light Detection
and Ranging

Many in-use and developmental systems employ dif-
ferential absorption LIDAR (DIAL). These systems
measure the relative absorption of laser energy at two or
more wavelengths For chemical agent detection, laser
energy in the 8-12 um region is directed through the
atmosphere and reflected back to the hght detection and
ranging (LIDAR) system from background terrain (topo-
graphical reflection) or atmospheric gases (distributed
reflection) Fig 4-13 presents a schematic of this prin-
ciple. The returned laser light 1s collected by an optical
recciver, and the intensity 1s measured by an infrared
detector

Laser wavelengths are selected that exhubit large dif-
ferences 1n absorption charactenstics by the target gas
and/or aerosol and are affected by background gases
resident 1n the atmosphere By subtracting an absorbed
return from a nonabsorbed return, the detector can
determine the presence of an agent cloud, identify the
agent, and measure its relative concentration. A more
complex spectral pattern analysis of many different laser

0

Natural Radiation

Figure 4-12.

Background

Passive Infrared Detection Schematic (Ref. 9)

Laser

Detector

Background

Figure 4-13.

Return
Laser Energy

Differential Absorption (Ref. 9)
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wavelengths enables pattern recognition algonthms to
discriminate between interferences and agent clouds
ID1AL concepts have been tested and proven to be very
effective for detection of chemical agents 1n the vapor
phase, however, detection probabilities for chemical
ageat aerosols, hquids, and biological agents 1s hmited

4-3,1.3 Differential Scattering (D1SC)

As discussed 1n par 4-3 1, the scattering of radiation 1s
dependent on the particulate and its size, as well as on the
wavelength of the incident radiation DISC relies on the
characteristic spectral backscatter signatures of chemical
ageat aerosols and surface contaminants Fig 4-14 illus-
tiates this concept The differential in reflected or back-
scattered laser energy 1s monitored by aninfrared detector
and 1s processed by computer to identify the acrosol or
surface contaminant This technique is quite effective for
detection of chemical agent aerosols and liquids Al-
though detection of biological agents through DISC
concepts s theoretically possible, its effectiveness has not
been proven

4-3.14 DISC/DIAL

State-of-the-art detection systems have combined both
differential scattering and differential absorption LIDAR
(DIAL) techmques to provide chemical agent detection
capabihties for all forms of the agent, including vapor,
aerosol, hquid drops, and surface contamination Current
systems are large and lack the ruggedness required for
field use, but extensive efforts are in progress to reduce
their size and increase their ruggedness DIAL concepts
readily enable detection of agents in the vapor phase,
whereas DISC provides detection capabilities for agents
i the aerosol or liguid phase Thus the combination of
these two concepts provides for detection of chemical
agents and for identification of the agents, quantification
of the agents, and the range to the chemical agents

Laser

Detector

Returning Scattered
Laser Energy

Figure 4-14

4-10

Fig 4-15 depicts the results of a chemical agent
simulant DISC/DIAL test conducted at Dugway Proving
Ground, UT Fig 4-15 shows how DISC/DIALcanbea
very powerful tool to detect, quantify, and momtor
selected chermical agents

4-3.1.5 Raman Scattering

LIDAR systems using Raman scatiering are theo-
retically capable of measuring concentrations of certain
gaseous agents in the atmosphere As laser light 15
scattered by gaseous molecules, 1ts frequency shifts The
magnitude of the frequency shuft 1s agent dependent, thus
the measurements yield identfication of agents, therr
concentrations, and ranging information The efficiency
of Raman scattering 1s low, however, so that only
relatively high concentrations of gases can be detected,
and very powerful lasers are required to achieve even this
level of detection

4-3.1.6 Laser-Induced Fluorescence

Laser-induced fluorescence 1echmques have been used
primarily to perform water contaminant measurements
and mineral surveys The techmque 1s also applicable 1n
theory to the detection of acrosols (chemical or biological)
dispersed in the atmosphere or deposited on the ground
or on vegetation

The system configuration 1s not uniitke a LIDAR
system A laser pulse of a specific wavelength is directed
toward the target, and the return hght 1s collected and
analyzed The fluorescent return from the target 1s of a
longer wavelength than the transmitted pulse, and 1t 1s
easy 1o separate the fluorescent signal from the hight
scattered by the target Three types of nformation
associated with this type of fluorescent measurement
provide the basis for discimination and resuiting de-
tection () the wavelength of the interrogating laser
transmitter, (2) the spectrum of the return light, and (3)
the temporal aspects of the fluorescent process

Liquid Surface
Contamination

Reflected Returning
Laser Energy

Differential Scattering Principle (Ref. 9)
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Concentration

Figure 4-15. DISC/DIAL LIDAR Experimental Results (Ref. 10)

This technique appears promising for detection of
biological agents that exhibit fluorescence when irradiated
with ultraviolet radiation Many biological agents emat
infrared radiation when stimulated in the ultraviolet
region

4-3.1.7 Laser-Induced Breakdown Spectroscopy

Laser-induced breakdown spectroscopy (LIBS) uses a
tocused laser beam to vaporize aerosol particles, induce
molecular dissociation, and excite atomic and ionic
spectra Elemental emission spectra of agent signature
constituents, such as phosphorus, chlorine, fluorine, and
arsenic, have already been measured to the parts per
million level The specificity and sensitivity for selected
agents should be assessed in order to determine whether
or not LIBS 1s a potential remote sensing technique for
CB agents

4-3.18 Circular Intensity Differential Scattering
(CIDS)

CIDS v a techmique whereby circularly polarized hght
15 scattered A sample v dluminated by lett circularly
polanized light and then by right circularly polarized hight
of equalintensity The difterence between the intensity of
the scattered lett cwrcularly polanzed hight and the in-
tensiy of the scattered nght circularlv polanized light

divided by the sum of the intensities of the scattered left
and nght circularly polanzed hight 1s the CIDS signal

The CIDS signal for a particular sample vanies with
wavelength and angle of scatter and yields a CIDS
signature that 1s charactenstic of a particular sample The
theory behind CIDS orgamism detection indicates that
CIDS will result from samples that have a chiral or
deoxyribonucleic acid (DNA) structure The specific
signature depends on the physical dimensions of the
chiral compound, such as radu and pitch

CIDS has some promise as a very sensitive, fast single
particle detection and identification technique for sensing
biological pathogens

4-3.1.9 Photoacoustic Spectroscopy (PAS)

When a molecule absorbs IR radiation, vibrational
energy states in the molecule are excited When the
vibrationally excited molecule collides with another
molecule. the vibrational energy can be transferred to the
second molecule as increased transiational energy The
increased translational energy of many such molecules is
manifested as increased temperature of the gas If the gas
1s 1n a confined space, the result of the increased
temperature 1S an increase in gas pressure When the IR
radiation 1s turned off, the gas pressure returns to normal

If the IR absorbing molecules are sorbed onto a
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surface, some of their vibrational energy 1s transferred to
other molecules above the surface Thus laser-generated
incident radiation, which s usually in the form of a gas or
surface laser beam containing IR absorbers, results in a
pulsed pressure or asound wave This phenomenon s the
basis of PAS An acoustic microphone can be used to
sense the presence of the agent absorbing the radiation
PAS s, therefore, an IR spectroscopic techmque that can
be used to detect extremely low levels of orgamic matenals
that are(1)1n an aerosol or vapor state in the atmosphere
or (2) adsorbed on and absorbed in surfaces It can be
used for both sampling alarms and momtors for surface
contamination The sensitivaity of PAS 1s high and its
specificity 1s moderate

4-3.1.10 Photothermal Beam Deflection

This detection techmgue 1s based on the same principles
as photoacoustic spectroscopy The pulsating pressure of
the gas around the absorbing molecules also results in a
pulsating index of refraction of the gas A “probe™ laser
beam (separate from the excitation beam) passing through
the gas 1s refracted or deflected because of this changing
index of refracton The pulsed deflection of the probe
lascr beam can be detected relatively easily However, 1f
an absorbing material is not present, the probe beam 1s
not deflected

Both point sampling and short-range standoff sensing
applications have been investigated Standoff sensing 15
currently not feasible because of insensitivity and extreme
noise problems Point sampling apphcations of this
technique are promising in the arcas of airborne and
surface sorbed material Sensiivity and specificity are
expected to be essentially the same as those of PAS

4-3.1.11 Optical Waveguide (OWG)

Optical waveguides rely on total internal reflection of
light within a coated optical fiber to detect the presence of
chemicals or other matenals Some of the incident lights
absorbed by the exterior coated surface because the
evanescent wave projects shghtly beyond the surface of
the fiber Therefore, this device 1s capable of detecting
small changes in the optical properties of the coated
surface, such as absorption or scattering

Coatings can be designed for either direct or indirect
detection of toxic agents Durect detection requires a
highly selective coating that undergoes achange in optical
properties as a direct result of interaction with the agent
Indirect detection can be achieved by using a coating that
interacts with a common signal molecule that is specifi-
cally released from other recognition surfaces or elements
in the presence of one or more of the agents of interest

The overall optical waveguide sensor can be very small
and compact, can have low power consumption, and can
be configured for use in either a vapor or hquid detection
system
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4-3.2 MASS SPECTROMETRY (MS)

When molecules of a gas lose electrons by exposure to
an electnic discharge or some other iomzing process in a
mass spectrometer, positive 1ons of different masses are
formed One of the properties of both positively and
negatively charged particles 1s that their paths become
curved as they pass through a magnetic field Thus the
paths of positive 10ons are bent in the mass spectrometer as
they pass between the poles of the magnet The extent to
which their paths are bent, however, depends on the
masses of the 1ons As a result, heavy 1ons emerge from
between the poles of the magnet along different lines than
those of the lighter 1ons In effect, an entering beam
containing 1ons of various masses is sorted by the magnet
into a number of beams, each containing 1ons of the same
mass This expansion of the 1on beam produces an array
of different beams called a mass spectrum

This techmque provides a very powerful tool for the
identification of unknown materials in the laboratory
(Ref 3) Tosupport this work, a large data base of spectra
has been compiled and 1s constantly being expanded Fig
4-16 15 a simplified representation of this device

Laboratory mass spectrometers are large, comphcated
systems that require highly skilled personnel for their
operation ln particular, mass spectrometers that use high
current density, low-voliage field 1onization sources have
been fabricated using microfabncation techniques (Ref
11). Although thin-film field emission cathode (TFFEC)
arrays have not exhibited good stabihity and hfetime in
the presence of contaminants, these devices are promusing
as future 10mzation sources for mimaturized mass spec-
trometers

Because mass spectrometry could be a sensitive,
selective, and adaptable detector, various modifications
of the basic equipment, each offering advantages for
certain apphcations, have been explored Each techmque

From Fundamenials of Cherusiri by J E Brady and J R
Holum Copyright © 1984 by and reprinted with permission of
John Wiley & Sons, Inc

Figure 4-16. Mass Spectrometer Principle
(Ref. 3)
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attempts to separate the chemical agent from possible
interferents before analyzing its chemical composition
The tandem mass spectrometer (MS/MS) achieves this
goal through two stages of mass selection This compli-
cated laboratory instrument has been mimiatunzed to an
overall dimension of 370 mm X 180 mm,

MS/MS systems have also been constructed using a
dual quadrupole mass spectrometer arrangement One
device uses an atmospheric pressure inlet system with
1onization by corona discharge (Ref. 11) Other novel
features of this equipment include dual cryopumping
arrays and a gas membrane interface to the atmosphere

The ion mobility spectrometer/mass spectrometer
(IMS/MS) uses 10n mobility to make the imtial discrim-
nation between agents The selected agent is then identi-
fied by the follow-up mass spectrometer stage A minia-
ture of this device 1s possible by the use of highly
mimaturized IMS devices and a miniaturized quadrupole
MS

Mass spectrometer analysis with multiphoton ioniza-
tion uses a laser to iomize the sampled atmosphere at
atmospheric pressure The 1ons are then analyzed by
various combinations of ion mobility or quadrupole mass
spectrometers This techmque 15 of interest because the
laser may offer a hugh degree of selectivity for chemical
agents However, the muniatunzation of high-power
lasers 1s well behind the miniatunization of other system
components Also lasers require great quantities of
power Future developments are necessary in order to
reduce laser requirements before they can be the basis of a
truly portable apparatus for field use

4-3.3 OTHER TECHNOLOGIES USING
PHYSICAL METHODS

4-3.3.1 Piezoelectric Crystals

Materials adsorbed onto the surface of a piezoelectric
quartz crystal cause the fundamental electnical oscillation
of the crystal to shift The magmtude of the frequency
shift 1s proportional to the amount of matenal adsorbed
The crystal can be coated with a matenial to allow
selective adsorption of matenials of interest Small, in-
expensive detectors can be {abricated using this concept,
but their sensitivaty 1s only fair Achieving specificity will
require an array of crystals with various coatings and
microprocessor analysis of the responses of the members
of the array

4-3.3.2 Surface Acoustic Wave (SAW) Devices

A radio frequency (RF) signal can be propagated along
the surface of a quartz crystal at a resonant frequency If
some foreign matenal 1s adsorbed on the surface, this
frequency shifts in wavelength, phase, and amplitude
The surface can be coated with a specific matenial, usually
a polymer, that allows selective sorption of organic
compounds of interest
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Because only the surface of the crystal transmits the RF
signal, sigmficant frequency shifts can occur with ex-
tremely small amounts of organic matenial SAW devices
can be prepared by using microfabncation techmques
and can be studied 1n arrays with vanous coatings by
using pattern recognition techmques to analyze signals.
The potential 1s very good for sensitivity and moderate for
speaificity

4-3.3.3 lonization-Based Concepts

Systems that depend on the combination of ionized
agent molecules in a selective fashion with clusters of
water molecules form the basis for the first point sampling
automatic alarm that does not use wet chemical processes
These charged aggregates alter the electrical potentialin a
cell, and when this potential changes by a prescribed
threshold level, an alarm 1s triggered. A more elaborate
version of this concept uses the principles of 10n mobility
spectroscopy The instrument detects other agents and
provides an identification capability by using a drift tube
(a cylindnical tube containing a hnear electnical field).

During developmental work with the M43E! detector,
an ionization detector known as the Army 1onization
detector was investigated for detection sensitivity and the
required mimmal detectable concentration The de-
velopers studied a number of interfering compounds
(Interferences interact with the detection system similarly
to the actual target agent. They affect the sensitivity of the
detector and sometimes cause “false positives™ ) Of those
studied, only a few were detected at the same low
concentrations as GB

One method by which to determine the detectability of
a compound 1n an 1omzation detector 1s to form an 10n-
molecule cluster, as illustrated by the following reaction
(Ref 12)

GB + H'(H;0), — GB-H'(H;O)y +
(n — m) (H;0)

The detectability of an agent 1s dependent on its ability
to pass umimpeded through the cluster The relatively
large aggregates formed with nerve agent molecules have
lower diffusion rates than those formed with molecules
normally present in the air because diffusion rate is
inversely proportional to molecular mass Therefore, the
agent aggregates are more likely to pass through the cell
and less hikely to impact outside the cell on the baffle
surfaces (Ref 13) The geometry of the cell and the
movement of air and agent through the cell are shown on
Fig 4-17
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Figure 4-17. lonization Detection Concept (Ref. 12)

In clean air, positive 10ns and negative 1ons have nearly
the same molecular weights, so nearly equal numbers of
1ons reach the collector Because there 1s littie net charge
reaching the coliector, only a smali current 1s induced n
the preamphfier circuit When a nerve agent 1s present,
however, large positive ion clusters are formed near the
source, and the negative jons are virtually unaffected

The positive 10n clusters diffuse more slowly More of
them survive the transport through the baffles and reach
the collector more efficiently than the smaller negative
ions Thus there are much larger currents 1n the pre-
amphfier circuit when agent molecules are present. Com-
mon interferents generally produce lighter ions or less
abundant i1ons than do agents, so the net currents {from
interferents are smaller even when their concentrations are
orders of magmtude higher (Ref 13)

Under certain circumstances the specificity of the cell to
a particular agent can be improved by using a voltage bias
on the radioactive source This techmique alters the ratio of
posiive and negative 1ons that reach the collector It
allows the cell, for example, to be “tuned™ to the negative
ion-forming agent, lewisite In another circumstance a
negative bias desensitizes the cell to smoke, but it retains
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significant sensitivity to nerve agents All of these effects
can be used to attain a high degree of specificity to the
agents

The ionization principle response, by its very nature,
tends to be nonspecific Field testing revealed responses to
some common nterferents, such as smoke and vehicle
exhaust It1s, however, difficult to assess the consequences
of these observations accurately from a practical point of
view For example, standard test procedures expose the
detector to very high levels of interferents when 1t 1s
positioned just downwind of a smoke grenade

In contrast, when typical detectors based on this
concept were operated in a field environment where no
interferent was artificially introduced, excellent per-
formance was observed In onetest 10 lonization Detecting
System (IDS) units were operated continuously for 14
days under field conditions at the US Army Chenical
Research, Development, and Engineering Center
(CRDEC) (Ref 13) During these tnals no false alarms
occurred and only one umt experienced interrupted
operation Outdoor tesung yielded a probability of 0 9555
(confidence level of 90%) to complete a 168-h mission
successfully A total of 26,000 h of operation was obtained
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under a vanety of laboratory and field conditions with a
resulting probability of 0.9852 (confidence level of 90%) to
complete a 168-h mission successfully. Significant false
alarm problems, however, may occur when 10nization
detector systems arc operated mndoors.

The addition of a dnft tube provides a means of
“sorting” the 10n clusters according to their mobilities, 1.e.,
their charge and mass The drift tube expands the
capabiliues of the imtial iomzation detection concept from
nerve agent molecule detection to the inclusion of blister
agents Dueto the sorting provided by the drift tube, nerve
and blister agent 1on clusters can be sorted and differen-
tiated for specific detection

4-4 BIOTECHNOLOGY METHODS

During early research efforts biotechnology methods
for detection concentrated on three areas Those areas
were (1) combined biochemical and microbiological
techniques, {(2) electro-optical prnciples, and (3) scin-
tillation counting techniques

A major problem in detection of biological agentsis the
degree of background interference picked up by the
detector Vegetative cells and sporesinthe 1 to2 umrange
constitute a background problem Aside from attempts to
reduce complexity and cost and to improve rehability of
the mechamcal functions, several measures have been
examined as possible solutions to the background prob-
lem

One of the most recent innovations involves the use of
pattern recogmtion methods to aid in the discrimination
process Pattern recognition takes advantage of the
distinctive clustering charactenstically displayed by par-
ticles of biological organisms when they come in contact
with atape A pattern recognition algorithm s included in
the software package of the detector to process the data
from the tape-scanning opuics and then to use the results
of this analysts 1n the decision-making process

4-4.1 CHEMILUMINESCENCE

One of the most successful approaches to the develop-
ment of a detector for biological agents 1s based on the
principle of chemiluminescence Light 1s produced when
hematin 1ron, a constituent of biological matenal, 1s
reacted with luminol and peroxide in an aqueous medium
The reaction has been extensively studied and achieves
high sensitivities Examples of sensitivities are

I Hemoglobin 1 X 10" g
2 Hemaun 6 X 107" g

These sensitivities equate to detected levels of 10°to 10°
organisms with no pretreatment Over a peniod of nearly
20 years. a great deal of effort was devoted to the
incorporation of this concept into hardware that would
sausfy the military requirements for a field detection
svstem These efforts were directed at

1 Packaging
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2. Sampie processing

3 Optics

4 False alarm reduction

5 Field testing (stmulants)

4-42 PARTICHROME

The particulate* nature of airborne biological agents
led to the investigation of detection methods based on
ight scattering These methods are potenually gquite
sensitive and possibly could detect single particies of a
biological airborne cloud 1n a suitably designed electro-
optical device The partichrome system 1s a highly
sensttive optical technology that continuously samples
ambient air Airborne particles are deposited on clear
plastic tape, subsequently treated with a highly specific
protein stain, and scanned for stained particles These
stained particles suggest the presence of a bacteria (Ref
14)

Light scatiering theory 1s a well-developed area of
physical optics lIts most serious problem, however, 1s
discrimination between the agent and the naturally
present background All airborne particles could con-
ceivably be detected and thus lead to a high frequency of
false alarms

Several schemes have been used to improve discrimi-
nation One involves establishing a reference size range
and an analytical size range Inspite of all the revisionsin
sample treatment, tape handling, and optical systems, the
problem of false alarms persists

4-43 ELECTRO-OPTICAL METHODS

Another important approach to biological agent de-
tection uses electro-optical techniques Screening the
particle size in the sampled air, which imposes an upper
limit on the size of particles in the sample, and exploiting
the property of proteins to accept staimng reagents
achieve discrimination

Staining 1s commonly used to enhance the visibility of
organisms under a microscope Staimng also facilitates
identification because different organisms respond to
different staiming reagents In a detection system the
sample 1s collected by impaction on a sticky tape, treated
to improve the reception of the stain, and then counted
Discrimination 1s enhanced during the counting step by
viewing the sample field through colored optical filters
that accentuate the stained hue of the organmism

4-44 TAGGED ANTIBODIES

Two concepts using tagged antibodies have resulted in
major development efforts in biological detection One of

*Refers to the fact that biological organisms are small particles
of matter All known dissemination methods for biological
agents result 1n an airborne cloud in which the particles consist
of clusters containing varying numbers of orgamisms
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thesz methods involves fluorescent dyes for the tag, the
other uses radioactive 1sotopes

The concept of tagged antibodies presents an extremely
sensitive detection technmique for biological agents 1t 15
also specific because it offers relative freedom from
interference and false alarm problems This method can
be adapted to new organisms whenever they present
themselves

The tagging process can be described as, “When
bacteria are injected into an anmimal, 1t responds by
producing in the bioodstream soluble substances which
will combine with the bacteria The injected bacteria are
the antigen, and the soluble substance 1s the antibody, the
combination of antigen with antibody 1s a serological or
an immunological reaction It 1s possible chemically to
couple the antibody to a fluorescent dye such as fluo-
rescein When the fluorescein-labeled antibody combines
with bacterinum—and this specimen 1s viewed by fluo-
rescent microscopy—the organism appears luminescent
indhicating that an antigen-antibody reaction has oc-
curred “(Ref 15) The tagging process is the basis for the
fluorescent antibody staining techmgue (FAST)

The radioactive version differs only 1n that the fluo-
rescent tag 1s replaced by a radioisotope and that the
method of observing and recording the organisms uses a
scintuillation counter rather than an optical system (ultra-
violet microscope) Detections, based on extrapolated
data, indicate sensitivitics as low as 0 4 cells per iter Thas
version is the basis for the radioactive-labeled antibody
staining technique

The major problems associated with these approaches
are

I Production of large quantities and types of anti-
bodies

2 Viruses and rickettsia are not readily detectable

3 Radioactive waste disposal

4 Antsera are difficult to store and very expensive

5 Nonspecific attachment of antibodies to ambient
background matenals

Some of these problems have been overcome First,
there 1s the prospect of using monoclonal antibodies
developed and produced in the commercial market These
antibodies have highly defined specificity Second, a new
measurement techmque involving a laser-powered flow
cytophotometer will greatly improve the quality of the
data base The cytophotometer should allow the study of
fluorescent antibody staining to be extended from bacteria
to the much smalfer nckettsia and viruses

4-45 OTHER BIOTECHNOLOGY
METHODS

Other concepts have been or are currently being
researched and developed (Ref 16) These schemes are
based on biochemical principles, and in many cases they
have the potential for hugh sensitivity and specificity Itas
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interesting Lo note that 1n all cases these approaches differ
from the systems of carher years that were dominated by
clectro-optics R

4-4.5.1 Polarization of Fluorescence

Using polarization of fluorescence to detect biological
agents was investigated because 1t offered a fast, simple
physical method for quantifying the nucieic acids present
in all biologscal agents The mintmum amount of deoxyn-
bonucleic acid (DNA) that can be detected 1s | X 107
mg/mL, which 1s equivalent to approximately 10°
orgamisms. Improved instrumentation could detect lower
concentrations of DNA Speaificity studies showed that
both types of nucleic acid found in cells, DNA and
nbonucleic actd (RNA), cause polarization effects
Proteins, however, such as bovine serum albumin and
ribonuclease, do not cause any measurable fluorescence

Direct staiming of bactenal cells and of cells stained
with dilute fluorescent dyes specific for nucleic acids
produces polanization of fluorescence If appreciable
polanzation values can be obtained in this manner,
extracting the nucleic acids from the cells will not be
necessary and a considerable amount of time will be
saved

Problems have been encountered with this technique,
e.g , hght scattering effects caused by the cell suspensions
and high levels of instrumental “noise™ present in the
commercial apparatus Also the polanization values pro-
duced by the direct staiming techmque are rather low, but
it1s hoped that further studies on dye binding will resultin
higher values (A proposed instrument with lower noise
levels and optical improvements may result in more
accurate and more reproducible measurements )

For detection purposes, this technique achieves a
sensiivity of between 10° and 10° cells/mL or 107
mg/mL of extracted nucleic acid The projected overall
response time 1s | to 5 min when the technique 1s used in
conjunction with a high-volume air sampler Because
both bacteria and viruses contain appreciable percentages
of nucleic acid, detection by this method may be feasible

4-45.2 DNA-RNA Hybrids

The use of DNA-RNA hybrnidization as a tool for
detecting biological agents 1s based on the fact that
hybrids will form between the RNA and DNA of one
orgamism and that these hybrids can be retained by
nitrocellulose membranes This process has broad muit-
agent capability and great specificity for detecting par-
ticular pathogens The DNA-RNA hybnd method ap-
pears promusing because of its apparent specificity
Although the ultimate time response 1s expected to be less
than 15 min, 1t may be too slow for practical use in the
field
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4-45.3 Esterase Methods

Esterase methods are sensitive to as few as one
bactenum-<and have a response time of 5 to 10 min
Several studies have been conducted to evaluate and
improve the method pnior to instrumentation One of
these studies explored detection of bacteria after their
aerosolization and collection Ineach case the viability of
the cells and the esterase activity were determined The
results indicate that esterase activity has a speaificity
corresponding to the viability of the vegetative micro-
organusms present For example, aerosohization 1n low
humidity killed many of the organisms and yielded a
corresponding decrease 1n esterase activity Impaction
created problems with viable cell counts and gave low
esterase values. Impingement, however, was less
destructive than aerosolization to viability and esterase
activity Spores, whether freshly prepared or heat shocked
to destroy vegetative forms, were inactive 1o the esterase
assay, but upon being placed 1n storage they showed good
esterase activity

4-4.5.4 Vapor Phase Chromatography

Gas chromatography has been studied with the intent
to automate the process 1nto a sensitive detection device if
the sample could be properly prepared Progress has been
made 1n the use of a thermal degradation technique for
sample preparation instead of the earher estenfication
method, which was difficult to instrument. Although
these thermal degradation experiments were preliminary,
a workable device was constructed and applied to a
number of samples

The degradation products obtained with Baclus
globigu, for example, are considerably different from
those obtained with Serratia marcescens In general, most
of the specifieity charactenstics formed with previously
used methylation procedures are retained with the new
procedure for sample preparation

4-4.5.5 Virus Detection Approaches

Virus detection has been pursued by both indirect and
direct approaches Theindirect approachis dependent on
finding virus-associated materials that are characternstic
of virus production Studies on the cellular effects of virus
infection show a number of specific changes Three of
them have been selected as possible sensing techmques

I Lipid changes

2 Presence of polymerase

3 Presence of interferon
Response time {or the indirect approach depends on the
specific substance and on the readout system

Lipid differences have been demonstrated with vapor
phase chromatography between normal and infected KB*
cells with vaccinia virus The concentration and type of
phospholipids appear to be independent of the nutnient
medium metabohzed by the infected cells The himd
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composition of Hela** cells infected with vaccima
increases even under hpid-free condigons Thus the hpid
15 directly related to the virus growth process and not to
the concentration of lipid intake by the infected cell.
The direct approach to virus detection depends on the
biological and physical charactenstics of the virus The
time required to grow virus in cell culture and organ
culture has been reduced from weeks to a matter of days.
Sensitivity has been reduced to less than 100 viruses, and
specificity has been found to be reasonably narrow

4-4.5.6 Fluorometric Assay of Heme Proteins

An assay method for porphyrins based on conversion
of a nonfluorescent heme protein toits fluorescent analog
by treatment with oxalic acid has been evaluated as a
detection scheme for bacteria Porphyrins, which are
important in the metabolism of most microorganisms,
can occur either in the free state or as a metalloporphyrin
complex, usually of iron or copper The iron porphyrins
form the prosthetic group of heme proteins, such as
catalase, peroxidase, or the cytochromes, all of which are
connected with the respiratory system Although 1ron
porphyrins are not fluorescent, they can be made so by
acid treatment, which removes the iron from the por-
phyrin nucleus

The sensitivity of 10* to 10° bacteria/ mL attainable by
this method (10-min reaction at 120°C) 1s at least one
order of magmtude lower than the target objective Other
objectionable features include the high reaction tempera-
ture, the high noise level, and the erratic behavior of the
phototube when it 1s operated at maximum sensitivity

*KB, or Aifler bursa, cells are an extract of avian cells that
function similarly to human liver cells

**HeLa cells are a unified cellular line that has been adopted as
a standard for cancer and toxicology research Hel.a cells
produce polysaturated lipids in reaction to certain compounds
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CHAPTER S
DETECTION PROCESSES

This chapter discusses chemucal and biological (CB) detection and how detection technologies are
mcorporated into the design of the detection processes of sample acquisition, sample analysis, and response or
warming The process of selecting the detection components for sample acquisition, sample analvsis, and
response is explained Sample acquisition, how the sample responds 1o the detection technologv, and how the
collecied sample 1s analvzed and processed are discussed The response function includes the visual and audio
alarm signal needed 1o warn troops of the presence of C B agents. as well as the electrical signal used to provide

mformation after the alarm

5-0 LIST OF SYMBOLS

A = cross-sectional area of agent cloud, m’
C = agent concentration, mg/m’

Dios = hne-of-sight detector dose, mg
D, = point sampling detector dose, mg
e = sampling efficiency (%) of detector, dimen-
sionless
L = agent cloud path length (depth of cloud), m

Q = air sampling rate, m’/min
{, = detector response time, min
6 = efficiency of energy return, dimensionless

5-1 INTRODUCTION

In the design and development of CB agent detectors,
the detection technology governs the design of the entire
system from the sample acquisition process to the signaling
process This stage of design also may mclude other
engineering aspects, such as the use of heated samphng
lines, cases, or the ultimate size and weight of the final
system -

Thus choice of the detection technology should receive
major emphasis as the initial and most important part of
development Every aspect of the operational use of the
device and the charactenstics required by the user must be
considered in the selection The engineer must make
careful projections of the detection technology laboratory
performance into field operation Forexample, as opera-
tional use requirements call for detection of lower and
lower agent sensitivity levels, the selection process must
include consideration of projected stability performance
levels for use under field conditions

In general, the greater the sensitivity of a technology.
the greater the number of false alarms In some cases,
however, this tendency can be modified and reduced by
selection of the proper detection process A complete
understanding of these processes is essential to selection
of the detection technology

The operational use concept for the detector defines
how adevice or item of equipment is to be used in the field
to accomphsh mission requirements The operational use

5-1

concept for the detector, therefore, has a major impact on
the choice of the detection technology and the design of
the detection processes Thus this concept must be
carefully analyzed before any selections or designs are
undertaken Forexample, if the operational use concept
requires a device to monitor the inside of shelters, where
personnel could be exposed to low concentrations of
agents for relatively long periods of time, the detection
technology must possess high sensitivity to agents but
may not require a very high speed of response Use of this
type of detector would also allow design of detection
processes that emphasize sensitivity and reliability rather
than size and weight On the other hand, if the operational
use concept states the need for a device 10 protect
frontline troops moving in a rapidly changing combat
environment, simphaty may be most important and
detection processes should be designed for mmmum size
and weight
The designer must examine the operational use concept
for a given detector in relation to the operational use
concepts for all other detection systems in order to
mimmize the proliferation of such equipment and the
accompanying cost, maintenance, and logistic considera-
nions Modifications to another detector may meet the use
concepts for a new detection system so that both use
concepts are fulfilled with a single detection system
The major operations of a detection process are
I Sample acquisition, defined as the method by
which the device obtains a portion of the atmosphere for
examination
2 Sample analyss, which 1s the actual examination
of the atmosphere through chemical or physical means
3 Response or alarm, by which the results of the
analysis are processed and made known to the user
Requirements in the operational use concept govern
the selection of one of two broad classes of detectors (1)
point sampling or (2) remote or line-of-sight (LOS)
samphing detectors Fig 5-1 illustrates the major opera-
tions of the detection process
The key difference between these broad classes of
detectors, point versus hne-of-sight 1s 1n the sample



Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)
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Analysts

Processing

Line-ot-Sight
Sample Acquisition

Figure 5-1.

Major Operations of the Detection Process

acquisition process A pomnt detector acquires the sample the chemical reaction, 15 increased

from a point 1n the atmosphere and then passes the
sample continually or by batch to the sampie analysis cell
The MBAI1 Alarm System 1s an example of a point
detector

The M8AI system, which is a fielded item, consists of
the M43 or M43A | detection unit and the M42 alarm As
the air sample passes through the detector, the presence of
an agent s determined by a chemical reaction that occurs
among an oxime solution, a silver analyucal electrode,
and a plaunum reference electrode The alarm1s activated
when the potential between each electrode, triggered by

TABLE §-1.

In line-of-sight detection the detector views a portion of
the atmosphere along a line that extends to some point in
space The detector processes a physical change in the
atmosphere along this line when an agentinterceptsit An
example of a hne-of-sight device i1s the XM21 Remote
Sensing Chemical Agent Alarm (RSCAA) This system
automatically scans for changes in the infrared (IR)
spectrum differentiated between agent clouds and remote
objects on the horizon Table 5-1 highlights some of the
differences between point and hine-of-sight detection

COMPARISON OF POINT VERSUS

LINE-OF-SIGHT DETECTION PROCESSES

SYSTEM
CHARACTERISTICS

POINT
DETECTION

LINE-OF-SIGHT
DETECTION

Sample acquisition

Small area view
Viewed at source
Collected at source

Large area viewing at points in
the atmosphere

Remote location

No collection

Sample processing

Batch processing—sample can be
collected over time

Complex signal processing
required

Sample analysis

Uses simple analytical techniques

Can use prefilters to separate

interferents

Employment options

Small, hghtweight, and portable
Battery powered (limited)

Fixed and mounted on tnpod or
vehicle
Adjyunct powes available
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5-2 SAMPLE ACQUISITION

Point samphng of a chemical or biological agent
involves acquinng -a sampie of the atmosphere from a
point 1n space and then processing the sample through a
detection cell

Devices using the point samphng acquisition process
offer maximum flexibility 1n design at the present ime
For example, 1if the atmosphere contains interfering
matenials that could cause false alarms or mask a true
alarm, a prefilter can be designed to remove the interfering
material while allowing the agent to pass through
Similarly, if greater sensitivity 1s required for the detector,
the sample can be collected for a time and then passed to
the analysis cell 1n a batch, this method effectively raises
the concentration in the cell The sample atmosphere can
also be separated from atmospheric dust by means of
filters or separators of other types Because of these
features, comparatively simple analytical techniques can
be used on the collected sample to provide the required
alarm

Line-of-sight sample accuisition involies viewing a
portion of the atmosphere aiong a line that extends some
distance in space and observing a physical change 1n the
structure of the atmosphere where the agentis intercepted
by this hne An example 1s the change 1n infrared
absorption between normal atmosphere and atmosphere
containing agent The most important aspect of this type
of detection 1s the fact that the agent need not be 1n the
same location as the detector. The agent can be viewed
from a distance so that advance warning of an agent
attack can be accomphshed The detector can be designed
to sweep 1ts detection hine-of-sight across large segments
of the battlefield so that large areas of atmosphere can be
viewed and analyzed as long as the view 1s not obstructed
by terrain features, such as hills, dense tree growth, or
buildings

From an instrumentation standpoint the lack of flexi-
bility 1n the LOS sample acquisition process 1s 1ts major
disadvantage Becausethe atmosphere 1s only viewed and
not collected, dust cannot be filtered, interferents cannot
be removed from the sample, and the sample cannot be
heated orcooled Instead, the sample analysis or response
detection processes must compensate for these short-
comings For example, without dust or interferent filtra-
tion, a more selective technology and/ or a more complex
and sophisticated signal processor must be used

The problems involved in the detection of biological
agents are umque due to high sensitivity requirements and
associated specificity problems Currently available detec-
uon technologies require a massive concentration of the
agent in the sample acquisition stage and highly selective
treatment to achieve specificity during sample analysis In
addition, these technologies detect not only live patho-
genic orgamisms but also respond to specific features of
any biological matenial Thus the comparativelv high

S

concentrations of inert biological matenal normally
occurring in the atmosphere must be considered Genetic
engineering may lead to the development of specific
immunoassay techmgques for biological agents These
technologies may alleviate the sensitivity and specificnty
problems associated with detection of these agents.
Without the ability to concentrate an agent and filter out
interferences. LOS detection of biological materials within
the proper sensitivity range will require a major break-
through in LOS detection technology

5-2.1 POINT SAMPLING COLLECTION
5-2.1.1

Point sampling devices require a certain amount of
chemical or biological agent be collected from the
atmosphere into a cell The ease or difficulty with which
collection (sample acquisition) 1s accomphshed depends
on a number of factors Onec of the most important of
these is the physical form of the agent, 1 ¢ . gas, vapor, fine
aerosol, large hquid drop, or solid particle

If the agent 1s present as a gas or vapor, 1t will pose no
particular problem to sampling Agents in the form of fine
aerosols up to about 5 um in diameter can also be
collected easily and efficiently A simple aspirating
sampling tube will collect the agent as 1t collects the atr
without loss or bias because movement of the agent as
gas, vapor, or as a fine aerosol 1s totally controlled by the
movement of the air n which 1t 1s being transported

However, as the particie size increases, the behavior of
hqud or solid particies becomes more and more de-
pendent upon the increasing gravitational and inertial
forces As particle size increases above 5 umn diameter,
gravity and inertial forces begin to overcome the forces
exerted by the movement of air At 100 um 1n diameter
the rate and direction of fall are totally controlled by
gravity and inertial forces at practical wind speeds
Sampling such particles must rely on either ssimple fallout
or very high aerodynamic sampling velocities, which 1n
turn require very large expenditures of energy

Point samphng detectors are used primanly in the
portable mode, therefore, size and weight are important
characternistics 1f not powered by a generator, the devices
are hmited in the amount of energy—which translates
into battery weight— that can be used to acquire the
sample This need to conserve energy hmits point sampling
detectors to an airflow collection rate of 1 to 2 L/mun,
which does not provide sufficient energy to draw the large
particies into the sampled airstream of the detector A
typical sampling efficiency curve for gases and particles 1s
shown in Fig 5-2

Liguid agent detectors must be used for large particles
and thickened agents These hquid agent detectors have
no vapor or acrosol sampling capability, they simply use a
flat collector onto which the agent falls Liquid agent
detectors are not capable of rehably detecung hqud

Chemical Agents
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droplets less than 200 um 1n diameter Comparison of the
sampling efficiency of point sampling detectors (shown in
Fig 5-2) to the detection efficiency of liquid agent
detectors reveals a sample acquisition to detection effi-
ciency gap for particles from approximately 50 to 200 pm
in diameter

Whatever detection technology 1s used, the sensitivity
of the device 1e, mimmum detectable concentration
depends. 1n part, on the amount of agent that is collected
inagiven ime frame D, This relationshipisillustrated by

D, = eCQ1,, mg (5-1)

where

h

point samphing detector dose, mg

agent concentration, mg/m'

air samphing rate, m'/ min

detector response time, min

sampling efficiency (%) of detector, dimen-
sionless

"

i

i

D,
C
Q

1
¢

N

Dose 1s the terminology used 1n toxicology for the mass
of adrug admimistered 1o a subject The mass required for

S-d4

Hlustrative Sampling Efficiency for a Typical Detector Sampling Nozzle

detection in the alarm is defined 1n the same manner,1¢,
detector dose The relationship between the dose (the
concentration of agent 1n the target area) and detector
dose (the concentrauon of agent recerved by the detector)
determines the warning effecuiveness of the detector

Eq 5-1implies that any detection technology, however
insensitive, can be made to respond to a given agent
concentration regardless of how low it 1s, merely by
allow'ng sufficient time to pass to accumulate the neces-
sary dose Inactual practice. however, this is not the case
As time increases, other interfering materials, which are
either brought 1n with the sampled air or produced as
breakdown products within the sensor cell, will frequently
cause false alarms The sensor cell must be penodically
flushed of these substances This requirement himits the
amount of agent that can be accumulated Thus 1n
practical applications each detection technologyis hmited
to a mimmum concentration that it can detect This level
1s called the threshold sensiivity

Fig 5-3 1s a block diagram representation of the
various components that can be incorporated into point
sampling acquisition These components are discussed in
the paragraphs that follow
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Figure 5-3. Components of Chemical Agent Point Sampling Acquisition

5-2.1.1.1 Heater

Some type of heater for the sample airstream is needed
if the selected detection technology requires one of the
following

| Prefiliers Prefilters remove atmospheric dust that
can be present in high concentrations due to winds or
battlefield conditions when the device 1s to be used
around or on vehicles Prefilters also may be required if
there 1s a need to remove interfering materials before they
reach the detection cell. The addition of heat prevents any
sampled chemical agent from condensing or being sorbed
on the prefilter matrix Heat must be controlled to
provide sufficient heat to prevent agent retention but not
so much heat that it affects or destroys the prefilter
material or agent sample

2 Humudity Control Some detection technologies
show reduced sensitivity at high relative humdities
(generally above 70%). Furthermore, if the detector
design 1s such that sample lines between the air inlet and
the detector cell are long and the temperature drops below
the dew point, water will deposit on the walls and absorb
chemical agents The simplest method of reducing the
incoming airstream relative humidity is to heat it to a
temperature 11 to 17 deg C above the ambient tempera-
ture Such a system 1s used in the M43A1 detector

Any clectrical heater required for a detector design
must be capable of being operated continuously by
battery power Thisrequirement means additional weight
for a portable device and an increased logistic burden A
number of different chemical heater designs have been
tried 1n the past with little or no success Even if such a
chemical heater system could be designed, the consumable
chemicals used would cause a greater logistic burden and
increase weight more than the batteries needed for an
electrical heater

To keep the weight and logistic burden to a mimmum,
1t 18 necessary 1o achieve an efficient heater design The
simplest and most rugged design would be to heat the
tubing walls and allow radiant energy to heat the gas
stream Unfortunately, this design is not efficient from an
energy standpoint because it requires large inputs of
electrical energy 1o heat the air a few degrees

Of the numerous designs that have been studied,
heating a wire directly in the airstream 1s the most
efficient The wire 1s coiled and placed on a plastic frame
for support Such a design, using 305 mm of resistance
wire, can heat ambient air approximately 17 deg C at a
flow rate of 1 L/min for an average expenditure of 1 S W

55

of power A thermstor selected to provide maximum
resistance change 1n the desired temperature range with a
simple electronic control circuit provides adequate thermo-
static control of the heater

5.2.1.1.2 Dust Prefilter

All existing point sampling detectors for chemcal
agents require some type of dust separator to avoid
introducing large quanuties of dirt and dust into the
detector In the carly 1960s tests were conducted that
revealed that dust concentration as high as 64 g/m’
developed 1n an area near the tracks of a combat vehicle
when operated on sandy, hight soil A more reahstic
location on the vehicle for a chemical agent point detector
1s around the commander’s cupola of a tank. With the
detector on the turret, the same tests showed a reduction
1n dust concentration to about one one-hundredth of the
track concentration, or 0 64 g/m’ (Ref 1). This concentra-
tion 1s equal 10 0 64 mg/ L of sampled atmosphere If a
conunuously operating device, such as a point sampling
alarm, were run for 100 h (about 4 days), the device would
mgest 64 mg of dust in its air-handhng system. Point
sampling alarms arc designed to be small and hightweight;
consequently, sampling lines and detector cells—which
are also small—would become plugged with dust in a
short peniod of ime

A dust prefilter that 1s easily changed by the operator
on a |2- to 24-h basis 1s the best solution to this problem
Ideally, such a prefilter should be inexpensive to produce,
have good efficiency for particle removal, be nert to
chemical agents and constituents of the sampled air, be
rugged and easy to handle, and cause minimum pressure
drop when introduced into the air-handling system Some
of the prefiltering materials used n respirators and
collective protectors, such as Type 5 filter paper, most
closely meet these requirements (Type S paperisusedasa
dust prefilter medium in the M8 detector ) There are also
a number of suitable commercial plastic and cellulose
fiber filters on the market

5-2.1.1.3 Chemical Prefilters

Chemical prefilters are used to remove interfering
materials 1n the sampled atmosphere before they reach
the detection cell Interfering matenals are compounds
that are not chemical agents, but they do cause a positive
response 1n the sample analysis chamber or inhibit a
positive response when a chemical agent 1s present.
Chemical prefilters can be combined with dust prefilters
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in asandwich arrangement Generally, chemical prefilters
react with and remove gascs, whereas dust prefilters
jemove particles. Because chemical prefilters remove
gases, their pore size must be much smaller than that of
dust prefilters Also chemical prefilters must be thicker
than dust prefilters so that the interfering gases do not
penetrate The designer must make a tradeoff between the
smaller pore size and greater thickness and the resuiting
pressure drop induced into the air-handling system This
tradeoff enables the air pump to move air at the desired
flow rate without significantly raising the power require-
ments of the pump

The E21 Point Sampling Alarm provides a good
example of chemical prefilter development (Ref 1) The
E2l used the Schoenemann reaction as the basis for
detection technology The Schoenemann reaction is based
upon the reaction of a nerve agent with sodium pyro-
phosphate peroxide in a basic medium to produce a
strong oxidizing agent In the E21 this agent oxidized
o-dianmisidine to form a compound with a color read by a
photodetector

During the course of research and development of the
E21, false alarms began to occur with increasing
frequency The ozone concentration of the atmosphere
was increasing and was due pnimanly to increased
automobile emissions Ozone 1s an extremely powerful
oxidizer and was oxudizing the o-diamisidine directly to
form a colored compound A number of antioxidant
materials were found that, when supported on a matrix of
Type 6 paper (stmilar to Type 5 paper), removed the
ozone but allowed nerve agent to pass This prefilter was
adopted and successfully used 1n the M6/M6A1 (E21)
alarm

The development of this prefilter 1illustrates how all
detector requirements must be considered during the
development of each component in the system The Type
6 filter paper used as the support matrix for the chemical
was primarily alpha cellulose fiber, but it also contained
about 10% Peruvian Blue asbestos, which 1s a cntcal
material that may not be available during mobilization
for war Therefore, another program was required to
replace the Type 6 paper A plastic fiber material was
found to replace the Type 6 paper, but significant effort
could have been saved if the problem of the availability of
the asbestos had been considered dunng the ornginal
development

5-2.1.1.4 Transfer Lines

The transfer lines, or piping, used to connect the
vanous detector components dunng sample acquisition
must be selected carefully to prevent agent adsorption or
interaction These lines should be as short as possible and
designed to achieve a laminar flow 1n the airstream  Sharp
bends should be avoided because some agents that tend to
adsorb will make contact with the walls and be retained in

regions in which flow becomes turbulent Any retention
of agent in the tubing reduces the amount of agent in the
sample analysis. This adsorbed agent later may desorb
and cause false alarms The tubing diameter should be
kept relatively small (8 to 12 mm) to reduce the dwell ime
of the sampied agent and decrease adsorption

5.2.1.1.5 Detection Cell

Design of the detection cell 1s dependent upon and
important to the detection technology selected. Cell
design 15 also very important to sample acquusition For
example, 1n a technology that depends upon extraction of
the agent sample from the sample airstrcam, ¢ g , a wet
chemical reaction system or a gas chromatograph
adsorption column, efficiency of agent sample extraction
1s as important as the efficiency of sample acquisition
from the surrounding atmosphere For wet chemical
detection technology some type of bubbler or impaction
system can be used

In esther case the surface area of the extracting solution
or sohd adsorber should be as large as practical and the
flow rate of the device should be as small as pracucal to
maximize dwell time and achieve the greatest efficiency
For example, the detection cell used 1n the M8 alarm, a
wet electrochemical device, 1s shown in Fig 5-4 Sampled
air 15 drawn nto the reaction chamber of the cell at a
nomunal flow rate of 1 25 L/ min This air impacts into a
conical reservoir contaiming the liquid reagent, which 1s
replenished at a flow rate of 025 mL/min The com-
parauvely high airflow rate combined with the low
solution flow rate causes vigorous bubbhing to occur and
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presents maximum surface area for adsorption in a
minimum amount of the detection solution (Ref. 2) Fig
5-5 shows the final design of the complete plug-in
detection cell module.
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Figure 5-5. M8 Detection Cell Module
Design (Ref. 2)

5-2.1.1.6 Air Pump System

Selection or design of an air pump system for sample
acquisition requires a tradeoff between the amount of
sampled air per unit time needed 1n the sample analysis
and the amount of electrical power drawn by the pump
motor to obtain that sample volume. The electrical power
requirement dictates battery size and therefore influences
weight Table 5-2 provides a comparison of vanious pump
and motor characteristics under vanous voltage input
conditions for the air and solution pump used 1n the M3
alarm

If the system requires the use of dust and/or chemical
filters or 1if the detection cell imposes an appreciable
pressure drop, the pump should be designed as a positive
displacement umt This design requires significantly more
energy than a vane-type blower or other designs Aur

slippage is dependent on the pressure head

Selection or design of the air pump system can affect
other total system requirements, such.as weight, size,
rehability, servicing, and component life.

5-2.1.1.7 Agent Filters

Many, if not all, chemical point samphing detectors
may be used indoors, e.g., 1n a shelter, to draw outside air
that may be contaminated with a toxic agent Unless the
sample air 1s vented to the outside, any remaining toxicity
must be removed from the sample airstream before 1t
leaves the device so that contamination is not released
inside. The most straightforward method to ensure this
result 1s to use an activated charcoal filter

Care should be used, however, in designing the charcoal
filter so that 1t1s effictent but does not produce significant
back pressure on the air-handling system The design
should also insure the filter is easy to service or replace

5-2.1.2 Biological Agent Point Sampling
Collection

The detection of biological agents 1s much more
difficult than the detection of chemical agents This
difference 1s due to the extreme sensitivity requirements
for biological agent detection The required sensitivity 1s
many orders of magmitude greater than that required for
chemical agents. In addition, the atmosphere normally
contatns relatively high concentrations of similar but
nontoxic matertals from spores and pollens that can cause
faise alarms.

Biological agents (with the exception of toxins) usually
are disseminated as sohd acrosols with particles in the size
range 0 5to2 um, whereas naturally occurnng spores and
pollens (possible interferents) are larger The use of a
separator for the appropnate size range during sample
acquisition greatly reduces this problem

TABLE 5-2. COMPARISON OF PUMP AND MOTOR CHARACTERISTICS UNDER
VARIOUS VOLTAGE INPUT CONDITIONS (Ref. 2)

MOTOR CHARACTERISTICS PUMP PERFORMANCE
VOLTAGE Pump
INPUT, V Pressure
Current, Motor, Drop, Aarflow, Fluid Flow,
mA rpm* Pa L/min mL/5 min
16 0 28 2690 523 085 088
180 32 2960 623 093 098
200 36 3210 723 096 102
220 40 3450 8§72 105 108
240 44 3660 996 114 115
260 48 3850 1145 1.20 120
280 52.5 4050 1270 1.23 125
293 555 4180 1345 126 128

*revolutions per minute
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In addition, because present detection technologies and
ihose of the foresecable future cannot meet the sensitivity
raquirements, a sigmficant concentration technique must
be used 1n sample acquisiion A good example of this
type of system 1s the previously developed XMI9
Biological Agent Detector In this detector, atmospheric
air 1s sampled at a flow of 1000 L/ min and drawn through
a particle separation device The output air from the
particle separator 1s mixed with a small quantity of
sprayed solution, which 1s then impacted on a slowly
moving plastic tape (At a sample flow of 1000 L./ min, a
oarticle filter cannot be used n place of the particie
separator because the increase 1n pressure drop across a
filter for spores and pollen would require the use of a
positive displacement air pump with prohibitive power
iequirements ) The small amount of solution impacted on
the tape 1s then moved into a detection cell.

The other components of a sample acquisition device
discussed in par 5-2 1 on chemical sampie acquisition
also apply to biological agents

5-2.2 LINE-OF-SIGHT SAMPLE
COLLECTION

5-2.2.1 Chemical Agents

LOS CB agent detectors use clectro-optical detection
technologies to view the atmosphere along a path, detect
agent at some distance from the detector, and provide an
early warning capabihity to the user Fig 5-6 illustrates
how a LOS detector can intercept and monitor an agent
cloud

Fig 5-6 shows the sensor monitoring a small portion of
the agent cloud as the cloud starts to intercept the
detection path of the sensor (solid lines) The detection
path travels through the cloud until it 1s stopped by trees

Figure 5-6.

5-%

(dotted lines) The relationship of the parameters of LOS
detector dose 1s given by

Dros = 0CLA, mg (5-2)

where .
Dios = hine-of-sight detector dose, mg
L = agentcloud path length (depth of cloud), m
A = cross-sectional area of agent cloud, m’
o = efficiency of energy collected by the sensor,
dimensionless

The cross-sectional area A of the agent cloud within the
field of view (FOV) 1s influenced by partial obstructions
from terrain features that can occur within the FOV A1s
also reduced if the agent cloud fills only part of the FOY
For practical purposes the amount of agent detected 1s
directly proportional to the amount of obstruction in the
FOV Forexample, if an obstruction, such as atree or a
building, occurs between an agent cloud and a detector
and blocks two-thirds of the FOV, then the ability of the
device to detect that agent cloud 1s reduced by a factor of
3.

To date, the only electro-opuical detection principle
that has been successfully exploited for LOS detection 1s
IR energy absorption of nerve and blister agent vaporin
the 8- to 12-um region The IR energy absorption of
gascous agent clouds is directly proportional to agent
concentration and can be measured by very sensitive IR
detection devices Although mustard agents also have
absorption bands around 9 um, they are much weaker
than the nerve agent absorption bands Other areas of the
electromagnetic spectrum that have been investigated are

Agent Vapor
Hazard

Monitoring One Agent Cloud by LOS Detection
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in the millimeter and the ultraviolet (UV) range These
tests were not successful due to the lack of specific energy
absorption 1n those arcas of the spectrum

LOS detectors can be operated in either an active or a
passivemode Anactive mode uses an energy source (such
as a laser) to generate the IR energy necessary for
detection The passive mode involves focusing the detector
on a terrain feature or on the sky, which will be at a
shightly different temperature (either hotter or colder)
than the agent cloud, and using this energy differential as
the energy source necessary for detection

The amount of energy returned to the sensor depends
upon the physical form of the agent being detected Agent
vapor clouds do not present a problem 1n this area, but
larger acrosols do As aerosols increase 1n size, more and
more of the detection energy 1s scattered, and this
scattening reduces the efficiency of energy absorption by
the agent cloud If the device 1s used 1n an active mode,
differential scattering (DISC) techniques can be used to
detect agents disseminated as larger acrosols Tests can be
conducted to illustrate this techmque Two sample
chambers are set up One contains the simulant dimethyl
methylphosphonate (DMMP) vapor, and the other a
combination of DMMP vapor and aerosol Asillustrated
in Fig 5-7, an active (laser) remote sensing device 1s used
in the DISC mode The backscatter signal from the
sample chamber 1s nearly equivalent to the return from a
control test chamber without DMMP The DMMP
vapor absorbs the laser energy and reduces the energy
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Figure 5-7. Signal Return With DMMP
Vapor in Chamber (Ref. 3)

past the chamber Fig 5-8 shows a duplicate test using
DMMP acerosol and vapor in the chamber At 350 m the
DMMP acrosol causes a large backscattered signal from
the sample chamber as compared with the signal fromthe
contro! chamber containing no DMMP The DMMP
vapor 1n the sample chamber absorbs the laser energy and
reduces the signal return from the range past the chamber
(Ref )

LOS detection offers several significant advantages
over point sampling detection Mostimportant of these s
that the agent 1s sampled at a considerable distance from
the detector so that early warning of the oncoming agent
cloud can be accomphshed In addition, because the
detector does not require a sample to be collected, almost
instantaneous detection is achieved and there 1s no need
for an air-handhing device (air pump) with its associated
electrnical power consumption. By using the more sophisti-
cated laser systems that employ differential absorption,
hdar, and differential scattening technologes, the cloud
size and concentration of the agent cloud can be deter-
mined, and the cloud can be tracked as 1t moves across the
battlefield

The use of LOS detection technologies does pose some
important application problems Because the LOS
detector requires a path or FOV that s not obstructed (or
1s only partially obstructed) by terrain features, there are
some hmitations on uts use in field operations For
example, in densely forested woods with undergrowth,
the range or path length of the detector 1s too hmited to
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Figure 5-8. Signal Return With DMMP
Vapor and Aerosol in Chamber (Ref. 3)
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provide adequate detection This problem can be partially
ovezrcome by using a number of path lengths that are
focused either manually or ssmiautomatically on partially
clzared openings This techmique, however, requires addi-
tional set-up time and may require significant power if
performea automatically Only those detection tech-
nologies that have inherently great selectivity can be used
for LOS detectors Interfering material cannot be removed
from the acquired sample by physical methods, e g,
prefiltering Sophisticated discrimination techniques, how-
ever, are available in signal processing that improve the
selective response of the detectors

Another problem encountered using LOS detectors 1s
that the agent cloud may never reach the troops, who have
been warned and placed in mussion-onented protective
posture (MOPP) with its attendant performance degrada-
uon This situation becomes a possibility whenever the
wind 1s not blowing directly toward the unit protected by
the LOS detector The problem can be resolved if the
detector has ranging capabiity, which indicates the
distance to and size of the cloud so that its subsequent
path can be followed

5-2,.2.2 Biological Agents

Electro-optical techmques 1n LOS detectors for sam-
phng and detection of biological agents have never been
successfully exploited because of the extreme sensitivity
requirements for biological agent detection. In addition,
these compounds have diverse compositions and do not
offer strong absorption bands in the electromagnetic
spectrum For example, tests performed using a UV
system in which the agent cloud was irradiated with UV
energy around 280 nm caused the cloud to give off energy
{fluoresce) in the ultraviolet part of the spectrum (~360
nm) (Ref 4) Excitation and response frequencies for
Escherichia colt (E coli) and tryptophan are shown in
Figs 5-9 and 5-10, respectively (Tryptophan is an amino
acid that 1s commonly associated with the production of
ntacinin the human body ) This system 1s not a satisfactory
detector due to the large number of naturally occurnng
compounds in the atmosphere that also fluoresce when
irradiated with similar UV energy Another problem for
LOS detection of biological agents 1s the fact that most
biological agents exist as solid aerosols and must be
detected by aerosol scattering techmques These methods
are not as efficient or specific as direct absorption and
further reduce the sensiivity of the technique

5-10
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Figure 5-9. Excitation and Fluorescence
Spectra of a Biological Simulant
Escherichia coli in Water (~5 X 10°/mL)
(Ref. 4)
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5-3 SAMPLE ANALYSIS

Analysis of the acquired sample 1n the detection celi
depends on the detection technology sclected, that 1s,
whether the cell 1s a closed cell used tn point sampling
detection or an open-air cell used in LOS detection. After
the operational use concept for a detector has been
carefully reviewed with the user and the performance
requirements are known, the various options in detection
technology can be evaluated. Priority should be given to
inherent technology sensitivity, response time, and
specificity and should include signal processing techniques
to enhance these parameters Once these parameters have
been established for the vanous technologies under
consideration, others must be examuned, such as projected
ulimate system simpheity and cost, rehabihity, size,
weight, power requirements, and potential logstics
burden Fig S-11illustrates the components of the sampie
analysis process

Consideration of detection technologies for a specific
operational use concept should include an evaluation of
the potenual for analysis of a broad spectrum of existing
agent classes as well as for detection of new agents directly
or by a simple modification The evaluation for new agent
detection potential includes a tradeoff between broad
agent detection capabilities and specificity For example,
the use of gas chromatography for detection offers the
potential for extremely good sensitivity and specificity
but only limited applications for broad agent detection

Fig 5-12 shows a comparnson of the detection limits
and hnear dynamic range for various gas chromatography
detectors The vapor pressure can vary for any given
agent within a class of agents or between agent classes
Vapor pressure of the material to be detected 15 one of the
most important parameters to be considered when
designing gas chromatography columns Although rela-
tively small gas chromatographs that use multiple columns
are available, they do not have enough columns for
detection of all required agents In addition, the specificity
of a gas chromatograph deteriorates when a very large
number of columns are used

Considerable improvement in the sensitivity and
specificity of sample analysis can be accomplished if the
proper processing of the signal 1s selected. Sensitivity of
the selected technology in a device depends on the signal-
to-noise ratio required for the device to operate under a
broad range of chimatic conditions 1n various battlefield
atmospheres that contain compounds not found 1n a
normal atmosphere
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Figure 5-12. Comparison of the Linear
Dynamic Range and Detection Limits for
Various Gas Chromatography Detectors
(Ref. 5)

For example, in the development of the M43 Electro-
chemical Detector, the detecting oxime solution was
slowly broken down by autocatalytic degradation of the
oxime to cyamide ion, which was the 1on used for
detection of nerve agents in the electrochemical cell As
shown 1in Fig 5-13, the decomposition of the oxime
producing cyanide 1on occurs under basic conditions

The three-step process that occurs 1n the detection of
nerve agents by interaction with the oxime solution and
produces the cyamde ion is shown in Fig 4-7

Much of the cyanmide ion from the decomposition
reaction can be ehminated by passing the oxime solution
through a silver scrubber just before use to remove the
bulk of the cyamde 1on A small amount of cyamide 1on
does pass through, however, and over time 1t could
accumulate in sufficient quantity to cause the cell to
sound a false alarm (Ref 6) Thus a simple dnft network
was designed 1nto the signal processing of the device so
that an extremely slow buildup of signal 1s cancelled out
and only rate-of-change signals above a designed threshold
are processed A schematic of a dnift network appears in
Ref 1

I Detector Signal T r
—| Sample In Cell Processing Device Alam
Figure 5-11. Sample Analysis Process

5-11
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Depending upon the technology selected, the signal
generated by interaction with the acquired sample can be
processed by visual orelectronic readout Forexample,n
selecting the detection technology for use in aninexpensive,
expendable detector kit, the designer sclects reactions
that produce visible colors The signal processing for the
color changes actually depends on the ability of the
operator to observe the color change and to evaluate its
significance (signal processing) If the detection technology
does not produce a signal that 1s readily discerntble by the
operator’s senses, the output must be processed electroni-
cally, which makes 1t unsuitable for detector kit applica-
tons Forexample, the E4] alarm used a color change for
detection, but since the operational use concept for
alarms 1s to operate unattended and automatically, the
visual signal monitor required a light source, an optical
filter, a photocell, and electronics for a readout

5-3.1 VISUAL

Visual readout of the sample analysis in detector kitsis
usually restricted to technologies that require an operator
to observe a color change and interpret its sigmficance
The development of color for any chemical reaction 1s
very dependent on the temperature at which the reaction
takes place The hotier the temperature, the faster the
color changes take place Conversely the colder the
temperature, the slower the color change One example of
this fact 1s the nerve portion of the M256 kit When this
portion of the kit functions at a room temperature of
21 1°C (70°F), 1t requires about two mun for color to
develop But at a temperature of —289°C (—20°F),
nearly five min are required for the same intensity of color
to develop This example illustrates the importance of
temperature on the speed of color change for chemical
agent detection systems

Having an operator perform these functions greatly
simplifies the design of or eliminates the electronics
required for a detection device Simularly to static
sampling. this approach resuits in the potential for a kit
that requires no battery power for operation and produces

a sigmficant savings 1n size, weight, and cost, and
mmproved rehiabiity For example, the M256 Chemical
Agent Detector Kit is small 1n size (0 006 to 0.008 m?),
light 1n weight (0.91 to 1.36 kg), and relatively inexpensive
to produce (Ref. 7)

As indicated, detector kit operation does not require
instantaneous acquisition, readout, and warning of the
presence of a chemical or biological agent Therefore,
static samphing can be used To produce a color that can
be observed by the operator, the acquired sample must
undergo a chemical reaction that produces a visible color
The simplest kit design requires the operator to add the
reagent to the sample manually This method eiiminates
mechanical components and electnical power With this
design approach the resulting kit can be simple and
comparatively low in cost and therefore can be widely
issued to troops

Static sampling includes such methods as waving the
detector by hand in the suspected contaminated
atmosphere or merely allowing the detector surface to
remain exposed Agent 1s brought to the detector surface
by molecular diffusion of the contaminated air Static
acquisition 1s not very efficient, however, when compared
to samples acquired by mechanical coliectors or LOS
devices The detecuion technology selected should produce
vivid colors in that range of the spectrum casiest for the
human eye to discern because, 1n poor hight or under the
stress of combat operations, the user may not see the
developed color In might operations a shielded artificial
light source (flashhight) or mght observation device may
be used for viewing.

Table 5-3 summanzes key parameters for visual
readout

5-3.2 ELECTRONIC
5-3.21 Signal-to-Noise Ratio

In processing the clectronic signal output from the
sample analysis, the most important factor to be con-
sidered 1s the signal-to-noise ratio of the system Signal-
to-noise ratio is defined as the total signal generated by
the interaction of the mimimum detectable concentration
of agent wath the detection technology divided by the surn
of the instantaneous and long-term (dnift) signal caused
by noise {from the output of the sample analysis and
supporting electronics 1f a sufficient signal-to-noise ratio
cannot be developed from the sample analysis, enhance-
ment techniques, such as pattern recogmition or other
discriminating funcuions, can be used to improve the
signal-to-noise ratio Without a satisfactory signal-to-
noise ratio, frequent false alarms will occur in the device
that will cause the user to take needless protective actions
and to lose confidence 1n the equipment

Electronic design can be relatively simple for those
devices with high signal-to-noise ratios compared to those
devices with low signal-to-noise ratios However, because
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TABLE 5-3. PARAMETERS FOR VISUAL READOUT
(M256 KIT DEVELOPMENT PROGRAM)

PARAMETER

DESCRIPTION

Ease of operation

Color development time

Kit should be easy for field soldier to operate without any accessory devices

Color development should be as rapid as possible in order to warn the operator of

the presence of any chemical agent

Positive color

Chemical reaction should be one that produces a positive color (1 e., color will

develop when agent 1s present), not a negative color (1 e, color will develop when

agent 1 not present)

Optimum color

Color development should be a color that 1s in the range of the spectrum casiest

for the human eye to discern

Night operation
only a field flashhght

Stability
operation

Kit should be easy to operate, and results should be easy to observe or read with

Detector kit should have both chemical and temperature stability for field

of the number of functions that must be controlled
electromcally, circuitry design for the sumpler devices can
be extensive Electronic circuit design develops from the
detection technology that 1s selected and from the opera-
tional use concept of the CB detection system with its
attendant requirements

The major problem 1n determining the signal-to-noise
ratio of a device 1s determiming both the instantaneous
and the long-term noise of the systemn under all operating
conditions for an alarmn the field Temperature changes,
rough handhng, and small changes in the other operating
parameters of the device can affect the system nosse

For example, 1n the development of the M8 Alarm. to
keep the sample analysis electronics as simple as possible,
amgh signai-to-noise ratio of 10 to I was used This ratio

accommodated changes such as small variations 1n the
detection solution flow rate caused by pulsations 1n
solution flow from the solution pump or noise generated
by air bubbie formation in the solution lines and sample
analysis cell Because autocatalytic degradation of the
detecting chemicals plus the effects of temperature change
in electrochemical systems resulted in noise vanations
that exceeded even the large signal-to-noise ratio (10to 1)
that was sclected, a compensating drift network had to be
developed

Parameters that affect system signal-to-noise ratio vary
with the detection technology selected In the M8 alarm
the most significant parameters affecting performance are
shown in Table 5-4.

TABLE 5-4. PARAMETERS THAT AFFECT SIGNAL-TO-NOISE RATIO
(M8 DEVELOPMENT PROGRAM)

DETECTION SOLUTION

PERFORMANCE DEGRADATION

Chemuical stability

Electromechanical stabihity

Degradation of chemical due to temperature causes increase in long-term noise

Short-term puisation or bubbles in solution flow lines cause increases in short-

term ~v instantaneous noise

Cell electrode stability

Long-term dnft results from increase in noise due Lo temperature effect on

electrochemical reaction as temperature rises and noise output increases

Electronic stability

Detection technology

Instantaneous noise from electromics is caused by mechanical or thermal shock

Signal output depends on the interaction of the chemical agent with the selected

detection technology Signal output can vary by orders of magmtude depending
on detection technology, but in general, the more sensitive the technology, the
more noise 1s associated with 1t. Thus technology selection becomes a tradeoff
between sensitivity and noise
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8-3.2.2 Pattern Recognition

If the desired sensitivity yields only small signal-to-
noise ratios from the sample analysis, vanous signal
processing techmques can be used to mmprove and
eanance the signal (See appendix for techmques ) Pattern
recogmtion using the IR spectrum is one of these
techniques

If the exact IR absorption spectrum developed from a
LOS device can be duplicated electronically, additional
noise generated by the system, which does not fall within
the spectrum, can be rejected 1n the signal processing
This techmque 1s also used to ehminate false alarms
caused by interfering compounds that have absorption
spectra similar to that of the agent to be detected For
cxample, although vanious airborne dusts contain silica
uoxide whose primary IR absorption band occurs in
approximately the primary absorption band of the nerve
agents (9.8 um), side band absorptions are different If the
absorption spectrum picture (pattern) of dust and agent
can be duplicated electromically and compared, the agent
spectrum can be processed and the dust spectrum can be
rejected Long- and short-term system noise can be
handled 1n the same way

The main problems encountered in using this techmque
for a portable ficld device are the availability of data,
microprocessor storage, and processing capabihity For
example, the IR spectra of chemical agents in the same
class or between classes of agent can vary either shightly or
gtossly Alsosystem noise can add to or cancel features of
an absorption spectrum in a number of ways The
problem then becomes obtaining a specific absorption
spectrum for ecach agent, data on spectrum changes
caused by system noise, and data on the spectrum of
atmospheric interferents that could cause false alarms
the collected data must be stored and then processed by
comparing the received signal to the stored data Such a
system requires a microprocessor capable of stonng and
processing relatively large quantities of data, as well as
controlling and operating other functions of the detector

5-3.2.3 Other Discriminating Functions

A number of techniques have been developed to aid the
discnmination of the signal for detection devices Two
such techmiques, which were used in the M§ development

program, were a nuling system and a rate of change
circit The nulling system was developed to decrease the
noise 1n the signal of the system and thus create a greater
differential between the noise and the agent signal

The rate of change circuit was developed to compensate
for the M8 dnift The M8 signal tended to dnft slowly
upward, so a circuit was developed to recognize the drift
The circuit, however, also recognized a sharper nse of the
signal as an agent response, consequently, the alarm was
triggered

Another technique used in the 1onization detector was a
“time of flight to be” A tube with vanous potentials
imposed across 1t 1s placed between the iomzation and
detection plates, this tube strips off all unwanted matenals
and thus aliows only agent molecules to reach the detector
plate

A final technique being used 1n detection devices 1s
sophisticated mathematical discrimunating functions, or
algonthms These algorithms use statistical methods,
such as least square fit, to analyze signal processes

Techniques that aid in discrnmination functions are
summanzed in Table 5-§

5-4 RESPONSE (ALARM)

The response, or alarm, process accepts the signal from
the signal processing part of the sample analysis and
converts 1t into a signal that 1s readily perceptible by the
human senses. The concepts of use and the requirements
for most automatic detection devices specify both an
audible and a visible response In the past, some Limited
work was done on small personal detectors that signalled
an alarm by applying a small electric shock or skin pnick
to the user These techmques were unrehiable, however,
when used under the stress of combat conditions In
addition to the audible and wisible responses, some
detectors also provide a remote alarm located some
distance from the detector

Initially, the response process was specified as a simple
g0 or no-go type of alarm In the no-go (no alarm)
condition, the user knew that the agent concentration 1n
the atmosphere was below the minimum detectable
concentration for the device If a go (alarm) response was
signalled, the user knew the agent concentration exceeded
the mumimum detectable agent concentration for the

TABLE 5-5. FUNCTIONS THAT AID DISCRIMINATION IN DETECTION DEVICES

TECHNIQUE

PROBLEMS

Algorithm development
Null system
Rate of change

lime of fhight tube

Extensive testing required to develop final algorithm
Charactenization of battlefield contaminants needed to define null techmique
Limited to systems that have long-term dnft

Limited to 10n1zation detection techmques
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device Asconcepts of use become more sophisticated and
new detection technologies appear that are capable of
providing more diverse output, more complex require-
‘ments are placed on the response process Forexample, in
addition to providing the go or no-go-type response that
tells the operator to take immediate protective action,
increasingly sophisticated detectors may be required to
determine whether the threat agent 1s a contamination
hazard (persistent), the location of the contamination, the
extent of the hazard, and whether decontamination 1s
needed Fig 5-14 1s a block diagram of the response
process

5-4.1 VISIBLE INDICATION

A visible indicator in an automatic CB detection device
1s used as a response (alarm) device and/ or as anindicator
of the concentration of the agent being sampled, and u
will consist of a hght and/ or a meter for readout A visible
indicator may also be used by the operator in the setup of
the equipment to mark the sample analysis circuitry at a
zero gain or null position If the detection technology
supports such use, visible indicators also may be used
either to provide additional information to the operator,
such as the refative path direction of a detecting FOV 1n
an LOS detector or as a fail-safe device that signals the
operator of a problem or component failure

Many of the design restnictions that apply to audibie
indicators also apply to visible indicators when used in the
response (alarm) mode Although operating power should
be kept to a mimimum, lhight intensity should be strong
enough for the indicator to be seen i bnght sunhght
Conversely, an intensity control or shield must be availabie
for use 1n night operations to prevent posiion disclosure
to the enemy

When a visible indicator 1s desired to provide quantita-
tive 10 semiquantitative data on agent concentration, the
simplest design, which is sumilar to that used 1n the British
chemical agent monitor (CAM), 1s 10 use a ruggedized
meter that shows an increase in output signal with
increasing agent concentrauion. Selection of a visible
display for agent concentration depends largely on the
operational concept of use for the system In developing
the operauonal concept of use and accompanying system
requirements, only information that is absolutely
necessary should be specified With the availability of the
versatile microprocessor design, 1t 1S a temptauon to
specify additional information because of the relative ease
with which the design can be modified to provide 1t
However, the extra, unnecessary information can lead to
operator confusion and most certainly adds to the design,
procurement, and operating costs of the system

5-4.2 AUDIO ALARM

The audio alarm 1s the primary response, or alarm
mode, for automatic detectors Itis the only indicator that
does not require the user’s direct visual attention The
audio signal frequency and volume (Fluctuating volume
15 best ) shouid be selected 1o achieve maximum carry on
the battlefield It 15 more discermble than a wvisual
indicator, particularly in bright sunhght. The detector
design should include a way to reduce or turn off the
volume to prevent discovery of the location by the enemy.

The electroncs necessary 10 convert the output of the
signal processing into an audible alarm s relatvely
straightforward and easy to accomplish with the wide
selection of methods available from previously developed
equipment Of primary concern in circuitry design and

Audible Response

Signal Response

Processing Circuttry

Visible Response

Audble Response

Remote Response

Visible Response

Figure 5-14. Block Diagram of the Response Process
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component sclection 1s the power required for operation
Automatic devices generally require unattended opera-
tion Most operational concepts of use require that when
a detector goes into the alarm mode, 1t remain in that
mode untll turned off by the operator This feature
ensures that the user knows an agent has been used
Because of these requirements, the audible or visible
indicator may run for a long time and cause a large power
drain on the battery primarnily from the horn or light bulb
that 1s used The audio alarm device selected must have
sufficient sound output to be heard over battlefield noise,
e, average of 88 dB

5-4.3 ELECTRICAL SIGNAL

Many operational concepts of use require employment
of an ancillary alarm thatis remote from the detector An
example 15 a detector that provides warning for a fixed
site and feeds information to a central location Such
situations are applicable to both point sampling and LOS
detectors In addition, there are many occasions when the
point samphing detector should be placed some distance
upwind from the troop location to provide early warning
This situation requires that the alarm signal be com-
municated back to the using troops

Transmussion of the detector response signal to the
remote alarm can be accomplhished by use of electrical
wire or by radio transmission Transmission through
electrical wire 1s the simplest design The major considera-
tions are to use a wire that has low resistance to minimize
signal loss and 15 rugged enough to withstand field use In
addition, fail-safe circuitry should be included to provide
operator warning 1if the wire 1s cut

Radio transmission of the response signal simphfies
operation because wire does not have to be hooked up or
laid over signtficant distances Laying wire becomes a
significant problem when frequent wind shifts occur that
require movement of the detector so that it remains
upwind from the troops 1f radio transmission is used, an
operatung frequency must be assigned, and care must be
taken in the design to insure sufficient power output 1o
transmit the signal over the required distance under
various atmosphenic conditions Power output cannot be
so Jarge that it interferes with other radio equipment The
rad:io signal also must be coded 1o 1dentify which detector
1s responding when several detectors are used 1n an array
Radio transmission can be further complicated if the
transmitter must remain free of enemy jamming or
interference
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CHAPTER6
DETECTOR PERFORMANCE CRITERIA

This chapter describes the required detection and monitoring characteristics that form the bas:s for detector
performance criteria The role of detection and monuoring characteristics in research and development
(R&D)programs s explained and the characteristics are placed in the context of the users and developers The
roles of sensinvity in detection of chemucal and biological (CB) agents and of sensitivity performance criteria
measurement 1n relationship 10 other measures are explained Response time and its relation 1o protective
measures, e g , masking time, are defined Discrimination and specificiy and their roles in detector design are
discussed, and other design considerations that are umique 10 CB detection and monitoring are introduced
The relative importance of agent identification and quantification as compared 10 sensitivity and response
time 1s also discussed Integrated logistic support (ILS) characteristics and requirements are defined.

6-0 LIST OF SYMBOLS

Ay = surface area of body exposed to agent, m’

Ay = area recerving agent fallout, m’
B = protective barnier efficiency of clothing or other
protective cover, dimensionless
C = concentration, mg/m‘
Cs = contamination density, mg/ m
CL = concentration path length, mg/m’
Ci1 = dosage, mg-mm/m‘
D = deposited dose, mg
Da. = body exposure dose attributed to airborne agents,
mg
Dac = body exposure dose attnbuted to surface contami-
nation, mg
D, = inhalation dose, mg
ICts = threshold incapacitating dose, mg:min/m’
ICts = median incapacitating dose, mg-min/m’
L = path length, m
LCrs = median lethal dose, mg'min/m’
s = setthing velocity of agent drops, m/muin
! = ume concentration is present, min
1. = communication and decision ime, min
{, = exposure ume, min
lc = exposure ime when 7. = 0, min
I, = exposure ime with remote sensor, min
I/, = ume to don protective mask and clothing, min
1, = detector response time, min
f; = scanning time, min
1, = time for agent cloud to travel from detector to
personnel, min
B = breathing rate, m’/min
y = wind speed transporting agent, m/min
e = efficiency of deposition onto skin, dimensionless
p = efficiency of agent retention in respiratory tract,

dimensionless

6-1

6-1 INTRODUCTION

The operational characteristics and performance
critenia for a system form the standards by which the
military effectiveness of that system 1s measured Opera-
tional charactenistics are the basic functions that a system
1s required to perform 1n response to 1its stated mission
Performance critena establish required operational charac-
teristics (Ref 1) Thus the system charactenistics and
performance criteria stated in materiel requirements
documents become design goals for research, develop-
ment, test, and evatuation (RDT&E) of new or improved
military systems

AR 70-1, System Acquasition Policy and Procedure,
{Ref 2)establishes the Army system acquisition program,
which includes the Army streamlined acquisition process
(ASAP) for low-nsk programs that integrate mature
technologies or proven components into new systems
Coupled with AR 71-9, Materiel Objectives and Requtre-
ments, (Ref 3) the ASAP program, if used, has a goal to
progress from program approval through low-nisk develop-
ment to a production decision tn four years

The US Army Tramming and Doctrine Command
(TRADOC) is the combat developer representing the
Army users and trainers The US Army Chemical School
(CMLS) 1s the TRADOC school designated for combat
development of traiming, doctrine, and mateniel require-
ments for CB systems The US Army Materiel Command
(AMCQ) is the Army materiel developer and also the lead
Department of Defense (DoD) agency for research in
chemical warfare and chemical and biological defense
The US Army Chemical Research, Development, and
Engineering Center (CRDEC) 1s the AMC lead labora-
tory for chemical warfare and CB defense

In 1985 the CMLS and CRDEC jointly published the
Reconnaissance, Detection and ldentificanon Master
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Plan (RDIMP) (Ref 4), which assessed the chemical,
biological, and toxin (CBT) detection and monitoning
needs of the Army on the battlefield * The RDIMP states
that the US Army has an urgent need for improved
systems that detect and monitor agent vapors, aerosols,
larue droplets (toxic rain), and surface contamination on
vehicles, equipment, facilities, terrain, and vegetation
Thus need was recognized in the Combat Support Nuclear,
Biologscal, and Chemical (NBC) Mission Area Analysis
{(MAA) This MAA 1dentifies serious deficiencies across
the battlefield in existing methods of providing com-
manders with timely and accurate CB information for
hasard assessment and operational decisions (Ref 4)

{he RDIMP team developed a list of charactenstics
and subcharacteristics for CB detection and monmitoring
systems and selected those detector performance cntena
shownn Table 6-1 that are science or engineening limited
Based on requirements for the battlefield situations
discussed in Chapter 3, the levels of performance neces-
sary for these charactenistics were given These levels
ranged from the ultimate (desirable) performance to the
minimum, acceptable (critical) performance for each
battlefield situation as perceived by the user representa-
tives (Ref 4)

These efforts resulted 1in a hist of qualitauve and
quantitative detector performance critenia for each of the
battlefield situations and weighting factors for each
charactenistic and subcharactenstic, which indicate therr
relauve importance to one another This hst s the
yardstick by which to measure currently ficlded detector
pciformances and projected performances of candidate
detection technologies (Ref 4)

Current requirements for development of CB detection
and warmng systems based on the RDIMP are stated in
the Operational and Organizational (O&O) Plan for the
NBC Reconnaissance System (NBCRS) (Ref 5) and the
Fixed Site Detection and Warning System (FSDWS)
(Ref 6) These plans specifically address the problem of
chemical detection and monitoring, however, biological
and toxin agent attacks also generate similar require-
ments

The requirement for an O&O plan was changed 1n 1991
{Ref 7) For new systems a Mission Needs Statement
(MNS) 1s required 1mtially that defines a broad opera-
tional capability need (The O&O Plan not only identified
the need but also proposed a materiel solution to the
need ) After approval and acceptance of the MNS, the
*Nauonal policy dictates biologic materials such as pathogens
and viruses, as well as materials derived from biologic sources,
such as toxins be treated similarly For purposes of the
RDIMP however a distinction was made between infectious
and/or hving organisms, biological (B). on one hand and their
nonviable products such as toxins {T). on the other This was
done because the chemical and physical properties of many T
agents are distinct from those of chemical (C) or B agents

Therefore, detection of T agents poses challenges distinct from
those encountered with C or B agents

6-2

Operational Requirements Document (ORD)** s pre-
pared. The ORD identifies mimmum acceptabie per-
formance requirements to satisfy the operational need It
also includes performance objectives that would provide
operationally meaningful increases in capability The
ORD establishes the design goals for the ngw system 1n
terms of the required cnitical, or mimimum acceptable,
and desirable performance critena These criteria are
based on the need and the estimated technical capability
of the materiel developer to achieve these goals within the
required materiel acquisition lead time -

Cntical characteristics are those charactenstics that
have been rated by the combat developer as mission
essential and by the materiel developer as achievable
within the current state of the technology based on veri-
fiable research Desirable characteristics are those charac-
tenistics that would greatly enhance the capability of the
system to perform its mission if the forecasted technology
indicates they can be achieved The design engineer also
considers using preplanned produc! improvement (P’1
programs to achieve desirable charactenstics requiring
further R&D efforts

The matenel designer prepares and staffs a test and
evaluation master plan (TEMP) (Refs 7 and 8). The
TEMP 15 the basic planning document for all test and
evaluation (T&E) of a system throughout the materel
acquisition process. The TEMP must contain information
on the required operational and cntical technica) charac-
teristics and performance cnitena, cntical test objectives,
and the evaluation process of the system It 1s used as a
guide for evaluating achievement of the cnitical technical
charactenistics for a system as specified 1n the ORD

The matenel developer addresses each of the required
system charactenistics, e g , those listed in Table 6-2, 1n the
TEMP and other related program management docu-
ments (PMD) (Ref 8) Technical charactenistics are the
quantitative and quahtative sysiem parameters approved
by the user These might not be direct measures of, but
should always relate to, the capabihity of a system to
perform its required mission The US Army Test and
Evatuation Command (TECOM) s AMC’s independent
evaluator responsible for ensuring that the developmental
materiel meets the required technical characteristics spect-
fied in the ORD and TEMP

The techmical characteristics of CB agent detection and
monitoring systems are stated in quantitative, semiquants-
tative, or qualitative terms Quantitative measurements
are used for characteristics that can be easily measured
For example, agent quantification refers to the quantity
in miligrams or concentration 1n milligrams per cubic
meter of the agent present

Semiquantitative measurements are general statements
of required performance criteria for a charactenstic or

**The ORD replaced the Required Operational Capabihity
(ROO)
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TABLE 6-1. RESULTS FROM SELECTION OF PERFORMANCE CRITERIA AS
SCIENCE OR ENGINEERING LIMITED (Ref. 4)
PREDOMINANT LIMITATION
PERFORMANCE CRITERIA SCIENCE- ENGINEERING-
BASED BASED
| Apgent detection X
2 Response ime for detection, identification,
and quantification X
3 Sensitivity X
4  Detector operations
a Accuracy X
b Size (volume and weight) X
¢ Data transmission X
d Service and setup X
¢ Consumabies X
f Power X
g Alarm X
h Environment X
5 Survivability for conventional attack, NBC
environment and RAM* X
6 Agent dentification X
7  Operator input and quahfications X
8 Ruggedness X
9. Range and/or coverage X
10 Mobilty X
[l. Agent quantification X
12 Reset ime X
13 Time for prototype production X
14 Sensor cost X
15 Producibility X

*RAM = rehabshity, availability, and maintaimnability

subcharacteristic, they are not expressions of numeric
values These empirical measurements of performance
rely on the yjudgment of technical experts that 1s based on
practical experience, doctrine, experiments, and observa-
tions Semiquantitative statements use such descriptions
as all, some, or none or fow, medium, or high
Qualitative measurements are general statements of
performance cnitenia that descnbe desired versus critical

6-3

charactenistics 1n terms of a quality or qualities For
example, the charactenstic “ruggedness™1s stated in terms
of a qualitative specificaiion Other charactenstics con-
trolled by mihtary specifications and regulations include
environmental extremes, NBC contamination surviv-
abtlity, nuclear survivabihty, system safety, and produci-
bility
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EXAMPLE REQUIRED SYSTEM CHARACTERISTICS

Tec nnology”

Reliability, availability, and
maatainabihity (RAM)

Sy.tem safety

Lugistics supportability

Sofiware test and evaluation

Nuclear survivability

Nuclear, biological, and

Descrnibes the science and technology (e g , chemstry, biology, microbiology, physics,
computer science, engineering, producibility, and human engineering considerations)
that may contnibute to a high program risk

Describes the RAM engineering requirements and operational needs that must be
addressed and evaluated during development and RAM testing

Describes the critical safety requirements that will be evaluated

Describes the logistics supportability requirements that will be evaluated duning
developmental test and evaluation (DT&E)

Describes the software testing of mission-critical computer resources that will be
required 1n order to demonstrate product quality, including postmilestone updates

Describes the nuclear-hardening engineering requirements that will be evaluated
duning DT&E

Describes the NBC contamination survivability requirements that will be evaluated

chemical (NBC)
contamination survivability

dunng DT&E

Susceptibility

Describes the need to determine the vulnerability of the system to electromagnetic

radiation threats such as radio frequency interference (RFI), infrared (IR), and
nonnuclear electromagnetic pulses (EMP)

Training

Describes the training, personnel, and traiming devices to be evaluated dunng DT&E

6-. SENSITIVITY

Sensitivity refers to the mimmum level of agent that a
detector or sensor system will detect within its char-
actenistic response ime For sample-collecting detectors,
such as point samphng alarms and detector kit tubes or
tickets, which are designed to detect airborne hazards of
inhalational or percutaneously active agent vapors and
aerosols, sensitivity 1s defined as the minimum detectabie
concentration and 1s usually expressed in milligrams per
cutic meter of air For biological agents sensitivity 1s
frequently expressed as cells, spores, or units per cubsc
meter because the infectivity of biological agents is related
to the number of orgamisms inhaled For remote sensing
IR detectors. sensitivity is expressed as the mimimum
detectable concentration path length CL The CL 1s the
product of concentration € and the path length L through
which the detection 1s made

For sensors designed 10 detect surface contamination,
sensitivitvis defined as the minimum detectable contami-
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nation density in milligrams of agent per square meter or
kilograms per square kilometer of contaminated surface

For devices that measure agents in water or food,
sensitivity is stated as the mimimum detectable amount of
agent per unit mass of water or food Typical units are
milhgrams of agent per kilogram of water or food

The sensitivity of devices designed simply to indicate
the presence or absence of a specific form of agent, such as
hquid drops, 1s expressed either as the minimum amount
detectable 1n milligrams or as the mimmum number of
drops detectable and the mimimum diameter of detectable
drops 1n micrometers, e g, one 200-um drop

Generally, CB detection systems are designed to detect
specific forms of agents and to perform certain detection
functions required by unit missions on the battlefield
Although to provide a sensor system to Army units in the
field that will detect detoxification levels of all agents in
any form, e g , vapor, aerosol, droplets (toxic rain), or
hquid 1s a desirable goal, achieving this goal without

(
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sacrificing other essential characteristics 1s very unlikely
At the other extreme, procedures previously used to set
sensitivity design goals were sometimes totally based on
known or perceived hmitations of the technology being
used

A more significant method 1s to set sensitivity require-
ments at levels that will ensure detector response at agent
dose levels that do not produce senous toxic effects in
humans, even though some exposure risk still exists In
practice, sensitivity levels are usually set at acompromise
level that is as low as possible for safety but sufficiently
high 10 accommodate the technology being exploited
without excessive false alarms Clearly, the human re-
sponse to CB agents must be the fundamental basis used
to estabhish sensitivity criteria for detection systems

6-2.1 RELATION TO Ct AND ICtso

Human response to CB agents 1s measured 1n terms of
dose and exposure dosage Dose 1s the amount of agent
that 1s taken into or absorbed by the body, A chemcal
dose is expressed as either miligrams per kilogram of
body mass (mg/ kg) or miiligrams absorbed by the whole
body (mg) Dosage Ct 1s the concentration C of a
chemical agent 1n the atmosphere multiphed by the time
the concentration 1s present ¢, expressed as milligram
minutes per cubic meter (mg-min/ m’) and shown by

Ct = C+t, mg'-min/m’ (6-1)
where
C = concentration, mg/m’
= time concentration is present, min

For airborne vapor or aerosol agent clouds, the
exposure dosage encountered by an individual depends
upon his ime of exposure (. to the concentration The
respiratory exposure dosage (in mg-min/m’) s equal to
the time (in minutes) that an individual 1s unmasked in an
agent cloud muitiphed by the concentration of the cloud
The skin exposure dosage 1s equal to the time of exposure
(n minutes) of an individual’s unprotected skin mult-
plied by the concentration of the agent cloud The sum of
the respiratory dosage and the skin exposure dosage 1s
generally accepted as the effect upon the whole body

The physiological effectiveness of skin and respiratory
aerosol dosages are influenced by parucle size as well as
exposure time /, and concentration because penetration
of the respiratory tract and deposition on the skin are
both dependent on particle size These dosages are usually
expressed 1n mg'min/m’ for a particular particle size
(Ref 9)

Agents in the form of large aeroso! particles and hquid
drops that are not inhalational pose a hazard because a
dose can be deposited by setthng out of air onto the
exposed individual A secondary hazard exists when the
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individual picks up deposited agent from surfaces as he
traverses the contaminated area
The deposited dose D of a hiquid agent 1s related to the
exposure dosage Ct by
D =Ct-S-Aa, mg (6-2)
where

S = setthng velocity of agent drops: m/mn
Ay = area recewving agent fallout, m”

The actual dose received by an exposed individual s
related to the exposure dosage by two relationships
| For inhalation
D;= p-CrB, mg (6-3)
where
D; = inhalation dose, mg
B = breathing rate, m*/min
p = efficiency of agent retention in respiratory
tract, dimensionless
The efficiency of agent retention approaches one for
vapor agents and drops as particle size increases. At about
50 um, p approaches 0

2 For Body Exposure

Dp4 = € Ct-Apy, mg (6-4)
where
Ds+« = body exposure dose attributed to airborne
agents, mg
v = wind speed transporting agent, m/min
As = surface area of body exposed 1o agent, m’

efficiency of deposition onto skin, dimension-
less

¢ the efficiency of deposition, 1s a complex parameter
determined by the physical form of the agent,1e, as a
vapor or aerosol, the temperature and humidity, the type
of agent and 1ts physical properties including diffusivity
and vapor pressure, the nature of the clothing worn by the
individual, and, if the agent 1s an aerosol, the windspeed
transporting the agent particles and the particle size

Liguid agents fall as drops to form surface contamina-
tion The amount of surface contamination resulting
from a given attack by hquid agents 1s called the
contamination density Cy, which 1s measured 1n milh-
grams of agent per square meter of contaminated terrain
The dose of agent received on the body of an exposed
person Dgg attributed to surface contamination s related
to contamination density as

Dy = B-Cy°Ap, mg (6-5)

where
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Dac = body exposure dose attributed to surface
contamination, mg
Cq4 = contamination density, mg/m’
B = protective barner efficiency of clothing or
other protective cover, dimensionless

The value of B can range from zero to one For
impermeable clothing or food protected in cans, 8 = 0,
whereas for bare skin, B = 1 For various clothing
systems or protective barriers, B can be given various
intermediate values

The dose of agent that produces mimimal effects in
exposed persons 1s defined as the threshold effects dose
The threshold effects dose for agents of interest 1s
frequently the basis used to establish the sensitivity levels
for detectors

The threshold effects from inhalation of chemical agent
vapors and aerosols are normally expressed as two values
(1) eye cffects only and (2) excluding eye effects Eye
effects are usually the first noticeable symptom in mam-
mals of exposure to nerve and bhister agents For nerve
agents, the eye threshold effect 1s characierized by
prolonged or excessive contraction of the pupml For
blister agents such as mustard (H), the eye effect 1s a
locahized conjunctivitis or inflammation

The threshold effects for percutaneous and oral routes
of exposure are given 1n units of total dose contamina-
tion The human effect 1s assumed to be directly propor-
tional to the mass of agent either on the skin or ingested
(Ref 9)

The cntical data base describing the physiological
effects of chemical agents in humans s very limited The
literature, although extensive, mainly describes acute
lethal exposures 1n animals, there are hmited data on
sublethal levels or on human responses to agents (Ref 9)
The effect of agent on mammals 15 a nonlinear process
This fact restricts the direct calculation of no-effect levels
from high-dose exposures and compiicates extrapolation
of animal data to humans (Ref 9)

More data are needed on the toxicity of iow doses by
the various possible routes of entry into the body for
threat agents, especially soman (GD) and toxins Studies
are currently being conducted using animal expennments
as a basis for theoretical modeling of the human response
{Ref 10)

Chenucal Agent Data Sheets, Volume I, (Ref 11)
contains a compendium of data on human and animal
responscs to chemical agents These data are given by the
routes of entry (1) ocular (through the eye), (2) per-
cutancous {skin absorption). (3) inhalation, (4) ingestion
(swallowing), and (5) injection Dosages for the chemucal
agents are given as median lethal dosage LCr«, median
incapacitating dosage /Ctw, threshold Limit values (maxi-
mum allowable Cr for skin and eyes). and mimimum
effective dosage

6-6

Because the sensitivity of chemical agent detectors 1s
based on concentration, a transformation of the data
from dosage to the sensitivity critena for the detector 1s
required. For example, in the RDIMP (Ref 4) the
transformation of data was calculated by dividing by an
assumed exposure time of 10 min The Bliss slope* was
used to compute the sensitivity requirement for an
incapacitating dosage affecting 5% of the exposed popula-
tion ICt;s

1Ctso

Lo g0 (.__2____)
Bliss Slope
where

ICts = incapacitating dosage affecting 5% of the
exposed population (threshold incapacitating
dose), mg'min/m’

IC1s0 = incapacntating dosage affecting 50% of the
exposed population (median incapacitating
dose), mg:min/m’

IC1s = , mg-mm/m3

(6-6)

Threshold levels 1n the RDIMP are based on eye
exposure and incapacitation from inhalation of agent

For biological agents, toxicity 1s given as an infective
dose Agent concentration can be converted to dosage by
dividing by an average breathing rate of IS L/mun
Dosage 1s converted to concentration by dividing by 10
min, which 1s the assumed exposure time in the RDIMP
The three levels of acceptable concentration in the
RDIMP are those required to detect virtually all agents,
most agents, and some agents Toxin agents are rated 1n
the same way as biological agents (Ref 4)

6-2.2 COMBAT CONCENTRATIONS

The RDIMP establishes the dosage levels to be used as
the basis to set the sensiuvity performance criteria for
detectors of chemucals, biological agents, and toxins in all
combat situations, 1¢, combat and combat support,
combat service support, reconnaissance, and fixed site
instaliations These performance criteria are summarized
in Table 6-3 (See also Chapter 3 on operational situa-
tions )

To establish specific sensiivity levels for a particular
agent requires application of the method described in par
6-2 1 to agent dosages For example, to determine the
Level 2 sensitivity requirement for agent sarin (GB), the
threshold eye effects level for 50% of the exposed
population of 0 5 mg'min/m’ and the GB Bliss slope
value of 0 028 are used in Eq 6-6 The equation yields a

*The Bliss slope equals 1; Probit slope The Bliss and Probut
slopes are used to charactenize the relationship between the
dosage. or dose received and the probability of casualty
occurrence (usuallv expressed as a lognormal function)
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TABLE 6-3. DETECTOR SENSITIVITY
PERFORMANCE CRITERIA (Ref. 4)

AGENT PERFORMANCE CRITERIA*
I Chemical Levell Detoxification level
Level 2 Threshold response level
5% of affected population
Level 3 Incapacitation 5% of
affected population
2 Biological 5% of affected population infected
3 Toxin Level |  Detoxification level
Level 2 Threshold response level
5% of affected population
Level 3. Incapacitation 5% of

affected population

*Level 1 1s the desired need in terms of performance as perceived
by the user Other levels indicate less than desired but acceptable
levels of performance The lowest leve! 1s mimimally accepiable
performance

threshold eye effect for 5% of exposed population /Cts of
027 mg'min/m’ Dividing this dosage by the assumed
exposure time of 10 min yields a sensitivity requirement of
0027 mg/m’

Simularly the sensitivity requirements for other levels of
detector performance can be determined for any other
chemical, biological, or toxin agent for which dosages
that produce the specified effects are known

In summary, sensitivity 1s a critical design criterion for
CB detection devices Once the acceptable exposure
dosages are established by the user, they can be trans-
formed 1nto required sensitivity levels The allowable
exposure dosages are dependent 1n part upon the degree
of risk the user1s wilhing to accept For some applications,
such as monitoring for the presence of GB and persistent
nerve (VX) agent in depots, arsenals, and laboratories,
nisk must approach zero Stringent handling and storage
requirements are necessary to meet chemcal surety and
safety regulations when the allowable exposure dosages
approach zero

Table 6-4 shows the relative sensiuivity of chemical
agent detectors used in monitoring applications Some of
these devices, such as the M43A1 detector unit of the
MS8A 1 automatic chemical agent alarm and the M256A1
and MI8A2 chemical agent detector kits, are currently
authorized for issue to troop units or specialized Army
units Others, such as the real-time momtor (RTM) and
the “bubbler™, are capable of detecting very low concen-
trations but are neither designed for nor capable of being
adapted for use on the battlefield

A design engineer may be required to design detectors
for chemical surety operations The M8 and M9 chemical
apent detector papers are the only items available that are
capable of immediate detection of nerve and bhster
agents, however, they can detect only hiqud contami-
nation

6-2.3 BACKGROUND

One of the major factors influencing whether or not a
detector meets its sensitivity goals is the capability of the
sensor to disinguish between agents and the various
natural or battlefield-induced matenals occurring 1n the
operating environment Background matenals include
naturally occurring pollen and airborne microorganisms,
dust, vehicle exhaust, smoke and other combustion
products, petroleum, oils, lubricants, industrial air and
water pollutants, and decontaminants These matenals
may be found on surfaces and 1n the air, water, and/or
food supphies

Biological agents are especially difficuit to detect, and
their infective nature forces the biological agent detector
to achieve sensitivity to very low concentrations of
microorgamsms Distinguishing between toxic biological
agents and the numerous naturally occurmng micro-
organisms in the environment compounds the problem of
biological agent detector design The detector must screen
and reject the many charactenistic signals given by the
various nontoxic, but possibly harmful, microorganisms
while accepting a signal, possibly at extremely low
concentrations, charactenistic of a biological agent not
normally found in nature

TABLE 6-4. DETECTOR SENSITIVITY AND RESPONSE OR PROCESSING TIME FOR
NERVE AGENTS (GB AND VX) (Ref. 12)

SENSITIVITY, mg/m’

RESPONSE

EQUIPMENT GB VX TIME
Deiector ticket, MI8A2 0 02-0 04 01 3 mun
Detector Paper, M8 and M9 Positive or negative only Immediately
Blue/ white band tube 02 No capability 3 min
M256A1 detector kit 002-0 05 005015 10-15 mun
Real-time monitor (RTM) 0 0001 0 00001 8-12 min
M43Al detector umt 0.2 04 2-3 min
Bubbler 0 0001 0 00001 4h
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Background and biological agent acrosols usually are
differentiated on the basis of particle size and shape, both
of which are nonspecific measurements The background
particle concentration of naturally occurnng micro-
organisms can range from 200 to 3000 particles per hiter
Because the number of agent particles may be only a very
small fraction (10 to 107 of the background particles,
the problems of any biological agent detector are

| Discnmination, 1 e , responding only to agents

2 Collection of enough agent samples to produce a
measurable response

Release of hve biological agent orgamisms by any
menns of dissemination and the weather conditions will
probably result 1n a preponderance of dead agent particles
in a brological agent cloud This fact can be an advantage
foi detectors that are able to detect unusual concentra-
tioas of particles (dead or alive), orgamisms which are
unicpresentative or atypical of the surrounding environ-
ment  Although the background is more diverse and
difficult to isolate for biological agents, 1t 1s sull a
particularly critical factor in the design of chemical agent
detectors

Detection of chemical agents 1s based upon their
charactenstic chemical or physical responses, but many
chemicai substances present in the atmosphere react or
respond similarly to agents For example, detector tickets
in the M256A1 Detector Kit are based upon the colon-
metiic response to the inhibition of an enzymatic reaction
by nerve agents, but many insecticides can also inactivate
the same enzyme Infrared remote sensors, such as the
XM21 alarm, respond to absorption of specific frequen-
cwes of infrared energy that are charactenistic of the
molecular structure of the nerve agents, but certain
natural dusts and some screening smokes also absorb in
the same region of the electromagnetic spectrum

Failure to discriminate naturally occurring or battle-
field 1nterferents from agents and the resulting signal
from anterferents cause a false positive signal, which
produces a false alarm To reduce the background
problem in the design of detector systems, the per-
formance critenia for these systems must always address
the ehmination of background-induced false alarms
These criteria may be stated as

I The detector must not give false alarms or be
inhibited by chemicals or vapors normally present as a
result of battlefield, fixed site. or nearby industnal or
mechanical activity, e g screening or signaling smokes
gasoline, ouls. lubricants engine exhaust, hydraulic fluids,
fertilizers, insecticides, and herbicides (Ref 13)

2 The detector must not give false alarms or be
inhibited by atmospheric condiuons, e g, dust, smog,
haze. smoke, fog. or rain (Ref 13) )

3 The detector must not give false alarms or be
inhibited by decontaminants (Ref 13)

1 1s extremely ditficult to evaluate the performance of a

6-X

detector against faise alarms set off by detection of
background materials versus true alarms caused by the
detection of an agent This problem 1s exacerbated by the
fact that open-air agent testing 1s no longer authonzed
Therefore, testing of the devices must now be conducted
under extremely controlled conditions Environmental
impact statements are required even for open-air testing
with simulants and for the inducement of battlefieid
conditions or materals in the testing environment (Ref
14)

6-3 RESPONSE TIME

Response time i1s the amount of time needed for the
detector or sensor system to clear or reset, detect and
process the raw information on the agent encountered,
and to respond by displaying 1n some form the required
information—such as detection, alarm, idenuification, or
quantification—to be used for operational or decision-
making purposes

Response time 1s dependent on the technology of the
various types of CB detection and momtoring devices
being fielded These include point sampling alarms,
remote sensors, monitors, dosimeters, and vanious hand-
held sampling, detection, analyzing, and identification
devices or kits Because these devices have distinct
functions and measure different forms of agents, each
requires specifications appropnate for its intended use

Point sampling alarms are generally yes or no instru-
ments designed to indicate the onset of an attack or the
presence of a potentially harmful level of agent at the site
of the alarm

Remote sensors include both active and/or passive
standoff detector systems that can detect the presence of
agents some distance from the system and thereby
provide advance warning of an approaching agent cloud

In contrast to the action ievel response of an alarm, a
monitor provides a continuous readout of agent level
Dosimeters measure the total cumulative dose regardless
of the concentration or the time of exposure, and they
provide information on the fraction of the allowable body
dose received by an exposed individual Dosimeters are
also used by supervisors to evaluate whether medical
treatment is needed and to assess the physical status of
highly skilled personnel, such as pilots, munitions safety
control speciahsts, and explosive ordnance disposal
(EOD) specialists

The variety of purposes served by hand-held detector
kits, devices, and expendable items is

I The M8 and M9 detector papers respond immedi-
ately upon contact with hiquid nerve or blister agents to
provide an immediate indication of contamination

2 The M256A1 and M18A2 chemical agent detection
kits are used to detect hazardous levels of chemical agents
in the ambient atmosphere. 1dentify the agent present,
and indicate the absence of agents in order to expedite
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unmasking procedures
3 The MI9 sampling and analyzing kit 1s used by

hughly skilled chemical analysts to collect samples of
unknown threat agents on the battlefield, analyze them,
attempt to 1dentsfy them quickly in the field, or send
unidentified samples back to a laboratory for analysis

The response time of detectors 1s used only as a
baseline The design engineer must consider many other
factors, such as agent forms, dosage, exposure time, and
masking fime
6-3.1 RELATION OF RESPONSE TIME TO
HUMAN DOSE RESPONSE (Cn)

Sensitivity to agent concentrations and response time
provide a measure of effectiveness for detectors Response
time 1s related to Cr, CL, protective measures in terms of
dose received from different agent forms (vapor, aerosols,
liquid), and routes into the body (Ref 15)

The specifications for point detectors or alarms de-
signed to measure atmospheric concentrations of agents
are1n units of concentration C Linking this specification
to phystological effect levels measured by Cr requires an
estimate of the exposure time 1., which 1s defined as the
tume personne! will be exposed to the agent cloud This
value equals the sum of instrument response time ¢,
communication and decision time {,, and the time 1t takes
a notified individual tc take the required protective
actions 1, such as donning a mask and protective
clothing Exposure time 1s computed by

1( == tr + lc + tp, mln (6‘7)
where
1, = detector response time, mn
I. = communication and decision time, min
1, = time to don protective mask and clothing, min

For a point samphing alarm situated next to personnel
where ¢, 0 the exposure time 7., 1s the sum of the
detector response time and the donning time (Ref 9)

le = 1, + 1p, min (6-8)

The response time of remote sensors that use active or
passive IR to detect agents 1s essentially instantaneous,
1.—0 For scanning-type remote sensors, however, the
scanning time 7 of the scnsor must be included as part of
the sensor response time An advantage of the remote
sensor is that the tume required for the agent to traverse
the distance from the point of detection to the personnel
to be protected 1, can be subtracted 10 yield the exposure
time Therefore, the exposure time with a remote sensor
1, would be

e =1t + 1t +1,— 1, mn (6-9)
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where
’J =

1

scanning time, min
ume for agent cloud to travel from detector 1o
personnel, min

To mimimize casualties for any given agent, exposure
time ¢, must be mimmized Response time of a point
sampling alarm should be kept as short as possibie, but
even if 1t 1s 0, 1, cannot be reduced below the sum of
communication time plus protection time ¢ + 1,

In addition, it 1s clear from Eq 6-9 that advanced
warning time, provided by remote sensors, offers the
potential to offset completely the lost time that results
from activities related to scanming time, communication
time, and protection time

Generally and if other factors are equal, the higher the
concentration, the shorter the required response time
For example, speaifications for the M8A1-type alarm
require a response time to 0 2 mg/m’ of GBof2to 3 mun,
butat09 mg/m‘ the response time 15 0.5 min (Refl 4)

Due to imitations in the available technology, detector
design s usually based on a speaific form and class of
agent Therefore, detectors built to detect low concentra-
tions of agent vapors may not be able to respond to hquid
agents but may be able to respond to the agent vapors
given off by the hquid agent

Unlike chemical agents, biological agents are living
orgamsms or the toxic by-products of specific organisms
(toxins) They are not detectable by the human physical
senses, and 1t may take hours, days, or even weeks before
the symptoms of the diseases or the toxic effects of the
agents become evident Response time and dosage are
cnitical performance considerations 1n biological agent
detector design Particle size, concentration, viabihity,
virulence, and communicability are all factors that in-
fluence the response time required for the design of
biological agent detectors and monitors

Response time requirements for biological agents can
be established on the basis of the number of agent aerosol
particles per liter of ambient air (concentration) a detector
can detect or count per minute If the breathing rate of a
resting human 1s about 10 L/ min and the median lethal
dose of a particular biological agent (infective dose) 1s
about 10 hiving organisms, an agent concentration of one
live organism in 10 L of air inhaled for 10 min could be
lethal (Ref 16)

6-3.2 RELATION OF RESPONSE TIME TO
MASKING TIME

The ume it takes the soldier to mask and don protective
equipment forms a baseline for the response time criteria
established for CB detection and monitoring systems
From Eq 6-8, for vapors and acrosols, even when the
signal from the detector 1s communicated instantaneously
(1. = 0), the exposurc time /. is still determined by the
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combination of detector response time plus masking ime
Doctrine states that at the instant an individual 1s alerted
10 agent presence, he should stop breathing, don his mask
with hood, clear his mask, give the alarm, and then finish
donmng protective clothing Theoretically, this procedure
reduces the ime to don protective mask and clothing to
zero for vapors and aerosols because no exposure to agent
exists while breathing 1s stopped Under these conditions
exposure time equals detector response ime . = I
Using a point sampling alarm upwind can offset the effect
of response time on exposure time for dnfting clouds, but
this placement may not always be possible

A trained soldier can don, clear, and check his mask
within nine seconds and 1s required to secure the hood
within 15 s from the sounding of the alarm Donning the
protective.clothing ensemble to assume mission-oriented
protective posture (MOPP) 4 takes an additional eight
minutes from start to complete encapsulation If the
soldier 15 already n MOPP2 or MOPP3, the ume to
achieve MOPP4 15 much shorter Hence for agent n
liquid form, even 1f the detector response time 1s zero, the
soldier must already be in MOPP2 or MOPP3 prior 10
attack 1o munimze exposure The shortest possible re-
sponse time 1s suill imporntant to activate the assumption
of MOPP4 promptly Intheimpact zone of any chemical
attack, however, instantancous detector response 1s 1r-
relevant except to confirm an agent 1s present The
doctrinal response to take immediate protective action
upon a suspected chemical attack 1s required

In a collective protection shelter where no personal
protective gear is worn, the exposure time is the resident
time 1n the environment, which 1s arbitranly limited to a
maximum of 24 h (1440 min) The requirement to use
total exposure times inside collective protection sheiters
results 1n very low sensitivity requirements {or internal
monitors For shelter monitors the response time is keyed
to alarming when the cumulative concentration over the
period of time the soldier has inhabited the shelter reaches
the minimum threshold dosage specified for the system

Masking time also impacts the ume required for
detectors to respond to enemy employment of biological
agent aerosols The RDIMP (Ref 4) establishes “real
ume™ (<5 s) as the desired response time performance
critenion for biological agent detection and warning
systems The sensors should detect an attack within | to 2
mun after the aerosol reaches the area Such a time limitas
desirable because 1t involves detecting the fringes of the
acrosol cloud. where the concentration 1s much lower
than 1n the center Personnel in the area can then take
prolective action and warn personnel downwind of the
approaching hazard from that agent

6-4 DISCRIMINATION AND
SPECIFICITY

Discrimination 1s the capability of a detector to dis-
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unguish among chemical, biological, and toxin agents or
among the vanous classes of compounds, e.g., nerve,
blister, blood, or choking chemucal agents. Specificity is
the capability of a detector to distinguish a particular
agent from other agents, chemicals, or matenals in a
naturally occurring medium, such as ambient air, water,
or food

6-4.1 DISCRIMINATION

In general, to achieve discrimination, chemical agent
detection technologies, both chemical and physical, are
based upon detection of a specific moiety (a charac-
teristic part of the agent molecule) that 1s common to a
given class of agents For example, for a nerve agent to
possess a high degree of toxiaty, it must have a penta-
valent phosphorus with 2 double-bonded oxygen and
labile halogen or sulfur group attached Chemucal
methods of detection use chemical reactions that target
this specific moiety to produce an end product that can be
analyzed by colorimetnic, fluorimetric, electrochemical,
or chemiluminescent methods

Physical methods of detection, on the other hand, do
not use reactions, they measure other characteristics of
the chemical moiety For example, in IR detection, the
interatomic vibrations of the molecule in the 8- to 12-um
region of the electromagnetic spectrum (an atmospheric
window region) can be monitored IR methods of de-
tection are suitable to remote detection technologies 1n
which the open atmosphere 1s the detection cell for the
measurement The capability to discriminate among the
various classes of chemical agents using IR technology
requires use of frequency-agile lasers Although relatively
few wavelengths are needed for detection, e g, nerve and
mustard vapors can be detected by four lnes, full
discnmination of a wide range of agents 1n various states
and 1n the presence of background interferents takes
many more wavelengths (Ref 4)

In the past, most biological agent detection tech-
nologies have been based on biotechnology methods,
which are hmited in number compared to those used for
chemical agent detecion The difference s due mainly to
the complexity of the requirement to discriminate agent
particle size, determine particle counts, challenge a large
variety of potenuial agents, and distingwish the agents
from a background laden with many similar, naturally
occurring organisms

Recently, physical methods of biological agent de-
tection have received more attention In parucular, the
applicauon of ultraviolet-induced fluorescence (UVIF)
has been investigated as a remote detection technique for
biological agents

Because toxins are very complex chemical compounds,
they are even harder to discriminate than chemical agents
Both chemical and physical detection methods for toxin
apents are bemg investipated
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Although the RDIMP (Ref 4) and the user community
have stated a general requirement for CB detection and
momtonng systems to be capable of discnminating
among chemical, biological, and toxin agents in a single
device, most.detectors to date have been designed to
detect a specific class of agent, C, B, or T. Except for the
hand-held, manually operated chemical agent detector
devices or kits that provide a measure of discrimination
through chermical methods of detection, none of the
fielded systems have been designed to discnmnate
between agents within a class

Due to the possible threat of attacks of combined C, B,
and T agents on troops, considerable emphasis 1s now
being placed on designing systems that discriminate
among C, B, and T agents A second, more attainable goal
1s to develop modules or famihes of detectors that can be
integrated into the overall detection and warming system
to provide this capabihity

6-4.2 SPECIFICITY

Specificity plays an even more important role in CB
detector design than discrimination does The key to the
success of a system 1s 1ts ability to estabhish the levels of
specificity within an agent class (chemical, biological, or
toxin) while screening out nonagent interferents and
background with reasonable assurance of few false alarms
This requirement 15 followed by the desirable, but not
critical, abihty to 1dentify a single agent within a class

Most of the chemical methods used to detect chemical
agents have some inherent design drawbacks 1n detection
system specificity. The alarms that use chemical methods
of detection must be point samphing devices capable of
drawing samples continually from the ambient air and
analyz.ng the samples to determine whether a chemical or
toxin agent 1s present Chemical Teactions are especially
subject to problems with airborne battlefield interferents
that can cause false responses or mask agent responses
Physical methods of detecting chemical and toxin agents
also have this specificity-related problem, but assess-
ments in the RDIMP (Ref 4) indicate that physical
methods may be able to screen out the natural and
battlefield-induced background interferents.

Detection of biological agents involves unique prob-
lems because 1t requires a much more sensitive detector
than that required for chemical agents Also most of the
methods investigated lack specificity and are inhibited by
even greater interference from naturally occurring sub-
stancesinthe air Because biological agentsin arelatively
narrow size range are disseminated as aerosols, specificity
1s improved by designing aerosol collection systems that
sample only that size range

From the standpoint of physical detectabihty, two
dominant features of the biological cloud are

1 The presence of microorganisms, 1.e , composed of
proteinaceous material

6-11

2 A highconcentration of particles in the size range |
toS um.
The present specificity objective 1n biological agent
detectors 1s to design a device capabie of reliably detecting
protein levels comparable to the average atmospheric
background levels of protein and particle concentration

6-5 SYSTEM DESIGN

CONSIDERATIONS UNIQUE TO CB
DETECTION AND MONITORING

Other design considerations umque to CB detection
and monmtonng systems include agent 1dentification,
automatic operation, unattended operation, and agent
quantfication Compared to detector sensitivity and
response time, these design considerations are perhaps
less important, but they have special significance tor
certain types of detector systems and situations

6-5.1 AGENT IDENTIFICATION

Agent identification 1s the determination of the idents-
ties of specific agents present 1n the environment Agent
identification can be divided into two levels

1 Defimmve identification The determination of the
exact 1dentity of a compound or organism through the
establishment of a group of unique charactenstics

2 Classification The determination that a com-
pound or organism i1s a member of a class of substances,
without establishing definitive 1dentification of the
matenal

Rapid identufication of agents 1s necessary to determine
the type of agent and threat, decontamnation require-
ments, and possible treatment requirements Idenufica-
tion is also necessary to determune the intentions of the
enemy and to avoid technological surpnse

As stated 1n the RDIMP (Ref 4),1n tactical situations
agent 1dentification 1s clearly secondary to the ability to
detect all agents, known and unknown The current thrust
of CBidenuificauon R&D 1s to provide classification, e g ,
nerve, blister, blood, or choking agent

The two performance criteria for the agent identifica-
tion charactenstic histed by the RDIMP (Ref 4) are

! Ability to identify all known agents

2 Adaptability to 1dentify unknown agents in all
situations

Closely associated with these criteria 1s the tume
required to 1dentify the agents. The two levels of agent
identification response time listed in the RDIMP (Ref 4)
are

I Level 1 One-min response time on demand 1s
desired

2 Level 2 Ten-min response time 1s required

Achieving these agent identification design goals de-
pends on the progress made 1n designing a hagh degree of
selectivity and discrimination into the candidate CB
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detection and monitoring systems Although some tech-
nological approaches to development of CB agent de-
tector systems cventually may be able to provide an
automatic agent wdentification capability, a family of
compatible systems rather than a single system probably
will be needed to meet this requirement

ldentifying biological agents presents one of the most
difficult detector design problems the design engineer will
encounter With current technology, identifying bio-
logical agents requires a sampier capable of processing
large volumes of contaminated ambient air, a holding
solution that can preserve the agents for analysis and
pcrmit sncubation, and an analyzing system to classify
and identify the agent as distinct among the many
background interferents found in the sample solution
{Ref 16)

The only dependable technique available to 1dentify
biological threat agents 1s sampling and analysis con-
ducted under field laboratory or base laboratory condi-
tions This 1dentification process, however, takes too
long, 1t cannot meet the required response time cited 1n
the RDIMP (Ref 17)

Current methods of determining chemical agent identifi-
calion employ manually operated detection, sampling,
and 1dentification devices and kits, which are slow and
require a reasonable degree of skill and training to achieve
rehable results

R&D currently 1s being conducted to upgrade these kits
to provide a toxin agent identification capability. Develop-
ment of a biological agent identification kit remains a
high-priority 1item in CB defense R&D efforts

6-5.2 AUTOMATIC OPERATION

With the development of highly toxic, odorless, and
colorless CB agents at the end of World War I, both the
combat development and materiel development communi-
lies perceived this new threat as one requinng the fielding
of an automatic alarming and warning capabihity

Automatic operation 1s the capability of a system to
operate and regulate itself Warningis the umely dissemina-
ton of information that a chemical or biological agent
attach 1s present or anticipated 1n an area where exposed
troops are located Without adequate warning exposed
troops cannot take effective CB protective measures 1n
ume to avord senous casualties or 1o operate effectively
and confidently 1n a CB environment

Manually operated detector kits and detector papers
generally use colonimetric reactions that are monitored
visually by the operator Performing these tests takes
time and the results are dependent on the skill and
observation of the operator For automatic systems,
clectronic processing 1s performed by on-board com-
puters This approach, however, requires signal-to-noise
ratios (SNR) such that the signal 1s sufficiently greater
than the background nowise in order to preclude false
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responses Varnous techmques, such as patiern recogni-
tion and algonthm development, are used to enhance the
SNR, reduce false alarms, and provide a rehiable alarm
capabihity

Alarming 15 a means of processing the visual or
electromc signals into a warmng to the user and/or
threatened personnel in the area Visible and audible
indicators on the detector and alarm unmits warn the
operator monitoning the device who then spreads the
alarm For automatic readout, horns or hghts can be
actuated from the electronic signal to alert the operator
and/or those in the immediate area Most automatic
detector design criteria now require new systems to
telemeter the alarm signal for rapid data transmission
over a”large area through the NBC warning and reporting
system (NBCWRS) network Timely tiansmission of data
to support decision making or for automatic responses
such as masking s a critical element of CB detection and
warning on the battlefield

Due to the development of rapid warning networks for
combat operations and the adaptation of computer
technology to military requirements, more emphasis 1s
now being placed on automated battieficld systems Any
electronic automated battlefield system designed for use
by Army field units contains a computer, which 1s
essential for operation Computers used in such systems
range from small computer memory and processing chips
to large data processing units The computer in the
automated battlefield system controls the operations
performed by the vanious functional modules, com-
ponents, or assemblies that make up the system

Automatic CB detection and monitoring system com-
puters also are used to control and perform data acquisi-
tion, synchronize agent sampling, calibrate the system,
calculate agent concentrations, and imtiate the trans-
mission of the alarm when the sensor or detector detects
an agent Depending on the complexity of the system, the
computer also may perform other functions, ¢ g , auto-
matic scannming and printing or transmitting of reports,
graphs, and maps of the contaminated or threatened
areas

The performance criterion for automatic operation
usually 1s stated as either fully automatic or sem-
automatic (mann theloop) Fully automatic implies that
the system has an internal computer to control the
performance of all of its functions after the imtial
emplacement and setup except periodic servicing The
goal is to reduce the manpower required to support the
system so that more soldiers can be released to perform
other combat-essential duties Semiautomatic aperation,
by contrast, requires an operator not only to emplace, set
up, and periodically service or reset the system but also to
be a significant, interacting part of the detecion and
alarm chain

Due to the complexity of designing fullv automauc
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systems that perform reliably on the battleficld, system
design usually involves a compromise between automatic
and manual reset capabilities An automatic system
should be capable of automatically returming to the
normal background operating condition after agents
have dissipated, but the system also should be capable of
being reset by an operator
The speed with which the system can reset itself 1s

important in determimng its effectiveness ldeally, the
reset ume 1s affected by three factors

1 The actual capability of the detector system to
handle successive samples 1n near real time

2 The capability of an on-board computer to process
the tremendous amount of information generated by the
samples

3 The capability of the computer to make decisions
on individual samples as soon as they arrive (Ref 18)

Table 6-5 summanizes the detector charactenstics and

performance criteria affecting detection system operation
as specified in the RDIMP (Ref 4) service or setup time.
alarm, data transmission, and reset time

6-5.3 UNATTENDED OPERATION

Unattended operation is “the capability of a system to
operate by itself (without intervention by an operator)
while being monitored remotely”(Ref 4) This defimition
imphies fully automatic operation for a long period of
time Unattended operation is desirable in most battie-
field situations because personnel are needed to perform
other mission-essential duties while trying to survive in a
CB environment

Combat and combat support units use small, portable
point sampling detectors that can operate by themselves
and that run on battery or vehicle-generated power
Although desirable, unattended operation s not always
feasible for the types of mobule situations in which the
detectors will be used Technologies are being invesu-
ated for development of small remote sensors that can be
deployed in matrices covering a wide area to detect
agents. alaim, and transmit data to central computer
units within the NBCWRS network

Remote sensors are needed for continuous operation
around fixed site installations (FSI) to provide a CB
detection and warning capabihity for key installations
The main disadvantage of these systems is the require-
ment for increased power to operate around the clock
without continuous servicing and resetting by operators
Light detection and ranging (LIDAR) remote detectors,
in particular, have high power requirements These
remote detection systems that run on power generated by
the FSI should be capable of switching to other power
sources, such as batteries or stand-alone generators,
without false alarms or other loss of capability 1n the
event of a loss of FSI power Remote detection systems
for FSI protection can be much larger than the tactical
detectors 1ssued to combat and combat support units, 1f
necessary, to provide unattended capability To be most
effective, these systems must be compatible with other
electronic systems to ensure integration of all alarm and
warning systems at a central point

CB detectors designed to monitor for contamination
nside collective protective shelters and at their entrances

TABLE 6-5. DETECTOR CHARACTERISTICS AND PERFORMANCE CRITERIA
AFFECTING DETECTION SYSTEM OPERATION (Ref. 4)

CHARACTERISTICS AND
SUBCHARACTERISTICS

PERFORMANCE CRITERIA

Alarm

Data transmission Within unit

Emit or trigger automatic clectronic, audible, and/ or visible signal

Interface with warning transmission system network
Night vision compatible
Battalion or higher headquarters

Attack occurred

Identity of agent present

Location

Date and time group

Service or Setup time Level | Instantaneously usable in | min
Level 2 Usable in 30 min

Reset time between samples Level I  Conunuous (<155s)
Level 2

2 mun for all units except reconnaissance (RECON) units

15 min for RECON umits
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generally require the capability to operate continuously
for a long time without attendance These momtoring
devices must be small to be used inside the collective
protective equipment systems

6-3.4 AGENT QUANTIFICATION

Agent quantification is the determunation of the chermi-
cal or biological agent concentration or the amount of
contamination The performance criteria can range from
measurements requiring either highly specific concentra-
tion readings 1in milhgrams per cubic meter (mg/m’) or
contamination density 1n milhigrams per square meter
(mg/m?) to the semiquantitative requirement to quanufy
“all known and be adaptable to unknown™, as stated in
the RDIMP for all battlefield situations (Ref 4)

Decision makers need quantitative data to determine
the extent of the CB hazard The hazard 1s the toxic
environment produced by a CB attack and 1s measured
either in terms of concentration, deposition, or effect on
humans Agent quantification establishes the form—
vapor, aerosol, large droplets, or iquid—and persistency
of the hazard Agent quantification also 1s used to predict
downwind hazards, to decide the most eifective MOPP
levels, to assess the potential risk of rema:ming 1n a
contaminated area, to decide whether to avoid contami-
nated areas or pass through them, to determine decontami-
nation requirements, to calculate weathering effects, and
to determine the cumulative concentration 1n collective
protective shelters Such quantification data by them-
selves, however, generally have no meaning to the decision
makers The concentration or contamination deposition
data must be translated into terms of hazard to exposed
personnel,1 ¢ (exposure dosage or contamination pickup
(Ref 18)

At present there are no type-classified detectors that
will give an automatic quantitative agent response (Ref
18) The only agent guantificaion capabihty on the
battiefield todav consists of the CB threat predictions
made by trained NBC specialists

Although the RDIMP did not stress agent quantifica-
ton as a critical 1ssue this requirement will gain more
atention as detection technolopgy advances and the
possibility of achieving stated design poals shows more
promise of success

-6 INTEGRATED LOGISTIC SUPPORT
(1LS) CONSIDERATIONS

ILS w the process through which the management and
analysts actions necessary o ensure effective and eco-
nomicdl support of a materiel system are accomplished
both betore and after fielding The basic management
prinaiple of 11 S1s that logistic suppori resources must be
developed, acquired, tested. and deployed as an integral
part of the materiel acquisition process DoD Insruction
SO00 2 (Ret 7) s the basic gmdance for H S conuidera-
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tions AR 700-127 (Ref 19)implements DoD Instruction
5000.2 and adds the elements of design influence and
standardization and interoperability

For each new system to be developed, the matenel
developer must prepare a comprehensive and responsive
integrated logistics support plan (ILSP) in accordance
with AR 700-127 and DA PAM 700-55 (Ref 20) The
ILSP provides a composite of all support necessary to
ensure the effective and economical management of the
CB detection and momitoring system throughout its hife
cycle The ILSP also serves as the source document for
summary and consolidated information required 1n other
documents that are part of the system PMD The ILSP s
an evolutionary program management document that
requires updating as the system moves through the
various phases of the system acquisition process The ILS
clements are described 1n the paragraphs that follow

6-6.1 LOGISTICS SUPPORT ANALYSIS
(LSA)

The combat developer and the matenel developer are
responsible for establishing and maintaining an effective
LSA program as part of the ILS program for each
developmental system This program 1s planned, inte-
grated, developed, and conducted in conjunction with,
but not duphcating, other design, development, pro-
duction, and deployment functions to achieve overall
program objectives 1n a cost-effective manner The LSA
program for materiel development support includes man-
agement and techmcal resources, plans, schedules, and
controls for performing LSA requirements

To assist in complying with supportability and other
ILS objectives, the matenel developer conducts LSA as
part of the system engineering and design process
Scientific and engineering efforts undertaken during the
acquisition process are selectively appled to the ac-
comphishment of system ILS design goals through a
comprehensive LSA program MIL-STD-1388-1 (Ref
21) provides guidance for performing the various LSA
tasks and subtasks MIL-STD-1388-2 (Rel 22) contans
the defimtions for standard LSA data elements All LSA
tash analyses must consider both peacetime and wartime
operations Although not necessanly appiicable 1n all
development programs, LS A elements or documentation
required by MIL-STD-1388-1 for the more complex
programs such as automatic point samphng detectors
and remote detectors include the L SA strategv use
study. and tradeoff studies

Through I Sand LSA managers the design engineeris
responsible for ensuring that developmental systems are
1o the extent possible structured for standard Army
logistic support and standard test measurement, and
diagnostic equipment (TMDE) The LSA team develops
and updates, as applicable, an LSA strategy outhining
proposed supportabihty objectives tor the system
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The LSA strategy lists LSA tasks and subtasks to be
performed early in the system acquisition process that will
provide both the system and support at an affordable
cost Assystem acquisition progresses, LSA 1s performed
at increasing levels of depth and detail and incorporates
such system engineering factors as system or equipment
design, maintenance concept, operational approaches,
esumates of RAM, operations and support (O&S) costs,
logistic support resources, and readiness characteristics
of each design and operational approach

The maintenance engincer then develops and docu-
ments the maintenance concept and maintenance plan for
unit, direct support (DS), general support (GS), and
depot maintenance, as appropnate and as prescribed 1n
AR 750-1 (Ref 23)

The LSA team conducts the level of repair analysis
(LORA), in accordance with AR 700-27 (Ref 24), to
establish the maintenance levels at which modules, com-
ponents, and parts will be replaced, repaired, and dis-
carded This analysis 1s done by iteratively describing the
maintenance and supply support required by the system
to lower progressively assembly or subassembly (inden-
ture) levels, as reflected 1n the techmcal data package
(TDP) The LSA provides the data for detailed defimtion
of the maintenance plan based on the maintenance
concept, rehability and maintainabihity parameters, main-
tenance functions—-shown 1n Table 6-6 (Ref 25), main-
tenance tasks (such as ume and skill), support and test
equipment requirements, facihities requirements, and cost
parameters Mathematical models are used to evaluate
the maintenance concept based on life cycle cost and
operational availlability The LSA team also performs a
noneconomic engineenng evaluation that examines such
factors as item size, safety, human factors requirements,
technical feasibibity of repair, inventory and stockage
requirements, documentation, and disposal (Ref 22)

The LSA team may prepare a use study to develop and
establish the ILS requirements for the new system or
applications, as appropriate The use study identifies and
documents the pertinent supportability factors related to
the intended use of the new system or item of equipment
For future applications the 1LS program is based on the
existing system with which the developmental system will
be integrated, such as ground-mobile and airborne
vehicles and FSls

The LSA team makes field visits, as necessary, to
operational units and support activities that most closely
represent the planned operational and support environ-
ment for the proposed system apphcations The LSA
team uses previously conducted mission area and weapon
systems analyses, where applicable, as inputs to the use
studies The LSA team prepares the use study report,
which documents the information developed durning
performance of the use study As more detadled informa-
tion on the new system becomes available, the LSA team
upgrades the use study report (Ref 21)
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The LSA team conducts tradeoff studies and recom-
mends preferred support system alternatives while 1t
employs standard logistic support models 1n accordance
awith MIL-STD-1388-1 Headquarters, AMC, must agree
to the logistic support models required to perform such
tradeoff analyses before these tasks can be initiated
Tradeoff analyses determine the preferred support system
alternatives that satisfy the need and provide the best
balance among cost, schedule, performance, readiness,
and supportabibty

The LSA team’s assessment of the effects of introduc-
ing new matenel to the field 1s in accordance with Task
402 of MIL-STD-1388-1 Tasks 403, “Postproduction
Support™, and 501, “Supportabihity test, evaluation, and
verification™, are addressed as the LSA progresses Task
402 requires assessing the impact on existing systems of
the introduction of the new system or item of equipment,
identifying sources of manpower, determining the impact
of failure to obtain the necessary logistic support re-
sources, and defining essential logistic support resource
requirements for a combat environment
6-6.1.1 Constraints—Environmental
Requirements

Although not specifically a part of ILS requirements,
each CB detection and monitonng system must be
designed for operation and storage in various climates—
basic (temperate), hot (tropical and desert), cold, and
severe cold (arctic) conditions—in accordance with AR
70-38 (Ref 26) and NAT-STD-2895 (Ref 27)

Designers of CB detection and monitoring systems
must provide systems that protect and insulate the
operating parts and internal modules from the elements
Rain, mud, dust, sleet, snow, and ice can clog moving
parts and contamnate the system In hot weather,
solutions used 1n systems that rely on chemical reactions
or as reservours for holding samples tend to evaporate 1f
the system 1s not securely capped In freezing weather,
moving parts tend to freeze in place and solutions used 1n
the detection process tend to freeze Therefore, portable
detection devices usually are designed to include internal
heating systems Extreme cold freezes most CB agents
and makes 1t more difficult to detect their presence

CB detection and monitonng systems must be packaged
so that the equipment is not adversely affected by
prolonged indoor storage under all chmatic conditions or
by exposure to CB agents A shelf hfe of 10 years 1s
desirable The packaging must provide environmental
protection to the contents for a penod of nine weeks in
desert, tropic, arctic, and cyclic (three cycles, each
consists of one week under each chmatic condition 1n
sequence) conditions
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TABLE 6-6. MAINTENANCE FUNCTIONS (Ref. 25)

| iaspect To determine the serviceability of an item by
companng its physical, mechamcal, and/or electncal
charactenstics with established standards through exami-
naton, e g, by sight, sound, or feel

2 Test To venify serviceability by measunng the mechan;-
cal, pneumatic, hydraulic, or electrical characteristics of
an item and comparing those charactenstics with pre-
scribed standards

Service Tokeep anitem in proper operating condition,
, to clean (includes decontaminate, when required), to
preserve, to drain, to paint, or to replemsh fuel, lubn-
c~ s, chemical fluids, or gases, by peniodically required
op=rations

3
1e

4 Adjust To maintain or regulate within prescribed
limits by bringing into proper or exact position or by
setiing the operating characternistics to specified param-
eters

S Align To adjust specified variable elements of an item
tu bring about optimum or desired performance

6 Cahbrate To determine and cause corrections or
adjustments to be made on instruments or test measuring
and diagnostic equipments used 1n precision measure-
i1ent Consists of comparisons of two instruments, one of
which1s a certified standard of known accuracy, to detect
and adjust any discrepancy in the accuracy of the
1astrument being compared

7 Remove/Insiall To remove and install the same item
when required to perform service or other maintenance
functions Installation may be the act of emplacing,
seating, or fixing into position a spare repair part, or
module (component or assembly) to allow the proper
functioning of an equipment or system

8 Replace Toremove an unserviceable item and install a
serviceable counterpart 1n its place

9 Reparr The application of maintenance services*
including fault location and troubleshooting,** removal
and installation, disassembly and assemblyt procedures,
and maintenance actionstt to identufy troubles and
restore serviceability to an item by correcting specific
damage, fault, malfunction, or failure in a part, sub-
assembly, module (component or assembly), end-item, or
system

10 Overhau! That maintenance effort (service and
action) prescribed to restore an item to a completely
serviceable and operational condition as required by
maintenance standards in appropnate technical publica-
tions “Overhaul™ 15 normally the highest degree of
maintenance performed by the Army and does not
normally return an 1tem to “hke new” condition

11 Rebutld Those services and actions necessary io
restore unserviceable equipment to a *hike new™condition
in accordance with onginal manufactuning standards
“Rebuild™ 1s the highest degree of matenel maintenance
apphed to Army equipment The rebuild operation
includes the act of returning to zero those agent measure-
ments (hours and mules, etc ) considered 1n classifying
Army equipment and components

*Services Inspect, test, service adjust, ahgn, calibrate, and/or replace
**Fault locate, troubleshoot The process of investigating and detecting the cause of equipment malfunctioning, the action of tsolating

a [ault within a system or umit under test

1Disassemble and assemble Encompasses the step-by-step taking apart (or breaking down) of a spare and funcuional group-coded
nem to the level of 1ts least componencydentified as mamtenance significant for the category of maintenance under consideration
itAchons Welding, grinding, nveting, straightemng, facing, remachining, and/ or resurfacing
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6-6.1.2 Constraints—Size and Weight

" Sizeand weight are sigmficant design contraints for CB
detection and momitonng systems regardless of the battle-
field situation Mobility 1s also a cntical design factor 1n
relation to the required operational and technical charac-

“tenistics for a new system The performance critenia for

size and weight.of CB detection and monitoring systems
usually are based on the compatibility required of the
system with the transporting vehicles or systems with
which 1t must interface Whenever possible, the detectors
must be compatible with both current and planned
transporting systems Only minor modifications to exist-
ing transportation systems should be required to achieve
this capability The design engineer must continually
emphasize the need to integrate the equipment with the
means of transportation, either a man or a designated
vehicle

Individual dosimeters must be unencumbering and
lightweight, 1 ¢, they must not interfere with the other
mission-essential tasks and survival measures the 1ndi-

. vidual must perform on the battlefield Detection and

identification kits used by small units and specialized
personnel also must be ightweight and compact Portable
point sampling detectors used for unit CB defense must be
capable of being carnied by one soldier in addition to his
personal battlefield gear, weapons, and ammunition
Devices used to monitor agent concentrations mnside
collective protection shelters and entrances must be small,
particularly those used 1n mobile shelters

Based on required operational characteristics, remote
CB detection and momtoring devices must be capable of
being integrated within aerial vehicles where weight and
space are at a premium, such as helicopters and other
Army aircraft, remotely piloted vehicles (RPV), and/or
satellites Attaching and integrating hardware always
must be considered in the development process and not as
an afterthought before fielding The packaged equipment
must be transportabie by air, land, and sea using theater
distribution systems.

Transportability criteria are developed as part of the
LSA process The design engineer 1s responsible for
submitting these data, including size and weight requure-
ments, to the Military Traffic Management Command
Transportation Engineering Agency as imnput to the
transportability engineering analysis report n ac-
cordance with AR 70-47 (Ref, 28)

6-6.1.3 Constraints—Power

Automatic detector systems usually operate from bat-
tery power and/ or generator power Power requirements
vary depending upon the type and planned location of the
system on the battlefield Power requirements of mobile
systems include batteries provided as components of, or
as accessonies to, the system and additional power
provided by the batteries in vehicles Some systems use

1
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alternating current (ac) clectric power supplied by an
installation or generators Compact electrnical power
transformers or power supphes can be used to convert to
direct current {dc) power Other systems require dedi-
cated generators to provide the necessary power The
design engineer also should consider the need for backup
battery power sources to ensure continuity of detector
operations if the primary power source should fail As
required, the design engineer must ensure that the system
1s compatible with commonly available US, foreign, and
military power sources, including vehicle and aircraft
power systems and all emergency power systems

The primary obstacle to meeting power requirements 1s
associated with the performance critena regarding size
and weight requirements for the system Generally the
more power the system requires, the larger and heavier
the overall system becomes The more complex CB
detection and monitoring systems, such as biological
agent detection and samphng devices and remote de-
tection systems, usually require considerably more power
than chemical agent point samphng detectors The need
to sample large volumes of air continuously in order to
detect biological agents greatly increases the amount of

power required to operate the biological detectors
In particular, LIDAR remote detectors that use lasers

require considerabic power to operate for even short
periods of time More power i1s needed to move the
scanners automatically 1o cover the required ficid of view
(FOV) specified for remote detection systems Thus
power requirements substantially affect technologies and
desired charactenstics, ¢ g, incorporating a complete
chemical, biological, and toxin agent detection capability
1n one system or providing a remote detection capability
for RPVs and satellites

6-6.2 RELIABILITY, AVAILABILITY, AND
MAINTAINABILITY (RAM)

RAM are charactenistics required to ensure that
materiel systems are ready for use when needed, that they
will perform their assigned functions, and that they can be
operated and maintained within the scope of logistic
concepts and pohicies AR 702-3 (Ref 29) provides
guidehines for conducting RAM analyses In accordance
with this guidance, all CB detection and monitonng
systems should be capable of repeated use during routine
operations and training exercises with a mimimum of
necessary servicing or maintenance High rehabihity, even
at higher cost, reduces or eliminates the operational
burden and the O&S costs of mantaining a repair
capability

Rehability 1s the probability that an item wili perform
its intended function for a specific time under stated
conditions (Ref 2) The rehabibity of a detector system 1s
expressed as mean time between failures (MTBF) To
forecast the MTBF, the ILS and LSA teams perform a
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functional failure mode, effects, and cnticality analysis
(FMECA) 1n accordance with MIL-STD-1629 (Ref 30)

The performance cntenion for the rehability sub-
characteristic for RAM may be stated as a single,
quantitative value such as “500 h MTBF” for a remote
detector, or it may be stated as a range of reliability
performance values such as “400 h MTBF mission need
and 800 h MTBF technical himit” for a biological agent
alarm In the past, CB detection and monitoring system
design performance criteria were stated in terms of mean
time between false alarms (MTBFA) for a specified
period of operation during a mission More recently, the
MTBFA factors for operational accuracy have been
incorporated 1nto the overall requirement specified for
the system M TBF because false alarms are also considered
system faslures

Availability 1s a measure of the degree to which anstem
15 1n a working or committable state at the start of a
mission that begins at an unknown (random) time
Operauional availability (Ao) 1s stated in terms of the
percentage of mission time the detector system is available
or as the number of hours of a period of ime the system s
available for operation For example, the performance
criterion for availability can be stated either as Ao 1s 23 of
24 h or as Ao 15 90%

The operator and dependent organizations must know
when employed CB detection and monitoring systems are
or are not available System availabiity impacts the
capabihty of umts to perform mussions 1n a CB environ-
ment Thus the system must be designed to provide
automatic nouificauon of a no-signal or 1noperative
condition 1n the event of system failure, loss of power, or
unauthorized tampering The automatic alarms used in
the system to signal these conditions should not only be
reliable but also audibly and visually different from those
used to alert personnel to the presence of CB agents (Ref
13)

Maintainability 1s a design charactenstic that enables
the item to be retained 1n, or restored to, a specific
condition within a given time The designer of CB
detecion and monitoring svstems should consider the
maintainability factors addressed in MIL-HDBK-
T91(AM) (Ref 31)

6-6.3 MANPOWER AND PERSONNEL
INTEGRATION (MANPRINT)

The Army has relied increasingly on engineering and
technology to obtain quantum leaps in capability to meet
the near-term and projected long-term threats Tech-
nology 1s used to replace people whenever possible to
optimize the distribution of manpower throughout the
force If new system technology 1s not governed by
preestablished MANPRINT guidelines, however, the
Army wiil suffer mismatches among the equipment, the
soldiers who are required to operate the items, the soldiers
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and civilians who must maintain the equipment, and the
Army force structure The pnmary objective of MAN-
PRINT 1s to influence system design in order to optimize
total system performance by enhancing human per-
formance (Ref 32)

AR 602-2 (Ref 33) governs the US Army’s approach to
fielding total systems by integrating people, structure and
environment, and engineening technology into the sys-
tems MANPRINT 1s defined as the entire process of
mtegrating human factors, manpower, personnel, train-
ing, health hazard assessments, and system safety through-
out the materiel development and acquisition process
from preconcept through deployment

MANPRINT 1sajoint TRADOC, AMC, and industry
responsibility The Army MANPRINT Joint Working
Group manages all MANPRINT 1ssues and ensures that
MANPRINT plans are executed and its objectives met
The industry design engineer of a system has the overall
responsibility for ensuring that MANPRINT factors are
addressed throughout each phase of development MAN-
PRINT requirements are system charactenstics and a
basis for performance criteria Essential components of
MANPRINT include individual and unit traiming, new
military occupational specialics (MOS), and the skills
and knowledge required to operate and maintain the
system

In the early stages the MANPRINT effort 1s system
oriented Human performance capability and rehiabihity
are integrated 1nto total system performance through
design influence As the system moves through demon-
stration and validation, and engineering and manufac-
turing development, the abihty of MANPRINT to n-
fluence design decreases The effort becomes more umt
onented by focussing on recruiting, training, distnbution,
and otherwise enabling the support functions to effect
further reductions in costs (Ref 32)

6-6.3.1

Manpower and personnel considerations transcend
system design considerations The capabiliies of the
personnel inventory (both guantitatively and quali-
tatively) and the traiming base are finite, therefore,
systems design must respond to these hmitations The ILS
and LSA managers conduct MANPRINT analyses to
predict system demands on the future personnel in-
ventory These analyses determine whether there are
unsupported requirements Unsupported requirements
may be the quantity of soldiers to support the system,
mental category of the soldiers, task loading, available
MOSs, and training burdens—such as, availability of
instructors, training areas, and time—associated with the
system The system design must compensate for short-
falls Through the MANPRINT analysis process, the
interaction of each component with the individual soldier
1s measured against the system operating parameters in a

Manpower, Personnel, and Training
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mussion scenario and the concept for support

Force structure parameters must be provided by the
Army to the system developers to ensure that new systems
are designed to be easily integrated into the structure and
environment If a new system adds a new or significantly
increased manpower requirement (qualitative or quanti-
tative) to the force structure, the Army must man the
revised force structure by degrading (qualitatively or
quantitatively) an existing organization The impact of
these changes can be extensive, they can affect the mix of
commussioned officer specialties, the enlisted MOS mix
and grade structure, and unit authonized ievels of organiza-
tion (ALO) As a result, critical units may not be fully
manned due to the prevailing manpower ceilings (Ref
EY))

6-6.3.2 Health Hazards and System Safety

AR 385-16 (Ref 34) gives guidance onthe Army system
safety program for matene! acquisition AR 40-10 (Ref
35), which forms the basis for the Surgeon General’s
Hazard Assessment Program, covers health considera-
tions for materiel acqmsition MIL-HDBK-764(MI) (Ref
36) provides procedures 1n detail for addressing these
safety requirements

The safety engineer 1s responsible for conducting safety
and health assessments of all aspects of a developmental
system to ensure that the safety and health hazards
associated with operation, maintenance, transportation,
storage, and disposal are ehiminated or reduced Pars
451 and 4.5.2 of MIL-STD-882 (Ref 37) define the
terms and establish priorities for corrective action to be
applied in system safety hazard analyses The order of
precedence of nisk reduction measures for satisfying
system safety requirements and resolving identified
hazards 1s

I Design for mmmmum nisk

2 Incorporate safety devices

3 Provide warmng devices

4 Develop procedures and training that reduce risk

The prehmunary hazard analysis (PHA) 1s used to
assess the safety risks, determine hazard seventy cate-
gories and probabilities, and develop the safety .design
cntena to be used 1n system design and performance
specifications The PHA 1dentifies catastrophic, cntical,
marginal, and neghgible hazard categones Table 6-7
{(Ref 37) shows defimtions of these hazard sevenity
categories The category and probabitlity of occurrence of
a hazard are then used as critenia 1n the various safety
hazard analyses done on developmental systems. These
categories provide qualitative measurements of the worst
credible mishap that could result from human error,
environmental conditions, design inadequacies, or pro-
cedural deficiencies or from system, subsystem, or com-
ponent failures or malfunctions Catastrophic and critical
hazards must be eliminated or resoived before the system
can progress in development

Quanttatively derived hazard probability rankings are
used when the potential of hazard occurrences can be
expressed in terms of specific umits of time, events,
equipment density, items, or activity, as approprate.
When more definitive data on the system have been
developed through test and evaluation, the ILS team
conducts follow-on system hazard analyses and sub-
system hazard analyses to identify failure modes or faults
that could develop into conditions causing critical and
catastrophic hazard levels

Typical hazards associated with automatic detector
systems include potential electric shock hazards from the
power supphes, radiation hazards from radioactive
materials or sources, and damage to the sight of operators
or observers i1n the path of IR laser beams from LIDAR
remote detection systems Safety engineering can elimi-
nate or control some of these hazards Sometimes,
however, proper safety hazard warnings in the operators’
technical and maintenance manuals and warming labels
on the equipment are the only options Operating and
maintenance procedures should stress safety precautions,
e g . wearing required safety equipment By using this

TABLE 6-7. HAZARD CATEGORIES

(Ref. 37)
DESCRIPTION CATEGORY MISHAP INFORMATION

Catastrophic 1 Death or system loss

Cnitical 11 Severe injury, severe occupationadl 1llness, or major system
damage

Marginal Hi Minor imury, minoi occupational illness, or minor system
damapge

Neglhgible 18Y% Less than minor injury, occupational 1iliness, or system

damage
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system safety procedure, the ILS team can eliminate
and/or control 1dentified hazards

€-5.3.3 Human Factors

Duning the design process, human factors engineering
(HFE) 1s carnied out on the new system 1n accordance
with the MANPRINT requirements of AR 602-2 (Ref
33) and AR 602-1 (Ref 38) HFE consists of human
factors engineering analyses, early comparability
analyses, task analyses, personnel skill requirements, and
logistic needs assessments for the developmental system
The HFE requirements and provisions with which the
design engineer should be especially famihar are

| DoD Human Engineering Guide 10 Equipmeni
Design, (Ref 39)

2 MIL-STD-1472, Human Factors Engineering
Crutenia for Military Systems, Equipment, and Facilities
(Ref 40)

3 MIL-HDBK-761, Human Engineering Guidelines
Jor Management Information Systems (Ref 41)

4 MIL-HDBK-759, Human Factors Engineering
for Army Maieriel (Ref, 42)

The ILS team develops HFE raung questionnaires
used to evaluate the human factors responses of operators
and maintenance specialists to the system during opera-
tional testing Table 6-8 (Ref 43) lists the types of human
factors addressed during an HFE evaluation of arepresen-
tative CB agent detection and monitonng system The
human factors involved 1n this system include dextenty,
portability, and the operator’s response to visible and/ or
audible warning alarms while wearing full individual
protective equipment (IPE) in a MOPP4 situation

Test personnel are asked to indicate or rate the ease or
difficulty of performing the various tasks and to explain
any difficulty they may have had 1n performing the tasks
This information must be obtained from a representative

TABLE 6-8. HUMAN FACTORS ENGINEERING (HFE) EVALUATION OF A TYPICAL
CHEMICAL AND BIOLOGICAL (CB) DETECTION AND MONITORING SYSTEM (Ref. 43)

TASK DESCRIPTION

HUMAN FACTORS

DEXTERITY PORTABILITY VISUAL  AUDITORY
Aligning modules X
Grasping and mampulating latch fasteners X
Handhing power cables X
Aligning and connecting electrical cable to power
jack X
Grasping handie(s)
a Clearance for hand X
b Nonslip grip X
Lifting and carrying module(s)
a Waeight within charactenstics X
b Dimensions within tolerances X
Determining meter pointer position(s) X
Reading scales or printout
4 From normal distance (0 3-0 6m) X
b From normal position X
Manipulating controls X
Seeing warmng hghts at specified distance X
Hearing alarm sound at specified distance and
distinguishing 1t trom backpround noises X
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sampie (number) of personnel in the applicable MOS and
at various grade levels to ensure that human factors
raungs are based on vahid data. The HFE systemevaluator
then reviews the answers to the questionnaire and imtiates
corrective action as required to resolve any human factors
problems revealed by the questionnaire

6-6.3.4 Tradeoffs

As previously stated, the total system includes all of the
personnel, equipment, training, doctnine, and support
needed to field and sustain the system i1n peace and during
combat Thus total system includes the principal item, the
associated direct support items of equipment, other
support equipment, and training devices Each item has
its own logsstic support requirements, and all the indi-
vidual 1tems are necessary to sustain the system in the
field

The “old” (1950s and early 1960s) approach 1o fielding
a new system did not consider personnel 1ssues 1n the
requirements documents This approach led to the
“manning the equipment” concept, which was that the
soldier was treated as a support item to be marned to the
piece of equipment after the essential design direction had
been determined Despite the designer’s reliance on high
technology and system complexity to achieve system
performance, too frequently the design capabilities and
readiness goals were not met Soldiers could not operate,
support, or maintain the equipment In a report to
Congress by the General Accounting Office (GAO) 1n
1981, the GAO “attnbuted half of the failures of all
military weapons systems and support systems to human
error” (Ref 32)

The following scenano explains the interrelationships
among personnel, manpower, traiming, and technology
An increase in the size or capability of a threat combat
force requires an increase in our combat power to ensure
our ability to defend ourselves successfully The Army
increases combat power by increasing the force structure
(manpower) and/or by developing equipment that 1s
more technologically advanced Increases in force struc-
ture, however, require a redistribution of the Army’s
finite manpower Manpower can be shifted from combat
service or combat service support units to combat units
(changing the “tooth-to-tail” ratio), but such a sinft may
adversely affect the readiness of the total force by
reducing the ability to maintain and sustain the total force
(Ref 32)

Advanced, techmically sophisticated equipment may
not, in fact, reduce manpower requirements, because the
new system may require the same number of soldiers with
greater aputudes and higher skill levels to operate,
maintain, and repair the system If the personnel available
lack the required abilities, the Army’s options to satisfy
the requirements are to increase force structure (This
increase would include recruiting not only more soldiers,
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but more soldiers in higher intelligence categones.),
increase manning levels in units, or increase traimng time
But-manpower 1s constrained by Congressionally man-
dated ceilings, which preclude an increase in the force
structure or increased manming levels, and recruiting
soldiers 1n higher intelligence categories can be difficult
The Army could increase training time to achieve the
enhanced skill and aptitude levels 1n the existing force
structure, but increasing training time requires more
instructors and reduces the field strength of the Army
This approach also requires more soldiers 1n the field
umts who can replace those withdrawn from the field to
be trained on the new systems in order to maintain
readiness levels This quandary about how to “man the
equipment”resulted in the MANPRINT program concept
of “equipping the man™ (Ref 32)

Human performance capabihities and reliability must
be considered when companng the competing designs
and technologies for the new systems Human per-
formance capability and rehiability should not be con-
sidered static point values, they should be considered a
range of values because a soldier’s abilities are influenced
by all the vanables that affect humans

All design decisions are significantly influenced by the
life cycle cost of the proposed system But the expense of
the system should not and cannot be the sole decision
critenion Consider the situation illustrated wn Fig 6-1
Three competing designs, A, B, and C, show different life
cycle costs and different MANPRINT charactenstics
System A, which 1s the most expensive, 1s operable and
maintainable by the soldiers with lower aptitudes (lower
skilled) System C is the least expensive system, but 1t
requires highiy skilled soldiers to operate and support 1t
System B 1s in between the two sysiems 1n cost and
required skill level Which system should the Army select
the most expensive but easiest system to use (System A),
the cheapest and most demanding system (System C), or
should 1t compromuse on both (System B)? The decision is
system specific and depends upon the judgment of the
decision makers as to which system best meets the Army’s
needs The final decision is based on the tradeoffs made in
system performance, resources, manmng, and skill distn-
bution (Ref 32)

6-7 NUCLEAR, BIOLOGICAL, AND
CHEMICAL (NBC)
CONTAMINATION
SURVIVABILITY

AR 70-71 (Ref 44) establishes Army policy and
procedures for development of materiel to ensure its
survivability and sustainability on the NBC-contaminated
battlefield AR 70-71 defines NBC contamination to
include both the individual and collective effects of
residual radiological, biological, and chemical contamina-
tion
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Figure 6-1. Selection of Alternatives (Ref. 32)

NBC contamination survivability 1s the capabihity of a
system and 1ts crew to withstand an NBC-contaminated
environment, including decontamination, without losing
the abihity to accomplish the assigned mussion The
characteristics of NBC contamination survivability are
decontaminabihty, hardness, and compatibility The
design performance critena for these charactenstics are

I Decontaminabtiuy The equipment must be
capable of being decontaminated by using standard NBC
decontaminants and procedures available in the field to
the point that the contaminant poses no casualty-produc-
ing hazard to unprotected personnel exposed during the
normal mission profile of the equipment (but not to
exceed 12 h) All components of CB detection and
monitoring systerns must be capable of being casily
decontaminated for immediate use, unless the item 1s
disposable Fig 6-2 illustrates the performance cntena
for decontamination

2 HMHardness Mission-essential equipment and

10

Contamination
Level g/m?*

“Neghgible Risk Value -

Time mun

* Neghigible nsk value (5% mitd incapactaton) Insige on or 1 m from the nem

 Exterior surtaces inially contamnated with 10 g/m? ol cherrucal agent, itenor
surtaces with 1 g/m* Decontamination occurs 1 h afier contarmination using
standard field decontaminants, equipment, and procedures.

Figure 6-2. Decontaminability Performance
Criteria (Ref. 45)

maeriel must be hardened to ensure that not more than
5% degradation occurs over a 30-day penod in selected
quantifiable, essential charactenistics, such as MTBF and
RAM, 1n response to five exposures to NBC contami-
nants, decontaminants, and decontaminating procedures
encountered in the field All CB detection and momtoring
systems must be designed to be highly resistant to CB
agents and decontaminants Fig 6-3 illustrates this
hardness criterion for RAM

3 Companbiity. The equipment must be capable of
being operated, maintained, and resupplied by personnel
wearing the full NBC protective ensemble over a typical ~
mussion profile 1n a contaminated environment (not to
exceed 12 h) Degradation (excluding heat stress) of the
crew's performance of mission-essential tasks (such as
adjusting or relocating the detector and sighting target)

l

5% Degradation

100

|-——-— 30 Days —— ‘

Perdormance Capabiitty,
% of RAM* Standards

Time, days

* Reliability, availabiity, and mantainabiltty

Figure 6-3. Hardness Performance Criteria
(Ref. 45) “—
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cannot be greater than 5% below the levels specified for
those tasks when accomplished 1n a non-NBC, shurtsleeve
environment. Fig. 64 illustrates compatibility critena

The design of CB detection and monitoring systems
must consider the use of the equipment with the userin an
existing and anticipated NBC protective ensemble The
combination of use of the equipment with the user in an
NBC protective ensemble must permat performance of
mission-essential operations, communication, main-
tenance, resupply, and decontamination tasks by trained
and acchhmatized troops for a typical 12-h mission profile
In a contaminated environment

The design engineer for CB detection and monitoring
systems should be famihar with CRDEC-SP-84023,
Guidelines— Design 10 Minimize Contamination and to
Faciliraie Decontamuination of Milutary Vehicles and
Other Equipment lInteriors and Exteriors (Ref 46)
These guidelines provide for designing military equip-
ment that will mintmize NBC agent contamination and
increase the effectiveness of the decontamination process
Fig 6-5 illustrates cover or cap designs for effective
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Figure 6-4. Compatibility Performance
Criteria (Ref. 45)
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Figure 6-5. Cover or Cap Closure Designs
(Ref. 46)
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closures that will not accumulate contaminants Fig 6-6
shows methods of covering hydraulic hoses to protect
them from contaminants Fig 6-7illustrates the designof
foot pedal linkages that avoid drawing in contaminants.

~) 1/
&l}\-—/—' = N

(A) Sealed Tubing or Box Protects Hoses From Contaminants

(B) Metal Bellows Allows Relative Movement Between Parts
While It Protects Hose Connections

Figure 6-6. Protecting Hydraulic and Hose
Connections (Ref. 46)

(A) Fioor Panel Shields Linkage
Piwvot Areas With Metal Bellows

(B) Floor Panei Shweids Linkage
Prvot Areas With Puliout Pin

Figure 6-7.
(Ref. 46)

Protecting Foot Pedal Linkages
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The NBC Maierals Handbook (Ref 47) describes
testing procedures used to determine the compatibility of
Army matenel in the projected NBC environment The
handbook contains test results and technical analyses of
exposure of clastomers, plastics, coatings, and metallic
systems to Decontaminating Solution No 2(DS2)and to
Supertropical Bleach (STB) decontaminating agent The
handbook also provides a techmical analysis of the
interaction of chemical agents with DS2

The Plastics Technical Evaluation Center, Dover, NJ,
maintains a computerized file of techmcal data describing
the deteriorating and permeating effects of agents and
decontaminants on plastics, elastomers, metals, adhesives,
and fabrics This file also provides related information on
document sources, chemicals, matenals, and test methods
£1g 6-8 illustrates the generic types of contamination
surface, adsorbed, and absorbed Ways by which agents
can alter properties of matenals follow

1 Mechanically by affecting tensile strength and
compression set For example, distilied mustard (HD)
reduces the tensile strength of elastomers by 25 to 40%

2 Chemically by affecung the permeability and
diffusion rate For example, HD increases the per-
meability of acrylics, silicones, epoxies, and urethanes

3 Agents affect the dielectric constant and index of
refracion For example, HD causes swelling, hazing,
shight crazing on stretched acrylic, and reduced resistivity

Agents also can alter the electronic charactenstics of
items At a potential of approximately 20 V, positive
circuit elements corrode (turn black) when exposed to
HD, VX, or GD When an acrylic conformal coating 15
contaminated, its resistivity dimimishes by a factor of 10°
and becomes conductive

Paints can enhance contamination avoidance by form-

g a barrier to agent penetration or by bewng self-
decontaminating Fig 6-9 illustrates the properties of
standard alkyd paints, which absorb agents; polyurethane
paints, which cause agents to bead for casier removal, and
self-decontaminating paint (This paint does not currently
exist but 1s under development ), which will have an
innate capability to neutrahize agents deposited on the
surface or sorbed into the bulk

The relatively new area of NBC contamination sur-
vivability technology 1s now being emphasized as an
engineering design criterion for mission-essential equip-
ment CRDEC has an office available to provide technical
assistance on NBC contamination survivability, and 1t
has published a handbook entitled Nuclear, Biological,
and Chemucal Contamunation Survivabiity A Handbook
for Development/ Managemen: of Materiel Programs
(Ref 45) to assist designers The engineer desigming CB
detection and monitoning systems must keep current with
technology when applying NBC survival test procedures,
methodologies, techmiques, and assessment methods
during the development process

A |

". T
R

(B) Adsorbed

"‘.‘—

AL

(C) Absorbed

Figure 6-8. Generic Types of Agent Contami-
nation (Rel. 45)
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(A) Standard Alkyd (B) Polyurethane
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Figure 6-9. Contamination Avoidance:
Paints (Ref. 45)
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CHAPTER 7 ]
DESIGN OF DETECTION SYSTEMS

This chapter briefly discusses how the threat and the hazard that evolves from the threat lead to the major
requirements of chemical and biological (CB) detection systems, namely, sensitivity, response time, and
specificitv. The operational sutuation establishes other specific requirements agent identification, automatic
operation, unaitended operation, agent quantification, environmental requirements, size, weight, power; and
reliability, avallability, and mamiainability (RAM) Other general Army requirements, such as integrated
logistic support (ILS), manpower and personnel integrannon (MANPRINT), and nuclear, biological, and
chemical (NBC) contaminarion survivability, also affect the design of the CB detection system Detection
svstem design is discussed in terms of the three major processes sample acquisition, sample analysis, and
response (alarm) As discussed in Chapter 5, the design of equipment 1s divided between the chemical and
biological threat and the point and standoff detectors

7-0 LIST OF SYMBOLS

C = concentration, mg/m’
CL = concentration path length, mg/m’
Ct = dosage, mg:min/m’
L = agent cloud path length, m
T = temperature, °C
{ = ume concentration 1s present, min
x = distance between moving murror and beam
sphtter, m

7-1 INTRODUCTION

The extent of the threat 1s dependent upon the type of
agent used, chemcal or biological, the class of agent,
persistent or nonpersistent; the operational use of the
agent, the physical form, 1.e, vapor, acrosol, or iqud
droplets, and weather and terrain conditions

The hazards imposed by the threat present different
design challenges with respect to sensitivity, response
time, and specificity For example, a nonpersistent vapor
normally presents a high-concentration, short-duration,
inhalant hazard, whereas a hquid droplet persistent agent
imposes a low-to-moderate inhalant concentration andg a
long-term persisient contact hazard Biological agents
can be extremely toxic due to their high infectivity rate
and small particle sizes (3-5um) These different hazards
result in sigmficantly different design problems in the
areas of sample acquisition, sample analysis, and response
\alarm)

The intended operational use of the detection system
also imposes design problems Forexample, f asystemis
intended for use by a combat unit, size, weight, and power
must be considered and held to a minimum, whereas a
detector system intended for use at a fixed installation 1s
not so constramed

For these reasons, when a new set of requirements 1s
being developed, both the equipment user and the
developer should take an acuive part in formulating
realistic reqmirements The equipment users understand

the operational needs and the developers know the state-
of-the-art technology The requirements must be as
specific as possible so the user understands exactly what
he 1s getting and the developer fully understands the
challenges the requirements have established. A set of
requirements should not contain generalities If necessary,
a requirement may be divided into essential and desired
criteria, and whenever possible, requirements should be
expressed 1n quantitative numbers For example, the
mimimum detectable concentration should be stated in
mlligrams per cubic meter, response time 1n seconds or
minutes, and weight in kilograms

Once a specific set of requirements has been developed
and agreed upon by both the user and the developer,
design of a specific detection system must be considered in
terms of the detection processes, 1.¢ , sample acquisition,
sample analysis, and response (alarm).

Another important requirement comes from the opera-
tional use concept, that 1s, whether a pomnt sampling or a
line-of-sight (LOS) detector 1s needed This decision
hmits the sample acquisition technologies that can be
used and impacts on the detection technologies to be
considered The number of detection technologies avail-
able for exploitation in hine-of-sight instruments, how-
ever, 1s already imited when compared to those that can
be used for point sampling devices. Thus design of point
sampling detectors and design of line-of-s.ght detectors
are discussed individually.

7-2 CHEMICAL POINT DETECTORS

The various forms of agent can significantly impact
component design, particularly in sampie acquisition
Vapors and fine aerosols can be efficiently sampled from
an airstream moving into the detector at relatively low
airspeeds and volume Such a slow-moving stream can be
accomplished with a relatively low expenditure of energy
and a simple design. Low expenditures of energy and
simple designs conserve size, weight, and cost, par-
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ticularly 1n automauc sampling systems that require
batteries for energy

Large aerosols and liquid droplets, however, present a
different problem 1n sampie acquisition The high kinetic
energy of these particles 1s caused by gravitational and
wind forces acting on the relatively large mass of the
particles Changing the direction of such particles requires
much larger expenditures of energy and is not practical
for design 1n most agent detectors A solution to this
problem 1s to allow the particles to impact directly on a
relatively large surface This solution presents other
problems (Sec Chapter 5 ), such as contamination of the
uapacuon surface by dust and rain, lack of control of the
eavironment to be sampled, impact of other contami-
nants, and temperature of the reacting surface

Ideally, one set of requirements could be generated,
which would create a detection system to detect and
identify all threat agents in all operational situations.
Present technology and any technology in the foreseeable
future, however, cannot meet these requirements As a
result of the technology shortfalls, the detection problem
must be broken down nto discrete systems capable of
solving portions of the overall need At a mimmum,
detection technology limitations cause the overall need to
be broken down into three system families chemical
point sampling detectors, chemical line-of-sight detectors
and biological detectors The diversity of the disseminated
threat agents and the various physical forms that can
occur, 1 €., vapors, aerosols, and large hquid droplets,
create additional complications that must be resolved

7-2.1 THREAT

Because of the different ways various agents act on
man, detector sensitivity and response time is required to
change as follows

1 Persistent agents The primary threat to man 1s
long-term exposure to low concentrations, therefore, the
detector should have high sensitivity with a relatively long
response time to the contact hazard

2 Nonpersistent agenis The primary threat to man
1s short-term exposure to the vapor or fine aerosol,
therefore, the detector can have less sensitivity than
persistent agent detectors and should have a quick
response time (There are few cumulative effects because
agents dissipate rapdly )

7-2.2 REQUIREMENTS (CRITERIA)

Different operational situations generate different
chemical and biological agent and hazard information
requirements In order to characterize this vanance as
needs, the Reconnaissance, Detection, and Idenufication
Master Plan (RDIMP) identifies four different opera-
tional situations. combat and combat support, combat
service support (CSS), reconnaissance (RECON), and
fixed site instaliation (FS1) (See Chapter 3 for a detailed
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discussion of these situations.) Not only will the informa-
tion needs differ between the battlefield situations, but the
charactenistics of the devices used by the units can also
change significantly.

Various battieficld detection needs can generate point
detector criteria For example, 1n a mobile survey of a
battlefield area, a drop-off detector could continue to
monitor the arca that had been surveyed by a vehicle
These drop-off detectors would monitor the area after the
initial survey to alert follow-on troops to agent presence
that developed after the imtial scan Such a drop-off
detector would have to be low cost, lightweight, and
small A telemetering device could alert troops of its
location for possible recovery and of the presence of
agent

During development of a set of requirements for a
detection system, no single requirement can be addressed
1in 1solation Each requirement must be considered in
relation to all other requirements for a system because if
considered separately, each requirement may be fully met
but could place unrealistic requirements on the rest of the
system For example, the sensitivity requirement for the
detoxufication level for every probable threat agent could
be met by using a tandem mass spectrometer, but such an
instrument could not meet other requirements, such as
size, weight, power, rehiability, and cost Establishing
requirements therefore becomes a process of fully under-
standing each requirement and then conducting tradeoffs
between the requirements to achieve the best overall
device that will meet the need 1tisin this tradeoff process
that a clear dehineation of desired and essential require-
ments must be made Once a complete set of requirements
has been established for a detection system, certain
essential and desired cniteria may be included to guide the
developer further 1n the hardware design

7-2.3 COMPONENT DESIGN

Chemical point detector design involves drawing a
sample of the surrounding atmosphere into a detector and
processing 1t to a detector cell (sample acquisition) Atthe
detector cell the sample of atmosphere 1s analyzed and the
output signal i1s processed (sample analysis) to a network
that can provide audible and/or wisible alarm at the
detector and 1n many cases at a remote location where
audible and visible alarm can also occur (response or
alarm) Chemical point detector design differs from
chemical standoff detector design pnmarily in the sample
acquisition process The point detector provides response
for chemical agent only at a specific point, whereas
standoff detectors respond to a chemical agent cloud
passing through the hine of sight of the detector at some
distance

Chemucal point detectors have many more operational
apphications than chemical standoff detectors This can
lead to discrete component design Because they have
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many apphications and to ensure adequate area coverage,
point detectors have a large basis of issue (BOI). For
example, 1n the M8A1 chemical agent point detection
system, the BO!I vanes from three to eight systems per
nsing company, whereas the tentative BOI for the XM21
chemical agent standoff detection system would authonze
one detector per NBC reconnaissance vehicle The greater
distribution of the M8 A1 impacts directly on system cost,
logisuics, and maintenance requirements These factors
must be considered 1n the design and selection of specific
components and processes

Another significant aspect in the design of components
1s the tradeoff in complexity among the various detection
processes As discussed in Chapter 5, 1f the sample
analysis process lacks sufficient sensitivity to meet the
requirements, sensitivity may be enhanced by increasing
the quantity of the sample that 1s acquired per unit of
time Similarly, detection sensitivity may be increased by
using more sophisticated signal processing techmiques,
which in effect lower the signal-to-noise ratio needed fora
reliable response On the other hand, the sample acquisi-
tion process can be simphfied if more sensitive and
selective sample analysis techmques are used A good
example of this tradeoff is the M256A1 Chemical Agent
Detector Kit in which sensitive chemical sample analysis

techniques are used 1n conjunction with sihca gel paper to
produce a static sampler that does not requirc an air
pump and greatly reduces complexity and cost 1 the
sample acquisition process.

7-2.3.1 Sample Acquisition

The purpose of the sample acquisition process for point
detectors 15 to collect a representative sample of the
atmosphere surrounding the detector and to transport it
to the sample cell for analysis This process represents the
major chisadvantage between point detectors and hne-of-
sight detectors Rather than physically collecting the
sampled atmosphere, the LOS detector “looks™ at the
atmosphere along a line of sight for some distance (up to §
km), referred to as the field of view (FOV), and uses the
information collected to perform the sample analysis
Some main advantages and disadvantages of point de-
tector sample acqusition versus line-of-sight sample
acquisition are summanzed in Table 7-1

The abibity to control the coliected sample before
analysis offers a significant advantage to all point de-
tectors Dust and interfering matenals can be screened
from the sample, rain and snow can be selectively sampled
out, the sample rate can be varnied, adverse environmental
conditions such as low temperature and high humidity

TABLE 7-1. SAMPLE ACQUISITION: POINT DETECTION VERSUS
LINE-OF-SIGHT DETECTION ADVANTAGES AND DISADVANTAGES

ADVANTAGES

DISADVANTAGES

Point Detectors

Control of collected sample be-
fore analysis

Does not require clear line of
sight over a distance

Design that results {rom process
1s generally small and hght-
weight

Inexpensive to design and
simpler than LOS

—

Detects at point only

Requires air pump and motor
Efficient collecting of all physi-
cal forms of agent s difficuit

. Ommdirectional samphng re-

quired

Line-of-Sight Detectors

Detection of agent at a distance
Detection of hquid contamina-
tion on ground and equipment
possible

Agent cloud charactenization pos-
sible

No air pump or motor required
Good reliability

Clear hine of sight over a dis-
tance required

No control of sampled at-
mosphere

Selection of detection tech-
nology 1s himited

Information data signal from
sampling 1s relatively small
Collecting optics required
Design 1s relatively large and
heavy

Cannot function in shelters,
bunkers, etc

More operator training re-
quired

7-3
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can be controlled, and the collected sample can be
concentrated if the detection technology lacks the required
senstivity Because the detector samples only at a given
point, a clear ine of sight 1s not required The device 1s
simple and inexpensive to design and can be small and
lightweight

The major disadvantage of point detectors is the lack of
a capability to detect agents at a distance and provide
advance warning of attack or contamination Collecting
all of the physical forms of chemical agent (i.e, gas,
acrosol, airborne hiquid droplets, and deposited hquid) 1s
also more difficult, particularly since the equipment must
continuously sample the air from all directions at once
(omnidirectional sampling) Finaily, automatic point
detoctors require an air pump and motor for collection
that add cost and weight to the design

The sample acquisition process that 1s selected can aid
In meeting the sensitivity requirements for point detectors
by concentrating the sample so that the sample analysis
cell “sees™ a hgher concentration of agent for analysis
thaa actually exists in the surrounding atmosphere One
of the major design problems in sample acquisition,
however, 1s efficiently collecting all the physical forms of
disseminated chemical agents There1s agap in collecting
aerosol particles for chemical point detectors in the 50-t0
200-um range that technology has yet to close In
addition, the flat collector plates used to acquire droplets
above 200 um and up to 3000 um 1n size provide lhittle
advance warning to personnel because they only respond
after gravity deposition Furthermore, due to the lower
frequency of agent particle distnbution at the larger
droplet size, the collector plates must be large (at least
0 05 m?) to achieve rapid detection Alternatively, a large
number of collector plates of a smaller size can be placed
in the same geographic area

One of the advantages of a point detector 1s the
capability of the sample acquisihon system to ac-
commodate dust and interference filters, which can
greatly improve the specificity of the device For example,
the Modular Chemical Agent Detector was designed to be
used on tracked and wheeled vehicles where dust loadings
could reach very high levels The expected dust loadings
were so high that a prefilter tape was devised that slowly and
continuously moved through the sampling airstream at
therate of 25 4mm/h Atthisspeed any given clean point
on the dust prefilter was presented to the sampling
airstream approximately every 20 min The tape was
driven by a simple advancement mechanism that uses a
small, low-power motor The tape was sealed to the
shightly negative pressure of the arstream by using two
O-rings that applied pressure to the top and bottom of the
tape The automatic prefilter changer was so effective that
it was used in demilitanization of mustard to remove iron
particles from the sample stream of a stack monitor (a
device used to sample aliquots of gas for analysis to
determine the presence of chemical agent)

7-4

Poimnt sampling sample acquisition also allows the use
of chemical prefilters to remove interferents and to
convert agents that are not easily detected by chemical
analysis to other detectable compounds An example of
the use of a conversion prefilter occurred in the develop-
ment of the M8 alarm The rate of reaction for the
technology used 1n the M8 alarm1s quite rapid at pH 9 3
when the reagents come into contact with G-agents With
V-agents, however, the rate of the oxime reaction 1s too
slow for detection unless the pH of the medium ap-
proaches 14, which s so high that the G-agents decompose
before reaction with oxime can occur To solve this
problem, a chemical prefilter consisting of silver nitrate
and potassium fluonide impregnated on a paper filter
matenal was developed The prefilter catalytically reacts
with V-agents and converts them to G-agents, which are
detected 1n the sample analysis cell The conversion
prefilter serves a dual purpose First, it converts the low-
volatility V-agent into a volatile G-agent, which easily
passes through the following dust filter with httle joss
from surface adsorption Second, the conversion prefilter
can be used as a gas chromatographic, demihitarnization
agent monitor for the detection of V-agents because a
suitable adsorption bed for V-agents has not been found
The sample acquisition process can also be used to lower
atmosphenc humidity and control inlet airstream tempera-
ture, as discussed in par 5-2 111

Caution must be used by the designer in exercising the
many options available i1 designing the sample acquisi-
tion system The operational use of most point sampling
detectors requires small, hghtweight, and low-power
detectors They also have a high distribution density As
more modifications are added, complexity increases,
which generally lowers reliability and increases cost, size,
weight, and power

For example, automatic sensdrs are available to moni-
tor airflow during sample acquisition and can be hinked to
the response (alarm) system in order to alert troops when
the rate of sample collection drops below a preset level
The sensors and their associated circuitry, although
relatively simple, have their own fatlure rate and add cost,
weight, and power draw to the devices For these reasons,
this type of sensor has not been used 1n point detectors
Instead, the operator performs a manual check of airflow
at periodic servicing intervals by using arotometer, which
1s manually attached to the sample air intake

7-2.3.2 Sample Analysis

The detection technology used in sample analysis is the
essential part of the system on which the other detection
processes depend Thus when designing a detection
system, the designer must consider sample analysis first
When vanious detection technologies for the sample
analysis process are evaluated, the three primary recon-
naissance, detection, and identification (RDI) require-

(
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ments to be considered are sensitivity, response time, and
specificity The RDI reqmirements for agent identification
and quantification also directly depend on the technology
selected but, 1n most eases, are not as essential Other
requirements can also umpact the sample analysis process
but not to the same extent that these three requirements
do ‘

The chemical agent sensitivity of the point detector 1s
an inherent charactenstic of the detection technology
selected for sample analysis It can be improved by proper
modification of the sample acquisition or signal processes
but only within a hmmted range of no more than a factor of
10 to 20 1f a detection technology 1s available that fully
meets or even exceeds the sensiivity critenia for the
device, the design of the sample acquisition and signal
processing tasks becomes much simpler and RAM goals
much easier to achieve Unfortunately, this scenano is
generally not the case, and the system design must include
some modification to the sample acquisition design or
improvement 1n the signal processing to achieve the
sensitivity requirement Improvement of these processes
1s hmited by the practical constraints of other cnitena for
point detectors such as response time, rehability, size,
weight, and power

The response time requirement of chemical point
detectorsis, in almost all cases, for a fast response,1¢e , 10
s or less The operational use of chemical point detectors
usually requires that the detector be collocated with the
using element or placed upwind with a remote alarm to
achieve some advance warning Evenif the detector 1s
placed upwind, response time must be relatively fast
because the distance the agent must travel from the
detector to the remote alarm cannot be very far (about
200 to 400 m) due to other point detector requirements
(These requirements are discussed in par 7-233)
Chemical agent point detectors respond to dosage Cr
Thus 1f the total dose quantity of agent an individual
recetves 1s 10 be kept below the incapacitating level when
high concentrations C of agent are present. the time the
concentration 1s present ¢ for agent detection must be
short Modifications to the sample acquisition process
can be made that will allow a detection technology to
respond to low concentrations of agent by accumulating
the sample for a longer time (low Cand high 1) and also to
respond to high concentrations of agent in a short period
of time (high C and low ¢} For example, the MBAI
chemical agent point detector can be modified by using a
concentration module in the sample acquisition process
The mimmum detectable concentration for the device 1s
improved by a factor of 10 while the rapid response of the
detector to high concentrations remains the same The
concentrator module consists of a tube contaimng a gas
chromatography material (PORAPAK®*) The sampled

*Use of a trade name does not constitute endorsement by the
US Government

air passes through the tube 1n which agent 1s collected
Every 10 min the tube 1s rapidly heated and the agent 1s
evaporated By collecting the sample for 10 min and
allowing 1t 1o flow into the detector cell, a concentration
of agent 10 times the concentration of the air and agent
mixture i1s achwved Thus a low concentration of the
agent can be detected

One of the factors that directly affects the efficiency of a
gas chromatography column 1s the depth of bed of the
adsorbent By heeping the bed depth very shallow (about
6 mm), poor adsorption efficiency allows high concentra-
tions of agent to shp rapidly through the adsorption tube
and cause a fast response In this manner sensitivity 1s
improved for low agent concentrations without signifi-
cantly increasing response time

The detection technology that 1s selected must also
have good specificity so that compounds that maght occur
in a battlefield atmosphere (¢ g., smoke, burning rubber,
petroicum) do not cause false responses and interfering
compounds do not mask true agent responses It 1s
important to recogmze that specificity 1s not a part of
rehabihty, availabihity, and maintainabiity (RAM)—its
an essential requirement 1n itself

For example, in the M8A! alarm the detection
technology (use of an oxime that combines with nerve
agent to produce cyamide, which was detected clectroni-
cally) gave false responses to high concentrations of some
signahng smokes and to hexachloroethane (HC) screening
smoke because traces of cyamde were present. The
response of the device to signaling smokes was considered
a shortcoming only because signaling smokes are usually
disseminated over small areas and away from the detector.
The response to high concentrations of HC screening
smoke, however, was considered a deficiency HC smoke
can occur over large portions of the battlefield for long
periods of ume and 1n high concemtrations The problem
was corrected by introducing a prefilter in the sample
acquisition process to remove the HC smoke but through
which the agent would pass

When selecting the detection technology for an alarm,
as much data as possible must be collected in the areas of
sensiivity, response time, and specificity Testing for
these requirements 1n this phase can prevent longer time
delays and larger dollar expenditures than if problems
anse later 1u the development process. In general, reason-
able projecuuns of the performance of a technology n a
detector design can be made for its meeting other RDI
requirements Assessment of performance aganst other
criteria should be carefully weighed and total system
performance evaluated early in the selection stage and
continuously throughout the development cycle Testing
must be conducted not only 1n the laboratory but also
under the most adverse field conditions and at environ-
mental extremes to understand fully actual and projected
performance Over 100,000 h of testing were conducted
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during the development of the M8 alarm. Testing can be
reduced if many of the requirements for a follow-on
detzection system are simular to those for an existing item
and many of the components 1n both systems are the
samz Anexample is the development of the M8A] point
detector, for which testing was significantly reduced Two
factors affected this reduced testing requirement. First,
the M43A1 contains the basic flow system of the M8,
including the air pump Therefore, no hfe tests were
required on the air pump, and flow system tests for agent
absorption and desorption could be kept to a mimmum.
Second, the detector, the remote alarm circuitry, and
hardware from the M8 system were used in the M43A|
system Therefore, component testing again was reduced

During selection of the detection technology to be used
in the sample analysis process, how the projected fimshed
de~sign will meet all requirements for the system 1s
naportant For example, logistic requirements must be
considered early in development Point detectors, as
pteviously discussed, generally receive a wide distnbution
in the field The M8 point sampling system used a wet
chemical detection technology, which required chemicals
to be replemshed every 12 h The chemical resupply kit,
the M229, 150 04 m’ 1n size, weighs approximately 6 4 kg,
costs $75 dollars, and lasts for 15 days The BOI for the
al u:n specified overseas issue, which resulted 1n very high
transportation volume and cost Logistic resupply of
ch.micals for the M8 was among the main problems that
initiated the follow-on development of the M8A1, which
enmploys a physical method for detection that requires no
resupply of wet chemicals

If adequate testing of the detection technology used i1n
the sample analysis has been done, a number of the
pasameters, including all cntical parameters, should be
known This knowledge allows design of the sample cell
to be straightforward and the type and design of the signal
processing to be well-established Such varnables as
sawiple size (whether static or dynamic), sample flow rate,
temperature control, and signal-to-noise ratio, should
also be known

Component materials must also be evaluated Plastic
offers an attractive alternative to metal because it is easy
to manufacture at low cost Since the final cell design 1s
likely to be required in high quantities cost 1s a major
consideration Injection molding of a plastic cell 1s
relatively inexpensive, even if auxihary assembly or
secondary machining operations are required. Matenal
costs are also relatively low There are a number of
conditions to be considered, however, in designing a cell
made of plastic In a sample analysis cell that requires
close dimensional tolerances, the cold flow charactenistics
of the plastic during manufacturing must be considered
because dimensions can change and result in problems
such as air leakage Also the chemical constituents of
many plastics slowly migrate with time (This movement
occurs primarily 1n the activator used in the plastic ) and
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cause chemical compounds to be introduced into the
sample that mught cause false alarms. The problem is
further exacerbated by the unknown nature of some
plastic matenals since manufacturers will not release the
propnictary manufacturing processes for their plastics
Manufacturers may change chemcals at their discretion
provided the physical performance does not change from
that specified

Although the exact design of the signal processing
circuitry may not be established at this early stage,
particularly if complicated logic 1s required, an idea of the
scope of the design and the type of logic required should
be available from the testing accomphshed to date Data
from the testing must be the basis for the development of
signal processing, particularly in the arecas of signal
enhancement, noise suppression, and the effects of environ-
mental extremes

7-2.3.3 Response (Alarm)

The maimn function of the alarm process 1s to alert
troops to the presence of chemical agent in sufficient time
for them to take protective action By their nature,
however, point detectors cannot respond until the agent is
attheir location therefore, advance warning of a chemical
aitack cannot be given unless the detector 1s positioned
upwind from the using element. Furthermore, due to the
time required to mask and to take other protective
actions, no alarm, whether point or line of sight, can alert
unprotected soldiers to an on-target agent attack in
sufficient ime to prevent casualties. Soldiers under attack
must follow current doctrine Take protective action as
soon as projectiles, aircraft spray, or rockets start to fall.
With these hmitations the only useful warning apphication
of a chemical point detector 1s to warn the users of an
upwind chemical attack where the agent 1s being carned
by the wand to their location To accomplish this warning,
a detector placed upwind from the umit should send an
alarm signal (by wire or radio transmission) to an alarm
unit at the user’s location

In recent years another important application of point
detectors has been recognized to locate and warn of
hiquid chemical hazards on the ground or on equipment
This function 1s important for two reasons First, when a
hazard 1s detected, the user can bypass the area and avoid
being contaminated (contamination avoidance). Second,
the user can accurately locate the contamination on the
ground, vegetation, or equpment This advantage 1s an
important aid 1n decontamination, which is a time- and
labor-intensive process that has serious logistic impact
Therefore, any improvement in locating the contaminated
area by using a point detector offers sigmficant military
payoff

In addition, point detectors make excellent monitors
For example, they are used inside collective protective
shelters to momtor entry of any agent into the shelter
They can also indicate when the concentration level of
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agent drops below the design threshold level and aid the
commander 1n deciding when 1t 1s safe to reduce the
mission-oriented protective posture (MOPP) level

Each of these applications leads 1o different require-
ments for the response (alarm) process Response to an
agent attack can be accomphshed by visible (ight)and/or
audible (horn) means A remote alarm uses the same
means of warning Connection between the remote alarm
and the detector 15 accomplished by transmission of a
signal by wire or radio If the detectoris used as a monitor
for chemical agent contamination, some type of semiquan-
tititative indicator (generally visual) must also be em-
ployed The response process will be discussed, 1n the
subparagraphs that follow, in terms of its vanous warning
means

7-2.3.3.1

A visual detector response to chemical agents has two
uses an alert warning to take protective action and a
readout used primanly for decontaminzuon monitoring
that should be at least sermquantitative 1n output

The wvisible alert response to warn the user of the
presence of chemical agent can be accomplished best by
using a hght bulb The design 1s simple, circuitry 1s
straightforward, cost and weight are mimimal, rehability
is good, and maintenance 1s relatively easy. A visible alert,
however, has several drawbacks The user must be
looking in the direction of the alarm, sunlight can mask
the hght output, 1t draws considerable power, and
depending on size and intensity, it can be a beacon that
draws enemy fire at mght. A number of hight bulbs of
different sizes with different light outputs are available for
selection, and plastic transparent lens covers of various
colors can be used to provide the bulbs protection from
the environment Circuitry for both visible and audible
ajert warnings should contain a mechamsm to iock the
device 1n the alarm mode until 1t 1s manually reset by the
user The alarm locking mechamism ensures that the
operator knows an agent attack has occurred even though
the agent ievel may have dropped below the threshold
level needed for the device to stay in alarm mode Both
visible and audible circuitry should also contain a shutoff
switch or a volume control to reduce or elimnate hght
and sound when needed for secunty purposes

For warning purposes, an audible alarm s better than a
visible alarm because an audible alarm does not require
the user to view 1t for recognition Also 1t 1s easier to
design an audible alarm that can be heard over battlefield
noise than to design a hight that can be seen casily from a
distance under sunhght conditions For momtoring pur-
poses, however, a visual alarm is better than an audible
alarm Forexample, when monitoring for contamination,
an operator must be with the momtor to search for the
contamination. The operator can easily watch a meter to

Visuzal Response

7-7

pinpoint the contamination and to obtain a semiguantita-
tive estimate of the concentration

Selection of a visual indicator depends to some extent
on the operational use of the detector, and a wide vanety
of visual indicators 1s available from which to select The
most important design features to consider are rugged-
ness, low power draw, and easy readability under sunhght
condiions Consideration of human factors 1s important
when selecting the response indicators so that maximum
information can be transferred to the operator as rapidly
and simply as possibie

7-2.3.3.2 Audible Response

As discussed 1n par. 7-2.3.3 1, the audible alert 1s best
for warning, whereas the visual indicator 1s best for
monitoring, and the same circuitry can be used for either
apphcation For audible response a sound that changes
{requency in the 90 to 95 d B range will carry a considerable
distance over background battleficld noise The sounder,
or horn, must operate under extreme environmental
conditions and draw as little power as possible because 1t
may require power from the battenes for a considerable
ume For example, the M8 horn used 1n the M43 and
MA43A1 detectors meets these requirements,

The audible response 1s also better suited for detectors
used 1n combat vehicles and shelters The warning signal
from the detector can be fed into the intercom system of a
combat vehicle to alert the occupants The signal should
rise above, but not drown out, voice commumications
Also an audible horn 1s generally more effective than a
visible indicator in a shelter because many of the occu-
pants of shelters, ike those in a communications van,
have their attention focused on their work rather than an
alarm indicator

To provide maximum flexibility, all detectors should
contain both an audibie and visible alarm and a switch or
volume control that can regulate alarm signal output as
the operational situation demands The main dis-
advantage to such a design 1s the additional power drain
that results when both alarms occur simultaneously This
drain can be particularly significant in point detectors
using batteries as a pnimary power source A small,
hghtweight detector loses utility if it requires a heavy
battery Forexample, the operational power draw for the
M43 or the M43 A1 detector 1s about 3 W, Each detector
weighs 2 7to 3 6 kg, and the battery, shownin Fig 7-1,to
operate these devices for 12 h of continuous operation
weighs about 3 6 kg When an agent response occurs in
the detector, the detection function must cease while the
audible and visible responses are given. When the audible
and visible responses have been completed, the detection
function can resume The power requirement to sustain
both functions simultaneously 1s too great to meet the
requirement of 12 h of continuous operation
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Figure 7-1.

7-2.33.3 Remote Response Indication

Many operational concepts of use require employment
of an ancillary alarm that 1s remote from the detector. The
major function of the remote alarm 1s to provide an
advance warning of an upwind chemical hazard by a
detector placed upwind that transmits the alarm signal
back 1o the remote alarm Transmission can be ac-
complished by use of wire or radio signal The remote
alarm can also be used at fixed sites and nside shelters to
provide a similar warming function

Like the detector, the remote alarm generally contains
both a visible (ight) and audible (horn) indicator Power
for the operation of the remote alarm and 1ts response
indicators can be contained 1n the remote alarm so that
the detector 1s not burdened with the additional weight
and si1ze of the remote power supply

7-2.4 OTHER DESIGN CONSIDERATIONS

Other design considerations can be discussed best in
terms of the item requirement. In most cases these
requirements apply to both standoff and point detectors
The design considerations are discussed 1n terms of and
the order of the requirements (critena) histed in par 6-5
Designing a device for proper sensitivity, response time,
and specificity has been discussed in par 7-2 3 2

7-2.4.1 Agent ldentification

The designer has hittle flexibility during the design
process concerning agent identification If the detector s

Plastic
Case With
Batteries
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Components of the Primary Batteries for the M43 and M43A1 Detectors (Ref. 1)

required to1dentify the hazard agent either by class or by
individual agent, a sample analysis technique with this
capability must be selected Luttle can be dore during the
sample acquisition or response process to provide agent
wdenufication, therefore, the sclected sample analysis
technology must possess the capability for agent identfi-
cation The agent identification cntena, however, can
affect the sample acquisition and response processes,
particularly 1n the response process where additional
indicators would be necessary to pass the identification
on to the operator A quick general agent warming is suill
the most important nitial response cnterion so that
immedsate protective measures can be taken Once the
operator is protected, he can determine what agent or
class of agent s present Speed of response only for agent
identification 1s not as ymportant, so the response indi-
cator can be simphfied by using the operator for interpreta-
tion, such as interpreting a meter readout.

7-2.4.2 Automatic Operation

All warming devices for chemucal or biological agents
have the requirement for fully automatic operation
Semiautomatic operation, however, i1s a very desirable
characteristic for monitoring devices If the warning
function 15 to allow the user to take protective action
agamnst an agent hazard as rapidly as possible, the
detector must not depend on an operator 1n its response
loop because under the stress of combat or even when
performing noncombat duties, he/she cannot focus con-
stantly on the operation of the detector
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The requirement for automatic operation creates a
considerable challenge 1n the areas of reliability, signal
processing, response processing, and overall complexity
Fully automatic operation removes the user from the
operation of the device, which simplifies training but
increases the maintenance burden, and impacts on all
three of the detection process designs

Automatic sampling pumps must be designed for
sample acqusition The signal processing phase of the
sample analysis and response (alarm) processes cannot
depend on an operator to make decisions on the signal
output of the analysis and to sound the warning when
agent attack occurs The automatic pumps and warming
indicators also are the main users of power, which affects
the size, weight, and cost of the system

Semiautomatic operation for monitonng in the areas
of contamination avoidance and decontamination gen-
erally require automatic operation up to the signal
processing phase of sample analysis. Both of these
functions occur after the user has taken protective action,
S0 Instantaneous response is not required However,
rapid detection of contamination 1s still necessary For
example, using a monitor to detect contamination on
equipment involves passing the detector over the equip-
ment If the response time 1s long, the momitor will not
accurately report the actual location of the contamination
on the equipment

A companson of the M43A [ chemical point detector to
the M256Al Detector Kit 15 an illustration of the added
design complexity imposed by the automatic operation
requrement (This discussion also includes the un-
attended operation requirement covered in par 7-2.4 3)
The M256A1 kit performs the sample acquisition process
by a static samphng techmque using silica gel paper,
whereas the M43A1 detector requires an air pump with a
motor, iniet heater, prefilter, and an omnidirectional inlet
capable of operating in the rain or snow (The design of
the M256A1 static sampler and associated detector
technology 1s simple, but 1t was not inexpensive or easy to
develop Because of size, sensitivity, and time for col-
lection, static sampling had never been done before, and
its development represented a sigmificant technological
breakthrough Now developed, however, the M256A1
Detector Kit 1s inexpensive to procure, lightweight, ard
simple to operate in the field.) The M256A requires no
specific military occupational specialty (MOS) for opera-
tion, and only limited traiming 1s necessary In fact, the
training time necessary for operating the M256A1l 1s
much shorter than that for the M43A]l due to the
simphicity of M256A1 The two major drawbacks of the
M256A1 Detector Kn, however, are its labor-intensive
operation and 1ts lack of capability to provide immediate
warning Therefore, the M256A1 Detector Kit can be
used only as a monitoring device, whereas the M43Al
provides immediate warmng of the presence of achemical
hazard
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7-2.4.3 Unattended Operation

As described in Chapter 6, a system operating in an
unattended mode 1s fully automatic while being remotety
momtored. Much of the rationale, advantages, and
disadvantages of automatic operation applies to un-
attended operation Becausc unattended operation re-
moves the operator from the data gathering and analysis
loop, the requirement for this type of operation imposes a
more complex design on the signal processing and
warning processes of the detector The requirement for
unattended operation 1s more important 1n a warning
than 1t 1s in 2 momtoring application As in automatic
operation, unattended operation requires the use of an air
pump with a motor to acquire the sample, more complex
electronics for signal processing coupied with automatic
sample analysis, and a visible and/or audible warming
device to alert the user to the presence of a hazard

7-2.4.4 Agent Quantification

Agent quantification 1s necessary for those devices used
to locate contamination, and it 1s desirable in some
monitoring devices that must indicate a range of concentra-
tion When necessary, agent quantification limits the
selection of the detection technology used in the sample
analysis process because a continuous sample analysis
process must be used, such as the M8AI 1on mobility
detector, rather than a batch-type analysis process, such
as the M8 electrochemical detector The agent-detector
contact cannot be forecast, thus the time the detector
starts to sample an agent cannot be known This unknown
time prevents even a semiquantitative indication of agent
concentration 1n a batch process

7-2.4.5 Integrated Logistic Support (ILS) and
Logistic Support Analysis (LSA)
Considerations

Although logistic considerations are thoroughly dis-
cussed in Chapter 6 the designer must also consider ILS
and LSA requirements A good example of logistic
support analysis inputs into the design of hardware
occurred during the development of the M43A 1 detector
Recommendations or investigations made for LSA were

I Addition of decals on the cell module, electronics
module, and pump module that show part name and
number

2 Prowision for a plastic cover to protect the
electromcs module during handling when used as a spare

3 Provision for plastic covers to protect the pneu-
matic fittings and connectors of the cell module and pump
module during handhing when used as a spare

4 Addition of a warning label to the cell module that
states, “Radiation exposure can occur when cell moduie s
opened Cell should be disassembled only at depot level ™

5 Addition of a yellow and red caution label to the
cell that states, “Caution! Radioactive Material” and has
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a space for entening the name of the 1sotope, the amount
used, and the date placed into the detector

6. The temperature paddie in the XM 140 Chemical
Agent Automatic Alarm Test Set 1s reversible to eliminate
the problems expenenced when breakage occurs due to
forced insertion

7. Revisions of the top case assembly drawing for the
preproduction umts showing absence of the horn, meter,
and other easily removed items to allow identification of
the top case assembly as a spare item 1n this configuration

8 A special ball end hex drive wrench to remove the
subassembly housing was added as part of the XM 140

9 Provision of all floating-type chassis connectors
that mate with plug-in floating-type modules to decrease
damage due to misalignment caused by tolerance buildup

10 Provision of a raised section adjacent to the hole
on the chassis assembly to act as a guide to ensure that the
ho'e in the chassis assembly aligns exactly with the hole in
the air inlet housing for proper installation mating with
the pneumatic fitting on the cell module

11 Use of screws and nuts (not rivets) to secure all
turn-lock receptacles on the detector umit

12 Addition of an instruction plate on the bottom
casc assembly with the inscniption that follows

USUAL RESERVICING INSTRUCTIONS
(Refer to TM-3-6665-312-12 for detailed 1nstructions )

1 Start
a Unscrew plug and close air unlet
b Install flowmeter

2 Check battery voltage

3 Check airflow

4 Operate for S min or until meter reading 1s 1n green
band.

5 Press bit switch Alarm should sound

6 Use test paddie. (Refer to TM-3-6665-312-12)
a Disconnect power
b Remove air filter and discard if dust laden
¢ Install test paddie
d Connect power Alarm should sound
¢ Disconnect power

{ Remove test paddle
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g Install air filter
h. Connect power
7 Remove and store flowmeter

8 Turn air inlet to “*Open” and replace plug.

ILS and LSA considerations are contained in the
technical data package (TDP) for the item The TDP 1s
the most important output of the development program
Too often, shortcuts in the preparation of the TDP and 1ts
venfication are taken durning the development program in
order to meet schedules or to stay within cost constraints
The development engineer concerns himself with type
classification of the item, which 1s based upon the
performance of the hardware against the requirement
However, the only way the item can subsequently be
produced in quantity and provide the same level of
performance 1s through the TDP

A good example of the problems caused by poor
quality preparation and venfication of the TDP occurred
during the development of the M43 detector Ths
detector uses a reinforced fiberglass case that consists of
both an exterior and an intenor shell with Freon-filled
fiberglass insulation and an electrical heater filament
between the two shells This case was required to a ! 5-m
drop test onto a hard surface at each of 1ts corners when
loaded with the detector weight During development the
cases were fabricated by hand lay-up, a slow and costly
fabrication method

During the development phase only enough cases were
manufactured for the developmental and operational
testing (then termed DT/OT) These cases passed the
drop test To save time and money, no additional cases
were manufactured and disassembled to venfy the wall
thickness and insulation umformity of the case against the
TDP requirements Only external case dimensions were
checked against the TDP Dunng imtial production
testing, the cases failed the drop test at the corners
Subsequent analysis showed the TDP did not represent
the cases used during DT/ OT because the corners of the
test cases were much thicker than required by the design
drawings The analysis and correction of the TDP
problem resuited in production downtime of five months
and a large expenditure of additional funds It also
delayed fielding of the 1tem for five months.

7-2.4.6 Environmental Requirements

The need to operate an agent detector under acomplete
range of temperature conditions, 1 ¢, 1n rain, fog, or
snow, creates significant additional design problems for
the developer For example, the M43 and M43A1 de-
tectors use an aqueous detection solution that freezes at
approximately —1°C In addition, the sample acquisition
airstream should be heated to approximately 35°C for
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proper conversion prefilter reacion The heating re-
quired to maintain these operating temperatures is ac-
comphshed by .using electnical energy from the battery
power supply Fig 7-2 shows the mcrease in power
consumption as a function of decreasing temperature for
the M43 detector The increases in power drawn from the
pnmary battery supply reduce battery life from seven
days of continuous operation at 21°C to only 12 h at
—40°C Although the reduction 1n battery life 1s very
large, the power draw of 18 W at —40°C was improved
after substantial design effort on the case, the sample
acquisition insulation, and the heater

The requirement for a detector that must operate
unattended for periods of up to 12 h and must function
under rain or snow conditions presents another challenge
to the designer The rain and snow cap developed for the
M43A1 detector and shown in Fig 7-3 offers asolution to
this problem

The screw-on cap comes with an umbrella plasticcap A
that fastens to the standpipe B by a snap ring held to the
umbrelia cap by four supports The distance from the
iside of the umbrella cap to the outside of the standpipe
C 1s large enough to prevent large raindrops from being

f
5l 2
Figure 7-3. Rain or Snow Cap (Ref. 1)

drawn into the detector, but 1t will allow agent particles to
flow in freely The umbrella cap A can be snapped off of
standpipe B 1n snow conditions to prevent snow from
building up and clogging the air inlet

Operation under sunhght conditions 1n a hot environ-
ment also can affect detector performance with respect to
detection technology and/ or the detector electromics The
best protection available currently is to use a field-
expedient, natural or artificial sunshade for the equip-
ment The sunshade should not influence the natural flow
of air over the detector, disruption of the flow could
degrade sample acquisition
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T =T T
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Figure 7-2.
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M43 Detector Power Consumption at Low Temperature (Ref. 2)
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7-2.4.7 Size, Weight, and Power Requirements

The critena for size, weight, and power are discussed 1n
Chapters 5 and 6 as are the constraints these requirements
place on the design of agent detectors

7-2.4.8 Reliability, Availability, and
Maintainability

Rehability, availability, and maintainabiity (RAM)
charactenstics are defined in Chapter 6 Common terms
for rehabihty must be agreed to among the user, the
developer, and the tester as carly as possible in the
program Such terms as mean-time-between-failure
(MTBF), mecan-time-between-false-alarm (MTBFA),
mean-time-between-mission-stoppage (MTBS)* must
have common terms of reference and quantitative
numbers assigned to each factor The type of event that
constitutes a faillure must also be assigned. Wherever
possible, components should be modular for quick and
easy replacement and should allow fault isolation to
determune the cause of the failure

7-2.4.9 Manpower and Personnel Integration
(MANPRINT) and NBC
Contamination Survivability

These 1mportant requirements apply to all Army
equipment and are not unique to detection equipment
The appropnate Army regulations and pamphlets for
these critena thoroughly cover the need for, and ways of,
designing them These requirements are discussed 1n more
detatl in par 6-6 3

7-3 CHEMICAL STANDOFF
DETECTORS

7-3.1 THREAT

Chemuical standoff detectors can provide detection of
and warning against the same threat agents and physical
forms as chemical point detectors The standoff detection
systems detect vapors and fine aerosols very efficiently In
a passive standoff detector such as the XM2I, as the
particle size of the aerosol or hquid droplet increases, the
sensitivity decreases until at larger particle sizes the
detector has very poor sensitivity or none at all The laser
standoff detection system that uses backscatter radiation
can detect larger particle sizes (See pars 7-33 14 and
7-3321)

Infrared (IR) standoff detectors offer unique potential
for direct detection of hquid chemical agent on the
ground or on equipment, one of the major hazards

*MTBS is the time interval in which any failures or false alarms
occur that prevent successful completion of a 12-h mission
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anticipated on the chemical battiefield. The main ad-
vantage of standoff detectors 1s theur ability to detect the
hazard produced from the threat at distances of up to five
km from the detector hardware Similarly, the standoff
detectors need a line of sight of considerable length (at
least 100 m) for detection, but conversely, they cannot
operate when the line of sight 1s obscured, interrupted, or
in closed environments, such as vehicles, vans, or shelters

Because of the principal advantages and disadvantages of
standoff and point detectors, their best use 1s as comple-
mentary devices

7-3.2 REQUIREMENTS (CRITERIA)

Different operational situations generate different agent
and hazard information needs, which can vary across the
battlefield according to operational situations Not only
will the information needs differ between the battlefield
units, but the charactenistics of the point and standoff
detectors used by the units can also vary significantly The
same rationale discussed in par 7-2 2 should be used to
establish a set of requirements for a standoff detection
system for the combat user

In the context of the four battiefield situations, the need
for remote detection focuses on each umt’s ability to
receive and process information concermng battlefield
hazards 1n time to warn troops to take protective action
Remote detection has a lesser role in the combat and
combat support (CS) and RECON battlefield situations
than 1t does 1n the CSS and fixed site environments

The highly mobile combat and CS units require real
time detection, and their detectors must be capable of
operating while on the move In this situation, response
time 1s more critical than detector sensitivity Simularly,
the mission of NBC reconnaissance is 1o 1dentify and map
contamination of battlefield positions, movement routes,
and other contaminated sites Because of the rapid pace of
reconnaissance operations, remote detechion becomes
impractical

In situations that are less mobile, such as the CSS unit
environment and fixed sites remote detection can provide
advance warning of attacks conducted against targets
upwind of the operational area Such operations as
airfields, ports, rear supply trains, and other units that are
in fixed or semifixed posit.ons, e g, supply trains and
field hospitals, can effectively use remote detectors to
provide advance warmng of an attack

Table 7-2 summarizes detector performance criteria
across all four battlefield situations
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TABLE 7-2. BATTLEFIELD NEEDS VERSUS DETECTOR PERFORMANCE CRITERIA
(Ref. 3)
REQUIREMENTS COMBAT AND €S CSS RECON ‘FS1
Agent detection all known and unknown agents in all physical states
Response time real time on demand
Sensitivity detox level
Accuracy very high per 72-h mission
Size man-portable . must fit in vehicle adjustable
Data «——— automatic and must interface ., compatible with  compatible with Corps/
transmission with warning system Dwvision/Corps orgamzation,
nets automatic
Transmit instantaneously usable
service/set up-
take down
ume
Consumables ————————  f{or 72-h mission for 24-h mission —————
Alarm tnigger automatic
Environmental hot. basic, and cold (AR 70-38)
conditions
Power internal with size constraints unrestricted
RAM rehabihity—500 h MTBF~

availlabihty--23 of 24 h

maintainability—90% correctable

Conventional
attach

high probability of survival

NBC attack AR 70-71 for NBC
AR 70-60 for nuclear

Idenufication

identify all known, adaptable to unknown

Operator
requirements turnkey, common skills
Rugzgedness MIL-STD-810
Range immediate 3 km’ 3-12km 3 km’
operational
area
Capability 10
operate mobile high

Quantification

quantify all known, adaptable to unknown

Reset ime

continuous — —
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7-3.3 COMPONENT DESIGN

Standoff detection design differs from point detection
design pnmarily in the sample acquisition process because
it measures the average agent concentration along a line-
of-sight of considerable distance from the detector (up to
five } m) The point detector measures the agent concentra-
tion only at the location of the detector

Unlike chemical point detectors, standoff detectors can
cover large arcas of the battlefield from a fixed positionn
arelatively short period of ime Thus feature sigmficantly
reduces the number of detectors required by the opera-
tional unit to provide adequate warning Standoff de-
tectors, however, placed inside cannot provide warning of
agents entering enclosures for personnel in vehicles, vans,
and shelters because these detectors require a long path
for sensiive operations As indicated previously, the
teniative BOI for the XM21 standoff detector is one per
NBC reconnaissance vehicle This relatively low distn-
bution means that the component cost factor, although
always important, 1s not as important as 1t 1s with point
detectors

Standoff detectors are generally more complex in
design and operation than point detectors Itis, therefore,
ver / important that the system developed be as modular
as possible and have built-in fault 1solation for maintain-
ability and sumphieity Also equipment operation must be
designed to be as simple as possible in order to conform
with MANPRINT requirements

7-3.3.1

The operational use differences between sample acquisi-
tion in point and standoff detectors were discussed in
Chapter 5 If the requirements dictate the need for
standoff detection, the sample acquisition device requires
substantial engineering design to achieve adequate signal
nformation for input into the signal processor The
XM21 standoff detector best illustrates the complex

Sample Acquisition

engineering design of a passive sample acquisition device
The discussion of each component in the sample acquisi-
tion and analysis for standoff chemical agent detectors 15
extracted in part from Ref 4

Fig 7-4 shows the functional block diagram for the
XM21 Remote Sensing Chemical Agent Alarm The
sample acquisition device includes the entrance window,
spatial scanner, spectrometer (containing the reference
source, interferometer, and IR detector), and cryogenic
cooler Each of these functional parts 1s discussed in the
paragraphs that foliow

7-3.3.1.1 Entrance Window

The entrance window 1s a germanium window with
antireflective coatings on both sides to improve trans-
mussion The front coating 1s durable because it must be
exposed to the atmosphere and the elements, whereas the
inner surface has a high-efficiency coating The window
maintains the pressure barrier of the detector, and 1t
permits transmussion of the IR energy in the 8-12-um
region The window 1s specially taped to increase its
conductivity to less than 0 03 um, which allows 1t to be an
integral part of the electromagnetic interference (EMI)
and electromagnetic pulse (EMP) shielding of the XM21

7-3.3.1.2 Spatial Scanner

Standoff detectors view the area of detection interest
along a single line of sight or instantaneous field of vizw
(IFOV) To monitor an upwind area for an agent cloud,
three options are available (1) to use a large number of
detectors (not cost-effective), (2) to rotate the entire
detector mechanically and automatically across the
sample area, or (3) to install a spatial scanner within the
detector head that performs the same function as option
(2) The XM2] Remote Sensing Chemical Agent Alarm
uses option (3), which 1s the simplest and most cost-
effective method The spatial scanner directs the IFOV of
the interferometer to seven discrete azimuth positions

tnput Power
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Visual il T N
Sighting Operator Power Bus
Scope / ower Bu
Audible
Emranco\ [ l 7 \\\ Operator
Window Spatal || | Reterence I nedocometer 1R be{ Analog | Signai  —| Controts and Visible
Scanner | Source Detector {44 Signal ]+ Processor |*—{ Alarms s
IR Electronics
1 Spectrometer I ‘
Power L L s
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Power Bus Sotiware and
T Algonthms
I
Input l
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Figure 7-4.

XM21 Detector Functional Block Diagram (Ref. 4)
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along a 60-deg, honzontal angle

Positioning the scanner to each of the seven discrete
azimuth positions is controlled by the signal processor
dunng the collection and data processing function A
potentiometer is connected to the spatial scanner and can
be read by the signal processor, this feedback 1s used to
verify the movement and location of the scanner A
normal scan cycle includes a data-gathering rotation and
areturn rotation The data-gathering rotation consists of
a J0-deg murror rotation to yield a 60-deg field of regard
(The field of regard s the field of view the detector 1s
scanmng al a given point 1n time ) The seven scanning
positions are spaced along the 30 deg of mirror rotation,
consequently, the mirror must travel 5 deg between each
step to yield 10 deg between each IFOV After processing
at the seventh scan position, the scanner returns to
position | by reversing direction and backtracking over
the data-gathering path. A complete scan cycle requires
less than one min to complete

7-3.3.1.3 Spectrometer

The spectrometer receives the IR radiation from the
scanner and generates the electronic signal that 1s pro-
cessed to produce the alarm The components of the
spectrometer are the reference source, the interferometer,
and the IR detector

7-3.3.1.3.1 Reference Source Assembly

The reference source assembly 1s used during the
normal and the system test modes of operation and
contains a polystyrene filter assembly, blackbody plate,
and associated electronics

During the normal mode of operation, the blackbody
plate 1s a constant source of radiation used to test signal
levels and signal-to-noise ratios

During the system test mode, the reference assembiy 1s
used to flip a polystyrene test filter into the optical path of
the IR detector The polystyrene test filter must be
detected duning the confidence test function

7-3.3.1.3.2

The XM2I interferometer 1s based on a single-cube
Michelson design, shown in Fig 7-5, thats a fixed plane
MIITOr 1N OnNe axis, a moving mirror in a perpendicular
arm, and a Ge-coated ZnSe beam sphtter Itisthe heart of
the XM21 sample acquisiion and sample analysis In-
terferometers are characterized as hmgh-throughput de-
vices because they do not require slits to achieve resolu-
tion performance The device converts the incoming
radiant energy into an interferogram

The incident radiation 1s divided into two beams, as
shown on Fig 7-5(A), using a 50% reflective and 50%
transmissive beam sphitter Each beam 1s then redirected
by mirrors back to the beam splitter where they combine
constructively or destructively depending on the relative

Interierometer

path differences traveled by each beam and the frequency
content of the incident radiation The combined radiation
1s directed to an IR-sensitive detector. Variation in path
iength 1n one arm of the interferometer (which ac-
comphshes the IR frequency sweep) 1s done by moving
the physical posiion of its mirror As the moving murror
moves back and forth, the distance x between the fixed
murror and the beam sphtter vanes with respect to the
distance between the beam splitter and the moving mirror
and causes phase differences due to the different path
length ineach “leg” of the interferometer Therefore, each
input frequency yields a cosine wave with a umique peniod
and amplitude The corresponding alternating current
(ac) signal generated by the detector 1s called an inter-
ferogram and 1s shown in Fig 7-5(C) This interferogram
can be mathematcally transformed to produce an IR
spectrum

To meet the users’ stability and ruggedness (shock and
vibration) requirements, the XM21 includes a flex pivot
design for all points of rotation of the moving mirror, as
shown 1in Fig 7-6 A flex pivot allows rotation in one
plane while allowing very shght deflection 1n the per-
pendicular direction Due to the short physical retarda-
tion of the moving murror (approximately 1 25 mm), no
significant vertical displacement of the moving mirror in
relation to the fixed mirror occurs

Another important feature of this design 1s the use of a
single-cube interferometer Both the laser and whate hight
beams pass through the same beam splitter and reflect
from the same murrors as the primary IR signal The
interferograms from these two sources are used to start
the sample acqusition process and determine the sample
mnterval of the signal interferogram, therefore, a signifi-
cant gain 1n resistance to the relative drift between
components 1s achieved This resistance to component
dnift results in a device that is very insensitive to thermal
expansion problems

7-3.3.1.3.3 IR Detector Assembly

The 1R detector assembly has two detector elements,
the germanium detection lens and the field stop, all
housed 1n a dewar (a thermos-like device) that s cooled to
~191°C, which fowers background noise due to thermal
emission Lowenng the background noise increases the
signal-to-notse ratio and sigmficantly increases sensitivity
The detector element 1s 2 photoconductive mercury-
cadmium-tellunium crystal that 1s very sensitive to radiant
energy The field lens umiformly distributes the image
across the face of the detector crystal, as shown in Fig
7-7 This distribution averages out areas of nonuniform
responsiveness across the face of the detector effectively
and ensures a uniform response across the field of view of
the sensor The field stop ensures that the detector views
only the mghly transmissive and highly reflective optics of
the system that are at ambient temperature
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Figure 7-5. Michelson Interferometer (Ref. 4)

/-3.3.1.4 Laser Standoff Detector

An ahernate method to passive sample agquisition
using infrared standoff detection 1s to use an active laser
as the energy source rather than background emissivity
The laser 1s collocated with the detector, and s energy
output 1s focused along the field of view of interest in
relatively intense pulsed wavelengths 1n the IR region of
the spectrum Part of this energy 1s backscattered to the
detector by dust and other particles in the atmosphere, the
backscattering provides the analytical energy for the
detecion This technique of differenual adsorption/
ditferential scatter offers several distinct advaniages over
4 passive IR system By timing the pulses of the laser
againsiits return signal, the discrete average concentra-
ton of agents along portions of the path length (for
example, 100-m segments) can be measured rather than
integrating the concentration along the entire path length
4s 1n passive detection In this way. a true picture of the
concentration cloud profile of the agent can be obtained
and mapped electronicathy

The most important feature of a laser system 1s its
potential to measure directly hquid agent 1n the air or
deposited on surfaces, such as terrain or equipment, due
to the IR scattering properties of the liquid agent Most
other methods of detecting deposited liquid depend upon
sampling the agent vapors above the deposited liquid
agent These methods can have particuiar difficulty when
detecting the low-volatility, persistent agents, especially
at low temperatures where the agent volatihity 1s reduced

The engineenng technology associated with laser stand-
off detectors s not as advanced as that of passive systems
The two main problems associated with laser standoff
detectors are (1) obtaining a lower power laser that emuts
in the proper spectral region and possesses sufficient
operating hife and (2) the development of signal-processing
interferograms and algorithms capable of handiing the
complex signals from the detector for sensitvity and
specificity
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7-3.3.2 Sample Analysis
7-3.3.2.1 Detection Technology

For standoff detection, selecion of a detection tech-
nology 1s very mited Detection technology that senses
changes 1n the IR energy of an agent cloud is the only
technology presently available The technology can be
further broken down inito active ur passive detection A
passive standoff chemical agent Jetector, such as the
XM21 alarm, analyzes the spectral characteristics of an
atmosphere by using the radiance differences between the
vapor cloud and the radiation source behind the cloud
refative to the position of the detector For a umform
blackbody radiation source (Natural and man-made
objects are essentially blackbodies at 10 pum in the IR
spectrum ), these radiance differences can be expressed in
terms of temperature differences without regard to spec-
tral frequency An active standoff chemical agent detector
operates on the same radiance differences but obtains its
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energy from the backscatter of a larger IR source from a
laser within the detector

An example of how passive 1R detectors can possess
sufficient sensitivity to meet the users’ requirements can
bc shown by comparing the XM2] noise equivalent
temgperature change A 7 with typical real-world values of
AT The XM2I noise equivalent AT 1s approximately
0 01 deg C for a pure blackbody source (emussivity = 1)
temperature difference 1f an expected target cloud emis-
sivity 1s approximately 0 1 and there s a 2 to 5 signal-to-
noise rat10, for accurate detection the effective AT150 2 to
05 deg C Typical real-world values of AT based on
analysis of XM21 field trials are substantially higher, as
shown in Fig 7-8

A point sampling detection sensitivity 1s measured 1n
tecrms of Cr A standoff detector integrates the energy
d\fference from agent along the line of sight, therefore, 1t
cannot directly measure concentration An IR detector
detects a signal based on average concentration C withina
cloud multiplied by the cloud path length L and yields the
concentration path length CL Forexample, acloud with
an average concentration of 10 mg/m’ and a path length
(along the line of sight) of 15 m yiclds the same signalas a
cloud having a concentration of | mg/m’ and a 150-m
path length The CL for either case 15 150 mg/m’
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Figure 7-8. Typical Real-World AT Ranges
Based on XM21 Field Trials (Ref. 4)

Standoff IR detection 15 based upon the spectral
features in the 8- to 12-um region. This region 1s a
relatively clear atmospheric “window™ under various
weather conditions There are a number of battlefield
compounds that possess strong IR absorption features in
this region that are similar to chemical agent absorption
dust, phosphorous smoke, other mihtary smokes, ex-
plosives, and other hot sources The spectral characteris-
tics of an agent and an interferent are shown in Fig 7-9
The basic spectral features of chemical agents are the key
to detection, whereas the spectral differences the inter-
ferents exhibit provide a means to discnminate

7-3.3.2.2 Signal Processing

The difficult nature of the detection problem requires
that both the optical sensor and the signal processing be
optimized A good example of how optimization can be
accomplhished occurred during the development of the
XM21 alarm The signal processing steps, 1 € , detection
and discnimination algorithm development, are discussed
in the final report on that program (Ref 4) This
discussion 1s Appendix A

7.3.3.2.3 Detection on the Move (Autonomous
Background Compensation)

The XM21 detection and discrimination algorithms are
dependent on their ability to perform a background
subtraction step that removes unwanted features fromthe
spectrum This allows the agent or no-agent decision to be
made without the complications introduced by spectral
constituents of the background scene Interest has in-
creased tn using the XM21 on a moving vehicle, however,
detection from a moving vehicle prevents the use of
background subtraction because the background 1s con-
stantly changing

T o solve this problem, autonomous background com-
pensation (ABC) algorithms were developed to ehminate
the need for background averaging and subtracting Each
scene spectrum 1s processed autonomously, or without
reference to the previous spectral history of that portion
of the scene, to compensate for the rapiudly changing
scenes The ABC algonthm processes the data and
compares them to a set of numbers that represents the
agent of interest The output of this process is a number
that represents the level of agreement of the unknown
data set to the neat agent The size of the quantifier
(positive direction) indicates the strength of this agree-
ment, a greater positive direction equates to a higher
confidence in the decision power
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Figure 7-9. Spectral Features of Agent and Interferent (Ref. 4)

7-33.3 Response (Alarm)

The operational requurements for response to the
chemical threat are the same as those discussed for point
sampling detectors except the need for a remote alarm 1s
limited primarily to fixed site applications. The alarm-
operating circuitry and hardware for standoff detectors
are very similar to those used in point sampling detectors
The only significant additional need for standoff detectors
1s a series of hights or a position meter that shows which
field of view the detector s scanning and that an agent was
detected 1n that field of view The status of the hights or
position meter can be controlied by the signal processor
of the device by an input/ output (1/O) board. The use of
an indicator that shows which fields of view contain an
agent allows the operator to determine cloud position and
the distance traveled over ime

The operational need of troops operating under combat
conditions may govern design of the audio and visual
signals chosen for agent response For example, in some
cases 1t 1s desirable to have the audible and wisible
responses as loud and bnight as possible to warn troops
over a large area In other cases, such as an advance
outpost, both sound and brightness must be held to a
minimum. In addition, if detector response 1s hinked with
other communication nets, the response should not
interfere with other tactical commumications For ex-
ample, 1if the detector 1s mounted on a tank and the
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detector response 1s hnked with the tank communication
systcm, any alarm should not interfere with vital voice
communications under combat conditions

7-4 BIOLOGICAL DETECTORS

The biological agent threat, which includes both patho-
gens and toxins, and its impact on detection requirements
are discussed 1n Chapters 2 and 3 The major design
impact for detection of biological agents compared to the
impact for detecuon of chemical agents is the vastly
increased sensitivity required This requirement 1s based
on the fact that a given mass of biological agents 1s more
toxic than the same mass of chemical agents (Biological
agents, excluding toxins, are not usually described 1n
mass units, i.c., organisms per cubic meter, not kilograms
per cubic meter.) As explamned in Chapter S, the require-
ments to increcse sensitivity also impact the rejection of
interfering matenials (specificaity) and the fact that a
number of nontoxic, proteinaceous materials are present
in the atmosphere 1n much greater concentrations than
the agents

At the present time there are no biological detection
technologies that approach meeting the requirements for
agent sensiivity and specificity (See Chapter 4 for more
discussion ) This fact 1s true for both point sampling and
standoff detector technologies The approach to date and
in the foreseeable future uses the principle of collecting
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large quantities of the atmosphere and concentrating it
1nto a small amount of iquid or air (sample acquisition)
The larger particles of interfering matenals that are
naturally present in the sample are selectively rejected by
physical means and thus improve the specificity If this
technique can be successfully and reliably employed, then
various biological detection technologies can be con-
sidered for exploitation

7-4.1 THREAT

Much of the information on biological agent threats 1s
not available mn open hterature. Generally, biological
agents are sohd and may be dispensed 1n solid or aerosol
form Asdiscussed in Chapter 2, biological agents present
an 1nhalation and ingestion threat Dispersed as fine
acrosols, biological agents with particle sizes of less than
10 um can be inhaled by unprotected troops Biological
agents also may be used to contaminate food or water
supphes and thus create an ingestion threat

Biological agents are living organisms that die rapidly
after dissemunation They do not survive well outside their
natural environment and are prone to decay from such
environmental conditions as sunhght Because of the fine
aerosols that can be achieved with some dissemination
systems (3 to 5 um), biological weapons can contaminate
large areas

Because biological agents can build up in the body over
ume, the detector 1s required to have have very high
sensivity, response time, however, can be slow Detector
requirements are stmilar to those for nonpersistent chemi-
cal agents but require much greater sensitivity and slower
response time

7-42 REQUIREMENTS (CRITERIA)

The requirement to detect biological agents 1s bounded
by two major difficulues (1) the abihity to differentiate
between agent and other battlefield or environmental
interferents and (2) the ablity to detect small aerosols
across large areas Inthe Reconnaissance, Detection, and
Identfication Master Plan (RDIMP), requirements for
detection of biological and chemical agents are simular
Detection systems are required to detect all known and
unknown agents in real time (<5 s) prior to incapacitation
wherein 5% of the target population 1s infected (Ref 3)

7-4.3 COMPONENT DESIGN

Sample acquisition, sample analysis, and response time
(or biological agents must be more specific than processes
{or chemical agents Biological particles are disseminated
in particle sizes of less than 10 um Therefore, the volume
of samples collected tends 1o be larger than that of
chemical agents

The analysis process 1s comphicated by the life span of
biological agents Biological agents are hving organisms
that die aver time, especiallv when exposed to certain
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environmental conditions, such as sunlight I they survive
and infect personnel, symptoms are delayed for as much
as 1 to 3days This delay affects both sample analysis and
the resultant response time

The following paragraphs discuss sample acquisition,
sample analysis, and response time as they relate to
biological detection and warning Specific design require-
ments are highlighted

7-4.3.1 Sample Acquisition

Because biological agents are generally employed in a
sabotage role against rear area fixed installations,
sampling techniques are less stringent in terms of size,
power, and weight of instrumentation Therefore,
sampling techniques using high volumes of sampled air
over extended peniods of time can be used This method
offers higher detection probabilitses and increases sens:-
uvity by differentiating between particle size and back-
ground interferents

The best example of a high-volume sampler with
particle size selection 1s the sample acquisition process
used 1n the XM19 alarm Fig 7-10 shows the XM19
functional block diagram The sampied atmosphere 1s
drawnnto the unit at a rate of approximately 1100 L/ min
over a preimpactor The preimpactor removes extremely
large particles through a two-stage impactor, which in
turn selectively eliminates larger particies into the post-
impactor where only particles in the 2 5- to 10-um range
are collected Airis drawn from the postimpactor concen-
trator at a rate of 15 L/ min into an air impaction nozzle,
which impacts these small particles onto a siowly moving
tape where they are chemically treated and analyzed
(Ref 6) Fig 7-11 shows an improved design concept of
the collector concentrator that 1s easy to operate and
clean in the field This type of collector concentrator can
efficiently collect all of the small particles (2 to 10-um
region) in 1100L of air and concentrate them on a small
spot of moving paper tape while 1t selectively rejects those
particles above 10 um in size even though there are many
more particles in the larger size range

The main drawbacks to this type of sampler are its size,
weight, and power requirement To operate efficiently,
the unit must operate at a pressure of approximately 2 49
kPa To move 1100 L/min of sampled air against this
partial vacuum, a Rotron blower was used This bloweris
large and required 220 W of power, but 1t was very reliable
and demonstrated the tradeoff opportunities in design

7-4.3.2 Sample Analysis

Over the past 40 years, many biological detection
concepts have been invesugated Biological matenials
disseminated in particle sizes of 1 to 5 um are sufficient for
introduction into and retention by the human respiratory
tract The continued viability of an aerosol cloud of such
particle size 1s subject to turbulent environmental factors



Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)
Prewmpacior Sample Tape Cannoge Coramned
100 L ven
Colecior
Cornoentrasor
PP A

T =S
|
e L

Iyactor Termperature-
-f J 25 0 10-um Parucies 3 Assembh Controded
F—j Ermronment
Postimpactior Fiow Rate
v,
Ph Mo c
i Tube

Waming wat Promuxed
Lrmp and Horm Rosgerts

g <ssg

Figure 7-11. Collector-Concentrator
Concept Design (Ref. 7)

7-21

such as humidity, wind speed, and solar radiation, during
cloud travel and eventual residence 1n the host organism
A primary concern in biological agent sampling is the
ability of the detector 1o discriminate between hving and
dead agent orgamisms as well as among other biological
matenals that may exist in the environment

A recent development effort, the Biological Detection
and Warning System (BDWS), incorporated a sample
collection device to gather and store a sufficient volume of
matenal to enable detection of the agent The sample was
maintained in a transport medium for laboratory analysis
at alater ime Because biological agents have incubation
periods of | to 3 days, the analysis was more effective
when delayed This effort, however, was abandoned 1n
1983 because operational requirements were not met

Past rescarch and development efforts have used both
point and standoff technologies for biological agent
detection Techmques common to chemical detection,
such as hight detecion and ranging (LIDAR), chemi-
luminescence, and mass spectrometry, have been evalu-
ated for biological agent detection apphcations Each
technology addresses the ability to separate agent
matenials from other battlefield interferents LIDAR
assumes the presence of tryptophan, a compound com-
mon to most biological maternials, to sample fluorescent
materials The LIDAR technology requires a igh concen-
tration of matenal present at the sampling locations
Chemiluminescence was terminated due to the size and
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complexity of the instrumentation required as well as to
insufficient background specification (Ref 3).

The remaiming technology, mass spectrometry, is onc
of three selected by the RDIMP for future research and
development (R&D) Microsensors and DISC/DIAL,
the other two technologies selected for standoff detection,
are also considered the best available technologies to
pursue for future applications Current development
efforts are using a combination of mass spectrometry and
microsensors The CB mimdetector, that 1s currently
under development, 1s modular and uses antibodies for
specific agents including some toxins, bactena, viruses,
and nickettsias Through identification algorithms, the
CB mini-mass spectrometer uses patiern recognition
rechniques to provide specific information on types of
- hermical and biological agents

A combination of technologies has also been evaluated
for sampling unknown agents One such combination,
receptor sites and microsensor technology, will allow
rapyd detection of generic agents

7-4.3.3 Response (Alarm)

The response requirements for biological detection are
dentical to those for chemical agents The RDIMP
requires real-time (<5 s) response for incapacitation of
5% of infected personnel and 2 muin for detoxification and
threshold response for 5% of affected personnel

Detector design challenges for biological detectors
include discrimination of biological agent matenals to
provide rapid warming and analysis of the sample to
provide real-time information to the user
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APPENDIX A
SAMPLE-SIGNAL PROCESSING:DESIGN

Signal processing 1s required 1o condition the output signal of the sensor and process it into a form (in this
case agent or nonagent decisions) useful 10 the user FEach of these processing steps 1s discussed in this
appendix This appendix is taken entirely from Ref |

A-0 LIST OF SYMBOLS

/= a negauve power of 2
R, = unflipped dot product response
R; = flipped dot product response

S = spectrum vector

W = discriminant vector

A-1 DETECTION AND DISCRIMI-
NATION ALGORITHMS
PROCESSING STEPS

A number of well-known signal processing and pattern
recognition algorithms have been combined to produce
the desired results Fig A-I shows the steps in the XM21
signal processing chain

A-1.1 SIGNAL AVERAGING

The inherent signal-to-noise ratio of the output signal
of a sensor can be improved by the square root of the
number of measurements averaged if that signal 1s
constant and the noise 1s random Both of these condi-
tions are true for the short time durations over which
XM21 signals are averaged Because subsequent steps in
the signal processing chain, most notably the fast Fourier
transform (FFT), require considerable calculation time, 3t
has been possible to overlap signal averaging for one
measurement with the remainder of the processing for the
previous measurement in real time using multuitasking
software Thus after the first measurement 1n a sequence,
succeeding measurements are signal averaged without
inccuring any time penalty Currently, the XM21 averages
eightinterferograms for a signai-to-noise improvement of
approximately 2.8 The interferometer operates at about
five scans per second; this i1s approximately 1.5 s of data.

A-12 FAST FOURIER TRANSFORM (FFT)

The output signal of the sensor 1s an interferogram, the
Fourier transform of the infrared spectrum 1t 1s sensing
This spectrum s tradiionally recovered by performing an
inverse Fourter transform However, because the final
output of an XM21 detector 1s not a spectrum and all of
the information 1s in the interferogram, 1t should be
possible to apply pattern recognition procedures directly
on the interferogram in order to make the required
decisions This approach could ehminate the need for an

FFT and greatly speed the calculations required by the
XM21 Considerable work in this area has been suimu-
lated by the use of commercial Fourier spectrometer
systems in analytical chemistry and the need for automatic
spectral search software to identify samples from their
measured spectra (Refs 2and 3) Unfortunately, the ime
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domain techniques have all proven to be either less robust
or no more computationally efficient than an FFT
followed by frequency domain processing Thus the
XM21 uses the traditional approach.

The algonithm for the FFT of real input data (Ref 4)
was coded 1n assembly language for speed By using
tabulated complex exponentials, the double precision
(32-bit) integer 1024-point FFT requires about one
second to calculate using the 8-M Hz M68000 processor in
the XM21 Prior to the FFT a triangular weighting
functionis applied to the interferogram to reduce the side
lobes 1n the resulting instrument function.

A-1.3 PHASE CORRECTION AND
FEATURE EXTRACTION

The output of the FFT 1s a 512-point complex shuffled
spectrum The spectrum is unshuffled and phase corrected
using the Merz techmque (Ref S5) If the complete
spectrum were to be unshuffled and phase corrected, the
resulting 512 ordered (in frequency) data points would
extend from 0 wave numbers to 1970 89 wave numbers
Since data outside the nomunal 10-um atmospherc
spectral window of 833 to 1200 wave numbers do not
contribute any remote sensing information, they need not
be processed Thus a very efficient one-step combined,
unshuffied, phase correcuon and feature extraction
process was developed for the XM21 By using tabulated
indices 1into the 512-point complex, shuffled spectrum,
only the 98 data frequencies between 833 and 1200 wave
numbers are phase corrected and stored in a 98-point real
integer array for subsequent processing

A-14 AVERAGE BACKGROUND
SUBTRACTION

As indicated in par A-1 3, the signal of interest 15 a
small fraction of the total observed signal The pattern
recognition process is greatly facihtated if the signal can
be refined so that the signal of interest is a higher
percentage of the total signal Toward this end, the
average background spectrum for the current animuth
position is subtracted from the scene spectrum This
process rejects most of the unwanted signal The method
used to determine the average background spectrum for
each azimuth position 1s discussed 1n par A-1 11

A-1.5 MOVING AVERAGE SUBTRACTION

The residual from background subtraction 1s not
necessarily a pure target spectrum Other effects. such as
shight changes in the background temperature or composi-
tion, can leave a broadband signal in the difference
specirum  Because the agent features are well-defined
spectral bands the difference spectrum can be {urther
punified with a high-pass filter This filter rejects all
broadband components of the difference spectrum and
passes onlyv the relatively narrow band features charac-

tenistic of agents Although there are a number of more
sophisticated ways to implement this process, a simple
moving average subtraction was chosen as being easy to
implement, relatively efficient 10 compute, and adequate
in performance The combined effects of background
subtraction and moving average subtraction have proven
very effective in purifying the input so that the pattern
recognition process reliably separates agents from non-
agents

A-1.6 OFFSET ADJUSTMENT

The last step prior to the actual pattern recognition
process 1s a signal offset adjustment by which the
maximum value in the spectrum 1s subtracted from each
point in the spectrum This adjustment allows the use of
zero thresholds during the linear discrimination process
without increasing the dimensionahity of the input spec-
trum vector See the discussion on algonthm tramning in
par A-2 for more information

A-1.7 MULTIPLE LINEAR
DISCRIMINANTS

Pattern recogmtion 1s achieved through the use of a
series of linear discnminants Each discriminant vector 1s
a set of coefficients equal in length to the spectrum vector
There 1s a separate discriminant stored in the read-only
memory (ROM) of the XM21 for each agent or simulant
to be deiected The dot product of the wnput spectrum
with each coefficient set 1s calculated and compared to a
threshold established to form a set of prehminary agent or
nonagent decisions

The coefficients 1n the ROM of the XM21 are the key
element of us ability to discriminate agents from non-
agents They are calcuiated off-line as described in par
A-2

A-1.8 DUAL THRESHOLD

As indicated previously, the agent spectral features
may appear in either absorption or emission. Because the
discniminant coefficients are trained for absorption, the
emission case will not be detected [t 1s difficult to tell
which case 1s present in a given unknown spectrum One
case may be effectively converted to the other, however,
by negating the moving average subtracted spectrum
prior to the offset adjustment It would be possible to
process each spectrum both ways and be assured that one
way was the absorption case This result may also be
achieved with a considerable savings 1n computation by
adding a second data dependent threshold, as shown 1n
Table A-1

Combining the dot product responses R, and R: as
defined 1n Table A-1 results in a quanuty that 1s more
efficient 10 evaluate than R: This combination vields

R, + R: = [min(S) - max(S)]'W (A-1)
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TABLE A-1. DUAL THRESHOLD
JUSTIFICATION (Ref. 1)

UNFLIPPED FLIPPED
Spectrum - S -S
Offset Adjustment S - max(8S) -S + min(S)
Dot Product = W[S - max (S)] = W[-S + min(S)]
Agent Detection Threshold R>0 R:>0o0r

R, + R:> R,

where
= spectrum vector
W = discriminant vector
R, = unfhpped dot product response

R-= flipped dot product response

and min (S) and max (S) represent the minimum and
maximum values 1n the test spectrum, respectively

Because the sum of the W coefficients1s aconstant, it can
be computed once at the start of arun and saved Thus for
each discriminant only R; 1s computed 1f1t1s greater than
zero or less than R + R:, then that discriminantissaid to
have made an agent decision

A-1.9 LOGICAL COMBINATION OF MUL-
TIPLE LINEAR DISCRIMINANTS

The XM21 must signal a warning or give an alarm of
any agent for which 1t1s programmed. Thus the decisions
from each of the discnminants are all combined by the use
of “or” statements to form a single scan decision

A-1.10 SEQUENTIAL CLASSIFIER

To further minimuze false alarms, the single scan dec-
sions are not used directly to make alarm or no-alarm
decisions Instead, the single scan decisions are fed into a
sequentiai classifier Wald (Ref 6) presents the theory
and design methodology for sequential classifiers Fig
A-2shows the onc implemented for the XM2! Whenever
a plot of the agent decisions versus the total number of
decisions touches a boundary, as shown in Fig A-2, the
sequenual classifier makes a decision 1f the plot remains
within the no-decision central area, a decision 1s deferred
pending more data Note that if the first decision 1s no
agent, the sequential classifier immediately decides no
agent The fastest agent decision 1s reached with three
initial single scan agent decisions In no case will the
sequential classifier require more than nine single scan
decisions

When the sequential classifer reaches a decision, all
counts are set 10 zero 1n preparation for the next decision.
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A-1.11 AVERAGE BACKGROUND UPDATE

If no agent decision 1s reached by the sequential
classifier, the original scene spectrum prior to background
subtraction 1s averaged into the background spectrum for
the current azimuth position A recursive exponential
averaging techmique used to approximate a five-minute
tume constant is that the updated average background 1s
equal to the previous average background mulitiphed by f
plus the oniginal scene spectrum multiphed by one minus
J, where f15 a negative power of 2, so that the process can
be implemented with shafts instead of multiphcations

If an apgent decision 1s reached by the sequenual
classifier, the background spectrum for the current
azimuth position 1s not updated

A-2 XM21 ALGORITHM TRAINING
A-2.1 APPROACH

The approach used 1n XM21 algorithm training is to
collect sensor data that are representative of the nonagent
class 1n one set and sensor data representative of an agent
class in another set These two data sets are then used in
an automated linear discrnminant traiming procedure to
develop the coefficients for that agent The procedure 1s
repeated for each agent discrinunant to be included in the
XM21

XM21 algonithm training 1s based on the large data
base of recorded background measurements accumulated
over the six years during XM2] field tests. Data from a
variety of background types have been collected under all
weather conditions, times of year, and times of day for
several locations across the United States For most of
these, data containing various battlefield interferents,
such as signal and screening smokes, dusts, explosives,
and vehicle exhausts, have also been recorded Selected
data representative of all measurement types have been
assembled into a standardized nonagent traiming set

It is not possible to build an agent class training sct
from field data because open-air field testing of chemical
agents 1s not conducted During the early stages of the
XM21 program, agent simulant coefficients were in fact
trained with actual field data since field testing with non-
lethal chemical simulants having spectral features similar
to those of the agents 1s practical

Currently, the XM2} radiometric scene simulation
computer model 1s used to introduce the effects of an
agent. or agen! simulant, cloud into existing measured
bachground spectra and thus produce an agent training
set This scene simulation model has also been used to
simulate agent stmulant traiming data The simulation has
been vahdated in that the agent simulant coefficients
trained from the simulated data have proven as effective
in field tests and off-hne algorithm evaluation studies as
those trained using field data

A-22 IMPLEMENTATION

The automated XM21 training processisshownn Fig
A-3 After the agent traiming spectra are simulated, all
spectra are processed with essentially the same pre-
processing as that used in real time in the XM21 First, the
background spectrum 1s subtracted and then the moving
average 1s subtracied All target spectra are then contrast
corrected 1f necessary to produce the absorption case
Therefore, if the peaks of the spectral bands point up, the
spectrum 1s flipped, 1 e , multiphed by —1 Thedecision as
to whether each target spectrum must be flipped or not is
determined by visual inspection of the data and encoded
into the data base This procedure assures that the algo-
rithm traiming will not be confused by the natural occur-
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Normalhzation Normalization

Nonagent Negation

Variable
Increment
lterative Gradient
Descent
Procedure Using
the Perception
Criterion Function

Figure A-3.
(Ref. 1)

Automated XM21 Training
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rence of both absorption and emission agent data
Because both absorption and emussion nonagent data
must be discnminated against. however, cach nonagent
spectrum s duphcated and flipped to generate both cases

Next, each spectrum 1s offset adjusied as described
previously This operation transforms the data and ena-
bles a hyperplane through the ongin of the n-dimensional
spectrum space to scparate the agent and nonagent
classes Following this separation, each spectrum 1s nor-
malized to a unit area so that each one will have compara-
ble weight 1n the training process to come

The last step prior to the actual determination of the
discriminant 1s to negate all of the nonagent spectra This
step, as suggested by Duda (Ref 7). automatcally self-
labels the two classes to be separated with the hnear

classifier A discriminant vector W is sought so that its dot
product with any spectrum vector S1s positive if S1s1n the
-agent class.and negative if S1s1n the nonagent class. The
nonagent traimng specira have all been negated, there-
fore, the problem 1s reduced to finding a W that produces
a posttive dot product for all training spectra
The actual training process. which finds a W vector that
discriminates agents from nonagents, 1s a variably incre-
mental, iterauve, gradient descent procedure using the
perception criterion function Duda (Ref 7) presents the
theory of this procedure, and Fig A-4 shows a somewhat
simphfied diagram of how this procedure has been
implemented for XM21 algorithm traiming This iterative
approach has proven very practical for XM21 training,
which requires a large number of training spectra, over

Discnminant Vector = 0
Margin = 0
Scale Factor = 05

Compute Discnminant Response for
All Training Data

|

Correction Vector 1s Average of
Misciassiied Spectra

Yes

Save Best Discnirminant
and Correction Vectors

New Discrimunant s Best
Discriminant
-

Scaled Best Correctve Vector

Al No

Best
Results

>

Haivé Scale
Factor

New Discnminant 1s
Discnrminant
+
Scaled Correctwe Vector

Correct

Yes

Increase Margin

No

2

Max
lterations

Yes

Reponr Best
Dtscnminant

Figure A-4. Simplified Variably Incremental, Alternative Gradient Descent Procedure
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2000, and a high vector dimensionality, 98

Starting with an imtial guess of a null W vector, the
response, 1.e , dot product, with each traiming spectrumis
computed and a correction vector consisting of the aver-
age misclassified spectrum s constructed If thisiteration
15 the best so far, 1 ¢ , has the fewest misclassified spectra
or 15 equal to the fewest musclassified spectra and has a
better worst-case response, the next tnal discriminant 1s
formed by adding a scaled down correction vector to the
old disciminant If this iteration 1s not the best, the scale
factor 1s halved and the new discnminant 1s formed by
adding a scaled down best previous correction vector to
the best previous discriminant If the training data prove
10 be separable, 1 ¢ , no misclassifications, the process 15
repeated, this ime a constant, or margin, 15 subtracted
from each calculated response If the traimng data are still
separable, the margin 1s increased and the process 1s
repeated unul separation is no longer possible The use of
a margn forces the decision surface toward the center of
the hyperspace gap between the agent and nonagent
classes and thus reduces the probability of misclassifying
a spectrum during real-ume operation of the XM21

A-2.3 EVALUATION

Due to experimental difficulties, it was not possible to
evaluate the performance of the XM21 algorithms com-
pletely with field testing, and there 1s the previously men-
tioned problem of open-air testing with chemical agents
Although open-air testing using simulants 1s possible,
accurate independent ground truth information 1s diffi-
cult, if not impossible, to obtain and the actual agent
coefficients are not tested To overcome these difficulties
amultufaceted approach to algonthm performance evalu-
ation 1s used

A large standard data set (SDS) of well-characterized
nonagent field measurement data and agent data simu-
lated on measured background spectra has been as-
sembled The SDS istotally independent of the algorithm
traiming data and contains a wide vanety of background
types, weather conditions, seasonal variauons and inter-
ferents The first step1n algonithm evaluation s to process
the SDS The results provide an objective, repeatable
standard of compansion Actual field testing also plavs
animportant role Extensive field testing against various
backgrounds and interferents can and does directly test
the suscepuibility of the agent coefficients to {alse alarms

A-6

In addition, agent simulant coefficients developed with
the same methodology as the agent cocfficients are chal-
lenged under realisuc field test condiuons to verify the
basic detection capability of the XM21 Finally, the
XM21 15 tested against actual agents and simulants in
controlled chamber tests, which prevent any chemical
agent from being released into the atmosphere These
tests provide a logical link between agent and simulant
test results

The results of the ongoing performance evaluation
effort have been very positive The XM2] has met or
exceeded 1ts detection sensitivity requirements, and thou-
sands of hours of field testing including intensive expo-
sure to battlefield interferents have also demonstrated a
very low false alarm rate
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GLOSSARY

A

Absorption Spectroscopy A study of the energies and
wavelengths of radiation absorbed by atoms and
molecules of matenals under vanious physical condi-
tions (This technmique can be used to identify agents
and measure their concentration Lasers are used
because their narrow range of wavelengths permits
high-resolution measurements )

Accuracy The measure of a detector or sensor system Lo
detect, identify, or quanufy agents correctly Cor-
respondingly, the extent to which a false positive or
{alse negative can be tolerated

a False positive An alarm response from the
detector or sensor system when no agent 1s present

b False negative No alarm response from the
detector or sensor systern when agent 1s present

Acetylchohine (ACh) A choline derivative found in many
parts of the body that plays an important role in the
transmussion of an impulse from one nerve fiber to
another

Acetylcholinesterase (AChE) Anenzyme that hydrolyzes
acetylcholine 1nto acetic acid and chohne and thereby
prevents excess buildup of the neurotransmitter and
regulates the transmission of nerve impulses

Acquisition The process consisting of planming, de
signing, producing and distributing a weapon system
€4 :qu.pment

Acguisition Plan (AP) Derived from the Acquisition
Strategy (AS) Summarizes acquisiion background
and need, objectives, conditions, strategy and refated
functional planming {with emphasis on contractual
aspects) Prowvides detaiied planning for contracts and
milestone charting

Acquisttion Strategy (AS) Conceptual framework for
conducting materiel acquisition that encompasses
broad concepts and objectives which drrect and control
overall development, production, and deployment of a
materiel system

Active System Artificially siimulates the agent cloud by
employing its own radiation source The most common
active radiation source for detection systems 1s the
laser, which can produce coherent radiation 1n wave-
lengths ranging from the ultraviolet (UV) to the
infrared (IR)

Aerosol. A hqud or sohid composed of finely divided
particles and suspended 1n a gaseous medium

G-1

Agent Threat warfare material referring to a chemcal,
biological, or toxin (CBT) substance.

Agent Quantification Determination of chemical or
biological agent concentration or amount of concentra-
tion

AirLand Battle Approach to military operations that
reahizes the full potential of United States (US) forces
1t does this by extending the depth of the battlefield
and integrating conventional, nuciear. chemical, and
electronic means to describe the battiefield on which
the enemy 1s attacked to the full depth of its formations
The AirLand battle seeks, through early initiation of
offensive action by air and land forces, to conclude the
battle on US terms

Air Stability Condition of the atmosphere as affected by
the gradient of air temperature in the vertical direction
which determines the extent of mixing or exchange
between air layers at different altitudes

Alarm Detector or sensor system response to presence of
agent, an audible or visible electronic signal that
provides warning of a chemical or biological attack

Algorithm. A mathematical rule or procedure used to
solve a problem, a recursive mathematical procedure
used in computers

Algorithmic Language A computer language presenting
numerical procedures 1n standard form

Ambient A term meaning surrounding or encompassing,
as in ambient air, ambientl temperature, or ambient
wind speed

Antibody One of a class of substances (proteins) pro-
duced by an amimal 1n response to the introduction of
an antigen

Antigen A substance that, when introduced into an
animal body, stimulates the production of antibodies
that react or unite with the substance introduced

(antigen).
Army in the Field All types of milnary personnel and

units used in, or intended for use i1n, a theater of
operations

Array A group of detecting elements usually arranged 1n
a straight hine (a linear array) or 1n a two-dimensional
matrix (an imaging array)

Assay. Analysis to determine the presence or absence of
specific desired components

Atropine Alkaloid substance used to relieve symptoms of
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nerve agent powsoming by inhibiting the action of
acetylcholine

Automated Operation The capabilty of a system to
operate and regulate itself, system may be fully auto-
mated or semiautomated (man in the loop) (Personnel
are generally needed to set up, monitor, and replemsh
consumable supphes in the semiautomauc mode )

B

Backscattering The scattering of hight in a direction
opposite to the onginal one 1n which 1t was traveling

BG Bacillus globign (now bactllus globisporus), a simu-
lant for biological agents such as anthrax

Binary Chemical Ammunition A chemical projectile that
uses two separate intermediary chemical compounds
that, when loaded 1n the projectile and mixed enroute
to the target, will react to aform nerve agent, ¢ g , GB2
Binary chemical ammunition includes separately pack-
aged camisters containing the binary chemical com-
pounds, which are much less hazardous than chemical
agents

Biological Agents Substances consisting of micro-
orgamisms with disease-producing properties or toxins
intended for military use that through their properties
produce lethal, incapacunating, or damaging cffects to
humans, livestock, or plant hfe

Biological Warfare (BW) Employment of biological
agents to produce casualties iIn humans or amimals and
damage to plants or material, BW also includes
defense against such employment

Biological Weapon An item of materiel that projects,
disperses, or disseminates a biological agent, which
includes arthropod vectors

Bhss Slope Change 1n relationship between a dose and a
toxicological response when an animal 1s exposed to a
toxic chemical agent

Blister Agents Chemucal agents that affect the eyes,
lungs. and skin In hiquid. aerosol. or vapor form, these
agents can burn or blister any part of the body they
may contact either internally or externally They are
effective in small quantiies and produce delayed
casuadlties

Blood Agents Chemucal agents that are usually dissem-
nated as vapors or gases and are taken 1nto the body by
breathing They affect the circulatory and respiratory
systems by preventing the use bv cells of the oxygen
carried by the blood They can act very quickly and
Cause symptoms ranging from convulsions to coma
and death

Breadboard An expenmental device used 10 determine
feasibility and to develop technical data, normally
configured only for laboratory use 1o demonstrate the
techmical principles of immediate interest

Built-in Test (BIT) The capability of the detection or
monitoring system to test itself for sysiem failures and
to indicate the subcomponents that require attention

C

Casualty Agent An agent capable of producing senous
njury or death when used in field concentrations

Chemical Agent Chemical substance intended for use 1n
military operations to kill, injure seriously, or incapaci-
tate humans through its physiological effects Excluded
from consideration are riot control agents, herbicides,
smoke, and flame

Chemical Casualty A person who has been sufficiently
affected by a chemical agent to be incapable of
performing his duties or continuing his mission

Chemucal Mine A mine containing 2 chemcal agent
designed to kill or disable personnel or to contaminate
matenel or terrain

Chemical Operations Employment of chemical agents to
kill or incapacitate humans or ammals for a sigmficant
peniod of time and to deny or hinder the use of areas,
facihties, or mateniel Chemucal operations also include
defense against such employment

Chemucal Projectile Bomb, grenade, rocket, or sheii
containing a chemical agent, riot control agent, n-
cendiary agent or screening or signahng smoke

Chemical Weapon Anitem of matericl that disseminates
a chemical agent

Chemiluminescence Emussion of hight from a chemical
reaction at ordinary temperatures

Choking Agents Agents that are usually disseminated as
gases and are taken into the body by inhalation They
affect the respiratory system by damaging the nose,
throat, and lungs. In extreme cases membranes swell,
lungs become filled with hiquid. and death results from
lack of oxygen

Cholinesterase (ChE} An enzvme that 1s necessary to
maintain orderly passage of nerve impulses from the
nerve endings to the muscles of the body Chemucals
that inhibit this enzyme are often referred to as
“anticholinesterase™ agents

Chromatography * The chemical method used to separate

*Reprinted fromthe 1991 edition of The Photonics Dictionary
€ Laurin Pubhishing Company Inc



Downloaded from http://www.everyspec.com

MIL-HDBK-1200(EA)

compounds dissolved in one phase (usually mobile)
through its equilibration with a second phase (usually
stationary) The mechanmism of scparation may involve
partition, adsorption, permeation or exclusion, or ion
exchange

Circular Intensity Differential Scattering (CIDS) A
technique by which circularly polarized hght 1s scat-
tered A sample 1s illuminated by left and night
circularly polanzed hight of equal intensity The dif-
ference between the intensity of the left and nght
circularly polarized light scattered divided by the sum
of the intensities of left and right circularly polarized
light scattered 1s the CIDS signal

Coherent Light Source* A hght source capable of
producing radiation with waves vibrating in phase
The laser 1s an example of a coherent hght source

Collective Protection A shelter with filtered air and
positive internal pressure that provides a contamination-
free working environment for selected personnel and
allows relief from continuous wearing of mission-
oriented protective posture (MOPP) gear

Colorimetric Reaction Color change brought about by
reaction of an agent with a substrate solution and
detected by a colonimeter For chemical detectors that
use this principle, the colonmeter or photocell re-
sponds to the change in reflectance of a wetted spot on
a paper tape through which air 1s passed

Combat Developer Command or agency that formulates
doctrine, concepts, organization, matenel require-
ments, and objectives, represents the user community
in the materiel acquisition process

Communicdtion Transmission of a signal, method of
interface with the alarm or other detection and monitor-
ing systems, and type of format of signal

Compatibility The capability of a system 10 be operated,
maintained, and resupphed by persons weanng the full
nuclear, biological, and chemical (NBC) protective
ensemble Also the capability of a given matenal to
exist unchanged under certain conditions of tempera-
ture and moisture when in the presence of some other
matenal

Component. The individual clements of equipment that
comprise a module, ¢ g, the receiving module 1s
comprised of a telescope and a detector, each of which
1s termed a component

Concentration The quantity of a chemical or biological
agent present in a unit volume of air Concentrations
of airborne chemical agents are usually expressed 1n
milhigrams per cubic meter (mg/m’)

*Reprinted from the 1991 edwion of The Photonics Dictionary
© Laurin Publishing Company Inc
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Consumables All supply items needed to keep the
detector or sensor system fully operational over a
specific penod of uime, i.e . mision duration. The
specific identity of the items 1s “consumed™ during
system operation, e.g , fuel, paper tape, or chemical
reagents used to recharge a system

Contamination The deposit and/or absorption of radio-
active material or of biological or chemical agents on
and near structures, specific arecas, personnel. or
objects Contamination density for hquid chemcal
agents 1s usually expressed in mg/m’, kg/km’. or
pounds per hectare

Contamination Avoidance Individual and/or unit active
or passive measures taken to avoid or minimize NBC
attacks and reduce the effects of NBC hazards Passive
contamination avoidance measures are concealment,
dispersion, deception, and use of cover Active contamu-
nation avoidance measures are contarmnation control;
detecuon, idenufication, and marking of contami-
nated areas, issuance of contamination warnings, and
relocation or rerouting (0 an uncontaminated arca

Cost Unit cost per system for production type runs

Cyanogen Chloride (CK) A nonpersistent blood agent

D

Data Transmission The transmission of data or informa-
tion acquired directly from the detector or sensor
system to the appropnate commanders and/ or decision
makers

Decontaminability The capability of mateniel to be
rapidly decontaminated to reduce the residual hazard
10 a neghgible risk level for unprotected persons who
operate, maintain and resupply the matenel

Decontarmunation The process of making any person,
object, or area safe by absorbing, destroying, neutrahiz-
ing, making harmiess or removing chemical or biologs-
cal agents or by removing radioactive matenal around
or clinging to the person, object, or area

Defensive Measures Measuresintended to enable troops
to survive and operate in an NBC environment They
include detection, protection, decontamtnation, and
medical prophylaxes and antidotes

Deoxyribonucleic Acid (DNA} A type of nucieic acid
occurring i1n the nucler of plant and animal cells,
contains phosphonc acd, D-2-deoxynbose, adenine
guanine, cytosine, and thymine

Detection The determination of the presence or absence
of a chemucal or biological agent at a specific point in
time
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Detector Crayon Chalklike crayon composed of matenal
that changes color on contact with a hqud bhster
agent or concentrated bhster agent vapors

Dztector Paper Paper treated on one side with a chemical
compound that turns dark blue, yellow, or red when in
contact with V-agent, G-agent, or H, respectively, 1n
hquid form

Detector or Sensor System A device or instrument,
which may consist of more than one component, used
to accomplish agent detection, 1dentification, or quanu-
fication

Detoxification Level The concentration or level of agent
that can be counteracted or destroyed by the human
body itself within a short period of time without
harmful effects

{etoxification Rate. The rate at which the body s able to
counteract the effects of a chemical agent This is an
important factor in determimng the hazard of repeated
exposure to low concentrations of chemcal agents
Some chemcal agents are not detoxified at any
detectable rate by the human body Sann (GB) 1s
cumulative to a large degree

Development Test (DT) The engineering test that pro-
vides data on safety, the achievability of critical system
techmcal charactenstics, refinement and ruggediza-
tion of hardware configurations, and determination of
techmical risks. This testing 1s performed on com-
ponents, subsystems, mateniel improvements, non-
developmental items (NDI), hardware-software integra-
tion, and related software DT includes the testing of
compatibility and interoperability with existing or
planned equipment and systems and the system effects
caused by natural and induced environmental condi-
tions dunng the development phases of the matericl
acquisition process

Differential Absorption The wavelengths of hght ab-
sorbed by matenals and the relative intensities at
which different wavelengths are absorbed This
technique can be used to identify materials and
measure their abundances Lasers are used because
their narrow range of wavelengths permiuts high-
resolution measurements

Discrimination The capability of a detector to dis-
tinguish between chemical, biological, and toxin agents
or between the classes of an agent, e.g , nerve, blister,
blood. vomiting, or choking chemical agent

Discrimination * In clectro-optic terms, the degree to
which a vision system is capable of sensing differences
in hight intensity between two regions

*Reprinted lrom the 1991 edition of The Photonics Dicionar:
® Laurin Publishing Company Inc
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Display. Presentation of information in a form readily
understandable by the user

Distilled Mustard (HDj A persistent blister agent whose
chemical name 1s bis-{2-chloroethyl)sulfide, injures the
eyes and lungs and blisters the skin upon contact

Dosage A measure of the amount of chemical agentin a
given volume of air or on a given area of land to which
troops are exposed for a penod of time

Dose The amount of agent taken into or absorbed by the
body A chemical dose 1s measured 1n milhigrams,
whereas a biological dose i1s measured 1n number of
organisms

E

E. Coli Escherichia coli1s a gram negative, facultatively
anaerobic bacillus that usually causes transient
stomach or intestinal disorders lt1s a biological agent
simulant

FElectrochemical The interaction or interconversion of
clectric and chemical phenomena in a cell, a chemical
reaction that results in development of a potential in a
cell or alters the conductivity of the solution in the cell
and thus causes a change 1n potential

Electromagnetic Radiation* Radiation emitted from
vibrating charged particies Electromagnetic radiation
1s a combination of oscillating electric and magnetic
fields that propagates through otherwise empty space
with the velocity of ight This constant velocity equals
the frequency muitiphed by the wavelength, hence the
frequency and wavelength are inversely proportional
to cach other The spectrum of electromagnetic radia-
tion 1s continuous over all frequencies

Electro-Optical Detector * A device that detects radia-
tion by uuhzing influence of light in forming an
electrical signal 1t may be a phototube, a photocon-
ductive, photovoltaic, or photojunction cell, a photo-
transistor, or a thermal detector, such as a thermo-
couple or bolometer

Electromagnetic Spectrum The range of frequencies of
clectromagnetic radiation from zero to infinity The
spectrum 1s divided 1nto 26 alphabetically designated
bands and extends from gamma rays through visible
light, infrared, and radio waves

Embedded Computer Resources Computer resources
integral to or required in direct support of Army
materiel systems, included are resources required from
adesign. procurement, and operations viewpoint when
separate sclection, acquisition, or management is not
feasible
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Environmental Extremes The range of environmental
condons .and temperatures in which the detector/
Sensor system can operate

Enzyme A protein produced by a living orgamism, which
catalyzes or accelerates one or more chemical reactions
Usually enzymes are easily destroved or denatured by
changes in pH, temperature, and other environmental
factors The human body has many enzyme systems
cholinesterase is one

Equipment A general term including apparatus, ap-
phiances, devices. wiring, fixtures, fitungs., matenal,
etc

Esterase One of a group of enzymes that hydrolyze esters

F

False Alarm An indication (alarm) when agent 1s not
present (false positive) See also Accuracy

Failure Mode, Effects, and Criticality Analysis
(FMECA) Narrative description of probable effects
of failure for each failure mode Crticality of the
failure1s included, e g , compietely inoperable in some
modes or operable at a degraded level of performance

Field of View (FOV) The maximum angle of view that
can be seen through an optical instrument

Fixed Site Installation (FSI) Cntical theater command
facihities and/or installations These FSls include air
bases, depot storage areas, ammunition supply points,
maintenance facihties, signal sites, and some medical
installations that are usually located far to the rear of
the battlefield

Forward Line of Own Troops (FLOT) A hne that
indicates the most forward positions of friendly forces
in any kind of military operation at a specific time

(Reconnaissance elements may operate forward of the
FLOT)

Fluorometric The use of a fluorometer to detect and
measure fluorescence

Fluorescence Emission of radiation (hght) by a substance
that has absorbed radiation from another source

Fluorescence Microscopy Microscopy in which micro-
orgamisms are stained with a fluorescent dye and
observed by illumination with ultraviolet hght

Fluorescence Spectroscopy * The spectroscopic study of
radiation emutted by the process of fluorescence (The
intensity and wavelengths of the emutted hght can be
used to identify the matenial and its concentration )

*Repnnted from the 1991 edition of The Photonics Dictionary
© Laurin Publishing Company Inc
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Founer Transform ®* The conversion of information from
the frequency domain to the spatial domain and vice
versa Consists of any of the vanous methods of
decomposing a signal into a set of coefficients or
orthogonal waveforms (trigonometric functions). (A
laser svstem that employs a Founer transform 1nter-
ferometer 1s classified as a passive infrared system )

Frequency * With reference to electromagnetic radiation,
the number of crests or waves that pass a fixed pointn
a given umt of tme in hight or other wave motion

Frequency Agile The ability to transfer radiation wave-
lengths from one frequency band to another See also
Tunable Laser

G

Gain * Also known as amplification The increase in a
signal that 1s transmitted from one point to another
through an amplifier A maternal that exhibits gain
rather than absorption at certain frequencies for a
signal passing through it 1s known as an active medium

Gas Chromatograph The process of converting a hquid
or vapor 1nto a gas usually by applying heat and using
the chromatograph, e g . ton exchange, to identify the
materials

Gaussian Distribution A statistical normal distribution
that can be plotted as a bell-shaped curve

G-Series Nerve Agent Nonpersistent nerve agent, e g,
tabun (GA), sarin (GB), and soman (GD)

H

Hardness The capability of a system to withstand the
damaging effects of NBC contamination and any
decontamination procedures and chemicals required
to decontaminate the item

Hazard The environment produced by a chemucal and
biological (CB) attack Haczard 1s measured interms of
concentration. deposition. -or effects on humans

Hydrogen Cyanude (AC) A nonpersistent blood agent

Identification Determination of the specific identities of
agents that are present, can be subdivided into two
levels of identification as follows

a Defimitive 1dentification 1s the determination of
the exact identity of acompound through the establish-
ment of a group of unique characteristics

b Classification is the determination that the com-
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pound 1s a member of a class of substances without
knowledge of the exact idenuity of the compound

Isnpermeable Protective Clothing Clothing made of
matenal that prevents passage of toxic chemical agents
in any physical form

Incapacutating Agent An agent that produces temporary
physiological and/or mental effects that will render
individuals incapable of concerted effort in the per-
formance of their assigned duties.

Incapacitation, 5% (ICts) The agent concentration or
level that prevents, through disablement or serious
degradation of the abihities of 5% of all exposed and
unprotected troops from performing their mission

{ndividual Protection That protection provided to the
individual soldier in an NBC environment by protective
clothing and/ or personal equipment, such as protective
masks

Jafection Invasion of body tissues by microorganisms,
with their subsequent growth and reproduction, usually
spoken of 1n relation to the disease or injury that 1s
caused

Infectious, 5% Concentration of biological agent that
will infect 5% of all unprotected troops exposed to the
agent

Infrared (IR) Thermal electromagnetuic radiation lying
outside the wvisible spectrum at the red end with
wavelengths longer than those of visible hight

{mtial Operational Capability The first attainment of the
capability to employ effectively a weapon, item of
equipment, or system of approved specific charac-
teristics, which 1s manned or operated by an adequately
trained, equipped, and supported military umt or
force

{mtegrated Battlefield A combat zone in which either or
both combatants have used, are using, or have the
capability to use conventional, nuclear, chemical,
biological. or electronic weapons singly or in any
combination to achieve military objectives

Integrated Logistic Support (ILS) Composite of cle-
ments necessary to assure effective and economical
support of a system or equipment at all levels of
maintenance for its programmed hfe cycle 1LS 1s a
umfied and iterauve approach to the management and
technical activities necded to

a Influence operational and materiel requirements
and design specifications

b Define the support requirements best related to
materiel system design and to each other

*Reprinted trom the 1991 ediion of The Phoromcs Dicrionars
© Laurin Pubhishing Compam Inc

¢ Develop and acquire the required support.

d Prowvide required operational phase support at the
lowest cost

¢ Seek readiness and life cycle cost :improvements in
the mateniel and support systems during the opera-
tional phase

f Repeatedly examine manpower and logistics require-
ments throughout the service life of the system

Integrated Logistic Support Plan (ILSP) Provides a
composite of all support considerations necessary to
assure the effectve and economical support of a
system for 1ts programmed life cycle and functions as
the source document for summary and consolidated
information required in other documents of the pro-
gram management documentation

Interferent Matenal in the environment that obstructs
agent detection or provides input to detectors that 1s
similar to agent input, input may cause false positive
responses by the detector

Interferometer A device that divides a single beam of
hght into two (or sometimes more) components and
then recombines them to produce interference In
general, the path iengths hight travels along the dif-
ferent arms will differ, the difference 1n distance 1s
proportional to the wavelength of the light times the
number of interference fringes Typically, interferom-
cters are used for precise measurements of distance

Interferometry * The study and use of interference
phenomena based on the wave properties of light

fon* An atom that has gained or lost one or more
electrons and as a result carnes a negative or positive
charge

Jon Laser * A laser in which the transition involved 1n
stimulated emission of radiation takes place between
two levels of an 1on

lonization Potential * For a particular kind of atom, the
amount of energy required to remove an electron from
the atom to infimte distance The ionization potential
15 usually expressed 1n volts

Inversion. See Temperature Gradient

L

Lapse See Temperature Gradient

Laser An acronym for “hght amplfication by the
simujated emission of radiaunon™ applied to a wide
range of devices that produce light by that principle
Compared to other hight sources, laser hight covers a
narrow range of wavelengths, 1ends to be coherent,
and 1s emitted in a directional beam
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Laserhead * A laser tube packaged 1n a housing ready for
use, generally requires an external source of the
voltage needed to drive the laser

Laser-induced Fluorescence Spectroscopy* A diag-
nostic technique 1n which gas 15 illuminated with a
high-power, monochromatic hght source and the
reemited radiation 1s observed Because the higher
energy levels are sparscly populated, vintually all
reemitied radiation s due to molecules that were
onginally in the lower energy levels Therefore, lower
level number density can be related to the emission
signal

Laser Tube. A tube of glass (or other matenal) filled with
laser gas that often contains integral optics, requires
external packaging and a voltage supply.

Lethal Chemical Agent. Chemical agent that may be used
effectively 1n field concentrations to produce death
See also Toxic Chemical Agent.

Lewisite A persistent blister agent classified as an
arsenical

LIDAR An acronym for “light detection and ranging”,
analogous 1o radar. Like radar, LIDAR systems can
be used to measure distance by measuring the round-
trip time of a hight pulse Many LIDAR systems also
observe the wavelengths of light returned and use the
spectroscopic information collected to detect air pol-
lutants and other materials. The term is often inter-
changeable with laser radar, or LADAR.

Life Cycle Cost (LCC). Approach to costing that con-
siders all costs incurred dunng the projected life of the
system, subsystem, or component being evaluated,
includes cost to develop, procure, operate, and main-
tain and support the system over 1ts useful life

Line of Sight (LOS) The line of vision, the optical axis of
a telescope or other observation system, the straight
line connecting the object and the objective lens of the
viewing device.

Liguid Contamination. The amount of hquid agent

-received by a person on hus skin is usually expressed as

median lethal dose (LDso) 1n milligrams of contami-
nant per kilogram of body weight (mg/kg)

Logistic Control Code (LCC) When an item is approved
for production and use, it1s assigned an LCC. An LCC
of A designates 1tems that are acceptabie for the
intended mission and will receive full maintenance
support. An LCC of B 1s applicabie to items that are
used 1n heu of LCC-A 1tems or that can no longer be
procured but must still be supported

*Reprinted from the 1991 edition of The Photonics Dictionary
© Laurin Publishing Company. Inc

G-

Logistic Support Analysis (LSA) Analyucal techmque
used by 1LS management to provide a continuous
dialogue between designer and logisucian; proviudes a
system to identify, define. analyze, quantify, and
process logistic support requirements forthe matenel
acquisition programs.

Logistic Supportability The degree to which planned
logistics support (including test, measurement and
diagnostic equipment, spares and repair parts, techni-
cal data, suppont facihties, transportation require-
ments, training and manpower) allows meeting system
availability and wartime usage requirements

M

Maintainability The capability to repair and keep the
detector or sensor system operating properly See also
Reliability, Availability, and Maintainability

Manpower and Personnel Integration (MANPRINT)
The enure process of integrating the full range of
human factors engineering, manpower, personnel,
training, health hazard assessment, safety assessment,
and system safety throughout the materiel development
and acquisition process

Map To plot the location of an agent cioud, aerosol,
large droplets (toxic rain), or ground contamination as
a function of area and time.

Mass Spectrometer.®* A mass spectroscope that incor-
porates an eclectnc detector to record the relative
quantty of 1onic species that have been differentiated
by their mass/charge ratios.

Mass Spectrometry.* An instrumental technique used to
identify the makeup of a sample through analysis of its
ionic composition and distribution as derived from a
mass spectrometer

Mass Spectroscope.* Aninstrument designed to separate
molecular and atomic masses by applying a combina-
tion of electric and magnetic ficlds to deflect ions
passing in a beam through the instrument.

Materiel Acquisition Life Cycle. A penod that includes
the development, production, ficlding, maintenance,
and disposal of materiel.

Materiel Developer (MATDEV). Command or agency
responsible for research, development, and production
of a system 1n response to approved requirements

Materiel Requirements Document. Document that states
concisely the mimmum essential operational, techmical,
logisuical, and cost information necessary to intiate
development or procurement of a matenel system.
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Median Incapeciteting Dosage. The incapacitating
dosage of an agent is generally expressed as the median
incapacitating dosage, i.c., the amount of inhaled
vapor or liquid agent on the skin that is sufficient to
disable 50% of exposed, unprotected personnel For
mnhalation effect the median incapacitating dosage 15
expressed as the IClso and for hiquid effect as the IDso

Median Lethal Dosage. The median lethal dosage of an
agent employed for inhalation as a vapor or acrosol 1s
generally expressed as the LCiso. The LCrso of a
chemical agent 1s the dosage, 1.¢., vapor concentration
of the agent muitiphed by the ime of exposure, that 1s
lethal to 50% of exposed, unprotected personnel It
varies with the degree of protection furnished by masks
and clothing worn by personnel. The unit used to
express the LCis0 15 milligram-minutes per cubic meter
(mg-min/m’)

Median Lethal Dose. For hqud contamination the
amount of hquid agent received by a person on his skin
1s usually expressed as median lethal dose LDs 1n
milligrams of contaminant per kilogram of body
weight (mg/kg)

Meteorological. Any of a number of atmospheric condi-
tions 1n an environment, generally limited to surface
air

Meie Scattering.® Scattering exhibited by particles (includ-
ing most pigments) approximately the same size as the
wavelength of the radiation under consideration and
with a refractive index significantly different from that
of the surrounding medium

Maiosis Prolonged or excessive contraction of the pupil of
the eye, usually the first noticeable symptom in
mammals of the effects of nerve agents

Mission Area Analysis (MAA). Assessment of ability of a
force 1o perform withun a particular battlefield or
functional area. Designed to discover deficiencies 1n
doctrine, organization, traiming, and matene! and to
identify means of correcting these deficiencies Pro-
vides a basis for applying advanced technology to
future Army operations.

Mission-Essential Materiel. Materiel that is authorized
and available to combat, combat support, combat
service support, and combat readiness training forces
to accomplish their assigned mussions.

Mission-Oriented Protective Posture (MOPP) Aflexibie
system of chemical and biological protection for the
individual that considers the mussion, threat, work
rate. and temperature,

*Repninted from the 1991 edition of The Photonics Dictionars
P Launn Publishing Company. Inc

Mobility. Refers to the capability of the detection and
monitoring system to operate properly, 1.¢., to detect,
identify, or quantify agent, when it 1s moving,e.g.,ina
vehicie

Modularity. A design cnterion requinng that the equip-
ment be made of replaccable modules and be ex-
pandable in design

Module. An assemblage of components compnsing instru-
mentation that performs a scparately identifiable
function, e.g , the transmitter, receiver, and control
and data acquisition equipment may be termed
“modules™

Monitoring The continued or penodic act of seeking or
determining whether a chemical agent or a biological
agent 1s present

MOPP Gear Individual protective clothing and equip-
ment used to enable troops to operate in an NBC
environment MOPP gear includes the chemical over-
garment, rubber gloves, chemical protective overboots,
protective mask and hood, chemical detection paper,
skin decontamination kit, and nerve agent antidote kit
See also Mission-Onented Protective Posture.

Mopp Level Degree of mission-onented protective pos-
ture (MOPP) protective clothing and equipment re-
guired to be worn

a. MOPP Zero. Mask will be carried with load-
bearing equipment; ail other MOPP gear will be
readily available to the individual,

b MOPPI Overgarment will be worn, all other
MOPP gear will be camed by the individual.

¢ MOPP2. Overgarment and overboots will be
worn, all other MOPP gear wiil be camed by the
individual

d MOPP3 Overgarment, overboots, mask, and
hood will be worn; all other MOPP gear will be carried
by the individual

e MOPP4. All MOPP gear (overgarment, overboots,
mask with hood. and gloves) will be worn by the
individual.

f. Mask Only Weanng of only the protective mask
when individuals are protected from a transfer hazard
or direct skin exposure to liqumd or sohd contami-
nation.

N

NBC Attack. An attack during which nuclear, biological,
and/or chemical (NBC) weapons or weapon systems
are used individually or in conjunction with con-
ventional weapons
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NBC Contamination. A term that includes both the
individual and collective effects of residual radiolog:-
cal, biological, and chemical contamination. The ele-
ments of the actanym “NBC™.are defined.-as follows

a Nuclear (N) Residual radiological contamination
consisting of fallout, rainout, and neutron-induced
gamma activity

b Biological (B) All the general classes of micro-
orgamisms and toxins that can be used as biological
warfare agents These classes include bactenia, nickett-
s1a, viruses, fungt, and microbial toxins

¢ Chemical(C) All known chemical warfare agents
These include biood agents, such as AC, nerve agents,
such as VX, GB, or thickened GD, and bhister agents,
such as HD.

NBC Contamination Survivability The capability of a
system and its crew to withstand an NBC-contaminated
environment, including decontamination, without
losing the ability to accomplish the assigned mission

Negligible Risk Level The level of radiological, bio-
logical, or chemical contamination that will cause mild
incapacitation among no more than 5% of the exposed,
unprotected soliders who must operate, maintain, or
resupply a system dunng the normal mission profile of
the system for not more than 12 continuous hours
within 1 m of, on, or inside a contaminated surface of
the item.

Nerve Agents. Chemical agents that directly affect the
nervous system of humans and are highly toxic in both
hquid and vapor forms These agents can be absorbed
through the skin or inhaled and quickly act to cause
casualties and death. Essentially, these agents cause an
increase of the chemical acetylcholine in the body by
their interference with the enzyme acetylcholinesterase
(AChE) and thus affect the transmission of nerve
impuises Nerve agents are organophosphorous com-
pounds

Nitrogen Mustards. Persistent bhster agents in which
nitrogen 1s the central atom A group of related
chemical compounds that may be considered denva-
tives of ammonia (NH;) because the hydrogen atoms
are replaced by various organic radicals.

Nondevelopmental Item (NDI). A generic term describing
either a commercial product or an item that has been
developed and used by another service, country, or
Government agency

Nonpersistent Agent. A chemical agent that, when re-
Icased, dissipates and/or loses its capability 1o cause
casualties after passage of 10 to 15 min

Nucleic Acid One of a class of molecules composed of
joined nucleotide complexes; the pnncipal types are
deoxyribonucleic .acid (DNA) and nibonucieic .acid
(RNA)

0

Obsolete Item ltem no longer acceptable for military use

Operational Availability (Ao). Percentage of mussion
time the detector or sensor system is actually in use
Also a2 measure of the degree to which anitemis in such
a state of repair as to be immediately usable for a
mission at an unknown {random) time

Operational and Orgastizational Plen (0&0 -Plan).
Matenel requirements document that describes how a
system will be integrated into the force structure,
deployed, operated, and supported in peacetime and
wartime *

Operational Characteristics The basic functions a system
1s required to perform in response to its stated nussion

Operator. The soldier or person who will be using the
detector or sensor system.

a Operator Input. The steps or specific tasks the
operator must perform to place the detector/sensor
sysiem into operation

b. Operator Qualification. Any special skills or train-
ing the operator must receive in order to operate and
use the detector/sensor system.

Optical Waveguide (OWG).** Any structure having the
capabulity to gmide the flow of radiant energy along a
path parallel to its axis while simuitancously con-
taining the energy within or adjacent to its surface.

Oxime A drug used in the therapy of nerve agent
poisoning

P

Package The packaging and its contents of explosives or
other dangerous articles, as presented for trans-
portation.

Partichrome Detection of airborne biological agents
based on light scattering of particulates.

Particulate Refers to the fact that biological organisms
are small particles of matter. All known dissermination
methods result in an airborne particle cloud, which

*This document s being replaced by the Mission Needs
Statement (MNS) and the Operational Requirements Docu-
ment (ORD) as part of a program by the Department of Defense
1o standardize requirements documents
*¢Repnnted from the 1991 edstion of The Photonics Dictionary,
© Launn Publishing Company, Inc.
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consists of clusters contaiming varying numbers of
organisms.

Passive System. System that does not use an illuminator
as a signal source Passive systems detect energy
emitted by the target and background or reflected
ambient illumination

Percutaneous Effect Toxic effects when the skin s
cxposed to agent vapor, acrosol, or hquid

Permeable Protective Clothing. Clothing (usually special
1ssue clothing) that has been impregnated with certain
chemicals and/ or activated charcoal to protect against
the vapors and fine spray of chemical agents by
neutralization and/or adsorption

Persistent Agent. A chemical agent that remains in the
environment for extended periods of time and retains
its potency on the battlefield for hours up to weeks

Persistency Duration of effectiveness of achemical agent
that1s dependent on the physical and chemical proper-
ties of the agent, weather, methods of dissemination,
and conditions of terrain

Phosgene Oxime (CX) A blister agent that causes
immediate pain as well as blisters to the skin.

Photoacoustic Spectroscopy (PAS).* A method used to
obtain the optical absorption spectra of sohds, sems-
solids, hquids and gases PAS is inherently insensitive
to reflection or scattering from the sample, analyzes
opaque samples, and can measure spectra below the
sample surface.

Point Samplers. Detection and monitoring systems that
require contact with the agent to achieve detecuon

Point Source See Single Point Source.

Polarization An (optical) condition 1n a ray of hght
during which vibrations occur in one plane

Power Mecasurement of the electrical energy required to
make a detection and monitoring system fully opera-
tional

Preplanned Product Improvement (P*]). Planned future
evolutionary improvement to a system that is effected
by design considerations during development or up-
grade to accommodate future applications of pro-
Jected technology.

Process Manipulation of data or information inputs with
preestablished procedures or software in order to
generate specific information to be used by designated
users for planning or operational purposes

*Reprinted from the 1991 edition of The Photorics Dicnionars
© Launn Publishing Company, Inc.
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Producibility. The manufactuning methods and tech-
nology necessary to fabricate and assemble the detector
or monitonng system.

Program Management Documents (PMD). A coliection
of documents depicting how a need or requirement 1s
to be satisfied through the acquisition process The
PMD contain all the necessary information for a
particular program

Protective Clothing Specially constructed or chermically
treated clothing used to protect individuals against
percutancous attack by a field concentration of toxic
or normal chemical and/or biological agents for atime
sufficient to complete a mission

Protective Mask. Individual protective equipment con-
sising of facepicce with integral filter clements or
attached camister and carner The mask protects the
wearer against inhaling toxic chemical agents,
screening smokes, biological agents, and radioactive
dust particles

Q

Quantification. Determination of the concentration or
amount of agent present. Full quantification provides
numenical approximations of the amount of agent
present, whereas semiquantitative measure indicates
concentration ranges such as low, medium, or high

Quantify To measure the concentration and/or amount
of agent present.

R

Raman Absorption* The absorption of pant of the
photon energy by a molecule through which there 1s a
shght energy change and the energy balance continues

Raman Effect.* When hightis transmitted through matter,
part of the light 1s scattered in random directions A
small part of the scatiered Light has frequencies apart
from the frequency of the incident beam by quantities
tqual to vibration frequencies of the material scattering
system. This small part is called Raman scattering. 1f
the initial beam is sufficiently intense and mono-
chromatic, a threshold can be reached beyond which
light at the Raman frequencies is amphified, builds up
strongly, and generally exhibits the charactenstics of
stimulated emission. This 1s calied the stimulated or
coherent Raman effect A deviceillustrating the stimu-
lated Raman effect1s sometimes called a Raman laser

Raman Spectroscopy The study of the Raman shift
(scattering) 1n hght, which 1s caused by molecules
absorbing hght and then reemitting the hight after
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changing their vibrational quantum state. The result is
a shift 10 wavelength, which is a characteristic of the
molecule involved. Raman shifts are changes in photon
encrgy that occur when malecules scatter photons and
are caused by the transfer of vibrational energy to or
from the molecule

Range The arca of coverage required of the detector or
monitoring system(s) to provide unit, 1e, troop,
squad, or platoon, warning and detection of chemical
and/or biological agents.

Ranging. Measurement of distance by timing how long 1t
takes a laser pulse to make a round-trip from the laser
to a distant object or agent cloud

Rayleigh Scattering.* Scatienag by particles very small
compared to the wavelength of the radiation being
considered. A feature of Rayleigh scattering s that the
scattered flux 1s inversely proportional to the fourth
power of the wavelength Thus in the visible region
blue light 1s scattered more strongly by the molecules
of the air than are longer wavelengths; this scattenng
accounts for the blue color of the sky

Real Time Immediate response (warning) upon detection
of a hazardous concentration of an agent.

Real-Time Processing.* The capability of a vision system
to 1nterpret an image quickly enough to keep pace with
most warning nctwork operations.

Receiver. A device that detects an optical signal, converts
1t 1nto an electronic form, then processes it further for
use by electronic equipment From the standpoint of
components, 1t can be viewed as a combination of
detector and signal-processing electronics

Reconnaissance (RECON). As pertains 1o CB defense,
RECON 1s the apphcation of CB agent detection and
monitoring systems to search for, detect, dentify,
quantify, track, and map agent contamination on the
battlefield

Reliability The operational dependability of the detector
and monitonng system expressed as a mean time
between failures (MTBF). See also Rehability,
Availability, and Maintainability.

Reliability, Availability, and Maintainability (RAM).
Capability of ensuring that mateniel systems are ready
for use when needed, will perform their assigned
functions, and can be operated and maintained within
the scope of logistic concepts and policies

a. Reliability is the probability that an item will
perform its intended function for a specific ime under
stated conditions.

*Repninted from the 1991 edivion of The Photonics Dictionar
© Launn Publishing Company. Inc
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b. Availability 1s a measure of the degree to whichan
stem 15 in a working and commuttable state at the start
of a mission.

¢.-Mantainability is a characteristic of design which
provides that the item can be retained 1n or restored to
a specified condition within a given time.

Remote Detector. An active and/or passive detector
system that can detect the presence of agents some
distance from the system See also Standoff Detector

Regquired Technical Characteristic. Quantitative system
parameters approved by the user that are primary
indicators of technical achievement of engineering
thresholds. These might not be direct measures of, but
should always relate to, the capability of a system to
perform its required mission function and to be
supported

Reset Time. The time required for the detector system tc
clear, flush, or readjust itself for repcated agent
sampling, 1.¢., cycle ime between samples

Response Time. The amount of time needed for the
detector system to detect and process the raw informa-
tion on the agent encountered and to respond by
displaying in some form the required information
(such as detection, 1dentification, or quantification),
which 1s to be used for operational and decision-
making purposes.

Ribonucleic Acid (RNA). Nucleic acid occurring in cell
cytoplasm and the nucleolus; contains phosphonc
acid, D-nbose, adenine, guanine, cytosine, and uracil

Riot Control Agent A chemical that produces temporary
irntaung or disabling effects when in contact with the
eyes or when inhaled. The effect usually disappears in
mnutes when personnel are no longer exposed, and
exposed persons rarely require medical treatment.
Riot control agents are normally used by governments
for domestic law enforcement purposes and are classi-
fied as “tear agents™ or “lachrymators”

Ruggedness The capability to withstand rough handiing
and the conditions likely to be encountered on the
battlefield.

S

Schoenemann Reaction A test for G-senes nerve agents
using detector tickets, tubes, or spots impregnated
with an enzyme and wetted with a substrate solution.
When the wetted enzyme 1s exposed to the agent, the
detector ticket, tube, or spot changes to a charactenstic
color, which indicates the presence of the agent.
Vanous enzymes have been used for this test; the most
recent of which 1s ecl enzyme.
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Screening Smoke A chemical agent that, when burned,
hydrolyzed, or atomized, produces an obscunng
smoke, which is used to limit observation and reduce
the effectiveness of aimed fire Screening smoke 1s not
normally used for toxic effect against personnel

Search To seek CB agents by systemauic movement of
detecuon and momtoring systems through preset
sectors on the battlefield

Sensitivity The concentration of agent that the detection
or monitoring system will detect within 1its charac-
tenistic response time

Sensor The sensor 1s the overall device that detects,
wdenuifies, alarms, and maps the presence of NBC
contamination, synonymous with detector, monator,
or systern when used 1n this context

Service or Setup Time The time necessary to place the
detector and/or sensor system into operation in the
field

Significant Variances. Those differences between planned
and actual performance that require further review,
analysis, or action. Appropnate thresholds are es-
tablished as to the magnitude of vanances through
variance analysis

Signal-to-Noise Ratio (SNR) The ratio of the power of a
signal to the power of background noise; usually
measured 1n decibels This 1s a common measure of the
quality of analog electronics or transmission systems

Single Point Source Any single munition or device that
produces an agent cloud from a fixed position on the
ground

Size Referstothe physical dimensions of a system and its
components including the volume occupied by the
configuration of the system

Specificity Characteristic of being specific, especially
catalyzing or participating 1n only one chemical re-
action Also expressed as the capabihity of adetectorto
distinguish a parucular agent from other agents,
chemicals, or materials in a naturally occunngmedium,
c.g.. ambient air, water, and food.

Spectra Optical frequency or frequencies, either emission
or absorption, characteristic of special matenial

Spectrometer * A detector used to measure the distnibu-
tion of radiation 1n a particular wavelength region

Spectrometry.* The study and measurement of spectra
and their components.

Spectroscopic Analysis Analysis of a spectrum to de-

*Reprinted from the 1991 edition of The Photoncs D tionar
€ Laurin Publishing Compamy Inc
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termine characteristics of its source, such as the
analysis of the optical spectrum of an incandescent
body to determine its composition or motion.

Spectrum.* Generally, the visible portion of all electro-
magnetic radiation The apparent colors are red,
orange, yellow, green, blue, and violet, and the cor-
responding wavelengths range from 750 to 400 nm

Spectrum Analyzer* A scanning device used to tune
through a given frequency range cychically to determine
the amplitude-frequency distnbution of the signals
present usually by displaying output on a chart or
cathode-ray tube

Spore A resistant body formed by certain micro-
orgamisms, a resistant resting cell; a pnmitive uni-
cellular reproductive body

Standard Item Adopted as suitable for use and au-
thorized for inclusion i1n equipment authorization
documents

Standoff Detector Active and/or passive detector sys-
tems that can detect the presence of agents some
distance from the system See also Remote Detector

Substrate The substance acted upon by an enzyme.

Surface Acoustic Wave (SAW)* A sound wave that
propagates along the surface of a solid. Also called a
Rayleigh wave, 1t has both longitudinal and transverse
(shear) components Such surface waves are used In
hybrid electroacoustic devices 10 signal amplification
and recognition, scan visual information, and to delay
fast electrical signals

Survey Directed effort 1o determine the location and
nature of the chemical agent 1n an area

Survivability The capability of a system to avoid or
withstand man-made hostile environments without
suffering abortive impairment of its capabthty to
accomphish its designated mission

System The overall device that detects, \dentifies, alarms,

and maps NBC contamination. Syn with
sensor, monitor, or detector when used in this context

T

Tagged Antibodies. Antibodies marked with fluorescent
dyes or radioactive 1sotopes to detect biological agents

Technical Data Package (TDP) That set of information
that provides a technical descniption of an item
adequate for the intended use of that data. This
description completely defines the required design
configuration and assures adequacy of item per-
formance 1t consists of all applicable technical data,
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such as plans and drawings and associated hsts,
specificauions, standards, models, performance requure-
ments, quality assurance provisions, and packaging
data, and may range from a single Line 1n a contract to
several hundreds or thousands of pages of documents

Temperature Gradient As applied to chemical opera-
uons, the change 1n air temperature with change 1n
altitude It 1s normally expressed as the difference
obtained by subtracting the air temperature 0.5 m
above the ground surface from the air temperature 4 m
above the ground surface Exampies are

a. Inversion. Condition of maximum air stability 1n
which the air in contact with the ground is cooler than
that immediately above, there 1s no convection

b Neutral. Littie or no change in temperature with
increase 1n altitude; results 1n a2 moderately stable
atmosphenc condition

¢ Lapse Decreaseintemperature with anincrease in
alttude, results in unstable atmosphernc conditions

Test, Measurement, and Diagnostic Equipment (TMDE)
System or device used to evaluate the operational
condition of a system or equipment in order to identify
or 1isolate an actual or potential malfunction

Thickened Soman (TGD) A thickened form of GD used
to control drop size and distribution.

Threshold Effect Level The amount of radiological,
biological, or chemical dosage that causes the first
appearance of symptoms in exposed, unprotected
personnel

Toxic Poisonous, pertaining to, due to, or of the nature
of a poison

Toxic Chemical Agent A chemcal,irrespective of physi-
cal state, that may be used effectively in field concentra-
tions to produce injury or death Toxic chemical
agents are classified according to their use as casualty
agents

Toxicity The property possessed by a matenal that
enables it to injure the physiological mechanism of an
organism by chemical means; the maximum effect s
death.

Toxins Nonliving, poisonous chemical substances pro-
duced by living orgamsms that, when inhaled,
swallowed, or injected nto humans or amimals, will
cause injury or death. Toxins can also be produced
synthetically by genetic engineering and are classified
as biological agents by the U.S

Track To follow the path of an incoming mumtion or
chemical or biological agent, may provide data for
mapping contaminated or threatened areas.

Training Device liem designed. developed, and procured
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solely 10 simulate or demonstrate the function of
equipment or systems 1n order to meet training support
requirements.

Transmitter A light source, ¢.g . laser, that 1s combined
with electronic circuitry to operate the source A
transmitter operates directly from the signal generated
by other electronic equipment to produce the dnve
current needed for a laser

Tunable Laser A laser that can have its output wave-
length changed by a tuming process

Type Classification ldentfies the life cycle status of a
matenel system after a production decision by assign-
ment of designations, records status of a materiel
system in relation to its overall life history as #guide to
procurement, authonzation, logistical support, asset,
and rcadiness reporting

U

Ultraviolet (UV) Inwisible rays of Light that are beyond
the violet end of the spectrum and are at the opposite
end of the spectrum from the infrared, electromagnetic
radiation wavelengths of less than 400 nm.

Unattended Operation The capability of a system to
operate by itself without intervention by an operator

Unprotected Persons Persons not weanng any special
NBC protective clothing or equipment

A4

Vapor The gasecous form of a hquid chemical agent

Vector In biology, any orgamism that is the carnier of a
discase-producing virus, such as one of the many insect
hosts of microorganisms parasitic to man

Virulent Agents Apgents that produce rapid, severe, and
malignant results 1n vicums

Virus An obligate intracellular parasitic microorganism
smaller than bactena; most can pass through filters
that retain bacteria

Visible. Capability of an alarm always to be in full view of
or readily seen by an operator

Visual Capability of an alarm or recadout to be recog-
mzed by the operator by sight

Volatile. A rcadily vaporized hquid that evaporates at a
relatively low ambient temperature.,

Volatility. A measure of the capability of a chemical
substance to go from the liquid or solid state directly to
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the vapor state. Volatility 1s expressed as milligrams of
vapor per cubic meter (mg/ m’) at a specific tempera-
ture and pressure

V-Series Nerve Agent. US persistent nerve agent, e.g., VX
and VR-55.

W

Warhead That part of a mussile, projectile, torpedo,
rocket, or other munition contaiming either the pay-
load, the nuclear or thermonuclear system, the high-
explosive system, the chemical or biological agents, or
the inert matenals intended to inflict damage on the
target.

Warning The timely dissemination of the information
that a chemical or biological agent 1s present or
anticipated 1n an arca

Weapons of Mass Destruction. In arms control usage
weapons that arc capable of a high order of destruction
and/or of being used to destroy large numbers of
people These can be nuclear, biological, or chemical
weapons but exclude the means of transporting or
propeliing the weapons if such means are a separable
and divisible part of the weapons

Weathering. Natural process that gradually accomplishes
decontamination by evaporating or decomposing the
chemical agent

Weight The physical weight of the system or s discrete
(stand alone) components if more than one discrete
component 1s required.

Whetlerization Special treatment of activated charcoal
by impregnating 1t with a mixture of metal salts to
increase 1ts adsorption of blood agents
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dentificavion, 6-11—6-12, 7-5~-7-6, 7-8
persistency, 2-2—2-3, 3-6, 3-9
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G-agents See Nerve agents
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