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CHEMICAL AGENT DAT~A} SUMMARY* 

Riot control agents are local irritants which in very low concentration~ act primnrily on the (:') 
eyes, causing intense pain and lacrimation. High concentrations produce irritation of the upper 
respiratory tract and the skin and, with CS, nausea and vomiting as well. These agents are dis-
persed in the air as aerosol clouds. The lacrimators or tear agents used by police agencies are 
chloroacetophenone (CN) and o-chlorobenzalmalononitrile (CS). 

~'--------------------------------------.---------------------------------------~ 

(,N 

PROPERTIES 

CN is a white crystalline solid, melting at 
1290 F (540 C). eN is used sometimes in liquid 
form by dissolving it in appropriate solvents. 
The odor, if any, of C'N may be faint and 
agreeable. It may appear as 1I bluish white 
doud at the point of release. Solid lacrimators 
are dispersed as a mixture of vapor and fine 
particulate smoke by burning type munitions 
such as projl'ctiiL's and grenades. The vapor 
pressure of C'N is so low that, although effec
tiVL' lacrillla ting COllcen tra lions can be pro
duced easily in the field, skin-irritating 
concentrations do not L'ommonly occur 
eXL'L'pt in inclosed spaces. 

SYMPTOMS 

This lacrimator produces sharp irritating 
pain in the eyes, resulting in immediate 
blepharospasm and a I;opious Ilow of tears. If 
l'xposure is briL'f, these effects last only a few 
minutes. More prolonged exposure catlS~>s 

mild conjunctivitis, some photophobia, and a 
lh'sirl' to rub the eyes. There may also be a 
moderate sense of irritation in the nose and a 
slinging sensation 0(' the skin, particularly in 
hot weathl'r. A generalil.ed dermatitis may 
o~cur rarl'iy, with sweating skin. 

CS 

PROPERTIES 

The agen t CS is a white crystalline solid 
and is stable under ordinary conditions of 
storage. It has a pungent pepper-like odor. 
The CS cloud is white at the point of release 
and for several seconds after release. CS is dis
seminated by burning, explosion, and aerosol 
formation. CS is faster acting, more potent, 
and Jess toxic than C'N. tn terms a I' agen t 
weight, the effectiveness of CS is about 10 
times that of CN. One-tenth of an ounce 0(' 

CS will produce about the same results as I 
oun~e of CN. 

SYMPTOMS 

When an unmasked person walks into a 
cloud of (,S, the effects arc felt almost 
immediately. Incapacitation begins in 20 to 
60 seconds. Duration of effects is 5 to 10 
minutes after the individual is exposed to 
fresh air. During this time the affected indi
vidual is incapable of effective concerted 
action. There is extreme burning of the eyes 
and copious flow of tears: involuntary closing 
of the eyes; sinus and nasal drip; coughing; 
difficult breathing, and tightness of the chest, 
and, in some cases, panic. In addition, fol
lowing exposure to high concentrations of CS, 
there is nausea and vomiting. 

*hH ul'tailcu Itllormation sec Chapter Two, Introduction to Police CI:emicai Agents. 
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Foreword 
This manual represents the best information available to the IACP as of 1 July 

1969. It updates and revises all previous Riot Control A gent Information Series 
publications, which should be corrected or destroyed. 

To keep this publication current it should be cut as indicated inside the back cover 
and maintained in a standard three-ring binder so that additional revisions and additions 
can be added as they become available. 

Suggestions for the improvement of this manual are welcome and may be submitted 
to the IACP or to the Project Manager on Violence, Law Enforcement Assistance 
Administration, U. S. Department of Justice, 633 Indiana Avenue, N.W., Washington, 
D. C. 20530. 

THOMPSON S. CROCKETT 
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On Eggs and Omelets 

When in the normal course of events a hen lays an egg, there is little need and even less demand 
for an explanation. On the other hand, when a rooster delivers a chartreuse alligator egg there 
would seem to be some cause for elaboration. In the case of this publication, the explanation 
is simple. It is the result of the combined knowledge and experience of hundreds of police 
officers, researchers I and representatives of the chemical munitions industry who were willing 
to share their insights with the IACP Chemical Agents Program team. 

While they can hardly be held responsible for the final nature of the omelet, grateful acknowl
edgement is extended to the following people who contributed above and beyond the call of 
duty during the incubation period: 

J. Philip Kruse, Assistallt to the Chief of Police, Cleveland, ,ohio, for his able assist
ance early in the project and especi~lIy his research on protective masks. 

Neil C. Chamelin of the Florida Illstitute for Law Enforcement, st. Petersburg Junior 
College, and his Stetson University research team for their study of the civil aspects 
of the use of chemical agents. 

Lieutenant Colonel Paul M. Adams of the United States Army, Military Police, for 
his interest and cooperation. 

Alan Litman of O.O.E.C. and Richard E. Reinnagel of Cornell Aeronautical Labora
tory deserve special acknowledgement for the technical assistance, that they were 
always ready to contribute to the Chemical Agents Program. 

By their patience and understanding during the production phase, Bill Brower, our 
artist, and Bill Marshall of Corporate Press made a substantial contribution. Miss 
Michele Lydon of the IACP staff worked tirelessly on the manuscript and shed more 
than her share of tears during the field evaluation sessions . 
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CHAPTER ONE 

Chemical Agent Policy and Procedure 

The purpose of this manual is to provide law enforcement personnel with the information that they need 
to make sound decisions relating to the use of chemical agents in the achievement of police objectives. At 
the executive level such decisions involve the formulation of policy and procedure that will provide the 
basis for all departmental chemical operations. 

It is often said that policy decides what is to be done and procedure directs how it is to be ,accomplished. 
There is no area of police activity in which policy and procedure are more important than in those 
situations involving the use of force. Since chemical munitions, like firearms, are essentially devices for 
the application of force, the development of guidelines for their employment is a command responsibility 
as well as an operational necessity. 

For the police administrater, the issue is never whether or not his organization will have a policy in relation 
to the use of chemical agents, but only who will establish such policy. It is a fact of life that in the absence 
of direction from above, each officer will establish his own policy and his decision mayor may not reflect the 
desire of the chief executive, who is ultimately held responsible for the consequences of whatever action is 
taken by operational personnel. Beyond the question of control, there is also a clear obligation on the part 
of the police leadership to provide guidance for officers ex(,>ected to function under difficult field 
conditions. Thus, it is both unwise alld unfair to' permit operational personnel to carry out their responsi
bilities in what amounts to policy vacuum. 

POLICY FORMULATION 

Policy formulation is decision making and decision making involves, for the most part, the selection of a 
particular alternative from among the various choices available. In the case of chemical agents, each of the 
following major policy areas should be considered and a decision reached as to the most desirable course of 
action. In every area alternatives are available and the task of the policy-maker is to narrow down the many 
possibilities to a single actuality . 

• What should be the underlying philosophy behind the use of chemical agents? 

Necessary force becomes excessive force at that point where the violence involved becom~s greater than 
that required to prevent or control specific kinds of unlawful behavior. In any event, police use of force 
becomes excessive at the point where its purpose ceases to become res"raint or control and move:; into the 
realm of punishment. By choice of agents, procedures, and tactics, a law enforcement organization will reflect 
a basic attitude toward the use of chemical agents that is either punitive or non-punitive in nature. Put 
another way, when an agent or procedure is selected that inflicts more pain or discomfort than necessary to 
obtain the immediate objective of restraint or control. :;L1ch a choice is usually motivated, either consciously 
or unconsciously, by a desire to achieve punitive objectives. 
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Figure 1 - The Policy/Procedure Cycle 

• To what level of command, supervision or execution should the at)thority to employ chemical 
agents be delegated? 

Decisions regarding the delegation of authority must always be made individually by each police executive 
after consideration of such variables as the quality of subordinates, the level of training, the importance of 
immediate response, and the nature of the chemical weapons involved. 

Generally, however, some delegation of authority will be necessary to cover the use of <.:hemical agents in 
at least three separate and very different tactical situations; routine self-defense, barricaded criminals, and 
crowd or mob control. In the case of individual chemical weapons, such as the aerosol irritant projectors, 
which are used primarily for self-defense, the authority to decide, within established guidelines, when and 
where such devices are to be employed must clearly be delegated to each officer carrying the chemical 
weapon. 

Operations against barricaded criminals occur under such a wide range of conditions that a decision to 
employ chemical agents can only be made by the officer in charge at the scene. This officer should have the 
authority to employ chemicals in accordance with his evaluation of the situation and his understanding of 
chemical agent performance. 

The decision to use chemical agents to disperse disorderly or riotous groups is an extremely difficult one to 
make. Employed at the right moment, in the right amount, and properly exploited, chemical agents can be 
effective in preventing or limiting a civil disorder. Because of the many variables imposed by weather, target 
nature, munition characteristics, and tactical conditions, the decision to employ riot control agents can again 
only be made by the field commander. It is very unlikely that chemical agents can be employed with max
imum effectiveness in civil disorder control when the authority for their employment has not been delegated 
to whoever is in charge at the civil disorder ,scene. When reliable communications between the field com
mander and the command post are assured, a decision to use chemicals may be cleared in advance. Such a 
requirement, however, does not alter the fact that the decision is made at the scene and usually only serves 
to complicate command at a critical point in disorder control operations. 

• What agents should be employed? 

The chemical agents currently available for police use have different characteristics. What agents should be 
employed in what situations? The present choices in riot control agents include CN, CS, OM and smoke. In 
the aerosol irritant projectors CN, CS, and oleoresin capsicum are available in a wide range of formulations 
that vary considerably in their effectiveness and potential for injury. 

• Where will chemical munitions and protective masks be stored? 

Chemical munitions and masks stored at a central location may prove difficult to transport quickly during 
an emergency. Decentralization of prestock:;, in precinct or district stations may distribute available resources 
too thinly and provide even more difficult transportation problems should the emergency arise in a distan't 
area of the city. Should munitions and masks be carried in patrol, supervisory, or command vehicles? 

• What restrictions should be placed on the use of chemicals? 

For example, in what locations or situations, if any, will the use of chemical munitions be restricted or 
prohibited?The use of heavy concentrations of agent in the vicinity of schools, hospitals, or high speed 
expressways may produce greater than normal risks. Should this be covered by specific policy or left to 
the discretion of field cornmanders?What kind of public announcement should precede the use of agent 
against crowds? Should special rescue or fire equipment be present before chemical operations are initiated 
against barricaded criminals?Will chemicals be used against barricaded criminals holding hostages? 
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• What reporting requirements should be established in connection with the use of chemicals? 

Some feedback of information is necessary to permit control and evaluation of chemical operations. The 
hirger the law enforcement organization, the greater the need for a formal information system to provide 
policy-making personnel with the outcome of street operations. While operating personnel often have an 
unfortunate tendency to regard reporting requirements as an effort to second guess their judgment, th(~ real 
value of such a system lies in its use to detect training needs, identify faulty procedures, and predict potential 
problems before they can cause serious difficulties. . 

STAfF ASSISTANCE 

The average police administrator will probably require assistance in resolving some of the more complex 
policy issues surrounding the use of chemical agents. In the large department, a planning and research unit 
is usually available to perform this function and in smaller agencies such a study can be assigned to a com
petent staff or line officer. However, the rapid escalation of non-lethal chemical agent technology suggests 
that police agencies of all sizes would be wise to consider the appointment of a chemical agent officer to 
provide staff assistance to command and operational personnel in the area of chemical munitions employ
ment. 

Even when a technically qualified officer is not available within the department, it is still desirable to select 
and appoint an intelligent, interested individual as chemical agent officer. By reviewing the material released 
under the Department of Justice/IACP Chemical Agents Program and studying other available documents, 
the newly appointed chemical agent officer can quickly begin to build a background that will enable him 
to render valuable assistance in an area that becomes more technical as each week goes by. Figure 2, a 
special order appointing a chemical weapons officer, suggests the kind of responsibilities that could be assigned 
to a chemical agent staff specialist. 

For assistance with specific chemical agent policy or procedural problems, the police planner can frequently 
utilize outside resources. The Federal Bureau of Investigation, The International Association of Chiefs of 
Police, and local national guard officials are usually willing to provide information or assistance within their 
area of competency. Chemical munitions manufacturers are also able and willing to provide help in some 
areas, although their commercial involvement may preclude a fully objective point of view in some subject 
areas. 

FROM DECISION TO EXECUTION 

Once policy decisions have been reached, detailed guidelines must be develope~ to inform those personnel 
involved of the desired method of carrying out the intent of the policy statement. Whether these guidelines 
are called procedures, orders, or known by some other title; they are essentially a set of instructions de
scribing how a specific objective is to be achieved. 

Figure 3 provides an example of a field procedure covering the use of aerosol irritant projectors. In this 
case, the policy position being implemented is specifically stated in part B. An attempt has been made to 
anticipate and answer questions that may arise in normal operations. Although the exact format of the dis
semination document may vary from department to department, it should attempt to provide clear and 
concise answers to the questions Who, What, When, Where, Why, and How. 

When written procedures have been developed, the next step is to insure that they are fully understood by 
those charged with their execution and supervision. This is normally achieved by furnishing a copy of the 
written directive to all personnel and then following up with appropriate training at the roll-call, recruit, 
and supervisory levels. Ideally, new procedures would be introduced first to supervisory personnel and then 
disseminated to the level of execution. In this way, supervisors will be in a better position to answer the 
questions of subordinates and will be more likely to take a positive attitude in implementing new practices. 

When new procedures have become a part of police operations there remains a continuing requirement for 
evaluation to determine if desired objectives are being achieved. By effective inspection and reporting of 
field operations it is possible to identify the need for revision of policy, procedure, training, or supervisory 
techniques. Only constant and vigorous review of street experience by staff and operational personnel will 
make possible an effective departmental chemical agent program. 
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DEPARTMENT'of PUBLIC SAFIETY 

SPECIAL ORDER 

68·150 

19 December 1968 

SUBJECT: CHEMICAL WEAPONS OFFICER 
o 

EFFECTIVE: IMMEDIATELY 

I. PURPOSE: 

II. 

if 

The inbreased emphasis on the use of chemical weapons by police officers and the great 
diversity of such weapons, Which are now or will soon become available, makes it neces. 
sary to appoint a single person in the Department to become expert in such matters. 
Information on chemical weapons will be relayed to the Chemical Weapons Officer as 
will any information of their use, malfunction, etc. TlJe Chemical Weapons Officer ~ill 
report monthly, in writing, to the Sheriff by the 10th of each month on his activities 
'including comments on new developments, training, and the Department's chemical ' 
weapons experience and capabilities. 

RESPONSIBILITIES: 

. Ser~eant James Thacker, in addition to his other dl,lties, is appointed Chemical Weapons 
OffIcer for the Department. Hf will be responsible for the following: 

A. Familiarity with all avail~ble material on chemical Weapons and their use. . 
B. Evaluation of all Department, and other, available chemical weapons and their use. 

C. The conduct of training programs for the Emergency Team and the remainder of 
the. Department on chemical weapons and their use. . 

D. ASsisting the Emergency Incident Staff as a special advisor on chemical weapons. 

E. AdVising the Sheriff and other Department members on chemical weapons matters. 
" :-:,,.) ,"} . 

(' /c1mw( .?tfk/~ 
~/ /) 

L. 
DISTRIBUTION: SHERIFF JAMES C. HOLZMAN 

All Units DIRECTOR OF PUBLIC SAFETY 

E Manual - Directives Section 

FIGURE 2 - CHEMICAL WEAPONS OFFICER SPECIAL ORDER 
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RE: ,,'AERQSOLiRRITANT PROJECTORS 

'A" ' "', 

B. 

C. 

. 0 

OaJECT'VES : .\j" 

Q, ~ 
t. Department" 

1'oaSSllre the publi" maximum f)8rsonal saf~ty and convenience by pro· 
IIldingprotectlon and assistance. ' 

2. This Order' IS. If , 

" " II 
to establish pOlicy and procedures for the use of chemical agents In aero-
sol,irrltant dispen~rs by Departmental members. 

POLICY 

1. 

2. 

3. 

Members may use the aerosol device furnished by t~~ Department as a 
defensive weapon In accordance with this orde'fP !, " , . 

The Use of chemical agent shall be considered an alternate actjlm. to the 
u., of the baton under appropriate ,circum_tances and Is not inW'nded as a 
repl~ement for the baton or approved firearms. 

Projectors shall not be carried during off·dl,Aty hours unl~ prlorapprov,al 
is obtained from the appropriate Commander. ' 

() 

~
' , ' 1, Chemical agent projectors are intended for use il1, those cases wherein the 
, .' , mem"'rols .ttempt1rg, to SUbdue at, attacker or a violently resisting suspect 

" " , -';::,--:>-, -',.' .01' under ,other , withlnther~I~ ~f laV\f; w~lc;h ~?fIli~ the 
, " , .. , .l~ul arid , and w~lch IS' best accompll~ by,the , 

\1.' t, 

• , ! > 

u" p 

2. 

FIGURE 3 - PROCEDURE FOR USE OF AEROSOL IRRITANT PROJECTORS 

6 

) 

o 

~) 

D. P'ROCEDlJFlES',FOR USE ~ ...... 

1. Chemical agent furnlsl1edunder this order is manuf~turedln an aerosol· 
type canl,ster and Is operable by depressing a valve on the top of the 
canister. co ,. 

2. The application of agent to subjects shall normally be from a 1'&nge,of' 
three to eighteen feet. Use at lesser distances: 

a.. Renders the officer lIulnerable to losing the projector.',. 

b., Increases the chance of the, member beComing contami~ated • 

c. I ncreases the severity and duration of effects to,the Sl!bject. ' 

3. ihe duration of the application of chemical agent sh~il btl lImited to 
the absolute minimum required to effectively control the subject. 
Normally, this will be a one-second application. In no case shOUld more 
than three one-second bursts be fired directly into the face of a sub· 
Ject unless the officer is in immediate danger of serious injury. ,0 , 

4. Chemical agent is not recommended for use against subjects who con· 
fine themselves In closed vehicles and refuse to emerge. As a last 

. ~ ~ resort, chemical agent may be used if necessary to prevent injury to 
~Rt:;> ~ a~ officer,pr. ~hesubject. ~emoval from the vehicl? shall ~e accom' 

phshed as qUIckly as pOSSible after using the chemIcal proJector. 

1 
,;,I 
,y 

0 

" 
5. Subjects upon Whom chemical agent is used must; have apparent signs 

of being alert and In possession of their normal protective reflexes 
such as blinking, eye closure, breath holding, and turning away from 
the applied stream. 

6. The projector will not be employed in the immediate vicinity of 
infants, since their respiratory systems are extremely sensitive to 
all kinds of vapors. 

7. The aerotol ir~itant projector may be used in riots, civil disorders, 
and other emergency conditions only with the approval of the 
Operation Commander. . 

PROCEDURES AFTER USE 

1. Subjects .in cqstodv to which a chemical agent has been applied shall be 
accorded first aid within 30 minutes from time of contamination. Apply· ." 
ing cool, clear water to the contaminated area is considered adequat& 
first aid treatment. 

a. 

b. 

First aid shall be administered at the scene, or as close thereto as , 
possible, whenever!.~he circumstances permit. 

Appropriate first aid locations shall not be bypassed merely because 
a detention facility is reachable within the 30-minute time span 
unless the safety of the officer or subject would be jeopardized by 
remaining at or near the Scene. 

c. Absorption of chemical agent into the clothing can cause contami' 
nation of normally unexposed areas and should be considered as 
a condition requiring treatment. 

d. Salves, creams, ointments, or warm water should not be applied to 
cC?ntaminated area~ t>ec.use .th", mav retard subliminatiOh of the 
.,nt or increise skii'uibsorp~16n, therl!by inc:rea!iing local Irritation. 

I) 

" .. ,<~..., 

~--------------------------------------------------------~~----.----------------~ 
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4. 

,REP()MTIN~ .'. . . .••. ". '. " . .... '.:" . .:' , . ., .. , 
"1. '$tilnclar~{Form.i; At~ident'R~pOrt (Oth~~;Th~n ~9,t~rVe~j~hj~) shill' 

be completed fc>r' e~l\subjeCt on whci~.~' c~eml~aL~nt "Is, pPll,lied. , 

2 .. 

'Th.e· Departmental Report.·o ing Ma~ti~ishai:l~~t~etn tl'i,lp~p8r~tion a. . ",' ,.I'~r,. '.' " 
and distribution of the <form. ,,,,I , 

b. Thesp!!C8 on t~e form' marked, IIDescriptionof ProPerty Invah/,ed", 

c'. 

,should,lnclude: .' 'y 

(1) 'Th~words, "Aerosol Chemical Agent". , 
" . . ~ '. II '. -

0(2) The time fir~t aid t~eatment was provld~ aHequlred b,Y 
E. 1. abOVe.' c 

When projectors :re usedllnrlercircumstances whi~h do not permit 
identification of the sUbjects }nvolved and, therefore, no treatment 
orarf'e$tresu!ts, the following procedure shall apply:@ . 

( 1 ) Under .normal ~otnmalid operations a memoralldum reFrt 
of thei,ncidentshall be submitted by the membe:r to-hiS ' 

, commander. 

The Qper~tiP~ C~mmand~r shall include any informati.on conce~r1ing use 
of aerosblirritant projectors as part of the ~mmaryreport reqUired , 
following civil diSQri:ier operation. 

, 1 G 

,PISTRIBUTION OF AEROSO.t.:IRRITANT PROJECT,ORS , ". 

. ,Proj~~ors a~d holsters shall be obtained through requisition procedures contained 
in Ch~pter~of the Administrative Proc~ures Manual. 

~I 

I ,~ \ " 

8 

~ ) 

'1 

! 
! 
I 

i 

J 

CHAPTER TWO 

Introduction to Police Chemical Agents 

Chemical agents have been used by the police to subdue criminal and riotous individuals or groups for many 
years. The police of Paris are credited with the modern development of the concept in the year 1912 when 
"hand bombs" filled with an early tear gas were used to incapacitate gangs of criminals that were presen ting 
a seriolls threat to life and property in the French capitol. From this law enforcement origin grew the sub
sequent development of military chemical warfare which began with tear gas and quickly escalated to the 
dreaded lethal and disabling gases of World War I and the modern era. 

The ethyl bromacetate used by the Paris police in their "hand bombs" and contemporary "tear gases" are 
members of a family of chemical compounds that are known as lacrimators because they produce a severe 
weeping or tearing of the eyes. Ethyl bromacetate, a relatively volatile :liquid which is effective in very 
low concentrations, produced a vapor or gas that proved to be a very effective lacrimator, giving rise to the 
term "tear gas". The term tear gas has r~mained in popular use, although modern riot-control agents such 
as CS are dry powders which have a relatively low volatility. The modern agent is dispersed as a fine dust 
cloud from bulk dispensers or bursting containers as recondensed particles from burning mixtures of agent 
and an appropriate fuel, or as liquid aerosols. 

MODERN RIOT CONTROL AGENTS 
.' 

After years of experimentation and research with a wide range of chemical compounds, three separate agents 
are currently available to law enforcement agencies for use in ridt control and the capture of armed, barri
caded, criminals. Two ,of these agents, designated CN and CS, are lacrimators and the third, DM, is a nau
seating or sickening agent, which is not recommended for general law enforcement use. While these agents 
all produce temporary irritation or disabling physiological effects when they come into contact with the eyes 
or are inhaled in sufficient concentrations, they each have individual characteristics which govern their lise 
in specific situations. 

CN AGENT 

CN or Chloroacetophenone, which was discovered by a German chemist in 1869, is currently the "tear gas" 
most widely used by law enforcement agencies throughout the world. CN produces a characteristic apple 
blossom odor under normal conditions and is released as a particulate cloud, or dissolved in a liquid and 
released as a liquid aerosol. 

The CN agent quickly irritates the upper respiratory passages and eyes, causing a heavy flow of tears within 
seconds after exposure. In high concentrations CN is irritating to the skin and can cause a burning, itching 
sensation on moist parts of the body. In some individuals, CN agent may produce nausea, especially when 
experienced in heavy concentrations. 
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CN agent is usually dispensed by burning or blast dispersion in hand grenade and projectile munitions. It is 
also being disseminated in the newly developed fogging devices and' is the active component in most of the 

hand-held aerosol irritant projectors discussed in Chapter 5. 

CN, like other agents, must be used with discretion, especially when the agent is introduced into small rooms 

or other confined areas. 

OM AGENT 

OM or Diphenylaminechloroarsine was discovered in 1918 by the American Chemical Warfare Service and 
called "Adam site" in honor of its developer, Major Roger Adams. OM is a nauseating agent that produces 
extreme discomfort and sickness. The DM produces a yellow particulate cloud that has a "smoky" odor 
which rapidly disappears as the agent affects the sense of smell. Since DM requires several minutes to reach 
full effect, it is sometimes mixed with CN to produce a more immediate response. 

Within a minute or two following exposure, DM produces a burning sensation of the nose and throat often 
followed by sneezing and coughing. When the full reaction point is reached, tpe indivi?ual experiences 
severe headaches, profuse watery nasal discharge, acute pains in the nose, sinus and chest and ultimately 
nausea and vomiting. During the final stages, the DM victim may experience mental depression al).d sensory 

disturbance. 

The physiological reaction to DM is extremely severe, with incapacitation sometimes lasting several hours and 
effects possibly persisting for several days. Lethal concentrations are within the range of possibility and 
injuries are likely when heavy concentrations are employed. The Armed Forces have directed their personnel 
not to use DM in any riot control operation where deaths are not acceptable and the Department of the Army 
does not even discuss the use of DM in its field manual covering the control of civil disturbances and disorders. 

DM is currently stocked in small quant.ities by only a limited number of police departments in the United 
States. It is not recommended forlaw enforcement lise under any but the most extreme conditions. 

CS AGENT 

CS or orthochlorbenzalmalononitrile, the newest of the riot c011trol agents, was first developed in 1928 by two 
scientists, B. B. Carson and R. W. Stoughton, whose last initials are lIsed to identify the compound. CS came 
to the attention of law enforcement officials in this country as a result of its use by the British during the 

civil disorders on Cyprus in 1961. 

After an exhaustive testing program, the U. S. Army adopted CS as its standard riot control agent. Existing 
CN stocks were replaced with the newer CS agent and today military units assisting local police in the control 

of disorders will be equipped exclusively with CS munitions. 

Tests conducted by physicians and toxicologists have indicated that CS has a safety factor which makes the 
probability extremely low that lasting effects or death could result from its proper use in riot control sit
uations. Limited laboratory experiments with animals and humans have produced no significant ill effects 
from the CS agent,.even in persons fifty years of age with medical histories of allergies, hypertension, 

jaundice or hepatitis. 

It should be pointed out, however, that "safety" is a relative term when used in connection with riot control 
agents of any kind and there is always a possibility of injury or death under unusual circumstances or when 
agents are improperly employed. Assurances from commercial and military sources regarding the com
parative safety of CS should not be permitted to obscure the fact that, like any other agent, CS must be used 

with discretion. 
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Whether or not: police officials elect to utilize CS in thei t t' . 
guard and federal troops committed to disorder control ~~~rr:~l'l ~le~lIC?1 weap~n Inventory, all national 
local law enforcement officers should be familiar with the characte~s"t[~~I~~~~l~~~~~I~~ and consequently 

CS is a white powderthat can be dispersed i I ) , grenades, b) by small projectiles or c n,severa ways: a m p~epacked ~ontainers such as hand thrown 
Wed dry chemical fire extinguish~r. It ~r~~t~Cdsri~~!re~I? ; p;~~sunzed contulller ~uch as a properly mod,:
piratory tract and the skin and 'I ..., la. e IS ress on contact WIth the eyes, the res-- . 
contact with it and for abo~l~ 1 0 ~~ 12~:~~i~I~~: r~~lp;(~n~ lllc:pable of purposeful aggressiveness while in 

centrations may produce nausea, vomiting, PS;C~0~~g~~a:~ep~:~~~x:,~s~~ !~t~l~~~I~~I~~c~:r~ I~::~~d~~n-

~~~~~~~r~ :~;e:~~I;:~~~l~r~!~~e: by CS vary to some degree in relation to the concentration and dose, it is 
reactions. This is eSP~ciall:~rue o~ ~~' e~~lal amounts.of CS. agent prod~lce more immediate and severe 

III erna symptoms lllvolvlllg the respiratory system. 

CRITERIA FOR SELECTION OF A RIOT CONTROL AGENT 

~~s:e~~I~~~~!~:s a;;~~v~~~:~ al~;ccetable riott con.trol agent should possess certain characteristics based upon 

~;:!::~~is::~n~7~rW~~~~!11~~~he es~v:~~~:~c:::'t~~; S~~'~I~U~~ ~~:~1 ~~t~~:;:;~!:;t~~:ni~ !~~~~~~:[~nt~: " 

sever~l' d::~~i~;~~ p~imary .criteria i~ agent selection is safety. Although chemical agent "safety" involves 

the agent be non-Ietha:~~ :~ey ~~~~~~~~~~;I~~r~:~yd:~~! 1~!~~I~P~~~I~tplb~i,cation'I,thet.minimum criteria is that 
, 0 Ice app Ica 1011. 

2. Effectiveness - The agent should: 

a. Produce rapid physiological action. 

b. Prob?uce desired ~ffects in low concentrations, somewhere in the range of a few milligr'lms per' .~~'. 
cu lC meter of alr. ' ' 

c. ~;:~~it rapid recolJery without lasting effects when subject is removed from the contaminated 

d t:bID~liVeral?ility -,The agent ~n.ust be deliverable in sufficient concentrations by delivery systems 
a ap a e 0 po Ice reqturements ansmg from the nature of field operations. 

\ No.n-P~rsistenCy, - ~he agent must be temporary in duration of its effectiveness and should not 
~~et~~~ ag~aJtor et~ondtamfldn.atton. pl'~blems. Persistency is a product of several factors including the nature 

n ,me 10 0 ISSemll1atton, weather, and the area contaminated. 

It mt;;t ~~a~~~ypa~bTlhe ~tglent IShotudlddbe
l
. stable over wide ranges of temperature variation al'.d storage conditions. 

e WI 1 se ec e e Ivery systems. 

o 6. Acceptability - Th~ ~lse I)~ the agent must be tolerated by the general public. A negative res )onse 

t~e t~e~:r~~~,~~:~;~~~ ~~~:r~ns In a community to a specific agent may well offset any advantagei thnt 
d 7. Cos: ~ffec.tiveness - The total cost of the delivered agent must be proportionate to its effcctivene 

an ~ompettttve WIth acceptable alternatives. In addition the cost of chemical munitions mu t , ss 
able III relation to police resources.' s )e reason-
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CHARACTERISTIC 

Composition 

Odor 

Persistency (in open) 

Minim~m effective protection. 

Physiological action 

Time required fqr maximum effort. 

First aid. 

Type of munitions. 

Mechanically dispersable. 

ITH UPDATED FIRST AID SECTION. 'FROM: DEPARTMENT or THE ARMY FIELD MANUAL FM-19-15, MARCH 1908, W 

12 

CHEMICAL AGENT TERMINOLOGY 

In order to understand something about chemical agents and how they are evaluated, law enforcement 
officials should be familiar with several basic terms and concepts that are commonly employed in describing 
the physical and chemical properties of such agents. 

Aerosol - a liquid or solid, not vaporized, but divided into particles small enough to float in the air fol' 
extended periods of time. Examples of common aerosols are mist, fog, and smoke. (A vapor is the gaseous 
form of any sUbstance that is normally a solid or a liquid.) 

Concentration - the amount of chemical agent present in a unit volume of air. Usually expressed in 
milligrams per cubic meter of air. (mg/m3) 

Dosa,ge or Ct - the concentration (C) of chemical agent in the air multiplied by the time (t) the con
centratioll remains. Dosage is usually expressed as mg-min/m3. 

t 
~ 
~ 
j:: 

~ 
~ 

~ 
~ a 

...1 ______ TIME (t) ________ .~ 
FIGURE 1 - THE ct RELATIONSHIP FOR CHEMICAL AGENTS 

Since dosage is a combination of concentration and time, the same effects with riot control agents can be 
achieved by an exposure to a high concentration for a short period of time or to a lower concentration for a 
longer period of time. This general relationship is illustrated in Figure I" 

From a practical standpoint this means that approximately the same effects would be produced by 30 seconds 
exposure to the agent released by two grenades as would be produced by 60 seconds exposure to a single 
grenade release. Put another way, the same range of effects can generally be produced by either heavy con
centration or prolonged exposure.1 

IThe validity of this relationship over wide ranges of time/concentration has not been established, but the principle is considered reliable under normal operational conditions. 
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30 SEC. 

60 SEC. IP FOR RIOT AGENTS 

CON
SEQUENCE OF THE Ct RELATIONSH 

THE PRACTICAL 
FIGURE 2 - . f a chemical agent is usually ex-

) The incapacitating dosage 0, , 50 cent of exposed 
Median Incapacitating Dosage (Jet 50 - I which is sufficient to incapaCltat~ per 

I
)reSsed as the amount of inhaled vapo

l
r or afe~~~s reported as about 20 mg-min/m ' 

Ie the lCtSO va ue 0 
personnel. For examp , . lly within the body to 

, 1 th t acts systemlca , 
, m with respect to matena a. emic and is measured 111 

The term 1CtSO is ~1 ~~pr::er~::e t~~ riot control agents, who~e ti~C!~Sa~~~:J:~ount of agent which wil: , 
produce its effe~t, u 111 desirable term is lCSO' lCSO IS e 111 t tion depends upon the populatIOn s 
fractions of a mmute, t?e ~o;e 50% of a population, The exact concen ratrations and the average around 
be intolerable ,in ~ne nun~ ~ t °thus the lCSO is listed as a range of conc~~igrams per cubic meter (mg/m3), 
degree of motivation to res,ls , 1 t TIle lCSO is expressed only as ml 

1 ulahon c us ers. . 
which most of t 1e pop . ' ent is the concentration multiplied b~ 

) _ The LCtSO of a chemical ag nit used to express LCtSO IS, 
Median Lethal Dosag~ (tf~;IOto 50 percent of exposed personne~ l~et u value is estimated as about 

the time of exposure that ~s e ; , Again using CN as an example, t e 50 
milligram minutes per cubic me e1, , 

, I 3 
14,000 mg-mm m . . '1 f comparison of the relative 

edian dosages are values estab~iS,hed pnman Yco~~erned about the absolute 
It is important ~o I

l
10te tl;at ~bViOuslY, law enforcement offlcmls ~trle ~~r:oncentration sufficient to kill at 

errects of chemlCa agen s. t d d LCtSO which deals Will 
JJ' , I t1 . n with the s an ar , 

minimum flsk leve 1a . b'ects exposed to the ageut. 

f: 

I . t 50 percent of the human S.l J 
edS . , bl LCt values, 

, d'ff' ult to obtain. Even avmla e 50 
1 lical agents IS I IC h 11 e and are the 

un~ortunatelt~' t1~:sl~~~~t~;~~s~~~~~t:yC ;:~s o~ anI imalst :::e~;~~~sv~~~e::~~~)~c~u:er~~g which are es mla ..l' ment among chemica agen 
subject of considerable ulSagree 

. ' d se of a particular agent. 
, een the lethal and the incapacltatmg 0 lts in a safety factor of 

Safety Factor - the raho betw Ie CN the LCtSO 14,000/lCtso 20 ~esu 1 thaI dose in 50% of the 
(LCtso/ICtso) Retur~ing to ~ur ::~~g ti:nes the incapacitating dose to pro uce a e 
700. In other words, It woul ta 
exposed population. , 

t the police personnel planmng 
, . um lethal dosage is of more concern 0 

Again it is suggested that the mll11m 11 data are not currently available. 
t' ns However, suc 

chemical agent opera 10 • • d in terms 
. 'n the cloud are measure 

small particles of chemical agent I e micron in diameter 
Particle Size - The.size ~f t;l/;~e~~O of an inch and those par~icles smalle~ than oO;uces a much smaller 

of MICRONS (/1). A mICron IS . 'A ule agent disseminatIOn by burmng pr 

f ed to as sub-micron particles. s a r , 
are re err bl t d'spersal 
particle than that produced by as I . 
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The physiological effectiveness of skin and respiratory aerosol dosages of riot control agents are influenced 
by particle size as well as by time and concentration, since retention by the lungs and contact with the skin 
are functions of particle size. 

Particle size is also an important consideration in delivery of agents, since heavier particles tend to "fall out" 
of the agent cloud while smaller particles remain airborne for longer periods. Particles larger than 30 microns 
in size tend to drop out of the air very rapidly and are therefore ineffective. 

The optimum particle size or size range is a compromise based upon agent impaction characteristics, agent 
cloud travel, inhalation-retention, and infiltration. It has been suggested that a particle size range of 0.5 
micron (cigarette smoke) to 5 microns (dusting grade corn starch) is acceptable. Burning grenades generally 
produce particles in the size range of 0.5 to I micron. In all other systems in use today, except when the 
agent is in solution, the particle size depends upon the size of the particle as the agent is manufactured, 
the additive used to reduce agglomeration, and the energy available (for example, the amount of explosive) 
to disperse the agent which is in the form of a dry powder in the munition. In most of the blast devices 
currently available, the energy is kept low to minimize hazard and the effective particle size tends to be 
somewhat larger than optimum. 

While the larger particle size may not be optimum for general use conditions, it may still be adequate for 
dispersal of personnel. In addition, the larger particle size should settle to the ground more rapidly, thus 
localizing its effect and restricting contamination to smaller areas and minimizing agent infiltration into 
adjacent buildings. 

Persistency - an ~xpression of the duration of effectiveness of a chemical agent. Persistency is of 
particular interest in relation to riot control agents in the matter of contamination of buildings and vehicles. 

RISK EVALUATION 

At best, "safety" is a relative term when applied to the evaluation of chemical agents. In fact, in the interest 
of both accuracy and clarity, the term "safety" (defined as "freedom from danger") should be replaced in 
this context by the term "risk", which is defined as exposure to danger. The question for police officials 
then becomes: "What risk is involved in our use of this agent? " and not the virtually unanswerable query 
"Is this agent safe? " 

Figure 3 contains a summary of data comparing the major characteristics of CN and CS agents. The claim 
of the relative safety of CS is based upon the information in the section of the chart entitled "Estimated 
Dosages." The major source of estimates of this kind is the U.S. Army, which generally acts upon the 
recommendations of the Human Estimates Committee, Research Laboratories, EdgeW' .I(ld Arsenal, Maryland. 
At the present time research is under way at Edgewood Arsenal that may eventually result in a revised 
recommendation by the Human Estimates Committee. By redefining the safety factor as LCtSO/ICSO' 
instead of LCtSO/ICtSO' and substituting the new estimates now under study, the future estimated 
dosages may establish an even greater safety factor differential between CS and CN. 

In any event, it is clear that the risk of developing a lethal concentration is less with CS than with CN and 
it is equally evident that CS is effective in lower concentrations and is also faster acting. On the other hand, 
it is still true that CS is a potent agent with effects that exceed those of the traditional CN. Obviously, CS 
must be employed with greater discretion than that which has characterized past uses of CN if police are 
to avoid legitimate criticism and opposition to the introduction of CS into civilian police operations. 

It is also important to bear in mind th ... t the possibility of death through the development of a lethal 
concentration is only one of the risks involved in the use of chemical agents. For example, regardless 
of the safety factors or LCtSO's involved, if an agent produces a high incidence of panic-related 
unpredictable behavior or causes temporary loss of consciousness in certain types of personnel, it could 
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Median In
capacitating 
(ICt50) 

FIGURE 3 _ CHARACfERISTICS OF CN AND CS AGENTS 

Burning sensation 
HeavY floW of tears 

Stingingd;.burning sensation 
on moist areas' . 

. Blister from very heavy 
. cQncentration 

Irritation-burning sensation· 

Salivation 

None repQ~ted 

. . in very high COn\"en-
tration or prolonged exposure 

Headache 

14,000 mg-1'Ilin/m3 

20 mg-min/ih3 

~~, . ' 

700 

",.., 
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Hea"yflow of;te,ars. . . 
Involuntary c10smg of eyes 

stinging or purningsensation on 
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. icenti'ation (at Ct 1~,000) . . . .) 

Se60nd degree bUrns delayed 14 - 16 
hours after exposure 

Itritati()n~butningsensation 
Nasal diacharge 

Salivation 

lrritation-burning .sensation 
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Tightness in chest , ' 
Feeling of suffdca~lOn - accompamed by 

panic 
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cent ration or ptolongedexposure 

Headache . 1 b'/, t 
"Dizziness 01' swimm\ng of head: na ',Ity 0 
. take effecti)le concerted actIon whtle 

d nd' f'lve to ten minute. s after. expose a . . ' 
Sense of physical i11-bein~ (malaise) up to 
. 24 hours for some subJects. . 
Prostration up to several minutesJor some 

subjects. 

25,000 mg-min/m'3. 
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present an unacceptable injury risk that would be entirely independent of any lethal potential. The fact 
that injury was sustained as a result of agent induced behavior rather than by the chemical itself does not 
diminish the risk consider~tions. In the same way, an agent that tended to produce severe, but not fatal, 
respiratory disorders might be unacceptable regardless of its relative safety factor. Thus, an agent's safety 
factor or LCtSO is only one of the risk factors that must be considered by law enforcement officials in 
the selection of a chemical agent for use in both civil disorders and routine police operations. 

It happens that CS has been known to produce panic behavior and has in research experiments caused 
personnel with respiratory and heart disorder histories to lose consciousness for periods up to ten minutes. 
The extent to which these characteristics mayor may not create problems under police field conditions can, 
in the final analysis, only be evaluated from actual experience. Unfortunately, non-military experience with 
CS has been limited. During the April 1968 disorders only Washington, D.C., Baltimore and Kansas City 
used chemical agents in any quantity and CS use was confined largely to Washington and Baltimore. Since 
that time, CS has been used extensively in connection with the Miami, Chicago and Berkeley disorders and 
during the "Poor Peoples" demonstrations in Washington, D.C. These applications have been studied closely 
and no major problems have developed from the use of CS. As time goes by and field experience accumulates, 
CS will build a performance record that will allow secondary risk evaluations of an even greater level of 
confidence. 

Finally, it should be noted that safety or risk resides not only in the characteristics of the agent, but is 
equally a product of the way in which agents are delivered. Thus poorly trained officers or improperly 
designed delivery systems will increase whatever risk factors may be associated with a particular agent 
formulation. 

EFFECTIVENESS CRITERIA 

Experiments conducted by the military with volunteers exposed to CN and CS suggest that CS produces in
tolerable symptoms more quickly and in lower concentrations that CN. Figure 5 summarizes the results of 
these experiments. For example, in a concentration of 51 to 100 mg/m3 of CS, 12 out of 12 subjects found 
the effects intolerable within 30 seconds, while in a similar concentration of CN all 24 subjects could remain 
in the test chamber for the 3D-second period. 

Information available at the present time indicates that persons subject to reasonable concentr.ations of both 
CN and CS recover within 5 to 20 minutes after removal from the contaminated atmosphere. However, the 
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-\1'-_ CONCENTRATlbN NUMBER OF ~EN FI~()~.NG AGENT INTOLERABLE WITHIN 30 SECONDS 
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RANGE (mg/m3) .~. " '. '-. ~ 
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2 -10 
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FIGURE 4 - EFFECT OF CS AND eN ON HUMAN SUBJECfS 
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volume of information relative to recovery from chemical agents is not extensive, especially in cases where 
concentrations are heavy or exposure prolonged, and law enforcement personnel should be guided accord
ingly in their use of chemical agents in enclosed places or against persons who are unable to remove them-

selves from the contaminated area. 

The significant difference between CN and CS is that an increasing dose of CN does not necessarily produce 
additional symptoms, whereas with CS, the type of symptoms and consequently the level of incapacitation 

does increase with dose. 

PERSISTENCY 

CN and CS agents remain airborne for relatively short periods of time, depending upon weather conditions, 
the particular delivery system employed, and the agent particle size. Both agents are sufficiently non-persis-

tent for riot control use. 

CN, being approximately 100 times more volatile than CS, may produce a vapor concentration which is itself 
incapacitating. However, in vaporizing (or to be more accurate, in subliming), the CN is being constantly dis
persed into the air and hence its long-term persistence as a dry powder is much less than with CSt Based 
upon very preliminary testing, it appears that under normal conditions, a 10-micron particle of CN will com
pletely sublime in less than 20 minutes. The time for total sublimation increases with particle size. 

_ Experience to date suggests that, compared to CN, CS contamination is extremely difficult to remove. When 
used indoors, CS particles settle on floors, walks, ceilings, and merchandise or household furnishings where 
they remain for extended periods of time. Unless removed, these fine particles are reactivated and become 
airborne, producing CS symptoms, whenever the air in the contaminated area is disturbed. 

Major industrial and research corporations are presently attempting to develop techniques that will provide 
more satisfactory decontamination and there is hope that improved agent delivery systems may reduce the 
severity of the contamination problem. Decontamination is discussed in greater detail in Chapter Seven. 

STABILITY 

Both CS and CN, as reflected in the technical summary in Figure 6, are stable over wide temperature ranges 
and are compatible with existing delivery systems. Both ate also stable in storage in their original formula
tion. Storage problems associated with asseI1lbled munitions are discussed in Chapter Nine. 
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CHAPTER THREE 

Dissemination and Delivery Systems 

Chemical agents are used by the police in riot control situations to cause people to behave in a desired 
manner. As a practical matter, this generally involves getting rioters and bystanders to leave a particular 
area or to abandon some form of unlawful activity. In the case of snipers, the agent is used to force the 
violator to leave a barricaded position in order to facilitate his capture. In any event, the chemical 
agent must be delivered to the target area and disseminated in sufficient quantity to produce the 
desired behavior, but in concentrations unlikely to produce permanent injury or undesirable reactions. 

DISSEMINATION METHODS 

All presently available dissemination methods begin with chemical agent in one of the following 
states: 

(1) Solid - granulated agent combined with a pyrotechnic mixture. 

(2) Micropulverized - agent reduced to an extremely fine powder or dust. 

(3) Liquid - agent suspended in a liquid solvent. 

The solid, micropulverized, or liquid chemical agent formulation is dispersed by one of the four basic 
dissemination methods employed by all of the currently available chemical munitions. 

(1) Expulsion .- the use of an explosive or other force to eject micropulverized chemical agent 
into the atmosphere. 

(2) Pyrotechnic - the burning of granulated chemical agent and a pyrotechnic mix to vaporize 
the agent and release it as a submicron aerosol cloud. 

(3) Fog the use of hot gases to vaporize a liquid agent formulation which is, subsequently 
released as a fog cloud. 

(4) Liquid - the use of an expelling force to project a liquid chemical agent formulation 
to a desired target. 

EXPULSION DISSEMINATION 

All dissemination methods that employ a force to expel and scatter a c.\oud of chemical agent can 
be called expUlsion methods. Expulsion devices share a common characteristic in that they all 
require an extremely fine agent formulation that will provide particles small enough to remain 
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airborne and drift with existing wind currents once they have been released from their containers. 
To provide such a formulation, the chemical agent is micropulverized during the manufacturing 
process and either mixed with, or coated on, very fine carriet materials such as silica aerogel or 
diatomite. The carrier material adds fluidity and helps to prevent the agent particles from caking 
together in the container prior to dispersal. In some cases, a synergistic carrier such as silicic 
anhydride is employed to produce a sneezing reaction that increases the total effect of the 
formulation. A mixture ratio of 5% carrier and 95% agent is empfoyed in military munitions, 
but commercial products may range from a similar ratio down to a 50/50 mixture, depending 
upon the manufacturer. 

While the micropulverized agent pfiOduces small airborne particles, ideally in the range of 1 to 
10 microns,\! their median size is considerably larger than the submicron particles produced by 
the burning or pyrotechnic method. This larger particle size accounts for the more persistent and 
irritating effects attributed to the micropulverized agent. The actual size of the aerosol cloud 
produced by expulsion of micropulverized agent is determined by the amount and formulation 
of the agent, the force employed, and prevailing weather conditions. 

FIGURE 1 - EXPULSION DISSEMINATION 
An explosive force ruptures or disintegrates a grenade or projectile body and scatters the micropulverized agent. 

Grenade::7 and projectiles that employ an explosive force to scatter a pulverized cloud of chemical 
agent are often referred to as explosive, bursting, instantaneous discharge, or blast dispersion 
munitions. All of these devices use an explosive force that either shatters the container, ruptures 
the container, or generates gases that propel the agent out of exit ports built into the munition 
body. Typical of the latter design is the new piston release technique which involves the use of a 
powder charge to activate a piston that literally pushes the agent out of an exit port located on 
the base of the grenade. The explosive force required to activate the piston is of such a low mag
nitude that the grenade can be hand held during release. 

Cartridges that are designed to expel a cloud of micro pulverized agent ou t of the muzzle of a 
standard or special purpose firearm are also classed as expUlsion devices. The primer, and 
usually a booster charge, provide the explosive force necessary to drive the agent down the 
barrel of the weapon and into the atmosphere. 

l.A micron is a unit of measurement equivalent to 1/25,000 of an inch. 
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• . FIGURE 2 - EXPULSION DISSEMINATION 
An e.xplosive lorce proVides energy to eject the micropulverized ngent from exit ports built into the grenade body. 

PY ROTECHNIC DISSEMINA TlON 

Pyrotechnic dissemination techniques that rele tI 
referred to as combustion, continuous discharg:seo ~ ag~nt clOUld throUg~l ~ btll'nir~g process are also 
com bining the coarsely granulated chemical a e 't r . ur:llng ,met 10~S. TIllS form of release involves 
mixture into a cake that will burn upon igl1it\~ln Tfl,t~l Ja Ptote~hnlc s.ubstance and pressing the 
with clouds of smoke that are easily visible and 1. le clg~n IS. ~e eased 1I1to the atmosphere along 
area and the direction of its movement At tI serve to .ldentIty rather accurately the contaminated 
chemical wand employ pyrotechnic dis~emin~~i~:~sen t tll11e only grenades, projectiles, and the 

FIGURE 3 - PYROTECHNIC DISSEMINATION 
An agent/fuel ,mixture is burned to release active agent and smoke 
cloud from eXit ports on the grenade or projectile body, 

". I ( \ 

A typical pyrotechnic agent/fu"l m'xt . 1 . 
AgaiJ I ' . . \:: I ure mIg It con tam about 40% chemical agent and 60% fuel 

1, 10wever, rahos vary from manufacturer to manufacturer. . 

Once airborne the vap . d' t d . 
tI '. . .oflze agen recon enses as submlcron particles which drift downwind t'l 
a l:l~t~~centratlOn IS dd~lted. to the point of ineffectiveness. Again, the size and behavior of the

un 
I 

p;ev '1' oud depends Pfl~ll,a1'11y upon the formulation and quantity of the mixture, the nature of 
allllg weather conditIons, and to a lesser extent the deSign uf the munition. 
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FOG DISSEMINATION 

Fog dissemination devices operate by rapidly vapori~ing [{ high boiling point liquid a~ent formula-
tion. This is accomplished by injecting the liquid agent into a hot gas now and allowlllg tl~e vapor
ized agent to contact the cooler ambien t air where the agent condenses into a fog and ultimately 
into extremely small agent particles. 

FIlEL 

COM'IJSTIOf/ 
CNAMBER 

FIGURE 4 FOG DISSEMINATION 
A liquid chemical agent is vaporized by n hot gus now and released as a fog cloud. 

LiQUID DISSEMINA TlON 

Liquid dissemination is employed in the hand held aerosol irritant projectors and in several bulk 
dispensers presently on the market. In both cases, a gas is used to propel the liquid agent fo~mu
lation to a selected target area. The nature and operation of the irritant projectors are descnbed 
in Chapter Five and that discussion in equally applicable to the bulk liquid dispenser~. 

DELiVERY SYSTEMS 

Over the years various munitions have been designed ~o deliver chemical a~ents to a. desired 
release point. Since no single system has yet been deSigned to me~t all tactIcal req:l1remen.ts, 
law enforcement agencies must select from available products an 1I1ventory that Will permit 
the effective use of chemical agents under most or all anticipated field situations. Not only 
must decisions be made regarding the kinds of delivery systems necessary, but additional 
thought must be given to the quantity of munitions to be stocked. The remainder of this 
chapter will be devoted to a general discussion of delivery systems, while the important 
topics of procurement and prestock will be covered in Chapter Nine. 

GRENADES 

Chemical agent grenades are essentially containers designed to be hand activated and launched 
by law enforcement personnel with a minimum amount of training. With few exceptions, 
hand grenades are designed for use against crowds in open areas and it is only when they a~e 
used in confined spaces or against personnel who cannot escape from the agent concentratlOn 
that serious risk of injury is incurred. Grenades are available with both eN and CS loading 
and employ either expUlsion or pyrotechnic dissemina tion techniq ues. 

Launchers are available for standard 12-gauge riot shotguns and the 1.5 caliber riot gas guns 
to permit some grenades to be projected for distances up to about 125 yards. A more recent 
innovation permits the launch of a small grenade from a .38 caliber service revolver. Because 
they are not stabilized in flight, the projected grenades tend to wobble and are not accurate 
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against point targets much beyond 40 to 50 yards. Accuracy, however, is not a primary con
sideration as the launchers are designed primarily to deliver grenades to a location upwind 
from area targets, with stabilized projectiles preferred where accuracy is needed to penetrate 
doors and window openings. Departments that stock grenades of more than One brand should 
be aware that launchers are designed by manufacturers for use only with their own grenades. 

From a mechanical point of view, almost all commercial grenades operate in a similar manner 
up to the point of agent release. Except for the military M25A2 and the Lake Erie Mighty 
Midget, all currently available grenades employ a fuze similar to the M20 I A I illustrated in 
Figure 5. A pull vI' t:Jul'ety ring is withdrawn from the fuze, extracting the arming pin. When 
the grenade is thrown or launched, the lever rotates outward mound the "T" lug on the fuze 
body, releasing the striker. Activated by the striker spring, the striker hits the primer and 
ignites a delay element. Once the delay element burns through, it lights an ignition mixture 
which in turn ignites the fuel/agent mixture in burning grenades or the burster in expUlsion 
grenades. From this point, munitions employ differing design features that govern the manner 
in which the agent is released from the container. 

''T'' Lua LIP STRIKER SPIUNO 

IGNITION MIXTlmE_-+ 

SAFETV LEVER 

FIGURE 5 - THE MILITARY M201Al FUZE 
The hund grenade fuze is cocked and restrnlned from fUllctioning by a sufety pin. When the 
safety pin is withdrawn and thc grenade thrown, u sequence of function is initiated: (1) The 
striker, driven by its spring, forces the safety lever out of its path, and the safety lever is thrown 
free of the grellade and releases the striker; (2) The striker strikes the percussion primer; (3) 
The primer emits a small intense spit of flame, igniting the delay clement of the fuze; (4) Delay 
clement burns fur 1.2· to 2-seconds and sets off the ignition mixture of the fuze. 

T!le milit.ary M25A2 employs an internal fuze arrangement activated by the release of a spring loaded 
shder wluch travels the l~ngth of the bll1'ster well to impact on a firing pin at the bottom of the well, 
exploding the detonator after a 1.4 to 3 second delay. 
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F{GURE 6 - THE M2SA2 GRENADE FOZE 

When thc grenade is thrown, the arming sleeve is forced from the slidcr and (1) under pressure of the firing spring the slider 
moves towl<fd the bottom of the burster well, (2) the primer in the end of the slider strikes the firing pin and ignites a delay 
clement in the slider, (3) the delay clement burns for 1.4 to 3 seconds and then sots off the detonator, and (4) the detonator 
explodes, shattering the grenade and dispersing the agent. 

The Lake Erie Mighty Midget grenade employs a manual percussion fuze that is activated by striking 
the top of the fuze against a solid surface. The manual impact drives the striker against the primer, 

which in turn ignites the delay. 

FIGURE 7 - MANUAL PERCUSSION FUZE 
A sharp blow against the striker: (1) shears the safety wire and drives the striker against the pri
ml1r; (2) the primer ignites the delay clement: (3) the delay burns for approximately 2.5 seconds 
and (4) ignitcs the fuel/agcnt mixture. 

The dilemma of current chemical agent munitions design is clearly evident in the variety of grenade 
products avaiJable. Each modification represents a continuing trade-off or compromise between 
desirable and undesirable performance characteristics as defined by the limited research and 
development capability available to civilian chemical munitions manufacturers in this country. 

Expulsioll or bursting grenades produce a relatively small but highly concentrated agent cloud. 
Because the release is instantaneous and the ag{'nt cloud is often difficult to see, this type of 
munition makes it hard for rioters to avoid the concentration or to take evasive action. The 
instantaneous release also makes it almost impossible for rioters to throw or kick bursting gre
nades back at police. In addition, the combination of surprise release and the accompanying 
discharge noise often produces a psychological effect that assists in dispersing an unruly crowd. 
Another advantage associated with some of the expulsion release systems is that they minimize 
or eliminate the hazard of fire when thrown into combustible materials. 

On the other hand, grenades ~hat disintegrate or shatter create a potential hazard from con
cussion or injury from flying particles of metal or plastic and for this reason are normally 
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rolled into crowds rather than thrown in a manner that will pe'rmit air. bursts near exposed 
heads or faces. Unfortunately, ground bursts result in a considerable portion of the agent 
being dumped on the ground and consequently reduce the concentration of effective air
borne particles. Those grenades that expel the agent from exit ports do not shatter or 
rupture and can therefore be rolled or thrown into crowds with the least risk of injury. 

The newer "soft delivery" grenades combine many of the advantages of explosive disemmi
nation without the hazards associated with fragmentation and concussion. In their present 
configuration these munitions are rather bulky, but th?-y have several desirable features 
including the fact that they may be hand held and directed during release. 

FIGURE 8. 
EXPULSION GRENADES 

.·04 ~\. '11-:... " 
RELEASE eN 

, . 
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' ., '(Discontinued) 

., Lake Erie Blast Dispersion :3C~ 
. ' (Discontimled) •..• 
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.\' , 
," , 

Agellf~xpelled Lake'Eile .Model 34 CN lake Erie Model 34 CS 
ThrQu.gh Exit Lake Erie Mob Master 7 CN Lake Erie Mob Master '/ CS 
'1'Ol't(8) "Lake E·r1e J ~mper Lake Erie Jumper 

" 
Repeater 1 CN Repeater I CS 

.. I 

AAI Multi·Purpose MPG,lOO 
., " 

AAl Multi·Purpose MPG 120 ~ 

. . .' -_ .. _ .... ",--.. _. 

Pyrotechnic or burning grenades release an opaque cloud of white or grey smoke that carries 
the vaporized agent as it recondenses to submicron particles. Although burning time varies 
depending upon the amount of mixture, the munition design, and the formulation involved, . 
most commercial grenades release their content in 15 seconds to 2.5 minutes. This release 
period permits rioters to take evasive action and perhaps kick the grenade canister away from 
their ranks or back toward police lines. While there have been reports from time to time of 
rioters picking up burning grCl~ldes and throwing them at police, this is not likely to occur with 
commercial grenades after the first 25 seconds of ignition unless gloves or padding are used to 
handle the burning canisters. The military M7 A3 burning grenade, which has exit ports only on 
the top and base surfaces of the b"rly, may remain cool enough to be picked up for a longer period. 

Munitions manufacturers have responded to the threat of kick-back or diversion of burning 
grenades in several ways. One grenade is divided into three individual sections that are 
separated from each other by expelling charges when the grenade is activated. The noise 
of the black powder expelling charges often unnerves the rioters ~md the sudden separation 
of the grenade discourages returns, although the individual sections can still be kicked 
about after the separation occurs. Another grenade, still in the developmental stage, is 
reported to burn and expel its entire fuel/agent mixture in a IO-second period during 
which the rubber grenade body is constantly in motion. 

Burning grenades produce a fire hazard ~vhen used in areas in which they come into con
tact with combustible materials. In outdoor use, the major risk of fire arises in connection 
with spilled gasoline from overturned automobiles and dry grass or underbrush. Again, 
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manufacturers have responded by developing grenades that remain relatively cool during 
borning and emit little or no flame. To minimize the return problem encountered with 
cooler munitions, the new cool burning grenades have generally been designed to remain 
in motion during combustion. 

FIGURE 9. 
PYROTECHNIC GRENADES 

" CIS, I , ~ '\' J'~ 'CS 
/ "Jo .. it ... 

Federal Spedeheat 112 
; Federal Triple .Chaser 115 
Federal Pocket Grenade 109 
nrunswick Skitter Grehade 

• l • '~.,. f, . 

~;;'Peder~1 Spedeheat 555 
:~Federal Triple Chaser 515 

Federal Pocket G[~nade 109 
Brunswick Skitte;~:tJrehade 

La. ke E:r~e c~n~nuo~sbiSCh. arge 2CS 
Lak~ Ene Mlghfy Midget 98CS 
Military M1 A2 & M7 A3 
Penguin CS/Smoke 
Northrop Rubbet BaU" 

Safety precautions must be followed in handling all types of grenades to prevent accidental injury 
to personnel or unintentional damage to property. Grenades should never be lifted or handled by 
the pull ring and most manufacturers caution against using the safety lever to hang grenades on the 
belt or from pockets. 

Pull rings and safety pins should not be removed until a decision to launch the grenade has been 
made and a target se\cded. Once the pin is pulled, the safety lever must be held firmly against 
the body of the grenade until it is thrown. The pull ring and pin from the first grenade used 
should be retained in a pocket against the possibility that a subsequent grenade must be disarmed 
after its pin has been discarded. 

Occasionally even the best chemical munitions will misfire (fail to ignite or explode) and police 
usually must accept the responsibiiity for dealing with these situations to prevent injury to 
innocent bystanders or law enforcement personnel.> Munitions disposal is discussed ill Chapter 
Nine. 

Misfires can be kept to a minimum by careful handling of munitions to avoid excessive or 
unnecessary vibration or jolting. Grenades should not be removed from their sealed shipping 
containers until shortly before they are to be used. Exposure of unprotected munitions to 
rain, dampness, or high humidity contributes to misfires and should always be avoided in 
transportation and storage. 

PYROTECHNIC WAND 

The pyrotechnic chemical wand is a hand-held pyrotechnic dissemination device that produces 
a controlled concentration of CS for a period up to 4 or 5 minutes. The wand is useful for 
training purposes and can also be effectively employed to break up non-violent sit-in 
demonstrations in the open or in buildings. 

The only wand currently available is a self-contained un.it that comes complete with protective 
cover and a striker that can be used to ignite the wand. Once ignited, the wand burns pro
gressively down the shaft until it burns out or is extinguished. Experience has proven that 
the wand is difficult to extinguish except by cutting completely through the wand below the 
burning point with a pair of bolt cutters. 
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FIGURE 10 

Pyrotechnic Wand 
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Projectiles designed to deliver riot control agents are more or less sophisticated containers 
that can be fired with some degree of accuracy from special 1.5 caliber riot gas guns or from 
the standard .12-gauge police riot shotguns. Most law enforcement agencies are equipped with 
a~ least o~e no~ gas gun of t1~e t~pe illustrated in Figures 11 and 12. Although slightly 
dIfferent 111 deSIgn and functlOn1l1g, both of these weapons are now built to accommodate 
ammunition on an interchangeable basis. However, this was not always the case and with 
older Lake Erie weapons it may be found that only Lake Erie Ammunition can be 
chambered. 

FRONT 

FIGURE 11 
The Lake Erie Chemical Company 1.5 caliber (37mm) Tru-Flite Riot Gas Gun. 

LEAF SIGHT,ASSEMBLY 

FIGURE 12 

The Federal 1,5 caliber (38mm) Riot Gas Gun 
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While the effective concentration produced by projectiles depends upon the usual variables of weather 
and munition design, the 37-38 mm rounds can usually be expected to produce an agent cloud about 
20 feet in diameter. The 12 gauge pyrotechnic projectile' contains only 1 /l 0 as mm:h agent/fuel as 
the 1.5 caliber rounds and its output is reduced accordingly. 

. 
Projectiles may be classed as either stabilized or unstabilized on the basis of a design feature that 
provides fins to stabilize the projectile in flight, increasing substantially its accuracy throughout 
almost the full trajectory. Un stabilized projectiles tumble in flight and rarely exceed a maximum 
range of 150 yards. Since they usually cannot be accurately aimed to hit windows or other point 
targets at normal working ranges, the unstabilized projectiles are employed primarily against crowds 
in those cases where it is necessary to deliver chemical agents to an upwind point or against large 
target areas, such as rooftops or courtyards. 

The maximum range of the unstabilized projectile can be shortened by aiming the riot gas gun 
to achieve a higher trajectory or by aiming downward to cause the projectile to bounce along - . 
the ground to the desired release point. From the standpoint of both economy and efficiency, 
the un stabilized projectile should be the delivery system of choice only in those cases where its 
particular characteristics are required. When wind l;onditions and field position are favorable, 
greater cost/effectiveness is achieved through the use of grenades or bulk dispensers. 

The stabilized projuctilcs can, with sufficient practice, be fired with reasonable accuracy at 
point targets at a range of lip to 100 yards. The muzzle velocities achieved by these proJectiles, 
225-325 feet per second, enable them to penetrate windows, doors, and even room partitions. 
On the other hand, sllch velocities preclude the lise of stabilized projectiles against personnel 
because of the likelihood of injury or death. They are designed and intended for use only against 
barricaded criminals and should never be used against crowds i.n riot control situations where the 
risk of seriolls injury or death is not acceptable. 
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FIGURE 13. 
Common 1.5 Caliber (37-38mm) 
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All Of. the coml11~n 37-38 mm proJecttles, both stabilized and unstabilized, utilize either pyro
techmc or expulsIon dissemination similar to that employed by grenades. The effectiveness of 
these devices depends to a large extent upon the skill and knowledge of the officer using the riot 
gas gun. Unfortunately, in many departments the infrequent need for chemical agents in the 
past. has led to a serious deficiency in training with the 1.5 caliber weapon. It is also not unusual 
to fmd that only one or two officers in an agency are even familial' with operation of the gun. 
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FIGURE 14. 
Common 12 Gauge Projectiles 
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Consequently, the riot gas gun is either ignored completely in tactical operations or is employed 
by inexperienced personnel with less than satisfactory results, Perhaps the most common problem 
encountered involves the use of the high muzzle velocity, stabilized, pyrotechnic projectile at 
short ranges. This practice usually results in the projectile passing completely through the target 
room and sometimes through the entire building, a situation that could be avoided through the 
use of projectiles employing impact fuzing. 

The cost of specialized riot gas gun equipment and munitions, the necessary training, and the 
problems associated with insuring that equipment is available. quickly when and where it is 
needed have led to the development of 12 gauge projectiles that can be fired from the standard 
riot shot guns that are carried in patrol vehicles in many jurisdictions. The limited output avail .. 
able from the un stabilized pyrotechnic 12 gauge projectiles has made their usefulne.ss marginal. 
However, the newer barricade projectiles appear to offer greater potential and a round employ
ing a liquid CS dissemination is currently under advanced development. The availability of a 
low cost, accurate, and effective 12 gauge projectile for use against barricaded criminals would 
cut sharply into the utility of the traditional 1.5 caliber weapons. 
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Many of the risk factors associated with projectiles are similar to those encountered with 
grenades. As previously mentioned, the relatively high velocity stabilized projectiles can 
hardly be classed as non-lethal in nature. The unstabilized projectiles, because of their lower muzzle 
velocity and tumbling flight pattern are less likely to produce serious personnel injury, although this 
possibility cannot be completely discounted. The burning projectiles, which reach a tempel'ature 
in the vicinity of 3000 dming rele3'5e, produce fire risk by virtue of both the burning of the delay 
chain and the combustion of the fuel/agent mixture. 

CARTRIDGES 

Chemical agent cartridges of all sizes employ an explosive force to eject a clOlld of micropulverized 
agent from the muzzle of a standard firearm or from specially designed weapons such as the pen 
and pocket guns popular in some areas of the United States. The cartridge itself remains in the 
weapon, with only the chemical agent, seals, wads, and combustion byproducts exiting from the 
muzzle of the firing device. 

Although chemical agent cartridges are available in sizes compatible with most firearms, from .22 
caliber through 12 gauge, these munitions are extremely inefficient and generally provide a poor 
vehicle for dissemination. To achieve an incapacitating effect, the small arms chemical ammunition must 
be fired directly into the face of an individual at almost point blank range. The injury risk and 
ineffectiveness associated with this kind of dissemination has generally caused police agencies to 
avoid employing the muzzle blast cartridges in weapons smaller than the 1.5 caliber (37-38 mm) 
riot gas gun, although 12 gauge cartridges are occasionally stocked in smaller departments that 
have no 1.5 caliber eq uipmen t. 

The 1,5 caliber blast cartridges typically project an agent cloud about 20 to 30 feet from the 
muzzle of the gun, with the actual range depending primarily upon wind direction. Although 
thes\;! gas gun cartridges are designed to minimize the risk of injury from Hying fragments of 
wads and seal~, the ag~nt load can produce serious damage to skin and eyes if it is blasted 
directly into the fa~es of exposed individuals. For this reason it is recommended that the cartridge 
loaded gas gun be aimed at the lower body rather than the face und shoulders of target personnel. 

Even in the larger 1.5 caliber size, cartridges represent a relatively expensive and inefficiellt way 
to produce an effective chemical agent concentration. For this reason the cartridges should be 
used only in those situations where their particular characteristics are demanded. Blast cartridges 
are perhaps best employed to disperse small groups of people or to deny rioters a(~cess to bulld
ings or enclosures where a narrow passage can be effectively blocked by the cartridge discharge. 
Traditional riot control doctrine also calls for the use of cartridges to lay down a final protective 
line against crowds advancing on police formations. 

BULK DISPENSERS 

Bulk or m~chanical dispensers ar~ d('~signed to produce large concentrations of chemical agent in 
those situations where wind condition and field position permit their use. Although these devices 
project the agent with varying degrees of velocity, they all depend to a great extent upon favorable 
wind currents to achieve a maximum level of effectiveness. Available bulk dispensers employ either 
the expulsion, liquid, or fog dissemination technique. 

The expUlsion dispensers employ a pressurizing gas, such as dry nitrogen or compressed air, to 
project clouds of micropulverized chemical agent for distances up to 50 or 75 feet in a still air. 
Typically, the flow rate is very rapid and only controllable by the length of time that the trigger. 
ing assembly is depressed. Most of the expulsion devices can be reloaded with agent in the field, 
but repressurizing often pn~sents a problem. 
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FIGURE 15. 
Expulsion Dissemination Bulk Dispensers 
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Department of the Army Field Manual FM 19-15, March 1968, provides instructions for con
verting standard dry charge 23/4 and 10 pound fire extinguishers into expulsion dispensers for 
l1Iicropulverized agent. The modification can be accomplished with a minimum amount of 
ti me und effort and the improvised dispenser reportedly performs well. Figure 16 compares 
the improvised units with the familiar military M3 Portable Riot Control Agent Dispenser. 

FIGURE 16. 
Comparison of Improvised Bulk Dispensers With The Military M·3 Unit. 

(FM 19-1$, March 1968) 
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Liquid dissemination bulk dispensers employ a pressurizing gas in the same manner as an 
expulsion dispenser to project the chemical agent to the target in a liquid state. The current 
liquid disseminators have not been widely used under actual riot conditions, but the selec
tivity and limited contamination permitted by liquid dissemination may offer potential for 
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I future development, especially if appropriate formulations can be found. The direct and 

heavy application of the chemical formulations employed in hand-held irritant projectors 
is risky and should b~ approached with great caution. 

Fog generators disseminate large volumes of inert or irritant fog and feature, for the first time, controls 
to vary the agent concentration. Two basic types of fog devices are available to the law enforcement 
Held. Both operate by rapidly vaporizing a high boiling point liquid, which mayor may not contain 
an irritant, exposing it to a hot gas flow, and then mixing the resulting hot vapors with much cooler 
ambient air causing them to condense into a fog. 

The first of the fog devices uses a resonant pulse jet engine as the heat source. This engine is a simple 
type of hot ~as generator that consists of a stainless steel tube with an enlarged section at one end 
forming a combustion chamber. It operates by exploding a mixture of fuel and air in the combustion 
chamber, with the resultant pressure driving the hot combustion gases down the exhaust pipe. The 
momentum of these gases causes a subatmospheric pressure to develop behind them, aHowing the 
intake valve to open and admit more air/fuel mixture. Each new mixture is again ignited in the COIll

bustion chamber, with the cycle repeated many times per second. Once the engine comes up to 
operating temperature, combustion is self sustaining and the spark plug, which was used for start
ing, is no longer needed. The resonant pulse jet engine uses regular gasoline for fuel with no oil 
required. The liquid to be fogged is sprayed into the hot combustion gases part way clown the 
exhaust pipe causing them to vaporize. At the end of the pipe, these hot vapors are mixed with 
cooler ambient air and condensed into a fog. 

The other type of fog generator available to law enforcement uses a conventional two cycle engine 
as a heat source. The engine, which burns a mixture of gasoline and oil, is also coupled to a centrif
ugal blower to provide velocity to the agent cloud release. The liquid formulation is sprayed into 
the exhaust' manifold where it is vaporized and then directed to the mouth of th~ blower where the 
cool blast condenses it into a fog. The fog is projected and diluted by the air from the blower, 
expanding its apparent volume. 

Federal Jet.Pogger 

General Ordnance 
Equipment Corporation 

PI-lpper Fog 
MK·17 

, -"~i~dle West Marketing 
. ,,~hemical Weapon' 

" 

FIGURE 17. 
Fog and Liquid Dissemination Bulk Dispensers 
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Fog 36 2 'Gasoline/ oil 

Liquid 28 5 Nitrogen 

In situations where conditions are favorable for their employment, bulk dispensers provide the most 
economical and effective method for applying agent concentration over large areas. While the devices 
dispersing micropulverized CS produce a characteristic contamination problem, the newer fog 
generators create a surprisingly low level of contamination even when the CS formulations are used. 
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Perhaps the single most important consideration in the employment of bulk dispensers is training. 
All of the bulk dispensers are capable of delivering large concentrations of chemical agent in a very 
short period of time. This means that operators must be exte'nsively trained ill fire control and risk 
evaluation. Additionally, the typical dispenser is neither a simple nor a foolproof device and operators 
must be trained in procedures for field maintenance and reloading under difficult conditions. While 
most chemical munitions can be employed by the average police officer with a minimum of train-
ing, dispenser operators should be well trained specialists with the technical knowledge and mature 
judgement necessary to operate the bulk dispenser in such a manner as to obtain maximum tactical 
effectiveness with a minimum of risk to both police and the public. 

EVALUATING DELIVERY SYSTEMS 

The choice of a delivery system depends upon the mission to be accomplished. The differing 
characteristics of various devices must be considered in relation to risk, cost, and effectiveness. 
Unfortunately, the entire evaluation process is currently hindered by a lack of reliable per
formance data on chemical munitions. 

In the final analysis, the most important criteria for the evaluation of a d~livery d~vice is an accurate 
il1dication of the concentration of effective airborne agent produced. WhIle manufacturers are usually 
willing to provide varying amounts of descriptive information on the basic ph~sical charactel:istics 
of their products, they are usually unable, and occasio~ally un.willing, t? p~{)vld~ ?ata rega.rdl1~g . 
effective (in terms of particle size) airborne concentratIons. Without tlus kll1d of mformahon It IS 

impossible to make reasonable judgements regarding the relative merits of either basic dissemina-
tion methods or specific products. 

The development of concentration data requires the use of highly sophisticated and extremely 
expensive testing facilities. There are perhaps not more than half a dozen laboratories in the United 
States capable of generating the needed information and none of these facilities are owned by firms 
currently producing chemical munitions for police lise. In an effort to fill this critical information 
gap, the IACP has asked the Law Enforcement Assistance Administration of the U. S. Department 
of Justice to support independent research leading to the evaluation of those chemical munitions 
currently in use by law enforcement agencies. Should LEAA respond favorably to this research 
proposal, police officials may finally have access to the information that they need to guide their 
procurement and tactical use of chemical munitions. 
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CHAPTER FOU'R 

Tactical Use of Chemical Agents 

A wide range of factors are capable of influencing the effectiveness of chemical agents employed uncleI' field 
conditions by the police. Because the impact of these various factors is directly related to the specific tacti
cal objectives desired, it is dJfficult to make categorical statements that will apply uniformly to all situations. 

While it might be more comfortable to have a set of absolute rules for the employment of chemical agents, 
the almost infinite variety of possible situations provided by the interplay of differing objectives and rele
vant influencing factors suggests that there can be no substitute for field commanders with the necessary 
knowledge of chemical agent technology to make timely and accurate tactical decisions in response to spe
cific situations. The only way that such decisions can be made is with a full understanding of the factors 
that influence the effectiveness of chemical agents and a general appreciation of the tactical objectives for 

:.I which such agents are appropriate. 

EFFECTIVENESS FACTORS 

The factors that influence the effects of chemical agents can be classified into three general groups; meteoro
logical conditions, munition characteristics, and target nature. They are conditions that can, under certain 
circumstances, influence or dictate the success or failure of a chemical agent operation. The importance of 
any particular factor depends upon the nature of the mission at hand and, in some cases, many or all of the 
effectiveness factors may be irrelevant to the successful achievement of an objective. In the long run, how
ever, the ability of a police organization to effectively, economically, and safely employ chemical agents 
under the demands of a wide range of tactical conditions will depend upon some understanding of the vari
ables discussed ir) this section. 

I. METEOROLOGICAL CONSIDERATIONS The localized weather elements of wind, temperature, tem
perature gradient, and humidity are the result of continually changing major meteorological conditions and 
are extremely difficult to forecast with any degree of accuracy. For this reason, the police, who are con
cerned only with the employment of chemical munitions on a relatively small scale, usually must assess 
weather conditions in the field at the time and place where the agent will be employed. 

a. Wind. Wind is moving air which normally tends to travel parallel to the earth's surface. Because 
chemical agent clouds travel with the ail', it is important for those employing chemical munitions to under
stand something about how air is likely to move in any given situation. Much of the confusion in present 

... ~ tactical chemical agent operations stems from the fact that agents often perform differently in the hot, high
( f .ise, urban setting than they do in the wide open countryside where past demonstrations and training have 

, taken place. 
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FIGURE 1 - SUMMARY OF FACTORS AFFECTING THE EFFECrIVENESS OF CHEMICAL AGENTS 
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Three important wind considerations are direction, speed, and turbulence. Wind direction dictates the point 
at which chemical munitions should be released. Grenades and projectiles mllst be placed in front of the tar
get if there is a following wind or behind the target area if there is a headwind. In the case of flanking or 
quartering winds, munitions are ideally placed on the upwind flank. 

The direction from which the wind is blowing is always used to designate wind direction. (Figure 2) Although 
we can speak of wind din~ction in a general sense, the normal'now of local ail' is not steady or constant. Its 
direction undergoes minor, spasmodic changes from the prevailing direction and these variations tend to be 
greater in winds of low speed and lesser in stronger winds. In winds of very low speed, less than 4 miles per 
hour, wind direction fluctuates widely. 

38 

FlANK 9 
WIND O'CLOCK 

HEAD WIND 

.j~ttt t t«--j "If FIRING POINT 11-n 

6 
O'CLOCK 

FOLLOWING WIND 
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Willd speed controls the rate at which both vapors and aerosols dissipate. The higher the wind speed the 
greater the number of munitions that will be required to establish a given concentration of riot control agent. 
On the other h~nd, a higher wind speed permits a more rapid coverage of any specific target area. As a 
g~neral rule, wmds from 5-10 miles per hour are the most effective for the use of riot control agen ts. Low 
Wl~ld speeds may allow the cloud to rise too rapidly and higher velocities tend to disperse the cloud too 
qlllckly or to break it up into less effective smaller clouds. 

Win(~ ~peed also affects munition placement since lower wind speeds permit the agent clouds from two or 1110rc 
l11umhons to merge at a comparatively short distance from their sources. Thus when winds are hilTher the 
111 .• ( t b" I:> , 
, lllll Ions mus. .e placcd either closer together or further from the target area in ordcr to insure a uniform 
area coverage, (Figure 3) 
Wind :u~'bllience refr.rs to short gusts and lulls that are variable in direction, strength, ancl dur:\ tiOll. Turbu
lence IS megular air movement that occurs contrary to the prevailing wind flow. There are two kinds of' tur
bulence, mechanical and thermal, and both can create localized problems in the delivery or chemical agents. 

~echan~cal turbulence ~~ the result of wind speed ~nd surface obstac1e~ that create eddies and gusts. Natural1~.r, 
echalllcal turbulence IS greatest when a strong wmd blows across an megular ground surface. (Figure 4) 

:hermal turbulence, which is produced by the sharp vertical rise of air from heated surfaces, is discussed below 
It il!~l th~ section regarding temlJerature gradient. Unfortunately, there is no method for measuring turbelence in 
\i, ': t Ie field and chemical agent officers can only attempt to anticipate any delivery problems that it might produce 

\ and place munitions accordingly. 
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FIGURE 4-MECHANICAL TURBULENCE 
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FIGURE 5 - THERMAL TURBULENCE 
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b. Temperature Gradient. I The stability of the surface air layer is governed by the variation in air tem
perature within 6 feet of the ground level. Air stability is expressed as the vertical temperature gradient. The 
temperature gradient for chemical agent operations is determined by subtracting the air temperature at I 
foot above the ground from the air temperature at 6 feet above the ground. Three temperature gradients are 
distinguished in the employment of chemical agents. (Figure 6) 

IThe following five paragraphs in this section were adapted with minor modifications fr0111 Department of 
the Army Technical Manual TM 3-240, May 1963. 

MEASUREMENT -

- 6-FOOT 
AIR TEMPERATURE 

SUBTRACT THE 1-FOOT 

AIR TEMPE RATURE READING 

FROM THE ~- FOOT 

AIR TEMPERATURE READING 

70° F. 
_[75° ]F. 

_5°F. = VERTICAL 
TEMPERATURE 
GRADIENT 

75°f 1-FOOT 
AIR TEMPERATURE 

CLASSIFICATION 

+6 

+5 

+4 

+3 

+2 

+1 

o 
-1 

-5 

INVERSION 

NEUTRAL 

LAPSE 

FIGURE 6 - MEASUREMENT AND CLASSIFICATION OF VERTICAL TEMPERATURE GRADIENTS. 
" (DA Technical Manual TM 3-240, May 1963) 

43 



Thermal Turbulence. An air parcel warmer than its environment tends to rise and to be displaced by 
descending or surrounding cooler, denser air. The variable rates.of heating and cooling of adjacent bodies of 
air cause density differences (that is, neighboring parcels of different temperature and density) and result in 
convection currents. When convection is great, considerable amounts of air are exchanged between high and 
low levels. 

When convection is slight, less air is carried from one level to another, and the air near the ground is only 
slightly influenced by mixing with upper level winds. Inversion conditions tend to resist and suppress verti
cal convection currents (as well as mechanical turbulence) and such a layer is, therefore, said to be stable. 
Lapse conditions offer little resistance to vertical currents (turbulence), and such a layer is said to be un
stable. 

INVERSION 
(Stable) 

Increase in temperature 
with increase in altitude; 
stable atmospheric con
ditions near the ground 

NEUTRAL 

Very little or no change 
in temperature 'with in
cr~ase in altitude; mod
erately stable atmospheric 
conditions near the ground 

LAPSE 
(Unstable) 

Decrease in temperature 
with increase in altitude; 
unstable atmospheric con
ditions near the ground 

FIGURE 7 - VERTICAL TEMPERATURE GRADIENTS. 
(DA Technical Manual TM 3-240, May 1963) 

Lapse (Unstable) Condition (Figure 7). A decrease in air temperature with increase in height is known 
as a lapse (or unstable) condition. A lapse condition usually prevails during daylight hours if the sky is clear 
or partially clear. Under this condition, the rate of vertical temperature decrease is most rapid close to the 
earth's surface, becoming slower as the height above the ground increases. Lapse conditions are characterized 
by turbulence from thennal currents. Agent clouds released under these conditions tend to be quickly dis
persed. The mechanical turbulence caused by winds above 10 to 12 miles per hour tends to preven t the for
mation of strong lapse conditions. 

Inversion (Stable) Condition (Figure 7). An increase in air temperature with increase in height is known 
as an inversion (or stable) condition. An inversion condition usually prevails in the lower layer of air on clear 
or partially clear nights and early mornings until about 1 hour after sunrise. Inversion is accompanied by a 
minimum number of convection currents and maximum stability, Because inversion conditions tend to resist 
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and suppress vertical air currents, such layers are said to be stable. The mechanical turbulence caused by 
winds above 6 to 8 miles per hour tends to prevent the formulation of strong inversion conditions. Under an 
inversion condition wheil wind speed is below 5 miles per hour, smoke or chemical clouds have a more per
sistent effect than under a neutral or lapse condition. With fairly Jow but steady wind, chemical agent clouds 
travel without excessive diffusion. 

Neutral Condition (Figure 7). A condition intermediate between lapse and inversion is known as a 
neutral condition. A neutral condition indicates a vertical temperature gradient between plus 20 F. and 
minus 20 F. between I and 6 feet above the ground. This condition exists when all the lower levels of air 
(up to 6 feet) are approximately the same temperature. Unlike its action under inversion, air in this condi
tion neither resists nor encourages vertical displacement and turbulence. A neutral condition usually prevails 
on heavily overcast days or nights and during the crossover periods that occur I to 2 hours before sunset, 
when lapse (unstable) conditions normally begin to change to inversion conditions, and I to 2 hours after 
sunrise, when inversion conditions normally begin to change over to lapse conditions. (Figure 8). A neutral 
condition is accompanied by relatively few convection currents. Smoke or chemical clouds released under 
this condition remain fairly effective, provided that the wind speed is not too high. 
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FIGURE 8 - NORMAL DAILY VARIATIONS IN WEATHER CONDITIONS WITH REFERENCE TO LOCAL TIMES OF SUNRISE AND SUNSET. . 
(DA Technical Manual TM 3-240, May 1963) I 
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The relationship between thernlal gradient and agent concentration was recently stated by Richard E. 
Reinnagel of Cornell Aeronautical Laboratory, Inc., in the follqwing way: 

The area covered by a single source is greatly dependent upon the meteorological conditions, particularly the ther
mal gradient, that is, neutral, inversion, or lapse. For neutral conditions, that is a zero degree vertkal temperature 
gradient, the cloud will diffuse linearly in the vertical and cross-wind direction, with the downwind concentration 
decreasing approximately as the square of the distance [rom the source. For the extreme lapse condition (lower 
temperature as height above ground increases), the concentration decreases approximately as the fourth power of 
the distance from the source by virtue of the considerable vertical diffusion, and for the inversion condition, the 
concentration decreases approximately as the 3/2 power of the distance from the source. The significance of this 
is shown in Figure 9.1 

FIGURE 9 - EFFECf ON THERMAL GRADIENT ON CONCENTRATION 
(Considerations in the Use of Irritants in Law Enforcement, August, 1968) 
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What all of this means from a practical point of view is that more munitions will be required to provide a 
given chemical agent concentration on the target area under lapse conditions than when neutral or inversion 
conditions prevail. It also suggests that higher than intended concentrations might inadvertently be produced 
under inversion conditions. The ideal condition, then, would be an inversion state and a 5-10 mile per hour 
following wind if the objective is to cover a maximum area with a minimum of munitions. 

c. Humidity / Precipitation. While humidity itself does not seriously affect riot control chemicals, the 
smoke particles produced by pyrotechnic munitions tend to absorb moisture and increase in size, giving the 
appearance of greater density. When both relative humidity (the ratio of the quantity of water vapor that the 
air actually contains to the quantity of water vapor it would contain if it were saturated) and temperature are 
high, personnel tend to perspire more freely, thereby increasing the severity of skin irritation symptoms. 

'1 Reinnagel, Richard E., Considerations in the Use of Irritants in Law Enforcement, August 1968 
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Heavy or steady precipitation tends to sharply limit the effectiveness of riot control agents of all kinds in 
that the aerosol cloud is simply washed out of the air befofi.~ it has had an opportunity to produce the 
desired effects. Should it ·become necessary to employ chemical agents in the rain, the munitions expendi
ture level would be extremely high. 

In the unlikely event that projectiles or grenades were to be employed in snow covered areas, it should be 
anticipated that their effectiveness would be sharply reduced, again resulting in a high munition consumption 
rate. Under such conditions bulk dispensers or oir butsting expulsion grenades would be preferred. 

2. MUNITION CHARACTERISTICS 

a. Particle Size. As discussed in an earlier publication, riot control chemical agents are disseminated 
primarily through the use of either pyrotechnic or expulsion devices. In either method, the chemical agent 
reaches the target in an aerosol state. The size of the agent particles in the cloud has a direct relation to the 
effectiveness of the concentration since they must be light enough to drift with the air for reasonable dis
tances and be present in sufficient quantity to produce uniform irritation over exposed skin areas. 

On the other hand, particles must be large enough to provide adequate impaction efficiency and resist sub
limation or excessive dispersal. It is generally agreed that in order to be effective, agent particles should be at 
least 0.5 micron and not larger than 15 microns in size, with the most desirable size around 2 microns. 

Particle size is also one of the factors involved in determining the persistency of a particular concentration. 
The larger particle sizes produced by the expUlsion devices are more contaminating than the sub-micron 
particles found in pyrotechnic dissemination and the newer liquid fogging devices appear to be the least con
taminating of all. 

b. Diffilsion. When chemical agents are released into the air, they form a cloud that drifts with wind 
currents. The shifting nature of air currents causes the cloud to spread out as it moves downwind. Under 
normal conditions with a constant wind, the agent cloud will expand about 20% of the distance traveled from 
the release point (Figure 10). As previously indicated, wind speed, turbulence, and temperature all play an 
important part in the rate of diffusion of the agent cloud. 
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FIGURE 10 - LATERAL SPREAD OF THE AGENT CLOUD UNDER NORMAL CONDITIONS 

In the case of pyrotechnic munitions, vertical rise as a result of the burning process also contributes to the 
diffusion of the agent concentration. However, since the particles are heavier than the surrounding atmosphere, 
the cloud tends to settle again once it has cooled. 

1 A micron is about 1 / 25,000 of an inch. 
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The dynamics of agent cloud behavior are of particular importance when considering the area coverage pro
duced by single point release devices such as the grenade or projectile. In the paper referred to earlier, 
Reinnagel concludes that currently available single release munitions are improperly designed for efficient 
area coverage and suggests that what is needed instead are a number of smaller, but more uniformly distrib
uted devices. He writes: 
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Increasing the size of a single source does not greatly assis~ in covering an area si~ce the t~ndency.is toward a 
higher concentration over th~ same area, with the further dIsadvantage of generatmg undesIrably high conr.entra
tions in the vicinity (If the source ... 

Figure 11 shows the influence of source size on th~ area covered to a given concentration .. We see that three S-gram 
sources produce the same minimum useful concentration as one IOO-gram source, and aVOId the heavy over-concen
tration which results from one large source. 
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FIGURE 11- DOWN WIND CONCENTRATION AS RELATED TO SOURCE SIZE 
(Considerations in the Use of Irritants in ~w Enforcement, August, 19(8) 

3. TARGET NATURE. Since chemical agents are employed against people instead of inanimate objects, the 
effectiveness of such operations is always dependent to at least some extent on the nature of the target 
individual or group. The rate of breathing, for example, is an important factor in determining the speed and 
severity of symptoms produced by a chemical agent. The rate of breathing is, in turn, dependent upon the 
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state of excitement or activity level of the individual. Personnel breathing deeply as the result of exertion or 
emotion are likely to be affected by agents more quickly than ate more tranquil persons. 

WhIle tests to date have indicated that little or no tolerance is developed to CS, it is obvious that experience 
and knowledge about the agent tend to reduce the fear of the unknown that provides an added psychologi
cal advantage when agents are employed against inexperienced and uneducated subjects. It is only logical to 
anticipate that chemical agents will lose at least some of their advantage in riot control as they become 
more widely used and understood. 

Short of masking, however, there are no effective defensive measures that can be taken against a well planned 
and executed chemical agent deployment. Surplus and other protective masking equipment presellitly in the 
hands of dissident groups in the United States is insufficient for large scale civil disorders, but in all prob
ability is adequate to support limited operations of a hit-and-run nature. 

TACTICAL OBJECTIVES 

With a general understanding of the nature of chemical agents and those factors that govern their effectiveness, 
it only remains for the police field commander or chemical agent officer to apply this knowledge to specific 
tactical situations. While the tactical objectives achievable through the use of chemical agents are, at least in 
theory, almost unlimited, modern law enforcement experience suggests that most applications fall into one of 
the general categories discussed below. In each case it is assumed tha.t the underlying philosophy involved in 
the use of chemical agents is to minimize unlawful behavior and the level of force or violence requirep to deal 
with such conduct. The punitive application of any chemical agent is inconsistent with the role of the police 
in a democratic society and certainly not a legitimate objective within the scope of this discussion. 

Large Groups. Almost all existing police chemical agent doctrine deals with the classic situation wherein 
the need arises to disperse large numbers of people who have assembled or are moving in an ilIeg~l manner. In 
situations of this sort, the objective is normally to disperse the crowd and/or cause it to move in a desired 
direction; usually away from critical installations, high value shopping areas subject to looting, c,r locations 
where the disorder may be intensified. 

Against large crowds, chemical agents are normally employed in a maniler designed to cover the entire target 
area with a simultaneous cloud of sufficient concentration to produce the desired effects. In accomplishing 
tllis purpose, it is necessary to think in terms of a release line that allows the agent to reach the crowd in the 
desired concentration. (Figures 12A, 12B and 12C). The release line must be selected in relation to the wind 
direction and speed and, whenever possible, should be protected against crowd personnel who may attempt 
to kick or throw back pyrotechnic grenades or physically assault officers who are operating bulk dispensers. 
Since it is not unusual to find that personnel can run for distances up to 20 or 25 yards before being 
fully affected by chemical agents, especially when CN is being used, the line at which a uniform concentra
tion is established (conversion line) should be located at least that distance from the target group. 

Also to be considered in the selection of a release line when grenades are being employed is the need for uni-
; form target area coverage. Assuming a normal following wind, 5 to 10 miles per hour, the output of burning 

(
. ,. ... munitions will expand about 20% of the downwind distance traveled. Thus the agent cloud produced by 

I ,., grenades placed 5 yards apart on tim release line will converge at about 25 yards forward of the release point. 
(Figure 13). 
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FIGURE 12A -IDEAL RELEASE PATTERN - FOLLOWING WIND 
(Grenades or Bulk Dispenser) 
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FIGURE 12B -IDEAL RELEASE PATTERN - HEADWIND 
(Launched Grenades of Unstubilied Projectiles) 
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FIGURE 12C -IDEAL RELEASE PATTERN - FLANKING WIND 
(Launched Grenades or Unstabilized Projectiles) 
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FIGURE 13 -IDEAL RELEASE LINE/TARGET RELATIONSHIP 

I Once the desired concentration has been established, sufficient munitions must be employed to maintain the 
: concentration until the crowd has been dispersed along the pre-selected escape routes that should always be 

left open. The number of munitions required in any situation depends upon many variables, including tem
perature gradient, wind speed, wind direction, and munition design. As a rough guide, however, the Army 
suggests that their M7A2 and M7A3 burning grenades can be expected to'cover, in a 9-15 mile per hour wind, 
an area of about 109-164 sq uare yards. As a further rule of thumb, the Army estimates that with' a following 
wind perpendicular to the release line with an average favorable wind speed, burning munitions' requirements 
will be roughly as indicated in Figure 14. To maintain a concentration, munitions will have to be replaced as 
fast as they burn out, about every 40-150 seconds for standard pyrotechnic grenades. MiHtary and civilian 
standard pyrotechnic grenades are sufficiently similar in performance characteristics that Army munitions 
requirement estimates can be used as a rOllgh guide in planning civilian chemical agent operations. 

FIGURE 14 - MINIMUM PYROTECHNIC GRENADE REQUIREMENT ESTIMATE 

Release Number 
Line Munitions 
Length Required'" 

Point 4 

25 Meters 6 

100 Meters 20 

250 Meters 40 

... Distributed evenly along release line and fired simultaneously . 
...... Average favorable following wind 
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Width of 
Cloud 250 
Meters 
Downwind ...... 

50 

75 

150 

300 



In the case of bulk dispensers, the concentration is p~oduced by moving the dispenser along the release line 
at an even rate. The concentration is maintained by simply rel?eating the application as necessary. Bulk dis
pensers provide the most economical method for generating the large volumes of agent required for us~ 
against crowds, but their utility is unfortunately limited by the fact that they can be employed only with a 
following wind or at close range in conditions of relative calm. 

Although pyrotechnic grenades and bulk dispensers are the munitions usually employed against large crowds, 
separating or expulsion grenades are often integrated to discourage rioters from attemp~ing to r~~urn the 
standard burning grenades or for psychological effect. When they are employed, explosive mUllltlOns should 
be used in a manner to minimize the risk of injury. 

When working into a headwind, police must place munitions behind the crowd through the use of unstabi
lized projectiles or grenade launchers. Under such conqitions it is more important than ever that clear escape 
routes be provided to prevent the crowd from rushing blindly into police lines in an effort to escape the 
agent concentration. 

FIGURE 15 - USE OF AGENT TO SPLIT A CROWD UNDER FAVORABLE CONDITIONS 
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As is the case with almost all situations where riot control agents are used, deployment against large crowds 
requires a follow-up plan to exploit the temporary advantage gained by a well planned and executed chemical 
operation. Depending of cour.se upon specific tactical objectives, it is usually desirable to move immediately 
into the target area with masked personnel to disperse lingering groups and to pUrsue the crowd to prevent 
regrouping or further illegal activity. During mop-up operations police officers should be alert to render 
i'fO'!!~~Jt assistance to persons unconscious or incapacitated in the contaminated area. 

Occasionally, it may be desirable to split a large crowd rather than to engulf it completely in an agent cloud. 
This can be accomplished through the release of agent at a specific point if wind conditions are favorable 
(Figure, 1 5). This tactic will only be effective against crowds that are acting under minimal motivation and 
unless the split is quickly exploited by maneuver, it will probably be necessary to employ additional agent to 
prevent the crowd from regrouping or turning on the police lines. 
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FIGURE 16 - RAPID AREA SATURATION WITH VEHICLE MOUNTED FOG DEVICE.') 
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Cities being what they are, most police confrontations with large groups take place either on narrow streets 
or in park areas that simply do not lend themselves to the proc,edures called for in the traditional doctrine 
advocated for the use of chemical agents against large groups of people. Wind direction and working dis
tances, for example, are seldom satisfactory and the proximity of homes, hospitals and businesses may well 
preclude the release of large quantities of chemical agent. In such cases it may be necessary, even if less 
desirable tactically, to use low output burning or expulsion munitions to break a crowd up into smaller 
groups that can then be further dealt with through the use of riot control formations. 

Under certain conditions, the low contamination fog dissemination devices can be used to quickly engulf 
large areas with a characteristically buoyant chemical agent fog that dissipates rapidly. By operating the fog 
device from a moving vehicle it has been possible to clear several square blocks or a small park area by 
driving the agent dispersing vehicle through or completely around the target area (Figure 16). Obviously 
tlus tactic will be feasible only in those instances where'vehicles can safely be operated throughout the area 
and the necessary security can be provided. 
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FIGURE 17 - IMPROPER USE OF PYROTECHNIC GRENADES IN A CONTACT CONFRONTATION 
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Perhaps the most difficult confrontations with large crowds occur in those situations where the police find 
themselves positioned in almost direct contact with the crowd at the time action is initiated. If a decision is 
made to use chemicals there is 'always a strong temptation to throw burning grenades into the mob, a prac
tice that generally results in the return of the grenades or the driving of the frotH ranks of the crowd into the 
police. (Figure 17). Here again, the use of bulk dispensers, especially the fog dissemination type, should 
be considered if cOliditions favor their use from behind police lines. 

To point out the limitations inherent in traditional doctrine for chemical operations against large groups is 
not to suggest that such tactics are completely irreleverent to modern riot control. The underlying principles 
are valid and an understanding of these basic concepts will enable police field commanders to make appro
priate adjustments under a variety of tactical conditions. 

Small Groups. Recent civil disorders in the United States have shown an increasing use of chemical 
agents to disperse small groups of persons involved in unlawful conduct. Small groups of 25 to 50 people may 
frequently gather during disorders and throw objects at cars or congregate near stores that have been partially 
looted. In such situations, roving police units can employ low volume grenades to break Lip these small gath
erings and, at least temporarily, prevent further misconduct. (Figure 18). 
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FIGURE 18 - USE OF GRENADES AGAINST SMALL GROUPS 
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This low volume use of agent to accomplish a temporary objective enables a few officers to disperse a group 
without calling for additional manp~wer and equipment, a step that often only tends to attract more persons 
to the scene and intensify the nature and duration of the incident. This limited application of chemical agent 
must, of course, be pre(feded by a careful assessment of the composition and mood of the target group. In 
those cases where such a group is highly motivated and inclined to violence, the use of a small amount of 
agent may only provoke an attack on outnumbered police personnel. 

When conditions favor the low volume application of chemical agents, the new miniature pyrotechnic gre
nades (Figure 19) are extremely effective. These devices produce a concentration that is sufficient to achieve 
the objective, but small enough to reduce substantially the risk of contaminating nearby homes or other 
facilities. With the use of a universal launcher , the Lake Erie miniature grenade can be accura (ely fired for 
distances up to 100 yards from the standard service revolver or riot shotgun. At short distances, the 1.5 
caliber muzzle blast cartridges may also be effectively employed against small groups. 

- • ACTIVE AGENT LOAD BURNING TIME TOTAL WEIGHT 
DESIGNATION (GRAMS) (SECONDS)' (OUNCES) 

CN CS _' 
f! 

Brunswick. 
" Skitter Grenade ':' , .16 16 5 

Federal 
6 " l~oCket Gl'cn!1de 17 20, . ;-.;:, 

Lake Erie. . 
Mighty Midget . 
, t1 

)7.5 14, 4 

FIGURE 19 -- LOW VOLUME PYROTECHNIC GRENADES FOR USE AGAINST SMALL GROUPS 

Expulsion grenades rolled into small groups will generally dump most of their agent load on the ground, 
reducing even further the airborne drift of agent, a feature that might, in this situation, be desirahle. 
The noise of the explosive disch(U'ge produced by many of the expulsion ~e~ices will also assist in 
scattering most groups. 

1 

It should also be pointed out that what is suggested here is the use of chemical agents against small 
groups engaged in unlawful behavior during periods of civil disorder, not the routine use of chemical 
munitions under relatively normal police operations. 

Snipers and Barricaded Criminals. The problem posed by the barricaded sniper is one of the most 
difficuh tactical situations confronted. by law enforcement officials. Whether enc,ountered under riot 
conditlOns or in normal pollce operations, the sniper op-erating from within a residence or public 
building presents a clear and present threat to human life. Consequently, polic,e operations should 
be designed to deal with the sniper in a manner that will minimize, rather than increase, the 
potential for injury or death to innocent personnel. 

Without attempting to discuss in detail the emerging doctrine for anti-sniper operations conducted by civil 
police in the United States, it is still possible to identify the essential basic principles involved and to consider 
the ways in which chemical agents might be usefully employed. 
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F()ur steps involved in almost all types of anti-sniper operations can be considered under the key words: 

• LOCATE 

• ISOLATE 

• EVACUATE 

• ELIMINATE 

Location of the sniper, particularly under riot conditions, can prove to be a dif:ll,;>'JIt task. The erratic behavior 
of sound in an urban environment and the reduced visibility caused by darkness "'1:' smoke often combine to 
make target location a dangerous and time consuming process. To add to an already difficult situation, it can 
be assumed that, unless he is intent on self-destruction, the sniper will move regularly until he is trapped in a 
position from which be cannot escape. While easier to locate, the suicidal sniper, because of his willingness to 
maintain a mpid and continuous rate of fire, is probably the greatest threat to human life. In any event, the 
sniper must be located before any kind of effective action can be undertaken against him. 

As a last resort in those cases where an active and accurate sniper cannot be pinpointed, the entire area may be 
covered with a screening smoke to limit his visibility and reduce casualty potential. The use of area screening 
will naturally further reduce the chances of spotting the sniper and will also facilitate his escape from the 
scene. 

It would appear that technology is about to make a series of valuable contributions to the solution of sniper 
location problems. Presently available or under development are stabilized image binoculars, sonic sound 
location equipment, light amplification night vision devices, and even a system that will permit clear vision 
through screening smoke or chemical agent clouds. 

Isolation of the sniper should begin as soon as his position is located and may even precede location in those 
cases where his general area of activity can be identified. Isolatioi1 simply involves sealing off all possible 
escape routes in an effort to insure the capture of the gunman if he attempts to leave the scene. The likelihood 
of success of the isolation process is in direct proportion to the accuracy of the location effort and the speed 
with which the maneuver can be completed. The smaller the area isolated, the better the chance for apprehen
sion. 

It may become necessary to employ screening smoke to enable isolation team personnel to complete their 
task. Again, however, smoke should be used only when absolutely necessary unless there is reason to believe 
that the reduced visibility will not facilitate the escape of the sniper or hamper the evacuation of innocent 
citizens. 

Evacuation of the isolated and adjacent areas should be accomplished whenever tactical conditions permit. 
The removal of uninvolved personnel will not only insure their safety, but will greatly faJdlitate subsequent 
police action. Unfortunately, the evacuation of heavily populated high rise buildings may simply not be 
practical and police will have to conduct a search with the occupants in place. 
Even though loudspeaker commands or even door-to-door notices have ordered evacuation from a building, 
it should never be assumed that all innocent personnel have cleared the area. Experience has shown that some 
people will remain in their homes rather than follow police instructions, especially when they are frightened. 
In addition, many loudspeakers do not carry as well as expected and cannot be heard clearly inside a closed 
building. 

Since there is usually a very good possibility that the sniper may attempt to join in with those evacuating the 
area, it is always a good idea to detain the evacuees in a nearby secure area or at least 'obtain some form of 
identification for future reference. While such protective custody may not always be feasible, it does provide 
for the safety of the displaced persons, insures their availability for subsequent investigation, and makes it 
easier to determine if the building has been completely cleared. 
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The Elimination of a sniper or barricaded criminal by apprehension shouid be accomplished whenever pos
sible. Like mobs, barricaded gunmen differ in their psychology and level of motivation. Concern for life 
usually precludes a direct assault on subjects who have only threatened to shoot or who are holding hostages. 
In such cases, most police agencies have policies that call for location, isolation and evacuation, but stop 
short of direct attack as long as there is any hope that the subject can be taken without resort to deadly 
force. 
On the other hand, once the sniper has opened fire in a manner that clearly indicates his intention to cause 
injury or death and when conditions suggest that such an outcome is likely, the police must take positive 
action to eliminate this threat by whatever means possible. Although the composition, equipment, and 
tactics of counter-sniper teams are beyond the scope of this discussion, there would appear to be several 
ways in which chemical agents can be used to assist in such operations. 

First, stabilized chemical agent projectiles can be employed as soon as a sniper's location is determined. These 
devices can be fired with reasonable accuracy at distances up to 250 to 300 yards by personnel skilled in the 
use of the l.5 caliber riot gas gun. Expulsion projectiles with impact fuzing are preferred, as the pyrotechnic 
round may cause fires or penetrate completely through a target room ~lS a result of its considerable flight velocity. 

FIGURE 20 - USE OF PROJEC'flLES OR GRENADES AGAINST BARRICADED CRIMINAL 
(Adapted from Federal Laboratories. Tear Gas Blue Book) 
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Launched expulsion grenades may be substituted for projectiles, but their accuracy and penetrating power 
are considerably less. At close range these characteristics are not as important and even hand delivered gre
nades can be effectively employed. 

When the room occupied by the sniper is known, projectiles or grenades are usually fired into adjoining 
rooms first to prevent the subject's moving from room to room when his position is ultimately attacked 
directly with chemical agents. Since the objective is usually to drive the sniper from his secure position, it 
may be necessary to deny access to all rooms on a particular floor or dwelling unit. (Figure 20) 

Once the sniper position has been hit with one or two units of agent, a short period should be allowed for 
the room to be completely engulfed. If the subject does not emerge it should be tentatively assumed that 
he is either unconscious or has moved to another location. Nothing constructive is gained by continuing to 
fire grenades or projectiles into a room already fully contaminated, especially when CS agent is being used. 

While the chemical attack is under way, the tactical commander should remain alert to take advan tage of 
every opportunity for maneuver to gain a more advantageous field position. The use of chemicals should be 
viewed as an integrated part of the operation, rather than as an isolated phase during which all other activity 
ceases. An effectively coordinated operation requires a high degree of fire control and communication that 
has, unfortunately, been lacking in too many past police encounters with barricaded subjects. Situations vf 
this sort demand a level of teamwork and timing that cannot be achieved without constant training and 
practice under simulated conditions. 

The continuing rash of fires resulting from police operations against barricaded positions suggests the need 
to again stress the caution against using pyrotechnic devices in any situation where the risk of fire is not 
acceptable. Even some of the expulsion devices can cause fires and police personnel should therefore be 
completely familiar with the characteristics of the munitions used by their department. 

A second condition appropriate for the use of chemical agents arises under extreme conditions of civil dis
order when an entire building must be searched for one or more armed snipers. In situations of this type, 
two man search teams are assigned, whenever possible, to search the building room by room, from top to 
bottom. By working downward, there is a better chance that snipers will be flushed from the building in an 
escape attempt rather than attempting to engage in a fire fight when trapped on upper floors. 
When searching rooms that are likely to contain armed subjects, an expulsion grenade can be thrown into the 
room immediately prior to the entry of the search team. Ideally, the entry should be made at the moment 
the grenade detonates. (Figure 21) Advanced information regarding room layout is extremely helpful and 
should be obtained whenever conditions permit. Because of the property damage caused by the contamina
tion resulting from the explosive dissemination of micropulverized agent, this technique is justifiable only 
under extreme conditions when the risk of serious injury or death is involved. 
An alternative procedure, as yet untried under actual riot conditions, is suggested by the new fog dissemina
tion devices. Because of the buoyant nature of the agent fog and its relatively low contamination potential, it 
is conceivable that a unit of this type could be used to clear an entire building from the ground floor. While 
this might flush the occupants upward, a condition not normally considered desirable) it could, under some 
conditions, be the safest way, 01' the only way, in which a building could be cleared. 

Looting Deterrence. As a result of the civil disorders of April 1968, there developed a widespread belief 
that looting could be prevented by exploding CS grenades in stores. The concept behind this idea was that the 
micropulverized agent would remain either in the atmosphere or on the floor in sufficient concentration to 
make it extremely difficult or impossible for looters to enter the premises. In the case of agent deposited on 
the floors, it was presumed that the movement of potential looters would stir up sufficient airborne particles 
to produce a full range of incapacitating effects. 

Unfortunately, neither theory nor practice supports the concept of preventive contamination. Once the initial 
airborne concentration has settled, only a great deal of motion will produce the kind of re-activation en-
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visioned and persons willing to suffer minor irritation could, in all probability, remain in the building lo~g 
enough to seize valuable merchandise. On the other hand, it is quite clear that any heavy CS concentration 
will destroy the value of most merchandise and present. serious'decontamination problems.! Pending fur
ther research and field experience, police planners should regard with caution claims that CS agent in the 
amount contained in standard expulsion munitions will deter any determined looter once the initial concen-
tration has settled. f 

Sit-In Demonstrations. Chemical agents can, if carefully employed, be used to clear demonstrators rom 
buildings or other places of unlawful assembly. When used to drive occupants from a bui1?ing, the agen~ should 
be applied in a controlled release, with only the concentration needed to produce the desned results bemg 
generated. The chemical wand is particularly suited to this application, as are also some of the fog generators. 
Because of the nature of sit-in demonstrations, the police must use extreme care to avoid causing any personal 
injury or giving the impression that unnecessary force is being employed. In situations of this type, the demon
strators frequently hope to provoke the police into sonie form of over-reaction that will gain sympathy for the 
protestors and their cause or at least attract additional news media coverage. 

FIGURE 21 - USE OF EXPULSION GRENADE IN ROOM SEARCH 

1 There is also reason to believe that at least some "arson" losses were the result of the erroneous use of pyrotechnic grenades to 
"prevent" looting. 
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When agent is released in a building to break up what is essentially a non-violent demonstration, it is absolutely 
necessary that adequate exits be left open and that demonstrators be directed out of the premises to prevent 
accidental injury. Agent should be introduced on the highest floors occupied and gradually moved downward 
toward the ground floor. The application of agent on lower floors first may cause personnel on upper levels to 
attempt to jump or climb from windows, a practice that is potentially dangerous and which provides the news 
cameraman with dramatic footage in support of claims of police use of unreasonable force. 

In dealing with the non-violent demonstration it is essential that the police proceed in a calm and orderly 
manner designed to create the impression of impartial professionalism. Any display of temper or unneces
sary violence only plays into the hands of demonstrators by alienating the support of previously uninvolved 
spectators and the public at large. Since it is desirable to avoid personal injury, property damage, and the 
creation of a "spectacular" event, the use of projectiles or grenades inside a building should be avoided. Like
wise, high volume bulk dispensers are generally unsatisfactory. 

Because the tactical objective is normally to clear the builc!ing with a minimum of excitement and outward 
effect, a controlled dissemination device is preferred. The CS Chemical Wand delivers a steady, low concen
tration cloud of smoke and agent over a period of up to 4 or 5 minutes duration. The wand can be ignited 
and calTied into a building for whatever length of time necessary to cause evacuation. 

Self-Defense. Chemical agents, particularly as disseminated by the aerosol irritant dispensers, are an 
effective alternative to greater levels of violence in those instances calling for self-defense or the arrest of a 
belligerent offender. Although the aerosol irritant projectors are discussed in a the next chapter, their 
limitations in crowd control situations should be noted. 

No legitimate police objective can be achieved by the indiscriminate spraying of irritant projectors into the 
front ranks of a large crowd. Such a practice only results in the temporary incapacitation of those within 
range of the weapons, who then are trapped between police lines and the forward motion of the crowd. The 
risk of serious injury is high, with hO commensurate tactical advantage realized. 

Portable back-pack liquid mist projectors designed to disseminate a highly effective irritant that is less severe 
than the current CS and CN liquid formulations .are in the advanced stages of development. These devices, 
which were built in response to the area contamination problems encountered during the Chicago Demo
cratic Convention disorders, may provide a selective and low risk answer to the problem of dealing with 
large mobs at close quarters. In the meantime, the standard CN and CS aerosol irritant projectors should not 
be employed for this purpose. 
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CHAPTER FIVE 

Aerosol Irritant Projectors 
Aerosol irritant projectors, one of the most widely used and discussed nonlethal weapons to emerge for police 
use, were conceived and developed in order to provide law enforcement officers with an alternative to tra
ditional weapons such as the nightstick or firearm. Generally speaking, the projectors have proven to be ex
tremely useful police tools when properly used and when their function is understood. Altho~lgh no accurate 
CO\lI1t is available, more than 250,000 projectors have been marketed by just one of several manufacturers 
in the United States and field experience suggests that there are a large number of American law enforcement 
agencies presently utilizing aerosol irritant projectors. 

Considering the widespread use of the aerosol irritant projectors, there would appear to be an alarming 
amount of misinformation and confusion surrounding the nature of these non-lethal weapons. The 
popular press and manufacturers have often been less than accurate in their de~icriptions of the projectors 
and police officials have compounded the problem by frequently' failing to provide their personnel with 
even the minimum necessary training in how and when to employ such devices. Add to this situation a 
small but vocal group of citizens who have, for various reasons, attacked the police use of chemical weapons 
and the need for a greater understanding of the aetosol irritant projectors on the part of law enforcement 

! I personnel at aU levels is apparent. 
\. 

It should be understood at the outset that these devices are weapons -- nonlethal weapons, true, but with 
the emphasis on weapon. 

FIGURE 1 - THE STANDARD AEROSOL IRRITANT PROJECTOR 
The typical unit is metal, black in color, cylindrical in shape, 6~ inches in length and 1.3/8 
inches in diameter, with a dispenser assembly in the top of the container. Gross weight is 
approximately ISO grams. 
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They should be used only in situations where a weapon is absolutely required to control violent behavior, 
and only as fin alternative to more extreme applications of force. They should never under any circumstances 
be used indiscriminately or punitively. As a general rule, it would be safe to say that if a police officer is 
justified in using his nightstick, then he is justified in using an aerosol irritant projector. As a means of 
controlling a critical situation or effecting a forcible arrest, these nonlethal weapons have been useo success
fully thousands of times in the several years since their introduction. In spite of this success, however, 
there are three very importan t points which should be considered. 

First, these projectors, if improperly used, can cause some degree of physical injury. They are, after all, 
weapons and do utilize irritants which in the best instance are unpleasant and which, by the very manner in 
which they function physiologically, do cause a greater or lesser degree of trauma. However, the possibility 
of some injury is implicit once the decision to use a weapon has been made, and in any event the risk involved 
in the use of the chemical device is likely to be much less than that resul ting from the use of conventional 
weapons. The University of Michigan School of Medic.ine, in a report concerning one particular brand of 
aerosol irritant projector, states: 

"The lise of all anti-personnel weapons involves a calculated risk. The long history and the extensive use of 
chloroacetophenone (the principal active ingredient in most aerosol irritant projectors) as a temporary in
capacitating agent in the control of riots throughout the world since World War I; the minimal injury re
ported in the world medical literature even under conditions which have undoubtedly involved.indiscriminate 
use or misuse of this agent indicate the risk to be quite small, and in most instances negligible, in comparison 
wi th conventional weaponry." 

Secondly, while the dynamics involved are not thoroughly understood, experience suggests that even the , 
best of the aerosol irritant dispensers are not completely effective on sqme persons. While many reports of 
ineffectiveness can be traced to a failure to strike target personnel in the face with the irritant, there remains 
strong evidence that a person who is violently mentally ill or heavily under the influence of alcohol or 
narcotics may occasionally not react in a typical fashion to the chemical agent. Until such time as additional 
information on nontypicall'eactions is available, police officers should be aware of potential failure and 
trained to take appropriate additional defensive steps as necessary. 

Finally, in addition to the hazard of over-use or misuse, there is also the possibility that the law enforcement 
agency may be sold' an ineptly made and/or inadequately tested aerosol irritant projector. A number of 
firms, many of them small and with scant technical resources, have entered what appears to them to be a 
lucrative and growing ne .. ~ business. Responsible police administrators should gather as much information 
as they possibly can on a particular product, especially information and test results from unimpeachable 
and reputable outside testing agencies, before deciding what product to procure for department use. The 
fact that one aerosol irritant projector utilizes the same can and has the same outward physical appearance 
as another does not mean that data on one product can be used to establish the effectiveness and/or rela
tive safety of another. 

HOW THEY WORK 

The aerosol irritant projector generally consists of u. pressure tight canister with a self-closing valve and 
actuator (control button) spray nozzle combination, crimped to one end. About 1/2 to 3/4 of the available 
internal volume of this canister is occupied by the liquid irritant formulation. The remaining volume contains 
the propellent gas which supplies a pressure head to forcibly project the formulation from the nozzle when 
the valve is opened by depressing the actuator. A dip tube extends downward from the valve to just about 
the bottom of the canister. This insures expelling of the formulation rather than the propelling gas and ex
plains why the projector should always be discharged in an upright position. 
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Altho\lgh most available aerosol ~rritant ~rojectors l~ave the ?bove elements in common, there nrc signifi
cant dIfferences among them wluch are hsted and dIscussed 11l order of importance. 

1. The most important difference between all of the available aerosol irritant projectors is the back
ground of tests and use data available for each brand. The department should not choose a weapon 
manufactured by a reliable company and copies of all available medical data, along with ,reports 
of effectiveness and safety from other departments relative to each brand under consideration 
should be studied by the chief of police and the department's medical officer. All of the data' 
evaluated in making a decision should be retained in the department's files to support a 
responsible selection should this ever become necessary. As a matter of policy, police executives 
should not authorize the use of any chemical weapon for which the formulation and medical 
data are not available. 

2. Type, concentration, and purity of irritant: 

a. The most common irritant used in these devices in CN or alpha-chloroacetophenone. CN con
centration of 0.9 percent has become almost an industry standard. This chemical can be used 
in two levels of purity, the technical grade or the recrystallized grade. The recrystallized 
grade is preferred as it reduces the possibility of formulation instability or possible injury due 
to extraneous impurities. CN concentrations beyond 1.5 or 2% are generally regarded as risky 
and should be avoided. 

b. Oleoresin capsicum or cayenne pepper is another irritant used in some formulations. This 
chemical is less effective than alpha-chloroacetophenone because it has a relatively low 
vapor pressure (that is, it does not vaporize readily), therefoie, little or no eye irritation 
or lacrimation is caused unless the liquid actually reaches the surface of the eye or 
conjunctive; whereas the readily evolved vapors of CN,·type formulations quickly reach 
the eye, even without liquid contact. Cayenne pepper projectors are not widely employed 
by U.S. Law enforcement agencies. 

c. CS or orthochlorobenzalmalononitrile has been seldom used in aerosol irritant projectors. 
Although this chemical when use~ in fogs, smokes and powders is more potent than CN, it 
has a much lower vapor pressure. Consequently, its effectiveness in aerosol irritant projectors 
is also limited by the need for a direct eye impact to achieve a rapid reaction. Another 
undesirable characteristic of CS for this application is that its effects are of unnecessarily 
long duration, since it tends to stay on the affected area rather than evaporate. 

Recent work by Edgewood Arsenal on an aerosol irritant pmjector using CS in trioctylphosphate (TOF) 
has, however, disclosed desirable aspects. Duration of effects is reported to be about 20 minutes and pro
longed contact with skin is said to produce a transient redness with no damage to the skin. Also, since the 
CS in TOF is not a volatile agent, vapor contamination of closed areas such as rooms or vehicles does not 
present a hazard to other law enforcement personnel in the arl;)a where the weapon.is employed. 

3. Type of solvent and/or carrier. 

The majority of currently available liquid irritant formulations, based upon CN or alpha
chloroacetophenone, use one or more halocarbon compounds as solvents and/or carriers. Some 
examples of solvents which have been detected in various devices are listed below: 

( I) trichlorotrifluoroethane 
(2) 1, 1, 1, -trichloroethane 
(3) methylene chloride 
(4) trichloroethylene 
(5) perchloroethylene 
(6) carbon tetrachloride 
(7) chloroform 
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Some of these compo\mds may, under certain circumstances, in the presence of oxygen, form 
phosgene or carbonyl chloride which is a class "A" poison, and has been used as a war gas. It has 
been reported that the examination of some aerosol irritant projectors has disclosed a dangerous 
amount of phosgene which was probably the result of the use of compressed air to pressurize a 
formulation which utilized chloroform as a solvent. 

4. Type of propellant. 

a. The preferred propellant to be used is carbon dioxide. Its stability, solubility characteristics, 
and capability of delivering low temperature performance, make it ideal for this application. 

b. Various Freon propellants, especially Freon 12, have been used. These propellants have cre
ated difficulty in some areas because their pressure falls off rapidly at subfreezing temper
atures, making actuation of the weapon errati9 or impossible. 

c. As noted above, compressed air is not preferred for pressurization of many formulations. An 
inert gas, such &3 nitrogen, or a stable gas, such as carbon dioxide and nitrous oxide, are far 
better choices. 

5. Type of Cansiter. 
a. Almost all of these weapons use a seamless aluminum canister. It is recommended that one 

manufactured to meet the 1. C. C. 2P specification be required. This specification insures an 
adequate burst pressure which is verified by a stringent testing procedure when the canister 
is manufactured. The 2P-type canister may be identified by a concave rather than a flat 
bottom. 

WHAT THEY DO 
The aerosol irritant projector is designed to dIscharge a chemical irritant into the face of a violent subject . 

. The formulation is ideally released in a highly directional shot-gun type pattern of droplets. Any tendency 
to spray or mist reduces the accuracy, selectivity, and range of the projector, which under ideal conditions 
should be effective up to 15 or 20 feet. 

While products vary, a typical projector might deliver 2.5 grams of formulation or approximately 25 milligrams 
of CN during a one-<'1!i.ond burst. The standard canister should deliver approximately 40 such one-second 
bursts or an equivalent number of shorter releases. Although most of the CN is lost in the atmosphere during 
a release under normal conditions, the carrier/solvents impact on the skin with sufficient CN remaining to 
produce the desired effects'! Once deposited, the CN vaporizes and produces temporary reflex closure of 
the eyes, tearing, and a burning of the skin and upper respiratory tract. Some formula.ions are designed for 
immediate vaporization of the active agent while others prolong the effects by retarding vaporization with a 
relatively nOl~-volatile carrier. Carriers also serve to reduce the 'natural prote,ctive oils of the body, thus in
creasing the effectiveness of the irritants in produCing a burning or stinging sensation on impacted areas of 
the skin. 

The active ingredient in CN projectors causes acute local tissue irritation to skin and eyes and this irritation 
is increased in severity in relation to the length of time that the active material remains in contact with the 
skin or eye ti~sue. For this reason, the preferred first aid treatment is flushing with cool water as soon as 
possible and contact should not be prolonged by the application of grease medications or salves which 
might seal the irritant again~t the skin and possibly cause chemical burns and blisters. 

Temporary skin burns and conjunctivitis witn.out lastirig effects are possible, but even this risk is sharply 
minimized by the use of reliable formulatbns, the timely application of effective first aid procedures, and 
proper t.raining of personnel in the use of the weapon. Improper use of irritant projectors, at a range of less 
than two feet and/or with no post"exposure first aid, has produced chemical burns of the cornea, persistent 
lesions of the eye, and second degree burns of the skin with blistering and peeling. However, even in these 
extreme cases of misuse, recovery has generally been complete with no residual effects. This is not to say 
that there is no risk of permanent injury from misuse of chemical weapons and police should anticipate that 
the use of unreliable formulations or the improper use of even the best formulations could produce per
manent injury. 

leN induces tearing in man at a concentration of 0.3 mg/m3. 
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OPERATIONAL GUIDELINES 

Since aerosol irritant projectors are neither completely harmless nor universally effective, police agendes 
should provide operational guidelines covering when and how these non-lethal weapons are to be employed. 
Such policy must of course be integrated into the departmental training program at the recruit and in-service 
levels. For recruits, projector training should be included as an integral part of the defense tactics content 
of the basic curriculum. Roll-call training sessions provide an excellent format for insuring that in-service 
personnel are familiar with departmental policy and procedure governing the use of chemical weapons. 

Projector training should include the firing of active or inert units under various conditions simulating 
police combat. It would not be unreasonable to require each trainee to expend the contents of a full 
dispenser in the training process. In addition, all personnel to be armed with irritant projectors should be 
exposed to the formulation if only through direct application of the chemical to the cheek with a cotton 
swab. Confidence in their ability to operate the weapon accurately and an appreciation of the effects of 
the formulation will encourage officers to make appropriate decisions regarding the use of irritant projectors. 

During the fall of 1968, the City of Berkeley, California reviewed and sustained the use of an aerosol irritant 
projector) the Chemical Mace produced by the General Ordnance Equipment Company of Pittsburgh, 
Pennsylvania. In the course of this study, reports were submitted to the Mayor and Council by City Man
ager William C. Hanley and Public Health Director Alvin R. Leonard and revised guidelines were develor· oJ 

for police use of the projector. These guidelines, which are reproduced below with some modification, 
represent a cautious and reasonable policy. 

1. Aerosol irritant projectors will only be used after all other reasonable efforts to control a violent 
person have failed. If you would not be justified in using your baton you are not justified in 
using the projector. 

2. If the projector is used, the areas of the body exposed to the liquid must be flushed with water 
as quickly as possible. The required reports, ex planing why the weapon was used, must also 
include information concerning the length of time between use and flushing with water. 

3. After initial treatment, the subject will be inspected and interviewed not less than 30 minutes 
after exposure nor more than one hour from the time the irritant was used. If the subject is in 
jail this inspection will be made by the jailer; if not, it will be made by the officer who used the 
projector. If it appears warranted, the individual should be taken to the hospital emergency 
room for examination. 

4. If the liquid has struck the clothing of the individual and he is to be incarcerated, he will be 
given an opportunity to shower and will be furnished jail clothing to replace his own. 

5. Only under conditions which represent an extreme hazard (immediate threat of serious injury 
or death) to the officer will projectors be used under the following conditions. Regardless 
of the circumstances, these conditions require that the subject be taken to the hospital 
emergency room for such treatment as the doctor on duty feels necessary. 

a. Discharge of the weapon directly into the eye or face <1t very close range. (Less than two feet) 

b. Prolonged discharge at any effective distance into the face of an already incapacitated 
person or a person not responding to normal applications of the aerosol irritant formu
lations. 

c. Discharge of large quantities in a confined space such as a small room or closed automobile. 

6. Projectors will not be discharged in the immediate vicinity of infants, since their respiratory 
systems are especially sensitive to irritating vapors. 
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The practice of requiring a written report on the use of chemical weapons is widespread and would appear to 
be a valid procedure even though it is generally resisted by operati.ng personnel who have a natural tendemcy 
to resent any form of additional paper work. It is only through use reports that police executives and 
planners can evaluate the usefulness of irritant projectors and develop necessary procedural and training 

doctrine. 

It should be possible, however, to design concise reporting formats that can be quickly completed in the 
field or during booking operations. Lengthy and elaborate forms required by some departments for the 
reporting of firearms discharge are not usually suitable for chemical weapons reports and only discourage 
compliance with reporting regulations. 

One of the major manufacturers of irritant projectors, Federal Laboratories, Inc., of Saltsburg, Pennsylvania, 
provides a 3xS inch card to be issued to persons who have been subjected to their Streamer projector. 
~This card, which is illustrated below, could be adapted for use by any department and would be especially 
useful in thos!,') cases where no medical attention is p~ovided and the subject is released from custody shortly 
aftc\" an arrrest involving the use of the irritant projector. 

ATTENTION 
You have been exposed to a, device 

which contains a liquid chemical irri
tant which causes intense stinging of 
the skill and profuse tearing. Although 
highly irritating, the effects last only 
11 sh6rt time, are not dangerous, and 
car. be washed away. 

The stinging and prOfUSE! tearing are 
caused by a chemical which i~a harm
lest:i' form of tear gas (a s()iqtion con
taining Chloroacetophenone). 

To avoid possible skin irritation, the 
fQllowing steps should be taken: 

1. Wash ex~ area with soap arid water 
to remove all oils and dirt which could 
entrap the irritant. 

2. Fllishth~ exposed area with a cool so
lution ofl!laking soda or flush profuse
ly with co'ld"water3·4 minutes. 

a. Keep the washed areas expo~d to fresh 
air allowing irritants tQ:escape.\, 

CAUTION: DO NOT APPLY. OIL OR 
GREASE MEDICATIONS SUCH AS BUnER, 
COLD CREAM, LANOLIN, VASE~INE, LO ... 
TIONS; OR SALVES WHICH COULD FUR~ \, 
THER TRAP THE IRR'TANT CAUSING SKIN .: 
BLISTERS •. ~O NOT BANDAGE EXPOSED 
AREAS, KEEP EXPOSED TO FRe~H A;R. 

FIGURE 2 
FEDERAL LABORATORIES' "WASH-UP CARD" 
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SELECTING A PROJECTOR 

In view of the fact that aer~sol irritant projectors are currently being produced by perhaps twenty differ
ent fIrms, law enforcement officials are frequently faced with the task of selecting a unit in the face of con
flicting and confusing claims and counterclaims. The decision process is further complicated by the willing
ness of less reputable suppliers to make false or misleading statements about their own or competitive pro
ducts. 

While most police officials are certainly in no position to evaluate complicated chemical formulations or 
engage in sophisticated medical research, they can and should develop minimum weapon specifications and 
require that suppliers meet certain requirements in providing product information and test results. The 
following minimal requirements should be considered for inclusion in specifications for the standard CN 
aerosol irritant projector. Needless to say, these standards should be certified in writing by the supplier and 
verbal assurances that a product is "the same" or "just as good as" another product should not be accepted. 

Material and Workmanship 

a. The material supplied under this specification shall be aerosol irritant projector hand weapons of such 
general nature that they will reliably fire a highly directional, shotgun-like pattern of heavy droplets 
when actuated according to manufacturers' instructions. 

b. The material supplied shall give off no noxious or obnoxious vapors or odors under normal conditions 
of storage. 

c. The manufacturer shall guarantee that each unit shall remain fully effective with no leakage or altering 
of the chemical stability of the material contained therein, for a period of at least four years from date 
of delivery. This guarantee shall apply to all units, full, partially used or stored. 

Physical and Chemical Requirements 

a. Each unit shall contain between .5 and 1.0 percent volume of a recrystallized (highly purified) grade of 
phenylchloromethylketone (CN). 

b. The formulation should not be soluble or miscible in water or eye fluids nor contain any, OH groups. 

c. Each unit must contain a contact irritant material with the characteristic of immediate activation and 
evaporization upon contact with human skin, effecting instantaneous incapacitation. 

d. The irritant material must be a non-toxic, wet substance, not a contaminating, gaseous material, which 
will cause discomfort to users or others not directly contacted with it. 

e. The formulation must not be classified as an eye irritant within the parameters of the Federal Hazardous 
Substances Act as indicated by reports of an independent recognized testing laboratory. 

f. The formulation must not be classified as a skin irritant within the parameters of the modified FHSA 
test as described in Appendix E and performed by an independent recognized testing laboratory. 

g. The principal carrier/solvent used must carry an Underwriter's Laboratory toxicity rating of greater 
than 4. 

h. Each unit will be capable of operating effectively and safely within a temperature range of from -300 F 
to +1300 P. 

i. The manufacturer must furnish written evidence that the supply canisters have been made to I. C. C. 2P 
specifications. 
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j. There shall be no oily residue crystallization build-up or leakage from either the nozzle, actuator sleeve, 
or exit ports after firing of the unit. 

k. The formulation should be non-flammable. 

1. The formulation should not contaminate the area nor leave an oily residue capable of staining clothing 
or equipment. Each unit should have an effective range of no less than IS feet under calm wind con
ditions. 

m. Each unit should have a repeat capability of no less than 40 one-second bursts with no less than 2 grams 
of formulation expended per burst. 

n. Each unit should have a permanent serial number for control purposes. 

o. Units shall be equipped with a safety collar on the trigger head or other safety device to prevent acci
den tal discharge or firing. 

Tests 

a. The supplier shall submit an affidavit specifying the Underwriter's Laboratory toxicity rating of the 
principal carrier and the exact percentage of the active component. See Appendix R, Testing Aerosol 
Irritant Projector Formulations. 

b. The supplier shall submit the report of an independent testing laboratory having conducted and record
ed standard experiments on live animals to determine the eye and skin irritation and systemic toxicity 
of all components of the aerosol irritant projector to be supplied. See Appendix E, Testing Aerosol 
Irritant Projector Formulations. 

NOW WHAT? 

Although this discussion has dealt exclusively with the standard model irritant projectors, both smaller and 
larger units designed for specific applications are on the market and General Ordnance Equipment Corpora
tion has released a second generation model designed to replace their current standard projector. All of 
these devices operate on the same general principles outlined for the standard model projector and are subject 
to the same operations restrictions and safeguards. 

FIGURE 3 
THE GOEC SECOND GENERATION PROJECTOR 
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Not even their most enthusiastic supporters would suggest that the current aerosol irritant projectors are a 
fully perfected answer to police requirements. However, the pl.'esent weapons clearly represent an irreversi
ble trend toward the development of a nonlethal arsenal that will some day provide law enforcement per
sonnel with a full range of responses appropriate for any situation in which they may find themselves. 
hnprovements in the design, formulation, and general performal1ce of chemical weapons are inevitable and 
major innovations are already in the advanced stages of development. It only remains for law enforcement 
leaders to develop effective systems to evaluate and influence the output of an accelerating nonlethal 
weapons technology. 
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CHAPTER SIX 

Protective Masks 

The purpose of a protective mask 
is to afford the wearer respiratory 
and eye protection against un
desirable chemicals in the atmos
phere. Masks designed for use in 
areas contaminated by the chem
ical agents CN, OM and CS are 
generally of the canister type 
with a full face cover protecting 
the face and eyes. 

LENS FRAME --'---.. 

LENS---+--

CANISTER --jl/--_ 

.-__ '--(~~---:. :...---\-1----- END TAB 

a---- '~AS~ BODY O~ FAce PIECE 

,-------:---NFCK STRAP 

The filtering capacity of the riot 
control agent protective mask 
canister is limited to the riot 
control agents CS, CN and DM. 
Protection from such toxic gases, 
as carbon monoxide, smoke, am
monia and other lethal fumes re
quires chemical absorption and 
change which is beyond the capa
bility of the canisters supplied 
with protective masks sold for use 
in riot control operations. 

FIGURE 1 - RIOT CONTROL CHEMICAL AGENT PROTECTIVE MASK 

The riot agent mask canister is a metal container with an intake opening in the bottom and a fitted 
outlet hole in the top. Various types of filtering materials are located within the canister to remove 
particles of agent from the inhaled air. A high efficiency fiber particulate pre-filter mechan
ically removes the particles of chemical agent as they enter the canister. The partially filtered air is 
then drawn into a second filter section composed of tightly packed activated charcoal granules which 
absorb the remaining irritant vapors and render the air ready for inhalation. 
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'\ ~-----------------------INTAKEOPENING 

FIGURE 2 .~ RIOT CONTROL AGENT PROTECTIVE CANISTER 

With the mask properly fitted to the face and head and the seal (tape) removed from the canister intake 
opening, the wearer should be protected from the eye and respiratory effects of riot agent irritant par~ 
ticles. 

When the wearer inhales, his intake of breath creates a partial vacuum within the mask which is relieved 
by the inflow of air through the only non~resistive path, the canister and air intake channel. Contami~ 
nated air is drawn through the canister, filtered, and then flows up through the inlet channel of the face 
piece. The filtered air enters the face piece of the mask at the base of the eye lens where it also serves 
to reduce fogging before being inhaled during the breathing process. 
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FIGURE 3 - AIR FLOW DIAGRAM 
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INHALE 

As the wearer exhales, pressure builds up within the mask. This pressure escapes through the least 
resistive outlet, which is an exhaust valve located at close proximity to the wearer's nose and mouth. 
The exhaust valve, which is molded from ,soft rubber, is pushed open by the exhaled air and then flaps 
shut when the pressure developed by exhaled air is removed. An inhalation check valve located either 
within the canister or on the mask prevents the exhaled air from re~entering the canister. 

Some masks are equipped with voice transmitters, which are basically sound~powered audio projecting 
or strengthening devices. When functioning properly, they facilitate clear communications during opera
tions when masks would otherwise reduce the volume and clarity of voice commands and the exch~nge 
of information. 
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FIGURE 4 - OPERATION OF EXHAUST VALVE 
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EXHALE 
POSITION 

NORMAL 
POSITION 

Ideally, every member of a law enforcement agency should be issued ~ protective mask and held. 
responsible for its care and i maintenance. Unfortunately, the expense mvolved has p~ecluded makmg the 
mask an item of individual equipment in all but a very few departments. In fact, an mformal survey 
conducted by the IACP during the spring of 1968 indicated that the average department had only. 28 
masks per sworn officer. 

While it is safe to assume that many cities have increased their mask stocks since the survey was com
pleted, it is equally true that current suppUes are considerably below minimum requirements. What 
constitutes a "minimum" mask prestock level may vary somewhat from department to department) 
but police planners should be guided by the assumption that a protective mask will be required by 
every officer assigned to a disorder area under any existing contingency plan. 

Two factors have'greatly increased the need for protective masking. First, the CS agent adoptep by the 
military and used increasingly by civilian police demands greater protection due to its more incapaci-
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tating effects. Secondly, the "loss" of large amounts of riot control munitions in recent disorders sug
gests that the police may have lost their exclusive option on when and where chemical agents will be 
unleashed. Should militant groups in fact employ irritant chemicals against the police, the need for 
protective masks could weli take on a grim new aspect. 

For law enforcement officials caught up in the conflicting demands of a limited budget and practical 
necessity, there would appear to be several developments that may eventually resolve the protective 
mask dilemma. Public Law 90-351, the Omnibus Crime Control and Safe Streets Act of 1968, in 
Section 307(a), provides for special priority to programs and projects dealing with the con trol of 
riots and civil disorders and this provision may result in federal ussistance that will supplement existing 
funds for the purchase of equipment, including protective masks. 

Also of interest is the report that the military establishment has under development a riot agent mask 
that costs only five or six dollars a unit. ShOUld this mask become available on the civilian market, it 
would substantially reduce the cost of adequute masking for law enforcement personnel. 

Finally, and perhaps most promising for the immediate fu ture, the Departmen t of Defense has pro
vided for the loan of protective masks to civilian authorities to meet "an urgent need during an actual 
disorder." The details of this program should be discussed wi th the commanding officer of the nearest 
military installatior" with particular attention to the time factors involved. Although the lAC}> will 
furnish a summary of this loan program to law enforcemellt officials on a confidential basis, planning 
l'tction must be initiated at the local level with the appropriate military commander. 

EVALUATION OF PRESENT RIOT AGENT MASKS 

Police departments for years have used chemical agents, particularly CN, as an effective means to draw 
out barricaded criminals and disband unruly groups of people. Over n period of time, a variety of dif~ 
ferent gas masks have been acquired by law enforcement agencies, including a number of military 
surplus masks possibly dating back to World War I. Many of the masks on hand may be unserviceable 
or ineffective, especially against the newel' chemical agent CS. 

To determine the serviceability and effectiveness of masks and canisters l three steps should be taken: 

l. Inspect the face lens, straps, gaskets, valves and body of the mrtsk for cracks) dry rot and 
unusual hardness of pliable parts. Should these defects be in areas which cannot be corrected 
with the addition of replacement parts, the mask should be discarded. Special attention 
should be given to the plastic face lens to determine that it is securely in place and sealed 
into the body of the mask. Face lenses which are scratched or discolored should be replaced 
to provide the wearer with maximum, un distorted vision. 

U. The basic fit) airtight seal, comfort add visibility which the mask affords is of primary 
importance. An officer should be able to don his mask in a matter of seconds with a 
minimal amount of effort and We,llr the mask in relative comfort for sustained periods of 
time. Masks should be critically evaluated and repaired or discarded if difficult breathing, 
excessive fogging, unnecessary bulk l poor vision or an uncomfortable fit appear to create 
problems. 

III. Check lab(~ls! if any, to determine canister limitations. The newer canisters should state 
that they will protect the wearer from the chemical agents CN, CS and DM. To provide 
this protec;tion, a canister must filter out all irritating particles of the chemical agent. If 
the canister label does not state which types of chernical agents it filters out, this information 
should be requested from the manufacturer or determined by actual field testing. 

79 

I 
! 

\, 



~---- ~-.-~-- .. -. -.. ~ ----

Canisters which have gone beyond their expiration dates should be considered for replacement. If one 
year has elapsed since the canister seal was broken, the canister m~y have to be discarded and replaced 
regardless of the indicated expiration date. Whenever there is any question as to the reliability of 
canisters, they should be subjected to field levels of CS agent concentration. Canisters tested in this 
manner ~hould be replaced under the following conditions: 

,'. , 

(a) if contaminated air is detected by taste, odor, or irritation to eyes, nose or throat. 

(b) if breathing becomes overly difficult and labored (inhalation breathing resistance indicates 
that the pre-filter may be clogged). 

Musks and canisters which do not pass these minimal stal1dards should be destroyed and replaced with 
new and tested equipment. The practice of retaining defective masks in storage only invites their acci
dental issue during the rush of emergency situations. 

STORAGE AND MAINTENANCE 

To insure the maximum longevity and con tinued effectiveness of protective masks, a program of specific 
maintenance and care must be initiated. Storage, cleaning and periodic inspections will insure that the 
department is prepared at all times to employ, or to defend against, chemical agents in accordance with 
emergency plans. 

The responsibility for a continuing maintenance program must be assigned to a specific officer or unit 
and necessary inspections should be conducted by command personnel to insure compliance. 

Storage 

Maximum canister and mask life is dependent on proper storage conditions. A dry area with a moderate 
constant temperature will minimize deterioration to rubber parts of the mask and absorption of moisture 
by the canister. Excessive dampness and-heat should be avoided. 

Properly maintained masks with sealed cal1ister \lttached should be kept in their canying cases when 
not in use. Care should be taken to avoid folding or creasing the mask improperly when inserting it 
into its carrying case. 

During storage, the protective tape which seals the bottom of the canisters should be firmly in place. 
The head straps on the body of the mask should be fully loosened, with end tabs pulled to the metal 
strap buckle to facilitate the rapid donning of the mask. 

Maintenance 

Protective masks should be cleaned and examined for serviceability after each usc. The following pro
cedurl> .\S recommended: 

1. Remove the canister and loosen all straps. 

2. Disassemble the voice transmitter accessory, outlet, and outlet valves. 

3. Special care should be given to the eye pieces during t}eaning to prevent abrasive damage 
to the plastic lens. After flushing with water: the lenses should be dried with" clean towel 
or tissue and ex.amined for impaired visibility or faulty seal with the rubber face piece. 

4. To decontaminate and clean, wash the rubber face piece with soap and warm water, avoid
ing the use of any abrasive cleaning compound on the plastic lenses. A soft bri~tle brush 
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may be used to remove grease or other foreign materials. To complete the washing process, 
the face piece should be thoroughly flushed with clear running water. 

Next, to disinfect, the face piece should be immersed for two minutes in either a 50 part 
per million aqueous iodine solution or a hypochlorite solution of the same mixture. If 
neither of thl';)se solutions are available at a pharmacy or chemcial supply house, a 70% 
!3thyl alcoh01 solution can be sponged onto th\~ face piece. The ethyl alcohol solution can 
be purchased at most pharmacies. 

After washing and disinfecting, hang the mask and allow it to air dry. 

Examine the canister for physical damage and proper operation. If it is serviceable, it 
should be wiped clean with a damp cloth and the seal replaced. Never immerse the canister 
in water or allow any liquids to enter the canister opening during cleaning. Mark the 
canister with the date it was used and, when dry, replace it on the mask for storage. 

Clean, dry and replace voice transmitter accessory, outlet, and outlet valves. Use ex.treme 
care to insure that the valves are installed and seated correctly. If worn or damaged, valves 
should always be replaced. 

Inspect and clean carrying case as necessary and replace cleaned mask only after Case is 
thoroughly dried. 

FIELD OPERATIONS 

Inspection - Regardless of departmental maintenance and storage procedures, each officer should im~ 
mediately check the operating condition of the protective mask as soon as it is issued to him. The 
following steps are recommended: 

1. The mask should be removed from its carrying case and checked for physical defects, i.e. 
broken or dry rotted head straps, cracked or severely scratched lenses, etc. 

2. The tape should be removed from the bottom of the canister and the mask donned and 
adjusted. After the mask is securely in place, the wearer should take several breaths to test tiIe canister's 
airflow. A slight resistance is normal, but any significant breathing resistance is an indication of a faulty 
cani.ster which should be replaced. 

3. The wearer should place his hand over the canister's intake opening, sealing the hole and 
then attempt to inhale. The vacuum within the face piece should dr~w the mask against the wearer's 
face preventing the intake of any air. If air ente·rs, there are two possible malfunctions indicated. One, 
the mask may not be properly fitted onto the wearer's face. Or secondly, the exhaust valve may not 
be properly seated due to dirt, improper placement, or damage. A brief check of the valve can be made 
by removing the valve cover disk and removing any visible obstructions. If this does not alleviate the 
problem, the mask should be replaced. 

EXhaust valves that do not close properly admit contaminated air, causing the wearer discomfort and 
often result in the premature replacement of the canister. For this reason the exhaust valve should 
always be examined before it is concluded that a canister is defective. 

4. After the mask has been thoroughly checked, the tape should be replaced, sealing the canister 
intake. All head straps should be loosened to their maximum and the mask returned to its carrying case, 
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Carrying Position 

Although most masks are furnished with carrying cases that can pe adjusted for wear in any of several 
ways, the preferred position is around the wearer's waist. If worn around the neck, there is a possibility 
that the strap can be used by an attacker to choke the wearer. The protective mask carrying case 
should be positioned in such a manner that the mask can be easily and rapidly removed for use without 
obstructing access to the service revolver. 

Masking 

As a matter of tactical policy, personnel should put on their masks prior to the use of chemical agents 
or, whenever possible, outside of the contaminated area. The procedure for donning the mask is relative
ly simple and will be even further facilitated by prior training and adherence to the inspection practices 
outlined above. 

1. Take the mask from its protective case and remove the tape seal on the canister intake. 
Affix the sealing tape to the side of the canister for future re-sealing. 

2. Pull the head harness assembly over the head and let bottom straps fall down to back of 
neck. Insert chin into chin well of the face piece. 

3. Tighten chin straps at bottom of face piece first, then temple straps and finally head straps(s). 
Adjust until the fit is comfortably tight. 

4. To check mask fit, place palm of hand over the canister intake and inhale. Mask should 
collapse to the wearer's face and remain collapsed until the Wear\7f exhales. Readjust face 
piece to correct for any leakage. 

Breathing 

The U~0 of protective masks should be limited to those cir<;umstances requiring the use of chemical agents 
or entry ~rlto a riot agent contamination area. It should be remembered that the filtering elements of the 
masks reduce breathing efficiency and create a resistance to normal breathing. Prolonged periods of 
strenuous activity while wearing the mask will hasten fatigue. Persons with a history of heart or lung 
disorders should be examined and cleared by a physician before bein;f, pitrmitted to become involved in 
situations in which they must wear a protective mask, especially for extenq~~J periods or under conditions 
of heavy exertion. 
Leakage 

, 
If the mask is in good condition and properly fitted it shQuJr.\ provide adeqw1L'J prot~ction. Occasionally, 
however, the seal of the mask around the fac{: are,;\. ~S 'i,rt?'J;;.PH Ly iJl':?. ~;(SbbriHg of the canister produced 
by nlllning. Whenever possible, the canister sl:!vuld bt, ilei,Q with one hand during rapid movement to 
reduce vibration and avoid leakage. 

In spite of all precautions, however, a mask may prove to be defective. In such cases a low grade con
tamination will enter the wearer's face piece. The symptoms of this type of contamination are a slight 
itching of the nose and minor eye discomfort. If the wearer feels that the discomfort seriously interferes 
with his mission, he should withdraw from the contaminated area and check his mask and canister. A 
substantial feeling of ill-being may be an indication that either the canister is defective or that there are 
other toxic chemicals present in the atmosphere. !JY;;1ther case, the wearer should withdraw from the 
c;oncentration if discomfort or anxiety becomes severe. 

A comprehensive program of recruit and in-service training in the operation and use of protective masks 
should be initiated for all departmental personnel and followed up by periodic refresher courses. Train
ing programs must include actual experience in field concentrations of chemical agent, with trainees 
required to perform exertive tasks in order to fully appreciate the effects of fatigue and restricted 
breathing caused by the protective mask. In the final analysis, the chemical agent capability of any law 
enforcement agency can never exceed the ability of individual officers to rapidly and effectively employ 
protective masking equipment. 
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CHAPTER SEVEN 

First Aid and Decontamination 

Even.the discriminate use of riot control agents is likely to create the need for first aicl ancl decontamination 
measures. Fortunately, the procedures thus far developed for both first aid and decontamination are not 
complicated and should be easily understood and remembered by police personnel. 

FIRST AID 

The symptoms associated with CS and CN exposure are largely the result of irritation produced by ex
tremely small, often submicron, particles that contact moist areas of the skin or are inhaled into the mouth 
nose and lungs. The reaction of the psychophysical structure of an individual to either CS or CN, although' 
relatively short in duration, is most uncomfortable. The severity of the symptoms is generally related to the 
concentration of the chemical agent, the duration of exposure, ancl to some extent the physiology of the 
victim. 

While the effects of CS are more severe than those produced by CN, the same first aid procedures can be 
employed to gain relief from either agent. The initial step should always be to remove victims to an uncon
taminated area and face them into the wind. While this is usually sufficient to produce relief quickly, addi
tional first aid steps as outlined in Figure 1 can be ap'plied as necessary. For severe or prolonged effects, 
difficulty in breathing, severe chest pain, or contamination of wounds, qualified medical aid should be ob-
taiJled immediately. . 

In addition to the positive first aid steps recommended, there are certain things that should be avoided in 
the self-aid or first aid procedure. 

AVOID 

AVOID 

AVOID 

AVOID 

AVOID 

Rubbing the eyes or scratching irritated skin areas, This will only sustain the effects 
and cause more discomfort. 

Using small amounts of water on contaminated areas. When flushing away gross con
tamination use copious amounts of cool running water for at least ten minutes or one 
of the wash solutions recommended for CS in Figure 1. 

The use of any first aid creams, salves, vasr.>line or greases to cover irritated skin 
areas. These dressings may trap particles of chemical agent creating severe discom
fort, chemical burns, and increased absorption into the skin. 

Touching contaminated clothing or equipment with bare hands. The agent is easily 
transfered to unprotected skin areas once the hands are contaminated. 

Continuing to wear wet clothing that has been contaminated by chemical agents. 
Severe chemical burns and blistering can result. 
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Area 
Affected 
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Eyes 

Skin 

Nos~ 

Chest 

First Aid 

Remove affected person from the contamI
nated area t<[an eplin, up wind position. ,< 

Remain calm;)lestrlct activity. MaJ~u d!sco~~> 
fort ~11~l!!ldJi!sappear within .15 or 20 minutes. 

keep eyes open facl~g wind •. 00 not rL'" ~) 
eyes. Telinlng helps clear the eyes. If" 
partlc!es of ag!Jnt ar~ lodged In eyes, 
wash out with copious. amounts of cool 
water. Tears can be blotted away. 

Sit and remain quiet to reduce sweating. 
Expose affected areas to the air. Gross 
contamination can be relieved by flushing 
with clear water tor at least 10 minutes. 
For CS, a solution of Sor 10% sodium 
bicarbonate (NaHCOa) or sodium carbonate 
(Na2C03) or a speclallY"prepared skin wash 
solution (6,7% NaHC03,3.3% Na2C03 and 
O.10/0benzalkonlu", chloride In water) are 

< superior to water and need be used 
only In smaU amouiits. 

Breathe normally~ Blow nose to remove 
discharge. Nose drops should help If 
dlscomfortis severe. 

The victim should relax and keep calm. 
Talking reas!turlngly to the victim will help, 
to relieve his discomfort and 
prevent panic. 

FIGURE 1 - FIRST AID CHART 
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During chemical operations police sltould be especially alert for persons who are evidencing unusual behav
ior or who appear to be totally incapacitated by the agent concentration. Personnel responding to the agent 
in these ways should be removed at once to an uncontaminated area and medical assistance obtained. Since 
the possibility of serious injury or death is always much greater when chemical agents are used in enclosed 
areas, first aid and rescue procedures are even more essential during operations of this kind. 

To relieve front line riot control personnel from the task of casualty management, police planners may wish 
to consider the designation of clearly identified first aid teams to follow up tactical personnel under civil 
disorder conditions. Whether made up of policemen, medical personnel, or qualified volunteers, these teams 
can not only assist severely affected chemical agent victims, but can also administer first aid to police pe!'
sonne I and prevent their loss from the scene of action for treatment of minor injuries . 

DECONTAMINATION 
Both CN and CS can cause contamination difficulties, although the lower volitility of the latter agent results 
ina much more severe decontamination problem. Most decontamination is required in buildings or vehicles 
since outdoor air and weather conditions are mually sufficient to make exterior decontamination unneces
sary under normal civil disorder control conditions. 

CS Decontamination Complete decontamination of CS agent has proved to be extremely difficult. Major 
industrial and research corporations are presently attempting to develop techniques that will provide more 
satisfactory decontamination and there is indication that improved agent dissemination methods may reduce 
the severity of the contamination problem. 

In the meantime, the techniq ues recommended below have proven useful in reducing CS contamination, 
especially on surfaces that are hard and non-absorbent. Commercial stocks of clothing, food items, furnish
ings, other non-washable goods and electronic equipment do 110t lend themselves to this type of treatment 
and may have to be discarded or, since they require cleaning, sold as second hand m,erchandise. 

The decontamination of buildings and items of equipment can be attempted by following the four steps 
all tlined below: 

1. AERATION 

The first step in the decontamination process is to remove all airborne particles of tl.le 
chemical agent within the building. Doors and windows should be opened to create a 
draft. Smoke ejector type fans should be used to "exhaust" the air from the building. 
This is usually best accomplished by arranging the exhaust fans to provide a constant 
flow of air in a single direction through the building. These fans should remain in opera
tion until the total decontamination process is completed. 

2. VACUUMING 
The contaminated area should be vacuumed in its entirety, using a commercial water 
vacuum cleaner. Should this closed type of vacuum cleaner be unavailable, a regular 
vacuum cleaner may be used after wetting the dust bag to provide a more effective 
filter. A dry bag will not filter out the chemical agent, which will be exhausted from 
the vacuum cleaner and recontaminate the area. 

3. REMOVAL 

Cloth co\'ered furniture, disposable goods, and other items which cannot be decon~ 
taminated should be removed. These items can either be destroyed or exposed to the 
air, breeze and sunlight which may reduce their contamination. The locaillealth service 
agency should be consulted by merchants regarding the sale of goods that have been 
contaminated by riot control agents. 
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4. CHEMICAL DECONTAMINANT 

Commercial or improvised solutions can aid in decontamination. The liquid is applied 
. with a broom, brush, or mop, to contaminated surfaces, where it is allowed to remain 
for about ten minutes before being rinsed away with. tap water. 

Research has indicated that a reasunably effective chemical der,;ontaminant can be improvised by preparing a 
solution. of water containing 10% MEA (Monoeth anolamine) and 0.3% Triton X-I 00 or Igepal CO-630. The 
Triton X-I 00 (or Igepal CO-630) dissolves the CS and the MEA changes it chemically to produce harmless 
byproducts. 

The chemicals required for the decontamination solution can usually b~ obtained from the chemical supply 
houses listed in the yellow pages of most telephone directories. If the Triton X .. l 00 or Igepal CO-630 is not 
available, the commercial detergents known as Tide or Joy can be substituted. There is no substitute for 
MEA, but when it is not available the recommended solution, minus the MEA, can still be used to dissolve 
the CS. The solution must then be removed physically by sweeping, mopping, or flushing with generous 
amounts of water. 

The easiest way to prepare the decontamination solution is to mix 6 2/3 pints (1 part) of MEA with about 
55 pints (10 parts) of distilled water and then stir in about 3 ounces (1/2 part) of Triton X-IOO (or 1gepal 
CO-630). If distilled water is not available use tap water and twice as much Triton X-I 00. 

This improvised decontaminant will dissolve and decontaminate CS in about two minutes after which it 
should be flushed away with water. Personnel working with the decontaminant should wear rubber gloves, 
boots, and finely woven clothing to prevent irritation of exposed skin by the CS before it is neutralized by 
the decontaminant. A protective mask may be necessary where contamination is heavy or the agent is kept 
airborne by exhaust fans. 

Contamination of personal clothing by field levels \if CS agent can usually be neutralized by normal laundry 
or dry cleaning. Where contamination is heavy, clothing should be aired thoroughly prior to cleaning. Per
sonnel exposed to normal concentrations should change clothing as soon as practical and shower in large 
amounts of cool water. Once the skin and hair are completely rinsed, the body can be washed with soap and 
warm water in the usual manner. 

CN Decontamination. Because CN agent vaporizes at a much faster rate than CS, aeration and vacuuming 
alone are often sufficient to achieve decontamination. In more difficult cases a decontaminant of strong 
soda ash solution 01' alcoholic caustic soda can be applied. In severe cases, or where the nature of the agent 
is unknown, the CS decontamination process can be followed since this procedure will also work for CN. 
Also, the following procedure is recommended by Federal Laboratories for treatment of severe CN con" 
tamination: 

1. Open all windows and doors that weather permits. The sooner this can be done, the better. Up 
to an hour's airing is helpful; beyond this time little is gained. 

2. Shut all doors and windows except one at each end of the building. Place a fan blowing to the 
outside at one of the openings. Heat the building as hot as is practical. This treatment vapor
izes the agent and carries it out of the building. 

3. Vacuum floors, draperies, nlgs, bedding, and overstuffed furniture. This is especially import
ant if CN dust was used, but it is also helpful if CN tear smoke caused the contamination. 

4. Surfaces which will not be harmed by the treatment can be decontaminated with a 5% 
solution of washing soda (sodium carbonate). This chemical decomposes the CN. Baking soda 
(sodium bicarbonate) will also work, but more slowly. 
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CHAPTER EIGHT 

Cherrlical Agent Training 

Because of the infrequency of chemical operations, chemical agent instruction normally must acc'~pt a 
relatively low priority on the crowded police training calendar. It is precisely for this reason, however, that 
such training must be carefully planned and executed to obtain the maximum benefit from the limited 
learning opportunity that can be provided. 

In discussing the development of chemical agent training, this chapter makes two basic assumptions. First, 
it is presumed that the police agency has developed a chemical agent policy and that this direction has been 
translated into operating procedures. If this is not the case, policy formulation should be accomplished 
before planning is undertaken .for the development of training programs.l Secondly, it is accepted that 
chemical agent training must be tailored to fit within available training resources, which is simply to recog
nize the fact that there are sharp limitations on the time and energy that can be allocated to chemical 
agents instruction in the average police department. By following the guidelines suggested in this chapter, 
which are equally applicable to any kind of training development, it should be pnssible to establish effec
tive chemical agent training programs within the ever present limitations imposed by the availability of ,I time and money. 

~ . 

DEFINING TRAINING OBJECTIVES 

The first stt;p in the planning of any training program. is to decide who is to be trained to do what. Oper
ationall1ersonnel, supervisors, technicians and command personnel may all be identified as separate target 
groups f~r chemical agent training, depending upon what role they are assigned by established pro,cedure 
and emergency plans. Since it is best to define training objectives in terms of behavior, rather than know
ledge, the simplest approach is to study organizational chemical agent procedures and plans to determine 
what the target group will be expected to do. For example, performance goals for the patrolman or deputy 
in operations against crowds might be stated in a training outline as indicated below: 

~~ .. ,~~ - --"r'"~-"'" "''"''"_''"-;-''':'' __ •. \";:}:,r"~~~,-----,:~,,:,,-"-, .. "'t";:tI": __ --'_H~' ~,~~,,-~~,,: ..... -.--"'~-:;"-'~ -.. ~ ->0<-'" ,"~- --,~ ~~.-~~''''--'-.''-- ~,"~ ~. w '" ~ ~~"""~". ~-''''~-:7'-'-- ~~,-"",-~.-~.-.... ,,' '''-" ~ ,-. ~.- ,-,,. .. ,.- '-"-',,- ~-," -

, ", "BEHAVIORAl" TRAINING GOAL~ OUTLINE 

A. Under sUI>ervision,c6rrectly:-c , 

1. Handle~' activate, anddischarg~ the (brand) burning and (brand). expulsion grenades .. 
" ,',. ;;; . . - ", 

f h <~:; 

12 .. 'CarrY~load, aimJire and cleat the (brand) lScaliber riot gas gun employing the (brand) 
I unstabilized and (brand) stabilized projectiles. Three out of 5 unstabilized projectiles I ,mltSt.ithpactln a 20 foot Circle at .. ", yards. Three': out of five stabilized projectiles must 
f ." . 'b penetrate averticaf windQw-size target at~yards. ' 

1
"'.' .". 3.'; ,." E.m. Pl. Of. eN.·.··. ande. S chetpica.l.agent.grenade~a.Wlpro .. 1ectileSin such a manl!e.ras tQ minimize i 
1~~~~~~~1~~~~~~~~-~---~-~~~j 

lSee Chapter One, Chemical Agent Policy and Procedure. 
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FIGURE 1 - TRAINING DEVELOPMENT SEQUENCE 

WHO? 

WHY? 

WHAT? 

· \'lll. 
. FORMAT 

WHEN and WHERE? 
• Recruit • Roll Call 
• In-Service • Home Study 
• Regional • National 

HOW? . lNSTRUCTORS' . " ~ . . , 

',:.:."" '" MeTHo"DS 
'. . 

• Case Study 

• Conference 

• Demonstration 

• Incident Process 

• Lecture 

• Panel/Symposium 

• Seminar 

• Supervised Practice 

• Oral Quiz 

• Written/Performance 

• Tests 
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"~ ----------
MATERIALS 

• Written Words 
Textbooks 
Articles 
Procedures 
Manuals 
Outlines 
etc. 

• Pictures 
Motion Pictures 
Slides 
Photographs 
Charts 
Transparencies 
etc. 

• Physical Objects 
Equipment 
Models 
Samples 
etc. 

I 
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B. Without direct s~pervision, correctly: 

1. Carry, pre-test, afid perform field maintenance on the protective mask. Put 011, clear, and 
activate the mask within it periodof15 seconds in an agent concentration. 

2. Draw, load,uim and fire the service revolver While wearing the protective mask, achieving a 
score of on the silhouette target at yards. . 

. 3. Load, aim, and fire the 12 gauge riot shotgun while wearing the protective mask, achieving 
a score of on the range at yards. 

I~ '>~~;, 

4. AdministerCN and CS first aid, ~elf-aid, and decontarnin~tion. 

While this inventory of behavioral objectives may not be complete, it serves to illustrate two desirable char
acteristics of this approach. First, performance objectives sharply define the desired outcome and focus 
upon exactly what must be learned. For example, Al tells what the officer needs to know about grenades; 
not all grenades, just those that he will use. Not all about the grenades he will use, just how they are safely 
and correctly handled, activated, and discharged. The second major advantage of stating training objectives 
in terms of behavioral outcome is that it almost always provides a reliable, built-in measure of achievement. 
Since in the final analysis the trainer is more interested in performance than in knowledge, behavior pro
vides a far better criteria than information for the evaluation of any training program. 

The value of behavioral or performance oriented training objectives becomes even more apparent when the 
learning objectives listed in the Behavior Outline are translated back into more traditional terms: 

Clearly, the same topics are covered in both the "behavioral" approach and the "knowledge" approach. The 
difference lies in the preciseness that the former brings to the instructional planning and evaluation process. 

CURRICULUM AND FORMAT 

Once behavioral training objectives have been identified, the development of curriculum follows naturally. 
When present knowledge and skills are subtracted from the needed knowledge and skills, the remainder is 
what must be taught in the training program. There is always a strong tendency in curriculum development 
to proceed from the point of view of "covering the subject" rather than attempting to identify essential 
elements. This results. in considerable "fat" in the training program and, while this is not inherently bad, it 
is easy to foresee the result if this tendency prevails in each of the dozens of topic areas that make up a total 
training program. 
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When' the "WhOH, "Why", and 'IWhat" of the training development sequence have been decided, the next step 
is to determine when and where the instruction will take place. Withir the department, recruit, in~service, 
roll-call and even home study training can be employed as a vehicle for the curriculum, depending upon the 
personnel to be trained and the nature and duration of the necessary instruction. Externally, regional and 
national training programs can be used to supplement departmental chemical agent training, especially for 
command and technical personnel. 

Effective learning requires reinforcement and this is particularly true of skills that are infrequently'used. 
Even with adequate recruit and in-service training programs it is still necessary to refresh chemical agent 
instruction through periodic roll-call supplements and training bulletins. Again, an attempt should be 
made to isolate key concepts and focus upon those performance deficiencies that have been identified by 
a continuing p,valuation of police chemical operations in the field. 

While curriculum should be developed to meet the specific reqtlirements of each law enforcement agency, 
Figure 2 is included as an example of what the chemical agent segment of a recruit training program might 
contain. The curriculum should not include detailed material on agents, weapons, or tactics that are not a 
part of the department's riot control planning or which will not be employed by operational personnel. 
The classroom time required ill the recruit schedule for a curriculum such as the one illustrated in Figure 
2 will depend upon the usual variables, but a period of about three hours would be a reasonable estimate. 
The field or range time will vary from one to several hours, depending on whether the trainees will be 
qualified in the use of chemical weapons or simply exposed to a demonstration of such devices. While there 
is no question that personnel should be qualified, the time and cost involved may be prohibitive for some 

departments. 
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The development of curriculum for other groups will follow the same principles outlined for operational per
sonnel. For example, in the case of supervisory personnel it can be a$sumed that they need to be familiar 
with the skills and knowledge required by their subordinates as retlected in the basic curriculum in Figure 2. 
In addition, however, they will also require a separate or supplementary curriculum that would support a set 
of somewhat different behavioral objectives. Figure 3 suggests some of the special topics that might be in
cluded in a chemical agents training program for supervisory personnel. 

FIGURE 3 - TYPICAL SUPERVISORY CHEMICAL AGENTS TRAlNlNG TOPICS 

• Legal and policy foulldlltipns underlying the police use of chemlcal agents 

• Chemical agent risk evaluation (safety) 

• Tactical decision making 

• Estimating chemical munitions requirements 

• Contlol of chemicai;tgent operations 

• Employment of bulk agent dispensers 

• Selection of subordinates for chemical agent operations 

• CheI?ical munitions filM resupply 

• Disposal of defective chemical munitions 

• After-action teporting 

PLANNING INSTRUCTION 

The final step in the training develupmel1t sequence is the identification of one or more instructors who, in 
turn, usually are free to select the specific instructional methods and materials that will be employed. While 
instruction has been presented over the years by chemical munitions factory representatives and salesmen, 
police agencies should make every attempt to provide their own instructors. When outside instructors are 
lIsed, the department loses control over content and consequently may fail to meet predetermined training 
objectives. Ideally, any department of sufficient size to conduct a recruit training program would have 
appointed a chemical agent officer who could handle instruction in the area of his specialization. When 
absolutely necessary to obtain an instructor from outside the department, it js best to turn to another 
law enforcement organization for qualified assistance. 

No less than 13 basic training methods (Figute 4) have been identifie:d and at least 10 of these techniques 
would appear to be appropriate for various levels of chemical agent training. The selection of the method 
or methods to be used will depend upon the instructor, the curriculum, the format and the studenl: group. 

..; 1. Case Study 

v' 2. Conference 

3. Debate 

v' 4. Demonstration 
• 

5. Forum 

FIGURE 4 - BASIC TRAINING METHODS 

V 6. Incident Process 

v' 7. Lecture 

..;j 8. Oral Quiz 

v' 9. Panel/Symposium 

1 Q. Recordings 
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v' 11. Seminar 

v' 12. SuperVised Practice 

~I 13. Written/Performance Tests 

t 

..... --,," ~ .. -... 

With the exception of the oral quiz and the written or performance tests, which are self explanatory, the var~ 
10us training methods are defined and evaluated briefly in Figure 5. Although past chemical ngent instl'u
tion, like most police training, has used primarily the lecture and demonstration method, other techniques 
can alld shpulclt e employed, especially when working with command, supervisory, and tecntlical per-
sonnel who often bring considerable knowledge and experience into the training situation. 

Printed material, pictures, and physical objects (Figure 6) can be used to enhance chemical agent training at 
all levels. While some documents, such as rlepartmental procedures and manufacturers literature, Call be 
included in the training program without change, it will usually be necessary to develop specific written 
materials to support desired training objectives. A selected bibliography of chemical agent publications is 
included in this manual as Appendix D, but, at least for training at the basic and supervisory levels, this 
listing will be useful mainly as a source of background material for instructors and those planning training 
programs. 

Motion pictures, slides, chatts, diagrams, overhead transparencies and opaque projections can be used effec
tively to illustrate instruction and increase learning. Unfortunately, there are few motion pictures presently 
available (Figure 7) for chemical agent instruction and those in use are generally outdlted or incomplete. 
Slides and transparencies can be prepared locally at a reasonable cost and many of the mustrations in this 
manual have been reproduced larger than necessary to permit their use in the production of visual training 
aids. The Lake Erie Chemical Division of Smith and Wesson has prepared n series of large charts illustrating 
their grenades and these or locally prepared charts are especially valuable in helping students understand 
munitions design and functioning. The illustrations in Appendix C can be placed on overhead transpar
encies to serve the same tJUrpose. 

Physical objects, like equiI)ment and cut-away models of munitions, should be included to support in
struct10n wherever appropriate. They will ge11Crate interest, add realism to classroom sessions, and make 
difficult procedures easier to understand. The maximu.m value of physical objects is achieved when they 
can actually be handled and examined by students. When simply held by the instructor, objects lose most 
of their impact and for this reason it is often desirable to have on hand enough of the same objects to permit 
the entire group to examine them at the time they are being discussed. 

FIELD TRAlNING 

A shortage of time and money remains the greatest deterrent to adequate chemical agellt field training. 
Ideally) each officer should be qualified in the use of any chemical weapon that he might be called upon to 
employ and should demonstrate an ability to operate in chemical agent concentrations, including the use 
of standard firearms. Even if out-dated munitions are used, the cost of field training is substat1tiul. 

Federal Laboratories has dev~iotJed a line of practice munitions that can be reused to reduce training cost. 
Grenades that do not explode or rupture can be recovered, decontaminated, loaded with sand to approxi
mate weight, and reused in training. For aerosol irritant projector instructioll, most manufacturers will 
provide free or low cost training weapons that function exactly like the service unit but contain no active 
chemical agent. Inert loading for bulk dispenser training will also help to cut truining costs. With a little 
effort and ingenuity it is possible to avoid at least some of the expense associated with chemical agent 
field training. 

The keynote of effective field training is realism. For example, instead of having the students simply mask 
up and stand in a circle while a grenade is discharged, they should run for about 150 yards, don their pro
tective masks,jog for another 50 yards into an agent concentration and then carry out a simulated tactical 
operation ag.,;;:~t a barricaded criminal or a large crowd. In this way the trainee will learn to perform ~l1lder 
the kind of ditl • ..:ult conditions encountered in actual field operations. 

A range or course for qualification on chemical weapons can be constructed in any isolated area with scrap 
materials and imagination. Targets for grenades and unstabilized projectiles can be circles on the ground and 
a door or window frame will provide a good target for stabilized projectiles. The minimum standards of per
formance required to qualify with chemical weapons should be established in response to local riel'ds and 
training capabilities. 
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FIGURES 

POSSIBLE CHEMICAL AGENT TRAINING METHODS * 

G~o:up discussion'~f an actual or hy- .: 
PQthetical case historY. Tbe session 
is directed by a discussion leader. 

As a result of normal record and 
reportingsystems,polf~ agencies· 
are in a g(;lOd position to assemble. 

I,case history summaries. 

Group discussion of a subject wjth 
which members have previous know
ledge or expepence. 

Discussion leader, who may 
chos~n by the group, provides 
rather tmn: control by introducing 
the subject, starting discussion •. 
,feeping discussion on the subject, 
'and summarizing at the conclusion 
dof the session. 

.AJimembers of the training group 
can participate. 

• Develops. problem-solving ability • 
• Independent ttynking is encour-

aged. ., 

• Analytical skills developed. 
• Stimulates cooperation 'o/ithirt 

the group. 

• Training seen as dealing with "real'~ 
problems. 

• All members of the· training group 
can participate. 

• Stimulates cooperation within the 
.group. . ,;; .c· .~ 

information, and ICnnw __ 

ledge lian"~ources ~ --~ 

• Especially useful for 
- Exploring problems to which 

a,nswers are unknown. 
. - Developing a new philosophyor 
approach. 
- Developing different aspects of a 
problem~ 

.Go 
~ 

• -:Requires a sm;pl training group. I Command 
• Leader must be skillful and must _ SupeIViso!y 

also know subject matter. 

• Time involvement is great and 
generally unpredictltble in advance. 

'-~ " 

• Complicatoed cases will require 
advance study by the group. 

" 

f, 
~; 

• Aumembers.·.~usthave PrlorknOW-1 Co~~ 
ledge orexpenence. . Supemsory 

• Practical only with{SmalI groups. 

• Not efficient foniewsubject ma'J-"~" 
• Requires more time to cove:r the 

subject.· J 
• Can; get off the subject unless skill-

fully led. , 

• Canbe difficultwith,personnel with _ 
conflicting~ru;alitie_~.or opinions . 

!J. ,'. 

" 

~ 
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Instructor or an assistant executes 
a procedure so that the group can 
see exactly how something is done ..• 

For maximum leamingvalue the 
demonstration should be followed by 
student performance whenever pos
sible. 

" 

Same as Case Study ~ except dis

cussion starts with V an incident. 
Group has to develo~, by questioning 
the discussion leader, the facts that 
they would be given in the case 

. study. .;;/' 

Group also has to defme the real· 
issue and decide on some recom
mended course of action. 

., 

• Usually holds student interest} 
• Aids motivation. 
• Helps to emphasize or clarify im

.' portant or difficult points~, 

• lllustrates application of theory or 
principle. 

• Emphasizes coqect pr~edure. 
~-,/ 

• Same asfor case study, plus 
. - Requires no advance study 
by the group. 
- Develops skills in obtain
ing facts byquestiQning. 
- Pressure to decide on 
action can develop an ability 
to reconcile differences. 

:. May require careful preparation 
and rehearsal if the task is 
complex, 

• All members of a large group may 
not be able-to see well .. 

-~ ".-' 

• Trahlees may miss pomt unkss the 
purpose of the demonstration and 
important points aremad.~ clear. 

• Some subject matter doos not lend 
itself to demonstration. 

• Maybe expe~sivein the-case of 
chemical munitions. ' 

• Requires small group. 
• Requires skillful leadership . 

• . Takes time~ 
• Forced decision~tfiaking may create 

resentment. 
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One instructor speaks to the group. 
Although questions and answers may 
be permitted, the tone of the session 
is, somewhat formaL 

{f 

Presentation by a small groug of 
speakers followed by questions from 
the audience. ' 

Usually used when outside experts 
are available for only a limited, 
amount. of time. 

Group discussion oi"exp!oration by 
highly experienced people working 
under minimal formal leadership. 
Subject matter for which ready 
ansWers are not available. 

Students perform procedure or task 
under direct supervision of instructor. 

" 

• Familiar, flexible, and easy to 
arrange. 

• An organized, systematic way of 
presenting material. 

• Can reach a large number of people 
inishort time. 

• Assures uniformity of information

• "giving. 
~<,,;Especially useful tor 

'- Giving new facts or infor-
1)~ mation. 

- StimUlating interest. 
- Supplementing or stressing 
reading assignments. 
- Summarizing the result's of 
other instructional method 
sessions. 

• Can reach large number of people 
in short time. 

• Fast pace and change in speakers 
holds interest. 

• Biings knowledge from. a variety of 
sources to bear on the'subject. 

• Spotlights issues. 
• Brings out opposing views. 

-~ 
• 

• Same as for conference. 
• Especially usefuLfor situations in 

which theriis no predetermined 
solution. 

~\ 
j~'7' 

• Increases interest and enthusiasm. 
• Gives vivid, first-hand experience. 
• Emphasizes correct procedure. 
• Provides opportunity to evaluate 

training outcome in terms of 
actual behavior., 

*Adapted from Dinkin, Raymond, Teaching Methods and Techniques, U. S. Government Printing Office, 1962. 
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• Dynamic speakers may be dif-

ficult to fiiid in the subject area. 

• Speaker ~¥lfalways judge 
r:;.~ ... .J 

accurately group members' 
understanding. 

• Can be fuingto group,i~pecia1ly 
iflon~ '''', 

• Limited group participation. ~~", 
• Not very suitable for: controversial 

subjects or teaching human relations 
skills. 

t:::, 

Basic 
Technical
Some 
Supervisory 

,..:.~ 

• Re, q, uires advance preparation and • 'I CO',w..mand 
cqprdination. Supervisory 

• Limited in general tQ views of the 
speakers. v, 

.. Can easily get off the inteIlded 
subject. 

• Provides for only limited group par
ticipation. 

• Not effective for pr.:.esenting detailed 
or technical information . 
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• Requires even more$,tfbject
matter knowledge on part of 
members than does the con
ference, 

• Practical only with small groups. 
• Not appropriate for presenting -

_ known subject matter. 

• Can get off the subjecL -
• Some participants may dominate 

in the absence of formal dis
cussion leader. 

• Requires highly qualified instI1lC~ 
tors. 

• Instructor can handle only very 
- small group. 

• May be expensive jn the case of 
chemical munitions. 
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FIGURE 6 

CHEMICAL AGENT TRAiNING MATERIALS 

Textbooks,articles, outlines, summaries, 
procedures, policy documents, manuals, 
etc. 

(\ 

{} 

Motion pictures, photographs, slides, 
, «}tarts, diagrams, overhead transpar
encies, opaque projections, etc. 

ft:;) . l~ 

4 

"Equipment, models, samples, etc. 

I' c· 

~' 

'. Can reach large numbers of people 
with the same information. 

• Can be studied at times and con
ditions suitable to trainee. 

" 

'. Usually represent superior expression 
of ideas andinformation. 

• Reading is an efficient way ofleaming; 
knowledge so acquired probably 
represents .most of the total knowledge 
of the a.veragepolice officer. 

• Addinterest 
• Facilitate understanding 
• , Focus attention, help trainees to 

remember. 

• Revealhidden or difficult to see 
objects.orprocesses. 

• Provide variety, change ,of pace: 

r;. _ 

., 

.. 

• Same as pictures,withadded impact 
atisfugfrrim the fact that they can be" 
handled and examined by the, student; , 

• Supplement vision andhearjng u{ 
learning. 

• Add realism, 

• Some people do not like 'tor,ead 
except for entertainrnent." 

• Some people do not seen to learn 
well by reading. 

• IUs difficult and time-consurning 
work i~ flndand select good reading 
materiafs. ' 

• Training materials often have to be 
specially developed to be suitable , 
for the purpose,iiltended. 

.' Instructors tend 'to rely on them too 
',\ heavily, 

• Can seldom do thewhole trluning ~ 
job ~shouid be used as aids or 
supplements 

• Sometimes difficult to integrate 
properly with other teaching methods 
andaids~ 

• Suitable picuuesllutalways available 
and may be difficult or expensive to 

" ' 

produce. 
• Some require, a ,darkened room which 

inhibits student/instructor contac~: 
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• Maybe expensive ~prOduce/()perate; 
If improperly used, may distract class. 

• May be difficult to use.witha!fUge 
group where viSion jslimited by'" , 
distance and theobjeetis not large. 

• May not fit in well with oilier training 
methodso( materials, being used. 
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CHAPTER NINE 

Prestock, Procurement and 
Storage of Chetnical MUIlitions 

Decisions regarding the number and type of chemical munitions to be prestocked have generally been con
trolled by the availability of funds rather than any projection of tactical need. While it is true that procure~ 
ment will always be limited by the amount of money allocated, the department that can present and s'upport 
an intelligent statement of requirement is in a far better position to secure and make maximum utilization 
of additional funding. Also, regardless of the money available, the chemical agent program of any law enforce
ment agency can be improved by the adoption of more sophisticated procurement and storage practices. 
This chapter will be devoted to a discussion of these important topics. 

PRESTOCK LEVELS 

During May and June of 1968, the IACP conducted a survey of 1191aw enforcement agencies to determine 
existin~ chemical munitions prestock levels. The results of this inquiry, as reported by 96 (81 %) agencies 
responaing, are summarized in Figure 1. 

C S The 1968 survey revealed that 39, or 41 %, of the 96 responding agencies had no C S agent on hand. 
The remaining departments shared some 24,862 unitsl of C S agent, with the District of Columbia account
ing for a little less than half (10,813) of the CS units available. 

Most of the C S agent was concentrated in the 21 cities of 500,000 to ] ,000,000 population where 20,187 
units of the total supply produced an index2 of .87 as compared with the second ranking index of .16 
reported by cities in the 100,000 to 250,000 population category. 

C Sand eN The most common agents in police use in the United States were either of the C S or the C N 
type, with the older C N agent in widest use at a ratio of almost 2 to 1. (45,845 to 24,862 units in reporting 
cities and counties) 

Taken together, C Sand C N agent supplies constituted a national index of .83 with a range of .07 to 5.21. 
Again, the highest index (1.50), was found in cities in the 500,000 to 1,000,000 population category. Even 
exclusive of the District of Columbia, these cities reported an index of .97 as compared with the next rank
in~ index of .90 established by cities in the 100,000 to 250,000 group. 

D M The compound D M is a nauseating or vomiting agent with severe physiological effects that greatly 
exceed C Nand C S in magnitude and duration. Although D M is the third of three agents available to police 

JJ For the purpose of the 1968 study, a unit of chemical agent Was a single delivery container. For example, each grenade, projectile, or gas 
cartridge was counted as one unit. 

.ll The number of units of agent per sworn personnel. 

101 



Cities over 
1,000,000 

Cities 500,000 
to 1,000,000 
(Excluding D,C.) 

Cities 250,000 
to 500,000 

6 5 

2.1 17 
16 

27 24 

FIG URE 1 - CHEMICAL AGENT SUPPLY LEVELS 
(JULY 1968) 
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83% 28,975 2 1,249 .04 11,739 

81% 23,126 4 20,187 .87 34;305 
20,324 4 9;374 .46 19,683 

89% 13,777 10 1,103 .08 9,242 

Cities 100,000 
to 250,000 47 35. 74% 10,155 14 ,1 j632 .16 9,106" 

Major 
Counties 

Cities..,.. Metro 
Cdteria3 

Cities~ 

Historical 
Criteria4 

5 

6 

? 

4 80% 

4 67% 

7 100% 

7~692 1 .644 
() 

596 3 6 

695 5 
(J 

41 

TOTALS 119 96 81% 85,016 39 24,862 

1 a/o 23 June 68 
2 U nits per sworn officer all reporting communities 
3 Under 100,000, but near heavy population centers 
4 Undcr 100,000, but with history of rccent civil disorder 

.08 5,663 

"1j) 
, 

.01 38 

.06 614 

.29 70,707 

5 M 

~ ~ ~ " 

4.1 

~ 
"CI "CI . I' .e s 

.41 .13·1.79 
~ 

1.50 ".14·5.21 
.97 " .14·3.61 

.67, p .21·1.43 

.90 .15·4.91 

.74 ,l, .34·1.62 

.06 .07·.45 

, 
.88 .25·1.75 

.83 .07-5.21 

fOl' riot control employment, it is not recommended for general riot use and consequently was not included 
with C Sand C N in assessing agency supply levels. As a matter of general interest, a total of 926 units of 
D M were distributed among 19 of the reporting agencies. 

Although it can safely be assumed that additional funds and emphasis on riot control capability have increased 
substantially the prestock levels indicated in the 1968 survey, subsequent informal inquiry suggests that while 
the prestock levels have in fact increased, the variations between agencies and categories of agencies have not 
changed significantly. In any event, few if any departments can today offer any rationale, other than budget 
limitations, for their particular prestock level. At a time when federal funds earmarked expressly for riot con" 
trol are becoming available, the moment would seem to have arrived when agencies may be forced to predict, 
on some reasonable basis, their chemical munitions requirements. 
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DETERMINING NEED 

The question of prestock level is hot easily resolved and must, in the final analysis, be worked ou t for each 
jurisdiction by planners familiar with the many vnriables involved. However, to assist local planners and to 
provide some insight into the national need, the IACP has developed a recommended prcstock index. This 
estimate was based upon the opinion of law enforcement agencies, the use of chemical munition .. in actual 
civil disorders as revealed by field surveys, and similar projections developed by the military for riot control 
operations. 

While the actual amount of chemical munitions employed will depend upon departmental policy, munitions 
availability, training, and the nature of the disorder, an index of 1.5 to 2.0 should provide a su[ficient supply 
of chemical agent for at least 8 to 12 hours of riot control involving a liberal use of agent munitions. It 
should be stressed that this index is merely a guide and subject to all of the local variables discussed below. 

Resupply. The time required to obtain a resupply of chemical munitions will influence the necessary 
presto* level. Departments located within reasonable driving distances from munitions manufacturers can 
generally stock at a lower level than those agencies that must rely on air freight shipments to replenish their 
supply. 

When dealing with distributors or dealers, police officials should insure that promises of immediate delivery 
can in fact be honored. Many suppliers operate on a low overhead basis and tend to avoid actual warehousing 
of either equipment 01' supplies. On the other hand, if a local or regional supplier is willing and able to main
tain a satisfactory inventory level there is a great deal to be said for allowing the munitions to expire on 
someone else's shelf. 

The resupply picture may also be affected by local arrangements with the National Guard or by plans to 
utilize federal resources under existing loan programs. Departments not familiar with the provisions of the 
Department of Defense equipment and supply loan program can obtain this information from the IACP. 
To initiate planning under this program, police officials should contact the commanding officer of the 
nearest military installation. While prior planning may reduce the time required to arrange for the loan of 
military chemical munitions, some delay is inevitable and communities will continue to find it necessary 
to provide the resources required for that immediate response which has proved essential in the control 
of civil disorders. 

Given the present short shelf life and high cost of chemical munitions, the most logical approach to pre· 
stock and resupply is the establishment of regional prestock centers under state-wide emergency plans. 
Such centers could be backed up by rapid air shuttle and resupply systems and perhaps even integrated 
with National Guard operations. State-wide planning of this sort should receive a high priority by the 
various state planning groups created under the Omnibus Crime Control and Safe Streets Act of 1968. 
The potential for increased riot control efficiency and dollar savings is impressive. 

In the absence of state-wide or regional planning for chemical munitions resupply, mutual-aid agreements 
can be worked out between agencies. Although such agreements are frequently unreliable under conditions 
of widespread civil disorder, they are better than no agreement at all and may even work reasonably well 
under limited emergencies when adjoining communities are not directly threatened. 

Community Characteristics. Prestock levels are also influenced by the size and nature of the popula
tion served. Obviously, the prestock index recommended above would not be applicable to either very 
large or very small cities and relatively small suburban communities would have to consider disorder 
potential arising from nearby cities or large educational institutions. 

Communities with no history of civil disorder and low potential for such violence may be willing to pre
stock at lower levels than other cities, but previous tranquility has proven to be a poor justification for 
neglecting to plan for disorder control. 
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Departmental Considerations. The amount of chemicaimunitions required to deal with a civil 
disorder or even routine police operations is controlled to varying degrees by departmental policy, 
planning and training. 

Departments with a clearly established policy calling for the use of chemical agents and delegating authority 
for their,employment to a reasonable operational level will need to prestock accordingly. Experience 
suggests that agencies without clear policy and the necessary delegation of authority are far less likely 
to employ chemical munitions in any quantity. Policy restrictions on the kind of agent or munitions that 
may be utilized and limitations on when or where chemicals can be employed will also affect both the 
quantity and the type of munitions to be stOCked. 

The level of planning, in addition to policy, must be taken into consideration. If policy calling for the use 
of chemical munitions is to be implemented, there must be planning to assure that the munitions will be 
available when and where needed and that all involved personnel will be supplied with protective masks. 
A department deficient in protective equipmcnt and with no plan to get chemical munitions into the 
field when needed is not really ready to develop any kind of an intelligent prestock index. 

Finally, munitions requirements are dependent upon the degree of proficiency of the personnel involved 
in the operation. Well trained and supervised officers can achieve the same results with far fewer munitions 
than would be needed by unskilled and poorly controlled personnel. There is great potential for waste in 
the indiscriminate use of chemical munitions even though the immediate objective might be realized. The 
use of a $12 projectile to achieve the same results that could be achieved with a $4.00 grenade or the use 
of 4 grenades when 1 grenade would be sufficient might be justified on the basis of expediency, but such 
errors in judgment can and should be minimized by proper training and control. 

SELECTING DELIVERY SYSTEMS 

Prestock planning involves not only a decision on quantity of munitions, but also the question of what 
types of delivery systems are required to provide sufficient flexibility to permit the use of chemical 
agents under all or most tactical conditions for which they are appropriate. 

Although delivery systems were discussed in some detail in Chapter Three, Figure 2 summarizes 
common munition applications and suggests the generally accepted delivery system of choice for various 
tactical situations. While there might not be universal agreement 011 the munition selection recommended 
in Figure 2, it does provide a systematic approach to determining munition needs. 

The 1968 survey, referred to earlier, revealed a national prestock ratio of about 70% grenades and 30% 
projectiles) This ratio would appear to be a reasonable one for general planning purposes although the 
exact ratio for any department will depend upon many of the same factors that influenced the prestock 
index discllssed above. 

The grenade/projectile ratio will also be influenced to a large extent by the availability of 1.5 caliber 
riot gas guns within the agency. In operations against large crowds the presence of a flanking or headwind 
may require that agent be projected upwind. This can be accomplished either by the lise of un stabilized 
projectiles fired from the 1.5 caliber riot gas gun or by grenades launched from the 12 gauge riot shotgun. 
A shortage of the gas guns would require a larger perc~ntage of grenades and grenade launching equipment. 

PRESTOCK LIMITATIONS 

\~) 

The greatest obstacle to the development of adequate chemi<:al agent supply levels is the high cost and short 
shelf life of those munitions cutrently available for police use in the United States, While the cost of prodw±ing f) 
J/ The 1968 survey did not include bulk dispensers and the wand was not on the market at that time. 
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FIGURE 2 - COMMON MUNITIONS APPLICATIONS 
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and marketing civilian chemical munitions is difficult to estimate, dealer commissions of 25% to 40% of list 
price suggest that actual production costs are not high. 

Whether or not the price structure of chemical munitions is justifiable, the current three year warranted 
shelf life is unreasonable and in most cases artificially imposed. In many instances this shelf life could ancl 
should be extended without major design innovation or substantial cost increase. In fact, a six year shelf Ii fe 
would represent, for most departments, an actual 50% cost decrease since munitions usually go out of clate 
before they can be used in field operations. 

The comparison of standard pyrotechnic grenades summarized in Figure 3 renects the cost/shelf life differ
ential between the military M7 A3 grenade and similar commercial units. This is not to imply that ciVilian 
munitions can be marketed at federal procurement costs, but it certainly suggests that, at least in the case 
of burning grenades, a reliable, long-life, unit can be produced at a reasonable cost. It is only a matter of 
time until some enterprising manufacturer offers munitions with an extended shelf life or police agencies 
develop purchase specifications that will produce the same result. 

In any event, it is clear that there will have to be some "give" jn the cost/shelf life characteristics of chemical 
munitions if law enforcement agencies are going to prestock at the levels necessary to deal with an era of 
civil disorder. 
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FIGURE 3 - COMPARISON OF STANDARD PYROTECHNIC GRENADES , 

~ Filler Weight Agent Emission DimensioQs n d Exit. 81 If C ~ I 'SI If 
(~ams) • Grenade time (sel:onds) I (il1ches) 0 Y Ports .le a a og Ie 

Pyroteclinic Weight Material ~ LIfe Cost , Cost 
Grenades CS Other Total (ounces) Reported Actua~ Height Piamet~r r ~ ~ ~ (Yrs.) .(1/69)~ f'er Yr. 

:" ·r- . , 

Military 
2 M7A3 128 211 339 16 15·35 5% 2~ Steel 

1/ " 
8 $3-4 $.50 

0 
Federal 

Spede· 
104 276 280 20 25·35 71.95 6~ 2·5/8 Alum. vv v 3 $11.30 $3.77 

heat u ' Ii 

take Erie 
(1 

Contino 
uous 
Dis· 
charge 106 179 285 15* 25·30 152 6* 2·5/8 AlUll'i~;' v v 3 $11.30 $3.77 

.. ' 

Penguin ' ., 

E:::=::-c 

Burping 
Grenade 69 16]" 230 14 40 

3 
5~ 2* Steel '11/ 3 $ 9.95 $3.$2 

.' .. 

1 Per IACP field evalua tion. 
2Not evaluated. 
3CS loading not available for evaluation. CN unit average burning time 40 seconds. 

PROCUREMENT 

Once a decision has been made regarding the number and types of chemical munitions to be stocked, police 
planners must decide which specific products are to be purchased or at least develop specifications that will 
guide the procurement process. Ideally, law enforcement agencies would develop performance requirements 
for chemical munitions based on their specific needs. Unfortunately, very few police departments purchase 
sufficient quantities of chemical munitions to enable them to influence the performance characteristics of 
such products. In the absence of any unified police purchasing power of sufficient volume to influence 
product design, it would seem that perhaps consideration should be given to the creation of some form of 
national advisory council that would develop chemical munitions material standards and work with COffiM 
mercial manufactv7ers to encourage consideration of police requirements. 

As long as the police are unable to establish procurement standards, they can only select from existing 
products by developing evaluation procedures that will allow them to choose between competitive items. 
While it is true that such important munition characteristics as effective airborne concentration, formulaM 
tion, shelf life, und sensitivity to transport and storage conditions are beyond the evaluation capability of 
most law enforcement agencies) there are other performance features that can and should be compared 
before a decision is made to order a particular chemical munition. 

Grenades, projectiles, aerosol ir.ritant projectors, and bulk dispensers can all be field tested to determine the 
extent to which they meet some of the manufacturers specifications and to observe how they compare with 
competitive products. The burning time, temperature, and fire potential of pyrotechnic munitions can be 
measured in simple field tests. The load loss, fragmentation and fire risk of expUlsion munitions are also 
subject to simple evaluation. Failure to function and malfunction ratios are easily established when it is 
possible to test an adequate munition sample. All of these characteristics are lmportant and their evaluation 
should assist substantially in product selection. An example of a field evaluation· procedure is contained in 
Appendix B) Field Evaluation oj Channel Agent Grenades. . 
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~h.ile it is true that the police are now largely restrictvd to a choice between existing products the eventual 
?ev~lopmeI~t of specifications would involve at least the followhlg considerations for grenades'and pro
Jectiles, WhICh represent the bulk of law enforcement chemical munitions purchases.1 

Container. Steel, alumimlm, plastic, rubber, cardboard, etc. 

Color. Munitions color. The generally accepted color coding is red for CN, blue for CS, green fl")r 
DM, and yellow for smoke. 

Labeling. What instructions or warnings should appear on the munition and its packing container? 
Should devices be furnished with identifying features that will permit identification by touch 
during darkness? 

Packing. What kind of individual and bulk packing should be provided? What levels of protection 
against shock, vibration, heat, and humidity should be provided? How rapidly can containers be 
opened and how easily can they be re~ealed? 

Weight and Dimension. What size are containers? Will they operate with existing equipment such 
as shotguns, riot gas guns) and grenade launchers? How much does the munition weigh? 

Payload. What is the total payload weight plus or minus five grams? How much of the payload, 
within five grams, is chemical agent? 'Nhat does the nOIHlgent portion of the payload consist of? 

Fuze. What is the absolute minimum fuze delay time? What is the average fuz,e delay? What is the 
resistance to withdrawal of the pull ring in grenades? 

Discharge. In pyrotechnic munitions, how long, within 10 seconds, will burning take place'] 
What fire risk is involved? What is the temperature of the munition body during discharge'? What 
effective airborne concentration is produced? What is the particle size distribuUon?ln expulsion 
munitions, what per cent of the loading is released? What fragments are produced and What is theil' 
velocity and range? 

Range. For projectiles, what are the maximum and effective ranges? What is the muzzle 'velocity'? 
For grenades, can they be launched? If so, how far and with what kind equipment? For banicudc 
projectiles, what is the penetrating power as stated in practical terms? 

Shipping and Storage. Shelf life and storage limitations. Acceptable temperature and hllmidity 
ranges. Nature of guarantee or warranty. 

CHEMICAL MUNITIONS STORAGE 

It is generally agreed that proper handling and storage of chemical munitions under ideal conditions call 
prolong their useful life several years beyond the three year period warranted by most manufacturers. 
Unfortunately) few police agencies are presently equipped with the facilities necessary to provide ideal 
storage conditions. Since inadequate storage conditions reduce normal shelf life and produce malful1ctiollR, 
it would seem that any department with a substantial investment in chemical munitions invelltory would 
realize a considerable financial saving by providing suitable storage facilities and developing effective 
chemical munitions handling procedures. 

Jj Specifications for aerosol irritant projectors are discussed In Chapter five. 
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There would also appear to be a need for some simple research into ways if{ which law enforcement agencies 
could extend the predicted shelf life of their munitions, especially tHe gre11ades, which are usually not com
plex devices. For example, most malfunctions in out-dated grenades result from defective fuzes and could 
be avoided by replacing all grenade fuzes after three or four years of shelf life. Except for the Lake Ede 
grenades, which employ a design feature that incorporates some of the fuze components in the grenade 
body,l most grenade fuzes can be easily unscrewed from the fuze adaptor and replaced at a fraction of the 
cost of replacing the grenade. Replacement fuzes can be obtained from manufacturers at costs ranging 
from $.50 to about $1.50. 

ENVIRONMENT 
r· 

The two most critical storage conditions are. humidity and heat. In tropical areas where both are high, the 
shelf life of chemical 111unitiol1s is likely to be much shorter than anticipated. Ideally, storage facilHles 
would be maintained at a temperature of 600 with a 50% relative humidity. Obviously, the maintenance 
of a year-round environment of this kind in most parts of the world would require an air conditioner and 
perhaps l;)ven additional humidity control equipment. In any event, storage areas must be as cool and dry 
as possible and extreme temperature variations should be avoided. 

Humidity. For most munitions, the· individual sealed containers in which they are shipped from the. 
factory provide protection against moisture and, whenever possible, munitions should be stored in these 
protective packages. Since it is unlikely that defective new munitions can be identified by sight, the practice 
of opening each container upon receipt could be avoided. Procurement specifications should require that 
comple.te. identifying information and expiration date appear on the outside of each sealed unit container. 
If it is absolutely necessary to open these containers, they can be carefully resealed as soon as possible. 
Even external shipping cartons and drums provide some humidity protection ~nd should be used for 
storage. 

The importance of packaging is suggested by the fact that the longer life and greater insensitivity to storage 
conditions of military riot control munitions are frequently attributed to the manner in which these devices 
are packaged. While it is doubtful that this is the only factor involved, it is interesting to note that the 
present military container adds only about sixty cents to the cost of a grenade - certainly a good inv0st
ment even if it contributes only in part to increased product life, performance, and storage flexibility. 

Heat. High temperatures have an adverse effect on chemical munitions. Heat deteriorates and reduces the 
reliability of the chemkal components of primers, propelling charges, detonators,. and bursters. For example, 
primers subjected to prolonged high temperatures become insensitive to pressure and may fail to function. 2 

The need to avoid excessive heat during storage makes it undesirable to carry chemical mun:ltions in the 
trunks of police vehicles for prolonged periods during warm weather. When it is necessary to carry munitions 
in vehicles under such conditions and the more durable military munitions are not availab~e, the stocks can be 
rotated periodically to reduce heat deterioration. 

The same principle of rotation can be used when some munitions mllst be stored at precinct stations or other 
points where conditions are not adequate. If these stocks can be rotated monthly by returning them to ade
quate storage and replacing them with fresh munitions, better performance can be anticipated. 

ARRANGEMENT 

Most chemical munitions can and should be stored in their original sealed containers as suggested above. 
While most agencies prefer to keep a certain number of munitions unpacked for fast access under emergettcy 
conditions, this practice should be kept to a minimum and these munitions should also be rotated periodically 

l/ The AAI MPG grenadl)s ure \Ilso an exception, but these munitions are unique in that they are supplied with a six year sl~elf.life guarantee. 

11 Swcarengcn, Thomas F. - Tear Gas Mllnitions, Charles C. Thomas, Publisher. 
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a~d resealed in their original cont~iners. Gre~lades removed from their containers and carried in cloth bags 
wIll rub together and frequently dIslodge eXIt port seals, accelerating the action of moisture on the grenade 
unless the seals are promptly replaced. 

In storage areas, munitions are separated by type and arranged so that older stocks will be lIsed first. Outdated 
unreliable, or practice munitions should never be stored with active supplies. For departments with chemical ' 
agents stored ~n s~veral different areas, a central index or inventory must be maintained to reflect the location, 
type, an? explfat~on or Pl~rchase date of all munitions. Records of this sort can be kept onspecial forms or 
even ol1l11eXpenSIve 3x5 fIle cards. The exact format is not important as long as the necessary control informa
tion is recorded. 

HANDLING 

~~asona?le care should alwa~~ be exercised in the handling of chemical munitions. Even with good packaging 
It IS ~os~Ible to damage mUllltlOns by rough or violent handling and the more complex the device the greater 
the hkehhood of shock damage. Projectiles with impact fuzes require special care in the manner in which 
they are treated during shipment and storage. As with most chemical munitions the immediate concern is 
not that a device will detonate during handling, but that damage will eventually'cause the unit to malfunc
tion under tactical conditions when performance could be critical. While properly packed chemical munitions 
do not requi~e.delicate handling, re.asonable L'are would mean avoiding such practices as dropping 01' throwing 
cases of munl~IOns even for short dIstances or (,arryil1g individual unit containers loose in the trunk of a car 
where they WIll be tossed about by normal vehicle motion. 

Qualified personnel should inspect chemical munitions periodically, especially those items that have been 
removed from the~r shippin~ containers for rapid access. Since most munitions leak or leach to some degree) 
the odor of agent IS normal 111 storage areas and should not necessarily be regarded as a sign of deterioration. 
On. t~e otl~e~' hand, any visible rust or serious corrosion suggests damage from humidity or chemical react jon 
and IS sl~ffIcIent reason to r~move th~ item from service. With grenades, fuzes can become loose in shipment 
o~ handlll~g and should be tIghtened fIrmly to seal out moisture. Any missing exit port seals can be replaced 
WIth plastIc adhesive tape. Badly dented munitions should be removed for destruction. 

DISPOSAL 

The, disposal of defective or out-dated chemical munitions is normally achieved by burning. As suggested 
eUl~her, the ~oint at which munitions become out-dated by virtue of the manufacturers warranty and the 
pomt at wluch they become unserviceable are two different things. 

In deciding when munitions become unserviceable, as opposed to simply being out-dated, the criteria would 
ap~ear to be safety and reliability. The question becomes what is the risk of injury to police personnel if a 
umt malfunctions; and how important is it, from a tactical point of view, that every munition functions at 
full efficiency. If these criteria are accepted, they can provide a basis for the development of munitions 
disposal guidelines that are relatively independent of the current automatic three year dating system, 

Sa(et)', Since the fuze components of munitions are usually the first to deteriorate, the greatest 
saf~ty nsk would ?e encountered in explosive munitions where fuze deterioration might result in rapid 
?r lI1stan: detonatIOn. ,Prema~ure detonation could result, for example, in expUlsion grenades exploding 
111 an offIcers hand or Immediately after release. Pyrotechnic or burning munitions, on the other hand 
are unlikely to sl~riously injure an officer even if they do ignite prematurely. Thus the burning devices' 
stored unde~ adverse conditions or retained beyond their expiration date can be used with substantially 
less safety nsk than can the exploding munitions. 
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Efficiency. Old or defective munitions may fail to operate or may operate at reduced efficiency: In 
either case the only real danger is to police personnel that might be injured by the premature detonatIOn . 
of an explosive device. Unlike standard firearms ammunition, where reliability may be essential, che~~cal 
riot control munitions are very rarely employed in a s.elf-defense situation. Consequently, loss of efficiency 
or functional failures may be tolerable in the case of chemical munitions and, if this is true, then the non
explosive devices could be employed well beyond their specified shelf life. 

When Inunitions are stored under less than satisfactory conditions or "pushed" beyond their shelf lif~, 
qualified personnel mllst inspect the stock regularly and at least a 5% random s~mple should be !,est ~Ir~d 
in order to determine when reliability has fallen below an acceptable level. An acceptable level bemg 
whatever an agency has decided it is willing to tolerate in the way of failures or malfunctions. 

Destruction. Munitions that either fa~l to function ~r m.alfunction. must. often be rec~vered a.nd trans
ported prior to final disposal. The most senous hazard anses m connection WIth th~ expulSIOn .devices that 
employ an explosive device for dissemination. There is always a danger that they w~ll ex:plode m t?e hand 
if picked up by curious children or by police officers for dispo~al. Unle~s an explo~1Ve .disposal Ul1lt or bo~b 
squad is available, the safest field expedient is for a masked offIcer to pICk t.he prOjectile or. grenade up With 
a shovel .md drop it into a container of water for removal to a remo~e locatIon for de~tructIOn'.A penod ?f 
30 minutes following release should be allowed before any attempt IS made to deal WIth d~fectIve explOSIve 
munitions. The explosive grenade can, of course, be neutralized by unscrewing and removmg the fuze 
assembly, but the risk of injury involved rarely justifies employing this technique. 

" 
Burning munitions, on the ~ther hand, present less of a disposal problem. This type of misfire can be 
approached and retrieved with relative safety after five minutes have elapsed from the time of release. 
There is, however, no reason why they cannot be handled in the same mann~r as explosive devices to 
provide even a greater margin of safety. 

Federal Laboratories recommends the following special handling technique for their expulsibn projectiles: 

The malfunctioning projectile should be carefully picked up and held with the fin end down. 
This position will allow the firing pin to fall back against the rear closing disc. While holding it 
in this position, using a piece of wire (or thin twig) gently work the firing pin around until the 
hold in the firing pin lines up with the hole in the fuze body. 

, 
When the holes are lined up, place the wire (.or twig) through the hole in such a way that it cannot 
be dislodged. The projectile can then be safely transported and ultimately tossed into the fire. 

Since most law enforcement agencies do not find it necessary to destroy large quantities of munitions or to 
conduct disposal operations on a regular or frequent basis, temporary facilities are al~ that are .normally 
required.~ A burning pit ubout 3 feet square and 3 feet d~ep shou~d be constructe~ l~.a locat~on. where 
the risk of fire is low and where the agent-loaded smoke wIll not dIsrupt nearby actlVltIes. A fIfe IS started 
in the bottom of the pit and burning grenades are fed into the pit seVeral at a time until all have been 
destroyed. Because of their explosive nature, expulsion grenades are usually inserted one at a. time to 
reduce the scattering of the fire outside the pit. If possible, projectiles are separated from theu bases 
before burning and destroyed singly. A cover over the pit will aid in preventing projectiles from being 
blown clear during destruction. Naturally, disposal personnel will require protective masks and should 
work in teams of at least two men. 

JJ Fot details of a more elaborate destruction pit see Swearengen, Thomas F., Tear Gas Munitions, Chapter 11. 
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APPENDIX A 

Chemical Agents and The Law 
by 

Neil C. Chamelin 

In conjunction with the International Association of Chiefs of Police Chemical Agents Program a 
study was conducted of civil actions arising from the police use of chemical agents. In order to draw any 
conclusions on this subject it was necessary to discover what the courts have said in the past. Although 
an exhaustive search was conducted, no claim is made that all the appellate cases invC'lving police use of 
chemical agents were found. The number of cases still in the trial courts or those which have not yet 
come to trial is unknown and impossible to determine. This report deals solely with cases that have 
reached the appellate leve1. 

It is interesting to note that this research disclosed a total of only fifteen cases reaching the appellate 
courts in the United States covering a period of 35 years from 1934 to the present. Of these fifteen, two 
involved a single case that was appealed twice. None of the cases were decided by federal courts and only 

, four of them arose during the 1960's. Thirteen of the fifteen cases involved procedural questions on appeal I not dealing with the merits of the claims. Seven of these resulted in a dismissal and trials or new trials were 
ordered in the other six. There is no indication that any of these cases were again appealed after trial. This 
leaves only two cases reviewed in the appellate courts on their merits. The facts and holdings of these cases 
may be of interest to the reader. 

The first case was decided in 1948, by the Supreme Court of Arizona. In Caudoin v. Fliller, 67 Ariz. 
144, 192 P 2d 243 (Sup. Ct., 1948), a sheriff and his deputy. were sued for wanton and reckless assault. It. 
The deputy arrested the plaintiff at a bar and restauraQt for disturbing the peace. From a distance of 
approximately three feet, the deputy fired a tear gas gun into the plaintiff's face. Testimony indicated that 
the deputy announced his identity and advised the plaintiff he was under arrest. The gun used to fire the 
tear gas was issued by the sheriffs office and the deputy received instructions on its use. The plaintiff was 
not given medical aid until the following morning. He attempted to care for himself by swabbing his eyes 
with a dirty sock, moistened from water in the toilet bowl in his cell. The trial court awarded a judgment 
for the plaintiff after finding that the plaintiff was not resisting arrest at the time the tear gas was used 
and that the deputy acted unreasonably and with excessive force. The appellate court affirmed the judg
ment on the merits. 

In 1961, the New York Court of Claims in Titcomb v. State of New York, 30 Misc. 2d 902, 222 
N.Y.S. 2d 596, found the State of New York liable for negligently failing to instruct a state police officer 
in the proper use of tear gas. In that case the officer. while investigating a case of property destruction, 
approached decedent's house and was granted access. The decedent refused to come out of his room. 
Concerned over the decedent's mental condition, officers threw a tear gas canister into the room in an 
attempt to remove decedent. Expert: testimony indicated the decedfmt suffered excruciating pain from the 

" effects of the gas on his lungs and respiratory tract. The pathologist who performed the post~mortem 
'eXamination testified that the entire respiratory tract showed destruction of living cells and the effects of 

anoxia. 
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Issues 
. 

Based solely on these two cases, it would be unwise to assess the overall civil liability for police use 
of chemical agents. However, it might be enlightening to examine the issues that caused these fifteen 
cases to reach the appellate courts. 

" 

One of the prime issues involved in many of these cases relates to the use of reasonable force to 
affect a lawful arrest. The courts in affirming or reversing these cases indicate that the same tests are to 
be applied to chemical agents as would be applied in the "\lse of any other kind of force in affecting 
arrests. Thus, the question to be asked in any particular case is whether, under all the circumstances, 
the officer was justified in using chemical ,agents. Any answer to this question will depend upon the 
case rulings in the various jurisdictions. Officers should know the law of their own states on the use 
of force to effect arrests. 

A second major issue raised by these cases involves the liability of a state or municipality in cases 
where employees negligently or intentionally lise tear gas where its use is not' warranted. Of course, 
this problem is of little dir,;:d concern to the police officer but nevertheless is an important area of the 
civil law. !t might be noted here, however, that in most cases concerned with the liability of the state 
or municipality, the individual officer is also sued for his negligent acts. 

Types of Chemical Agents and Weapons 

Only nine of the cases found mentioned the type of weapon used to project the tear gas. In one case 
a well known canister type tear gas was used. Two of the cases involved the use of fountain pen tear gas 
projectors and the other six mention only tear gas guns. One of those six however, identifies the weapon 
as a .38 - special tear gas gun. Three of the cases described the instruments used as follows: "It was five 
and one~fourth inches in length and weighed one and six-tenths ourtces. It fired a .38 caliber cartridge." 
A second said, "the projectile was a metal shell, seven inches in length and one and one-fourth inches in 
diameter." A third case identified the weapon as a "Hercules Tear Gas Fountain Pen Projector", made of 
metal with an overall length of five inches, a barrel length of one and three-fourths inches, weighing two 
ounces, and it fired a .38 caliber tear gas cartridge. The Titcomb case cited above, involved a Federal "112 
Spedeheat" canister loaded with solid crystalline chloroacetophenonu. 

Injuries 

Six of the cases found alleged permanent damage as a result of the police use of tear gas. Five of 
these reslllted in the loss of eyesight and the other produced death. In the Titcomb case, expert testi
mony established that the tear gas was the cause of death. In another case, the officer fired the tear gas 
gun from within six inches of the plaintiffs face causing total loss of one eye and 75% loss of vision in 
the other eye. Three of the cases only state that the tear gas guns were fired and I'put out plaintiff's 
eye". The fifth case alleges only that the plaintiff lost his sight in one eye as a result of the tear gas 
being fired. 

Conclusion 

As a general rule, the cases indicate that tear gas or chemical agents can legally be used if officers 
are instructed in the proper handling and use of these devices. But, likfl any other tool, they can be 
highly destructive when improperly operated. Perhaps the lack of cases in this area speaks well for the 
training law enforcement officers receive in the use of chemical agents, but it should be emphasized 
that negligence in the use of these agents can lead to civil liability. 
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VILLAGE OF BARBOURSVILLE V. TAYLOR 
174 S.B. 485 (W.V. Sup. Ct. App. 1934) 

For battery, for excessive use of force in making an arrest. 

An officer arres~ed. plaintiff for drunkeness and disorderly conduct. He fired a tear gas gu 
that put out plruntIff's eye. n 

The instr~ment was a "f?untain pen tear gas gun". It was five and one-fourth inches in 
length and ~elghed one and sIx-tenths ounces.It fired a .38 caliber cartridge. 

The tna1 court found for plaintiff. Defendant appealed. 

Rever~ed a!1d re~anded for new trial, T~le trial Court erred in not instructing the jury that 
an offIcer 111 mak111g an arrest is presumed to act in good faith. 

KENT V. SOUTHERN R. Y. CO. 
184 S.B. 638 (Ga. Ct. of App. 1936) 

Battery, against a railroad company. 

In a labor dispute, plaintiff was in a crowd of strikers blocking a railroad track. At the 
r~quest of an employee of the railroad the chief of police came to the area. The officer 
fued a substance from a ~unHinto the crowd. It was not alleged that the substal1c<e was 
tear gas, bu~ the cO~lrt ~a1d, the result aUeged showed it was somewhat similar». 

A motion to dIsmISS the complaint was granted and plaintiff appealed. 

Affirmed, then: was no allegation that the chief of police acted with unreasonable force 
and he was actmg as an employee of the railroad. 

MARTINEZ V. KILDAY 
117 S. W. 2d 151 (Tex. Ct. of Civ. App., 1938) 

Suit for injunctive relief. 

Member~ of a, labor union sought injunctive relief to prevent police force from being used in 
cOfmectlOn WIth a labor dispute. 

The ap~elIate court sanctioned police use of tear gas and other measures to dispel 
threatened vlOl~nce by upholding the trial court's denial of an injUnction. The court permitted 
use. of tear gas 111 "harmless quantities", in order to disperse crowds and avert what the 
pohce could reasonably regard as threatened violence, 

Denial of injunction affirmed. 

HAGEDORN V. SCHRUM 
283 N.W. 876 (Iowa Sup. Ct. 1939) 

Battery, against a town and town marshal. 

The city furnishe? defendant a tear gas gun for use as an officer of the city. Plaintiff alleged 
that the officer wlllf~l~y and mal~ciouslY assaulted him with the tear gas gun. The plaintiff 
alleged that ~e was 111Jured on Ius head, around his eyes and on his face. The trial court 
granted the City'S motion to dismiss. Plaintiff appealed the trial court's decision. 

Moti.on to dismiss aff~~ed .. The appellate court held that an officer was the agent of the 
publIc and that a mumcipahty that employs him is not liable for his unlawful and negligent 
acts. 
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PFANNENSTIEL V. DOERFLER 
105 P 2d 886 (Kan. Sup. Ct. 1940) 

For personal injuries for use of unreasonable force in making an arrest. 

Plaintiff was arrested by two deputies under a warrant charging dist~b~nc~ ~f the peac~. 
Plaintiff alleged that one of the deputies discharged a tear gas gun wlthl~SIX mc~e~ ?f hiSf face and that gunpowder and gas caused a total10s5 of one eye and a 7510 loss 0 VISIon 0 

the O~~[~tiff further alleged that the sheriff negligently failed to provide medical treatment 

when Pllainltif~fwf as dtelivderedd }.tno atlmIeoj~!'n to dismiss that he was not liable for the actions 
T Ie s ler} con en e , ' . h . ff d th t there 

of the de uty because he was not acting in the capaClty of deputy s ~n an a 
was no aliegation in the complaint of fault. or misconduct on the shenffs part. 

Motion to dismiss was denied; the shenff appealed. 

D . 1 of motion to dismiss affirmed; a sheriff is liable for misconduct of his deputies; a 1 
s;;~~f having lawful custody of a prisoner is under a duty to treat the prisoner proper y. 

MACDONALD V. OGAN 
104 P. 2d 1106 (Idaho, Sup. ct. 1940) 

Battery, against a deputy and watchman and the corporation that employed the watchman. 

hile on his rounds as a watchman, a deputy sheriff came upon. a f~ght in which ~!aintiff 
~as involved. The deputy repeatedly warned the parties to cease fightmg. He fired a 38-

speci~;:et;~~yg~~t~~e~n~ ~~r~~~tf~!a~:~:~~ae:tA motion for new trial by the plaintiff was 

granted. 

Held: Affirmed. 

Action: 

Facts: 

Held: 

MACDONALD V. OGAN 
129 P. 2d 654 (Idaho, Sup. Ct. 1942) 

Battery 

o d time before the appellate court, the court indicated that it was clear th~t 
~rai~~~f~e~a~ "maliciously and willfully" disturbing the peace and he refused to deSIst 

when;~;l~~:!~~:~r~~t:~ht; s!~~~e~~~: found for the plaintiff. The company that employed 

the deputy as a watchman appealed. 

The action was dismissed as to the company and remanded for a new trial to determine the 

officer's liability as an individual. 
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HOGLE V. RELIANCE MANUFACTURING COMPANY 
48 N. E. 2d 75 (Ind. App. Ct. 1943) 
(Rehearing denied: 48 N. W. 2d 999) 

For conspiracy, intentional tort and negligence. 

Plaintiff) an 0mployee of Reliance Manufacturing Company, was engaged in a labor dispute. 
The sheriff deputized a number of individuals to protect the company1s property. One of 
these deputies fired a tear gas gun into a crowd of which the plaintiff was a member. The 
tear gas projectile struck the pJaintiff in the head and penetrated his skull. The projectile 
was a metal shell, seven inches in length and one and onewfourth inches in diameter. 

The trial court granted the defendanes motion to dismiss. Plaintiff appealed. 

The appellate court overruled the motion to dismiss and ordered a trial. 

CAUDOIN V. FULLER 
67 Arizona 144, 192 P. 2d 243 (Sup. Ct. ]948) 

Wanton and reckless assault against sheriff and his deputy. 

Defendant arrested plaintiff at a bar and restaurant, for disturbing the peace. From a dis
tance of approximately three feet he fired a teal' gas gun into his filce. Testimony .indicates 
that defendant stated to plaintiff: "You are under arrest. I am a deputy sheriff'. The gun 
was issued by the sheriffs office and defendant was given instructions about its use. 

Plaintiff was not given medical aid until the next morning. He attempted to care for 
himself by swabbing his eyes with a dirty sock, moistened from water in the toilet bowl. 

The trial court made findings of fact that the plaintiff was not resisting arrest or 
attempting an aggressive act and that the deputy acted unreasonably and with excessive 
force. 

The trial court found in plaintiffs favor. 

Affirmed. 

SALAZAR V, TOWN OF BERNALILLO 
307 P 2d 187 (N. M. Sup. ct. 1956) 

Assault and Battery. 

Plaintiff was attending a social function and was standing at the bar drinking. The mayor of 
the defendant town approached plaintiff and an argument over the city administration 
ensued. After the discussion, plaintiff alleges that the mayor directed a deputy to shoot him 
with a tear gas gun. Plaintiff lost the sight of one of his eyes and suffered other injuries. The 
jury found, in answer to special interrogation, that the plaintiff was not conducting himself 
in a peaceful, law abiding manner at the time of the assault upon him. 

The town was the only defendant. The jury returned a verdict in the plaintiff's favor. 
The town appealed. 

It was not within the mayor's power to order violent force when unwarranted by the circum
stances. The mayor ceased to act on behalf of the town. The town was without liability. 
Reversed. 
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BUKATY V. BERGLUND 
294 P 2d 228 (Kansas Sup. Ct. 1956) 

Wrongful death, against the county attorney, sheriff, chief of police) and a highway patrol 

trooper. 

Decedent was mentally disturbed. He was placed in jail where he caused a disturbance. Tear 
gas was used in an attempt to evict decedent from the cell but it had no effect, apparently 
because decedent broke the cell windows. 

The defendants then discharged "refrigerator" gas into the cell to subdue decedent. 
Testimony indicated that the gas was sulfur dioxide. A post~mortem examination indicated 
that the gas was the cause of the decedent's death. 

A motion to dismiss was granted at the end of the plaintiffs case. Plaintiff appealed. 

Reversed; the question of whether the use of such a deadly gas was reasonable under the 
circumstances presented a factual issue. 

TITCOMB V. STATE OF NEW YORK 
30 Misc. 2d 902, 222 N.Y.S. 2d 596 

(N.Y. Ct. of Claims 1961) 

Wrongful death, for negligence against the State of New York. 

A state police officer) while investigating a case of property destruction, approached decedent's 
house. Members of decedent's family allowed the officer access to the house, but decedent 
refused to come out of his room. Concerned over the decedenes mental condition, officers 
tlU"ew a tear gas canister into the room in an attempt to remove decedent. 

The canister used was a 112 Spedeheat; loaded with solid crystalline chloroacetophenone 
and manufactured by Federal Laboratories Inc. 

Expert testimony indicated decedent suffered excruciating pain from the effects of the 
gas on his lungs and respiratory tract. The pathologist who performed the post-mortem exami
nation testified that the entire respiratory tract showed destruction of living cells and the 

effects of anoxia. 

For plaintiff. The use of tear gas was not justified and the state was negligent in failing to 
instruct officers in the use of tear gas. 

DEMARS V. TOWN OF MANSURA 
166 So. 2d 328 (La. Ct. of App. 1964) 

Negligence t against town and its assistant marshal t for use of tear gas. 

Plaintiff alleged the assistant marshal released tear gas around his face and eyes, causing him 
injury. The trial court dismissed the action against the city. Plaintiff appealed. 

The assistant marshal was acting purely within a governmental function. The. town was 
immune from liability for torts of the officer. 
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LUVAUL V. CITY OF EAGLE PASS 
408 S. W. 2d 149 (Tex. Ct. of Civ. App. 1966) 

Negligence, nuisance, or battery. 

The plaintiff was arrested by a city police officer and taken to the county jail. A disturbance 
ensued at the jail. The disturbance was not of plaintiffs making. 

The police officer shot plaintiff with a tear gas gun at close range. Plaintiff lost the 
sight of both eyes. 

After plaintiff was shot, medical aid was not furnished for eight hours. 
Summary judgment was granted in favor of defendant. Plaintiff appealed. 

City was immune from liability for torts of employees committed in exercise of govern~ 
mental fUnctions. 

WALL V. ZEEB 
153 N.W. 2d 779 (N.D. Sup. ct. 1967) 

Assault and battery. 

Defendant was an on~duty police officer. Plaintiff was sitting in his car when defendant 
approached the parked automobile. Plaintiff was asleep or unconscious with an open can 
of beer in his hand. Plaintiff refused to disclose his identity. Defendant contends he placed 
plaintiff under arrest. An altercation occurred, plaintiff ran into a house owned by his 
mother. Defendant pursued plaintiff, armed with the tear gas gun and a flashlight. Defendant 
tried to remove plaintiff from the house and during a scuffle the tear gas projector discharged. 

The tear gas instrument used by defendant was a -"Hercules Tear Gas Fountain Pen Pro~ 
jector". It was made of metal, had an overall length of five inches, a barrel length of one and 
three-fourth inches, weighed two punces, and fired a .38 caliber tear gas cartridge. 

In the trial court the verdict and judgment was in plaintiffs favor. 
Defendant appealed. 

Reversed and remanded for a new trial. The court erred in instructing the jury that a tear 
gas gun was a "firearm" and that defendant had the burden of proving he acted reasonably. 
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APPENDIX B ({f 

(t 

Field Evaluation of 
Chemical Agent Grenades 

As part of the Chemical Agents Program conducted by the LA,C.P. for the Law Enforcement Assistance 
Administration of the U, S, Department of Justice, a field evaluation of commercial riot control agent gre
nades was conducted during March 1969. Facilities at Fort Belvoir and the Fairfax County Police Depart- . 
ment in Virginia were used to evaluate several selected characteristics of 13 chemical agent grenades cur
rently available for police use in the United States, 

Designation 

PYROTECHNIC 

Brunswick Skitter Grr.nade 
Federal Pocket Grenade 
Federal Spedeheat Grenade 
Federal Tdple Chaser 
Lake Erie Continuous Discharge 
Penguin CN/Smoke Grenade 

EXPULSION 

AAI Multipurpose Grenade 
Federal Blast Dispersion 
Federal Disintegrating 
Lake Erie Jumper Repeater 
Lake Erie Mob Master 
Lake Erie Model 34 
Penguin Baseball Grenade 

GRENADES EVALUATED 1 

Model/Catalog 
Number 

5001 
109 
555 
515 
2CS 
G3 

MPG 120 
514 
520 
1 CS 
7 CS 
4 CS 

G·lCS 

Quantity 

24 
24 
24 
24 
24 
24 

24 
24 
24 
24 
24 
24 
24 

cs 
CS 
CS 
CS 
CS 
eN 

CS 
CS 
CS 
CS 
CS 
CS 
CS 

No attempt was made to define and evaluate every important characteristic of these munitions, In fact, effcc- I 
tive airborne concentration, which is perhbuPs the most ,Critfi,cal featurwe10f all, c~nnotdbe 1111easured 0

1 
r evoI

t
1 os~i~ .. 

mated without elaborate and expensive la oratory testmg acilities. lat was mten ed lere was t 1e col ect10n 
of <.;ertain observable performance data that relate to the tactical use of chemical agent grenades. Much of 
the information developed by this project was previously unavailable, incomplete or conflicting. 

The procedures employed in this evaluation were simple and well within the ability of nny law enforcement 
agency to duplicate, Although the expense of munitions generally precludes extensive field testing and eval- f· 
uation by aU but the largest departments, the procedures suggested in this report can serve as a guide for the ,I .. " 
development of at least minimal evaluation programs to assist law enforcement personnel in selecting riot 
control chemical munitions. 

IThe Lake Erie Blast Dispersion grenade, which hns been discontinued by the mn~ufacturer, was not eValuated, The new Lake Erie Mighty Midget 
and Northrop Rubber Ball grenades were not on the mnrket at the time the other munitions were purchased dUring February 1969 and conse· 
quently Were also not included in this evaluation series.! 
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1!· PYROTECHNIC GRENADES , 
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Pyrotechnic or burning dissemination is achieved by mixing a granulated chemical agent with an appropritl.10 ~ .<"'\ ~t 
~ 

'"'" '"'" ~. l"'I ('II 

fuel. Upon ignition, the fuel burns and vaporizes the agent. The agef!t vapor exits from the grenade with the ~ ... .., . .... 
() ",' l.l ...., .... ~ 

smoke and the termination of smoke emission under internal pressure. The continued smouldering or .) (' til\! smoke until ultimately dissipated. 
oU ~ Q) -.~ ~ 4) 6 
~ ~ :a :I~ 

~ 
~\\ 

'" .a .so For grcnades employing burning dissemination, three major characteristics were examined. Buring time, func- '8 .c ''8 .. 
tioning, and temperature were evaluated for the three standard burning grenades, the multiple unit Triple d;:, ~. ~ It ;::i 

,.~ 

Chaser, and two miniature grenades (Figurc I). 

\C t--- ,·0 0 Burlling Time. A standard stop-watch was used to measure the elapsed time between the first appearance of ... ·CJ~ ~ . 
~ N Il'I iA '·10 smoke and the termination of smoke emission under internal pressure. The continued smouldering or .... .... ~ 

ffi 
.... 

smoke drift frol11 exit ports was not included a~ burning time. When actual burning time was compared 
~ with the cmmission time specified by the manufacturer, it was evident thnt all but one of the standard It') It') t:;) 

Ii') .... t'! 

~ ~ pyrotechnic units burned for considerably longer than predicted. -.t N \C) .... ('I .... .... 
~ 

A longer burning time could be either un advantage or a liability, depending upon the tactical situation. The ~ 
CII) 0 be I) extended burning period will permit more time 1'01' the return of the grenade by members of the crowd, but ~ ~ . !~~ § 

z 
~.~ 

Qil the other hand, the more quickly a grenade burns, the more frequently it will have to be replaced on a 0, • ~.8~ c ~.c ... 
release line when u givel) concentration is being maintained. In any event, manufacturers should make a 
greater effort to provide reasonably accurnte statements regarding the burn~ng time of their pyrotechnic ~ ~ grcmldes. 

~ ., 

1 
... 

~ ~ ib ,I;) PWI(' I i ()}) in g. None of the pyrotechnic grenades failed to function, but 17 out of 144 (12%) of the units 
Ea 01 tested functioned improperly. Eleven of the malfunctions resulted in the grenade "flaming", a condition in 0 ~ 

-' .... ~ ... 
" ~ G __ 

which fire instead of smoke is ejected from the exit ports. The flUme typically burns with great intensity, 
'I:l '~ ,§ 

often extending out for distances lip to 12 inches from the grenade. 
d 0 0 0 0 ~'5] 

~ ~ 
c. ~ ~ ~ Five of the 24 Federal Triple Chaser grenades failed to separate completely into three sections in the normal f] !I ~~~ o .. manner, although this muifullction did not interfere with the normal burning of at least two of the sections. c.~~ 

~ <:) ... One of the Brunswick Skitter grenades was projected about 50 yards through the air after release, apparently g t--- . ~ t1 as the result of a clogged or partially blocked exit port. 
~ 

~ ('II It') -OQ - £: ... ... 
'6 ..... '\i . N'" ;:s 'i:! Q) ~. $ • tI:l ~ ~ ..... \C .... ('II .... ..... I~-..;,. Ten/perature. The heat generated by burning grenades is of interest from two points of view. First, jf the IJ 

~~ grul1ude remains cool enough to IUll1dle and also functions for any length of time, it can easily be picked up 
\) n ~ und thrown back at police or away from the target area. Secondly, grenades that emit flame during func~ 

"i ~ \C t--- ~ tJoning present a potentiul fire hazard when used'where combustible materials are present. N ~ .. ~. OQ t'! ~ 
lit N CI\ ..... .... ..... ... 

it'/rder to determine how long grenades could be held aftcr ignition, they were approached from upwind -5' 

and picked up both with gloves and with bare hands. The most difficult grenade to handle was the Federal 
0 0,~ 'hit') ~, Speclcheat, which has exit ports on all surfaces and heats up rapidly as a result of the geometry of the burn- ' 1'.::- 0 
!"). - 1":'1 .. \C .;.. J~ 0 6 \oiO' 

ing mixture. Personnel highly motivated, or whose hands were protected with heavy insulation, could prob- N N ;1 -
" ubly handle grenades for periods substantially exceeding the times reflected in Figure 1. Because it burns 

\0 quickly and remains in motion, the Brunswick Skitter grenade is difficult to pick up while functioning and 1:), 
0 

~ 
.0'\ \S ('II 

~ t--- 0\- m return is unlikely, The Federal Triple Chaser discourages return by the violent nature of its separation! aI- .... .... ..... 
() N ,,' 

though once separuted the individual sections cun be returned in the same manner as other burning gre-
nndes. c· • 

(" 

~ " a ~. .' !~. \C 
h :~;" '"" ~ - 0, As a measure of their tendency to start fires, six of each of the grenades were discharged in a container of 1 " . I: 1 

l( • , '. 

shredded newspaper. Those grenades that, as a result of their normal functioning l caused the newspaper to ' , 
/~.f j p' burn three or more times were rated "probtlble" in terms of nre potential. Those grenades that, as a result of 1 

;~ I their normal functioning, ignited the paper less than 3 Ollt of 6 times were rated "possible" and those gre- 1 '. 
nudes that failed to ignite the paper, or did so only when malfunctioning, were rated "unlikely" to start 1 , t I 

f 
fires. It should be stressed, however, that any pyrotechnic grenade can cause fires - none ate completely f 

I 
fireproof! \ .. 

1 
j; ! 
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/' EXPULSION GRENADES l 
\ 

Expulsion grenades are munitions that employ an explosive force to eject micro pulverized agent into the air .. i ~. 10 10 l 0 0 0 10 , 
N ~ t"': ~ ~ ~ This is accomplished either by rupturing or disintegrating the container or by forcing the agent out through \ In . .j 

~l , ~ ..... M ....; : ..... 0 
t.o') -< ....; ...... ...... ,', ,.... ..... 

exit ports. t.o') t.o'). t.o') ~. ~. ~ 

Grenades that rupture or disintegrate present some risk of injury when they are discharged near the heads of 
unprotected personnel. They do release. most of their agent loading) but when they explode on the ground a 

rS. 

large percent of the ageJ1t is "dumped H
, resulting in a substantial loss in effective airborne concentration. .~ .£ ~. >. :~., 

U ~ .a3 u 
~ ~: 1 

u .$ .... 
~ ~ .~ 

Those expulsion grenades that do not rupture or disintegrate present less potential for injury, but generally .;3 ~ 

If If ~. Q c:e 
expel less of their loading because of their more complex internal design. An exception is the AAI MlIlti~ .... 
Purpose grenade, which releases a high pert:ent of its agent loading. 

~ I ~ 

ln this series of evaluations seven expulsion grenades were examined for functioning and fire potential. In "t ":f 
i 

addition l three of the grenades that do not rupture or disintegrate were checked for weight loss after 
! , 
1 

1 .b; 
'~ 

.5 t 
g. ... 

release. (Figure 2) I i 
! 0 0 0 0 .b .... 
J 

Functioning. Only one of the 168 expUlsion grenades failed to function. One Penguin Baseball grenade blew I 
the burster and fuze assembly clear of the grenade body without releasing the agent. One AAI Multi~Purpose I .. ~ 
grenade malfunctioned as the result of a defective spin weld where the base attaches to the grenade body. -t , ~ 

J 

.Fire Potential. Although it has been widely assumed that expu~sion grenades could be llsed without risk of ~ 
<u 

fire, it was found during this evaluation that several of the expl.t.ision grenades are capable of igniting com~ 
\,) 

0 0 0 0 0 .... 0 § 
bustible material during normal functioning. ~ ~ 

.g] 
As a general index to efficient:y in tlw release of their micropulverized agent payload) 72 gre~ ct: ~ Weight Loss. 10;;-.,. 

~ C!> I:! 

nades were weighed before and after release wHh adjustment in~lde for the weight of firing pins, safety levers, t); (I ~. 
~ I:: .Sl 

~ ~. \,) .0 ~ 
and other separating parts. While not exact (since the weight of the expended fuze and expulsIon components ~'! oq "'t. ~..Ei 

10. 
~ .0 ~ ::s..si 

is also lost) the results suggest that the Lake Erie Mob Master and Model 34 release up to about half of their Q'\ . 10 

~~~ Q Q Q Q 
specified loading and that the AAI Multi-Purpose grenade releases almost all of its agent content. The appar- I.Ll ~-,,,- ~ ~ .. R t,.., "-

ent perfotmance differential between the Lake Erie and AAI systems is somewhat modified however by an~ ~ 
~' "'l 0 ~ 

~ 
"'( < E '" .... 

other characteristic. "l 
0) "t. !:J. S 

. ~. E .Ji t1 
,~~ ~ ~. ::\ 'E .... f'-o ~ 

~ V':l ~ <II 
l 

.'-;' ~ ~ 
~ ~ --'.: > It~ oq ~ f'-o .~ I.Ll 

When discharged Gn the gl'Ound, the AAI grenade evidences the same tendency to "dump" its payload as the 10 
~ 

~ 
~ £-, ~ ';~ 

<,\1::-"';;' 

rupturing or disintegrating grenades and, in fact, the manufacturer does not recommened the AAI grenade 
Q'\ .... 

~6 0 ~_z z Z 
for any tactical use which wouldl result' in a ground release of the unit. On the other hand, the Lake Erie gre- I) ::::5 

~ 
nades evidence no tendency to 'Idump" their agent even during ground release. The average weight loss for .... ...... ~ ex? C"! 
both the Mob Master and the Model 34 did not vary significantly during air, rolling, or stationary releases. 1 ~ 10 
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SUMMARY 
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The field evaluation of 312 chemical agent grenades resulted in the following conclusions regarding certain 
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of their operating characteristics. 

• Only lout of 312 grenades failed to fUnction. = 
~ 

0 ~ 

19 out of 311 grenades (6%) functioned improperly. Pyrotechnic grenades are the most likely to mal~ t 
·S :S 

!t • e- ll) .... . !! iJ; u .. 8-
~ function (8 to 1 in this evaluation). j.;'-8 . '1: ~ '1: .. ·u -; 'IS " .§~ -8 1.Ll~ ~a3 l.Llu ~ -'E .... i:I C'\S 
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t Thert.) was, of coursol no way of determining whllt portion of the load became airborne and what portion, if any, was destroyed or decomposed Ii i in the expUlsion process. 
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• There is ~ubstantial ri~k of fhe wHh almost ali pyrotechnic and some expulsion grenades . 

• The specified burning times for several standard pyrotechnic grenades are extremely inaccurate and 
should be adjusted. 

• Pyrotechnic grenades can be handled for a sufficient period of time after ignition to permit their return 
Or diversion by target personnel. . 

• Expulsion grenades that disintegrate or rupture lose most of their effectiVtlness when exploded on the 
ground. 

• Expulsion grenades that expel agent from exit ports vary in efficiency. The AAI grenades deliver almost 
all of their payload while it is estimated that the Lake Erie Instantaneous Discharge munitions expel 
only about 50%. This differential is significant, however, only in air releasp.s. Ground releases do not 
appear to affect the efficiency of the Lake Erie grenades, but under sitnilar conditions the AAI grenade 
is sharply limited in its ability to develop an effective airborne concentration. 

GENERAL OBSERV A TlONS 

In addition to the specific evaluation of those grenade: characteristics that have already been discussed, other 
data were noted and are summarized in this section for the convenience of those who have not had an oppor
tunlty to observe the functioning of some or all of the munitions included in this evaluation. 

STANDARD PYROTECHNIC GRENADES 

FIGURE 3 - Federal Spedeheat Grenade 

LhVt 

DISPERSION - PYROTECHNIC 

ilOLt fHf\OUaH AG~NT 
MJXTlmE TOFACllIfATE 

RA.I'ID DISCHARGE 

CN LOAD CS LOAll 

FII.LIlR WUlGIIT ..... , . .• ...... . •.•.• ,... .• 370 grUllls. • • • • . • . • .. . ............. 380 ~rurns 
ACTIVIl AGENT ••. , .• , .. •• ............... 124 gtums .. .. ... • ..... .. . .... , ... 104 grams 
OTlIER ....... , .• , ...... , . " ............ 246 gturns .. , •• , ... ',......... . ... 276 wunlS 

FUZE DELAY I second SIIOlI,tJN I,AUNCII Yes 
IIE1GIIT 6·1/4 inch" wilh fu,e IJIMII:TUK 2·5/8 itiche, 
CONTAINliR BODV MATURIAL AI"mlllum .1 bas. 
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Federal Spedeheat. The Federal 
Spedeheat grenade (Figure 3) is a time 
tested pyrotechnic munition with de-
sign features that make it very difficult 
to handle while it is functioning. Exit 
ports are located on all surfaces of the 
grenade body and combustion is vigorous. 
It functioned very reliably during this 
evaluation. Fuze timing was dependable, 
but burning time averaged 71.95 seconds, 
a considerable increase over the specified 
25 to 3S seconds. 

FIGURE 4 - Lake Erie Continuous Discharge Grenade 

EMISSION PORTS AND SEALS 

DISPERSION - PYROTECHNIC 

AGENT/FUEL 
MIXTURE 

CNLOAD 

FUZE 

CS LOAD 

FILLER WEIGHT. .. • .. • • •. " ..• ' •.•• " .. , •• ',. 306 gram, ......................... , 285 gram, 
ACTIVE AGENT .......................... 128 gtums .......................... 106 gram, 
OTHER ........ , • .. • • • • . . • . • . . • . • . • . • . . .• 178 gtDm, .......••......•..•.•. , . .• 179 gram, 

FUZE DELAY 2 seconds SHOTGUN LAUNCH Yes 
HEIGHT 6·1/2Inche, with f""e DIAMETER 2.5/8Incho, 
CONTAINER BODY MATERIAL Aluminum ul base 

FIGURE 5 - Penguin CN/Smoke Grenade 
CRIMP 

SAFETY LEVER 

DISPERSION - PYROTECHNIC 

CNLOAD 

FILLER WEIGHT.. . . • • • .. .. . • • .. • • • . • . • • . • . • ... 230 grams 
ACTIVE AGENT. • • .. . • .. • • • • • .. • . . • • . . • • .• 69 gram, 
OTHER ................................ " 161 grams 

FUZE DELAY 4 second, 
HEIGHT 5·3/4 ineh.s 
CONT AINSR BODY MATERIAL Sleel 

SHOTGUN LAUNCH 
DIAMETER 

CS LOAD 

Ve, 
2· I /2 Inche, 

125 

""~. --------.-~-.---~--- ------ ~ 

Lake Erie Continuous Discharge. This 
grenade (Figure 4) has exit ports on all 
but the base surface and burning of the 
payload is slower than with the Spede
heat unit. This grenade burns a 285 gram 
payload in an average of 152 seconds as 
contrasted with a burning time of 71.95 
seconds for the 380 gram payload of the 
Spedeheat. It is interesting to note, how
ever, that both grenades contain about 
the same amount of agent. Fuze timing 
was reliable and all tested units func
tioned, although the number of "flame" 
defects was the highest recorded for the 
three standard pyrotechnic grenades. 

Penguin CN/Smoke. The Penguin 
grenade (Figure 5) burned for the speci
fied period of 40 seconds. With exit ports 
in the top and base only. this unit was 
the easiest to handle. In fact, if the 
paraffin into which the grenade is dipped 
during manufacture did not heat up, it 
would probably be possible to handle 
this unit with bare hands for an even 
longer period of time. Although all three 
of the standard pyrotechnic grenades 
present a substantial risk of fire when 
used near combustible materials, only 
the Penguin unit contains a warning 
to this effect on the label. 

: ~ 
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J 
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MULTIPLE PYROTECHNIC GRENADE 

FIGURE 6 - Federal Triple Chaser Grenade 

LeVER 

DISPERSION - PYROTECHNIC 

CN LOAD 

MEN! EMISSION 
HOLE AND S£AL 

LAVER OF 
STARTEA MATERIAL 

CS LOAD 

r'ILLEi( WEIGHT .................. ' ............ 290 gr.rn ........................... 265 gram, 
ACTIVU "GliNT ................... , • . • . ... 92 gr."". ...... • . ... . • • . • • • • .. . • .• 72 gram' 
OTIIUR , • • . . .. • • . . • . . • • . . . . • . .. . . • . . . . ... 198 glanlS • . • .. . • .. .. .. .. . • . .. • . . ... 193 gratn' 

FUZl> D/,LA Y 2 S<CDnd, 
IIEIGIIT' 6·1/4 Inches wllh fu"e 
CONTAINERIlODY MATERIAL Aluminum 

SHOTGUN lAuNCH Not RecomOiended 
DIAMETER 2·5/8 Inches 

DI b.se 

Federal Triple Chaser. This grenade 
(Figure 6) separates upon ignition into 
three sections which then burn in the 
normal manner. The separation is vio
lent and usually accompanied by a 
visible flash. Each section travels in an 
unpredictable direction, occasionally 
ranging up to thirty or forty yards with 
a total separation distance of up to sixty 
or seventy yards. Although air bursts 
usually resulted in the greatest separa
tion distance, even this was not absolutely 
consistent. 

As indicated in the following table, the bottom or base section tended to burn for the longest pc:riod of time. 

.' . 
. ~: I..', I, BURNING TIME (MINutES/SECONDS) 

" < '. / : ,.. I ..." ~_ 

SAMl'LE ,.' RELEASE TOP . ~\ ,:'..... . CENTER . BOTtOM 
f ,".. ; . "- (FUZE) . '.... (BASE) 
{} • ", (l .... ;;:: • 

1 Air, 2.00 1.05 1.12 

2 ,.. Air 0 1.15 1.25 

3 Air 0.55 ·1.10 2.00 

4 Air 0:15 O,5S 2.00 

5 Air 1.05 1.00 1.25 

6 Air 0.50 1.M 1.52 1,' 

7 Ground .50 1.00 1.00 II 
8 . Ground .45 0.55 1.25 \! 

,\ 

9 Ground .25 1.25 2.00 

10 Ground 20 0.55 2;00 

Jl G.-ound .25 1.30 ·l.50 

12 Ground .28 1.15 0.50 

Three of the Triple Chasers "flamed" and five did not separate completely. The failure to separate did not 
seem to prevent at least one of the attached sections from burning normally. Again, the burning period greatly 
exceeded the specified period. The violent separation, unpredictable behavior, and relatively low agent load
ing of the Triple Chaser would suggest that for most situations this grenade should be regarded as a special 
supplement rather than as a substitute for the standard pyrotechnic munitions. 
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MINIATURE PYROTECHNIC GRENADES 
FIGURE 7 - Brunswick Skitter Grenade 

PULL 

RING 

THREADED 
TOp 

PLATE 

COVeR 

DISPERSION - PYROTECHNIC 

AGENT PLASTIC 
FUEL BODY 

MIXTURE COVER 

CNLOAD 

CENTER 
WELL 

CS LOAD 

FILLER WEIGHT.. .. .. .. • .. .. .. .. ... • .. • .. • • • • •• 38 gram, ........................... 38 gr.NI' 
. ACTIVEAGENT ............................ 16gr.0I ............................ 16graln' 

OTHER. .. • • • • • .. • • . • • • • .. • .. .. • • • • .. • • • •• 22 gr.m, ........................... 22 gram. 

FUZE DELAY \-l/2,econd. SHOTGUN LAUNCH Not Recommellded 
HEIGHT 4 Inches wilh fuze DIAMllTElt '·3/8Inche, 
CONTAINER BODY MATERIAL Plastic Covered AluNllnum 

Brunswick Skitter. This grenade 
(Figure 7), one of two low-volume units 
'evaluated, performed well and was con
sidered the most unlikely of all the 
pyrotechnic grenades to start fires in 
combustible materials. When thrown 
onto a reasonably smooth surface the 
Skitter grenade usually remains in mo
tion during a large portion of the burn
ing time. The scooting or spinning ac
tion is produced by the rush of agent/ 
smoke mixture from a single, off-cen-
ter exit port on the base of the grenade. 
The motion and rapid emission make it 
unlikely that this unit will be picked up 
during functioning, but, although this 
feature was not evaluated, the Skitter gre
nade probably remains cool enough to 
handle without gloves. 

Both Skitter grenade malfunctions apparently were the result of the plastic outer cover failing to rupture 
completely over the exit port. In one case, this resulted in the burning of the plastic cover. This grenade did 
not Hflame" in the usual manner, but simply burned its outer protective cover. The second malfunction 
resulted in the grenade traveling airborne for about SO yards from the release point. In both cases, the gre
nades burned and discharged their fuel/agent mixture. 

FIGURE 8 - Federal Pocket Grenade 

CENTRAL 
PASSAGE 

DISPERSION - PYROtECHNIC 

AGENT/FUEL 
MIXTURE FUZE ADAPTER 

LEVER 

CNLOAD CS LOAD 

FILLER WEIGHT. .. .. .. • .. • • .. .. • • .. .. • .. . .. . • .• SO grains ........................... 50 grams 
ACTIVE AGENT.. . .. .... .. ................ 20 gr""" ........... " ............. , 20 grams 
OTHER .. " .. .. • .. • . .. • . . . .. • • .. .. • .. .. ... 30 8mn, ......................... ,. 30 grams 

FUZE DELAY 1.1/2mollds SflOTGUN LAUNCII Not Recommended 
HEIGHT . 4.1/810che5 DIAMETER j.J/8111che$ 
CONTAINER BODY MATERIAL Aluminum 

Federal Pocket. This grenade 
(Figure 8), the second of the two minia
ture units evaluated, performed well in 
all aspects observed. There were no 
failures or malfunctions and the burn
ing time was well within the period spe
cified by the manufacturer. This greu 

nade, like the Skitter grenade, burns 
rapidly and the agent/smoke is released 
from an exit port in the base of the gre
nade. Because the exit port is larger and 
is centered, the Pocket grenade does not 
normally move about during functioning. 

Although the Pocket grenades were otherwise impressive, they did frequently emit a shower of sparks or 
flame when discharged and this characteristic undoubtedly was responsible for their tendency to start fires 
in combustible materials. 
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STANDARD EXPULSION GRENADES 

All of the expulsion grenades functioned well during tllis evaluation and most of their essential characteristics 
were discussed earlier. 

FIGURE 9 - AAI Multi-Purpose Grenade 

FUNNEL AGENT 

IlISPERSION - EX~ULSION 

FILLliR WIiIGIIT •...•........ 
AC1WI, AGENT .......•• . 
OTIIER ............ ""'" . 

FUZIi lJliLAY Adjustuhl, delay 2 ur 5 $ocul1ds 
I!CIGHT ("1/2111,h05 
CaNT AlNI:R nODY M,I TERIAL I'lastic 

PISTON 

CNLOAD CS LOAD 

140 grains.. .. ... ............ ... . 120 grams 
95 grams ..•••.•.••.•• , •• , .•.•.. ,. 114 gtul11s 
4Sgra\lls,. ' •..•.... , ....•.••.. 6gtarns 

SIIOTGUN LAUNCH 
lJIAMETER 

Y~s 
3'1/4 IIlches 

AAI Multi-Purpose. This grenade 
(Figure 9) was designed expressly for 
use by civilian police agencies and its 
design incorporates several features not 
generally found in traditional munitions. 
It has, for example, a selector that allows 
for either a 2 second or a 5 second fuze 
delay period. It can be hand held and 
directed during release and it will not 
start fires in com bustible material 
during normal functioning. 

Although the Multi-Purpose grenade is not, as discussed previously, effective in ground discharges, it delivers 
an impressive 95.2% weight loss during functioning and appeared, during this evaluation, to be one of the 
units least likely to cause personnel injury or fires. 

FIG URE 10 - Lake Erie Mob Master 

EMISSION PORTS AGENT 

IlISPERSION - EXPUl.SION 

CNLOAD 

EXPELLING 
CHARGE 

CS LOAD 

FlLLERWIiIGIlT . "'"'' '"'' ......... 125g"lIns .......................... 100grams 
ACTIVe AGENT .......................... 106 grAms......... •. ••. ............ 85 grams 
OTIIER . .. • .. . • .. . . .• ................ 19 gram. . •. ...................... 15 grams 

rUlE lJlllA Y 1·3/4 sce",ds 
ltC/GilT (,.3/4 Inc he. 
CONTAINUR IIODY MATIlIUAL 

SHOTGUN LAUNCH Not Recommended 
DIAMCTER 3 Inches at basc 

Sicel 
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Lake Erie Mob Master and Model 34. 
These grenades (Figure 10 and 11) ?m
ploy the same design features and differ 
only in size and payload. The Mob Mas
ter has a reported average loading of 100 
grams as compared with a SO gram load
ing for the Model 34. Both units employ 
an internal container that houses the 
micropulverized agent and an explosive 
charge. Upon detonation, the agent is 
blown ou t through the base of the in
ternal container, into the space between 
the two containers) and ultimately out 
of exit ports in the external body wall. 

FIGURE 11 - Lake Erie Model 34 Instantaneous Discharge Grenade 

EMISSION 
AGENT 

CHAMBER 

DISPERSION -- EXPULSION 

eXPELLING 
CHARGE 

CNLOAD CS LOAD 

FILLER WEIGHT .............................. " 70 grams. . • • • • • • . . • . . • • .. . .. • . .... SO grams 
ACTIVE AGENT ............................ 60 grums . • . • ... . • • .. • . . .. • . . . • . . •• 43 glUms 
OTHER ................................... 10 grams...... .................... 7 gra"" 

FUZE DELAY 1·3/4,",ond, SIIOTGUN LAUNCIt Nllt Re'mntnended' 
HEIGHT 6·1{4Inches DIAMETER 2·3/8 \IIches 
CONTAINER BODY MATERIAL Steel ,,\ base 

'Thi. grenade can be fired from an AR·15 riO. by me:\I\$ ofa special launchIng nn supplied by Lake Ilrle Chemical 
Company. 

MULTIPLE DISCHARGE EXPULSION GRENADES 

FIGURE 12 - Lake Erie Jumper Repeater Grenade 

EMISSION PORTS 
AND SEALS 

DISPERSION - EXPULSION 

FllLl:R WEI GilT ..... . 
ACTIVE AGENT .. . 
OnJhR .•...••••. 

FUW DELAY 2 >c,uud, 
IIEIGIIT o·I/2mches With rUle 
CONTAINER BODY MATERIAL Steel 

CNLOAD 

, ~2 ~nll1ts .... 
70 g1Olm. , .. 
12 !:'.rams •••. 

SII01GUN LAUNCIJ 
DIAMhTER 

CSLOAD 

.,. 7<1 grams 
, 60 grmns 

."" ,., 101:1.n1 1115 

Nul RCcul1lmendcd 
2·5}8 I\\ch~s 

at base 

While this complex design avoids the frag
mentation, concussion) and "dumping" 
characteristics of most expulsion gre
nades, it does result in the loss of about 
half of the reported paYload. Even so, 
these grenades and their cousin the 
Jumper Repeater, are the only expUlsion 
grenades that appear to function with 
any degree of efficiency during ground 
release. 

For some unknown reason, perhaps the 
use of black powder in the expUlsion 
charge, both grenades started fires in 
combustible material during this evalua
tion. 

Lake Erie Jumper Rep.eater. This gre
nade (Figure 12) employs the same de
sign features as the Mob Master and 
Model 34, except that it contains 3 
separate internal tubes that discharge at 
about one second intervals. In this way 
the release of agent is spread in three 
bursts over an area of up to about ten 
feet from the point of rete,ase, although 
the direction of movement: during dis
charge is unpredictable. 

From the standpoint of cost effectiveness, it is difficult to understand why the Jumper Repeater would be 
employed instead of the Mob Master or even the Model 34. This is especially true since the return or diversion 
of expUlsion munitions is seldom a problem and the area coverage achieved by t.he Jumper Repeater is not 
substantially greater. 
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Like the Mob Master and the Model 34, the Jumper Repeater grenade employs a steel body in order to ade
quately contain the internal explosion. Consequently, all three provide heavy missiles that can be thrown 
back at police after the grenade has functioned. 

RUPTURE/DISINTEGRATING EXPULSION GRENADES 

FIGURE 13 - Federal Blast Dispersion Grenade 

DETONATOR 
AL~MINUM 

aODV 
BLAST WALL 
TunE 

DISPERSION - EXPULSION 

DELIIY 

FUZE 

CNLOAD CS LOAD 

FILLER WEIGHT, , , .. . • . . .. . .................. no grums ......... '" ............. , 220 grams 
ACTIVE M;ENT ........................ IS3 Rrum' .......................... 152 grams 
OTHER. . . •.• . ..•• , •..•. ' •..••.•. '..... 67 grams .•••••.•..•... , •.. , . . . •.•. 68 grams 

FUZIi DELAY 2 ,,'cand. SIIOTaUN LAUNCH NOI Recolllmcnded 
IIElGIIT 1l·1/41Ilchcs lJlAMIlTER 2·Sj81llchc, 
CONTAINER BODY MATERIAL Aluminum al base 

FIGURE 14 - Federal Disintegrating Grenade 

~=:;::::iL.J..ARMINQ PIN 

RING 

DISPERSION - EXPULSION 

CNLOAO CS LOAD 

FILLllR W~IGHT ......... , .............. , ...... 220 gtams ............ , ..... , ....... 2208tams 
AC'nyE AGENT ........................... 153 gtams, ..... ", ................. ISG grams 
OTIIER .. , ........................ , • .. • .. 67 grum. , .................. , , .. , ,. 70 ~rams 

FUZE DELAY 2 seconds SHOTGUN LAUNCH Not Recommended 
HElGIlT 6·1/2 Inches DIAMETER 2.3/41nchcs 
CONTAINER aOOy MAT~RIAL Curd board at base 
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Federal Blast Dispersion and Disinte
grating Grenades. The only major 
difference between these grenades 
(Figures 13 and 14) is that the fonner 
employs an aluminum container and the 
latter a fiber body. In functioning, the 
Blast Dispersion grenade ruptures open 
along pre-formed grooves in the body 
and the Disintegrating unit blows the 
container into small pieces. 

Both grenades expel their ell tire payload 
during air bursts, but tend to "dump" 
badly during ground releases. Since these 
munitions carry by far the largest pay
loads in the expUlsion grenade class, they 
can be effectively employed whenever 
fragmentation or concussion risks can be 
avoided. 

The velocity of parts separating from 
~ these grenades is unknown, but during 

this evaluation six of each grenade were 
detonated on the ground within two to 
three feet of exposed personnel without 
injury of any sort resulting. Unfortunately, 
in the case of the Blast Dispersion gre
nade, the aluminum body did not im-
pact on personnel and its injury poten-
tial remains unknown. However) froin 
general observation of the flight of the 
lightweight aluminum body, it would 
appear that injury from a ground or air 
burst is unlikely unless the detonation 
takes place very close to exposed skin 
or the eyes are struck directly by frag
ments from a nearby release. 

." .' Ct 

FIGURE J 5 - Penguin Baseball Grenade 

FUZE 

LEVER __ ~III 

V//A.r!..,,_RUPTURE JOINT 

DISPERSiON - EXPULSION 

eN LOAD CS LOAD 

FILLER WEIGHT, ..... " •. ,',.,., .. , .. , ..... " .. 40~,rams, .•. , .................. , ... 40gram' 
ACTIVE AGENT, •• '" " .................. '. 20 grams., ..... ' ................... 20 grums 
OTHER, .. , , • , •.. , .•• , ...... , , ... , • , ..... , 20 grulns •...... , ....... , .... , .. , ... 20 grums 

FUZE DELAY 4 seconds SHOTGUN LAUNCH NUl Recommended 
HEIGHT 4 Inches DIAMETER 2·718 Inch., 
CONTAINER BODY MATERIAL Plastic . 

Penguin Baseball. The Penguin Base
ball grenade (Figure 15) employs a card
board burster to separate a round plastic 
body and releases about 40 grams of a 
50% CS mixture (CS/XS). The separa
tion is violent, frequently flinging the 
plastic hemispheres up to 30 or 40 yards, 
and -is often accompanied by a visible 
flash at the moment of discharge. Like 
other grenades in its class, the Baseball 
"dumps" badly during ground release, 
but the violence and noise of the detona
tion may, in themselves, assist in scatter
ing target personnel. 

The weight and shape of the Baseball 
permit it to be thrown with considerable 
accuracy and the fuzing is reliable enough 
to allow air bursts to be achieved con
sistently with only a minimal amount 
of practice. 

This grenade was one of the expulsion grenades that started fires in combustible materials during this 
evaluation series. 
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APPENDIX C 

Ch.emical Munition Data Sheets 

INTRODUCTION 

This section contains data sheets covering most of the chemical munitions available to U. S. law enforce
ment agencies. With the exception of the data on military devices, all information was obtained from 
the manufacturer. While it is believed that this information is generally accurate, it has not been verified 
independently by the IACP.l The symbol "NR" has been used to designate information that manuflH> 
turers are unable or unwilling to supply. 

Drawings used to illustrate the various products are for the purpose of identification and nomenclature 
only. They are not drawn to scale and do not necessarily include every design feature. 

AAI Corporation Lake Erie Chemical Company 
York Road P. O. Box 208 
Cockeysville) Maryland 21030 Rock Creek, Ohio 44084 
Phone: (301) 666-1400 Phone: (216) 563-368\ 

B&H Enterprises, Inc. Middle West Marketing Company 
P. O. Box 709 216-226 South Hoyne A venue 
Leesburg, Florida 32748 Chicago, Illinois 60612 
Phone: (904) 787-5897 Phone: (312) 421-2339 

Brunswick Corporation Northrop Carolina, Inc. 
Technical Products Division P. O. Box 3049 
69 West Washington Street Asheville, North Carolina 28802 
Chicago, Illinois 60602 Phone: (704) 298-7941 
Phone: (312)341~000 

P. M. Tabor Company 
Federal Laboratories, Inc. 2083 Laguna Canyon Road 
Saltsburg, Pennsylvania 15681 Laguna Beach) California 92651 
Phone: (412)635-2501 Phone: (714) 494-8989 

General Ordnance Equipment Corporation Penguin Industries, Inc. 
P. O. Box 11211, Freeport Road P. O. Box 97 
Pittsburgh, Pennsylvania 15238 Parkesburg, Pennsylvania 19365 
Phone: (412) 782-2161 Phone: (215) 384-6000 

1 For results of field evaluation of chemical agent grenades, see Appendix D. 

133 

I 
I ' 

.,.1 



CHEMICAL MUNITION DATA SHEETS 
CONTENTS 

GRENADES 

EXPULSION DISSEMINATION 
AAI Multi-Purpose Grenade ............................................... . 
Federal Blast Dispersion Grenade ........................................... . 
Federal Disin tegrating Grenade ............................................ . 
Lake Erie Blast Dispersion Grenade ......................................... . 
Lake Erie Jumper Repeater Grenade ......................................... . 
Lake Erie Mob Master l'nstantaneolls Discharge Grenade ......................... . 
Lake Erie Model 34 Instantaneous Discharge Grenade .......................... . 
Military M25A2 Baseball Grenade .......................................... . 
Penguin Baseball Grenade ................................................. . 

PYROTECHNIC DISSEMINATION 
Brunswick Skitter Grenade ................................................ . 
Federal 109 Pocket Grenade ............................................... . 
Federal Spedeheat Grenade ............................................... . 
Federal Triple Chaser Grenade ..... , ....................................... . 
Lake Erie Continuous Discharge Grenade ......................... , ........... . 
Lake Erie Mighty Midget Grenade ........................................... . 
Military M7 A3 Grenade ......... . ...................................... . 
Northrop Rubber Ball Grenade '.. . .. . ..................... : ................. . 
Penguin Burning Grenade ................................................. . 

WANDS 

PYROTECHNiC DISSEMiNATION 
Lake Erie Chemical Wand (CS) ••••••••• I ••••••••••••• , , ••••••••••• I •• l ••••• , 

CARTRIDGES 

EXPULSION DISSEMINATION 

136 
137 
138 
139 
140 
141 
142 
143 
144 

145 
146 
147 
148 
149 
150 
151 
152 
153 

154 

Federal Short Range Shell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 
Lake Erie Short Range Shell ................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 

PROJECTILES 

EXPULSION DISSEMINA TlON 
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Federal Impact Flite-Rite ProjectHe .......................................... 159 
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AAI SGA-lOO Barricade Projectile . , . . ~ . . ~ . . . . . . . . . . . . . . , . . . . . . \ . . . . . ~. . . . . . . 163 
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PYROTECHNlC DISSEMINATION 
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Tabor PTG-3 and PTG-6 ......... , ...................................... , . . 172 
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Federal Jet-Fogger t , • , • fl' ... , •••• , Iff 4 I , • f , I I •• $ ....... I ••••••• , I • \ • f 173 
GOEC MK-Xll and MK-XII-A Pepper Fog ............................ ,........ 174 
GOECMK-17PepperFog ........ .....•...............•..............•..... 175 

LIQUID DISSEMINATION 

tl :'_1' (It Middle West Marketing SOOOcc Chemical Weapon .............. , . . . . . . . . . . . . . . . . . 176 
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GRENADE, EXPJJLSION 
FUNNEL AGENT 

EMISSION PORT 

LEVER 

AAI MULTI-PURPOSE GRENADE 

CN 

DISPERSION EXPULSION 

PISTON 

PROPELLANT 
CHAMBER 

CS 

TOTAL WEIGHT ....................... 16 ounces. . . . . . . . . . . . . . . . .. 16 ounces 
FILLER WEiGHT ..... , ................. 140 grams . . . . . . . . . . . . . . . . . . 120 grams 

ACfIVE AGENT .................... 95 grams .................. 114 grams 
OTHER . . ...................... " 45 gra~s . . . . . . . . . . . . . . . . .. 6 grams 

CATALOG NUMBER ..................... MPG 100 ................... MPG 120 
CATALOG PRICE (1/69) ................. $13.50 .................... $15.00 
COL 0 R ......................... " Red Base ................... Blue Base 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

Adjustable delay 2 or 5 seconds 
Less thun 1/10 second 
Yes 

CONTAINER BODY MATERIAL 
HEIGHT 

Plastic 
6-1/2 inches 
3-1/4 inches DIAMETER 

MANUFACTURER AAI Corporation 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever tight against the body of the 
grenade. Check fuze delay selector for proper setting. Pull out the arming pin by means of the pull ring. Do not relax grip on 
the lever before throwing. Throw. If grenade is to be hand held during discharge, grip firmly and release handle with body 
base pointed slightly upward in the desireu direction of release. Whether hand held or thrown, release of the lever will allow 
the striker tp fire the primer and after the selected delay the agent cloud will be disch~rged from the base of the grenade 
body. The plastic grenade body remains in one piece and there is no noticeable increase in temperature. 
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GRENADE, EXPULSION 
PRIMER 

LEVER 

PULL RINl:. 

FEDERAL BLAST DISPERSION GRENADE 

CN 
DISPERSION EXPULSION 

GROOVE TO FACILITATE 
RUPTURE OF CONTAINER 

CS 

TOTAL WEIGHT ........................... 15-1/2 ounces ....• 15 ounces 
FILLER WEIGHT .............•............. 220 grams ..... 220 grams 

ACTIVE AGENT . . . . . . . . . . . . . . . . . . . . . . . .. 153 grams . . . . . . . 152 graIns 
OTHER ................................ 67 grams . . . . . .. 68 granls 

CATALOG NUMBER ......................... 121 ........... 514 
CATALOG PRICE (1/69) ...................... $11.30 ......... $11.30 
COL 0 R .......................................... , Red . . . . . . . . . . • Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

CONTAINER BODY MATERIAL 
HEIGHT 
DIAMETER 

MANUFACTURER 

2 seconds 
Instantaneous 
Not recommended 

Aluminum 
6-1/4 inches 
2-5/8 inches at base 

Federal Laboratories, Inc. 

OPERATION Grasp the grenade in the throwing hand with fingers holding the lever tight against t1~e body of the grenade. 
Pull out the arming pin by means of the pull ring. Do not relax grip on the lever before throwing. Throw. The lever will fly 
off allowing the striker to fire the primer. Approximately two seconds later the fuze will ignite the detonator which will 
cause the grenade body to split along the rupture grooves and release a cloud of agent. The discharge is instantaneous. The 
metal body will remain in one piece, with only the fuse and top plate being thrown clear during the functioning of the 
grenade. 
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ALUMI 

GRENADE, EXPULSION 
CARDBOARD 
BODY DETONATOR 

AGENT 
SAFETY 
LEVER 

UMTOP 

FEDERAL DISINTEGRATING GRENADE 

DISPERSION EXPULSION 

TOTAL WEIGHT ........................ , .. 
FILLER WEIGHT ......................... . 

ACTIVE AGENT ...... " •......... : .... . 
OTHER ............................. . 

CATALOG NUMBER ...................... . 
CATALOG PRICE (1/69) ................... . 
COLOR ............................... . 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2 seconds 
Instan tancous 
Not recommended 

CS 

13 oun~es ...................... 13 ounces 
220 grams. '" ................... 220 grams 
153 grams ...................... 150 grams 
67 grams. . . . . . . . . . . . . . . . . . . . .. 70 grams 

120 .........................•. 520 
$11.30 ..... , . . . . . . . . . . . . . . . . . . $11.30 
Red ............... , ........... Blue 

CONTAINER BODY MATERIAL 
HEIGHT 

Cardboard 
6-t/2 inches 

DIAMETER 2-3/4 inches at base 

MANUFACTURER Federal Laboratories, Inc. 

OPERA TlON Grasp the grenade in the throwing hand with the fingers holding the lever tight against the body of the 
grenade. Pull out the arming pin by means of the pull ring. Do not relax grip on the lever before throwing. Throw. The lever 
will fly Dff allowing the striker to fire the primer. Approximately two seconds later the fuze will ignite the detonator which 
will calise the cardboard body to disintegrate, releasing the agent cloud. The discharge is instantaneous. . 
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GRENADE, EX~ULSION 
ALUMINUM 

BODY 

DETONATOR 
BLAST WALL 
TUBE 

RUPTURE 
GROOVES 

DELAY 

--11-- FUZe 

LEVER 

LAKE ERIE BLAST DISPERSION GRENADE (Discontinued) 

DISPERSION EXPULSION 

TOTAL WEIGHT ........................... . 
FILLER WEIGHT ......................... . 

ACTIVE AGENT ....................•.. 
OTHER ............................. . 

CATAWG NUMBER ...................... . 
CATALOG PRICE (1/69) ................... . 
COLOR ............................... . 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2 seconds 
Instantaneous 
Not Recommended 

Aluminum 

CN CS 

16 ounces ........... " ......... 15).i ounces 
NR grams ...................... NR grams 
148 grams ...................... 135 grams 
NR grams ...................... NR grams 
3CN .......................... 3CS 
Discontinued ................. " Discontinued 
Red .......................... Blue 

CONTAINER BODY MATERIAL 
HEIGHT 
DIAMETER 

6.1/2 inches with fuze 
2.5/8 inches at base 

MANUFACTURER The Lake Erie Chemical Company 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever against the body of the grenade. 
Pull out the arming pin by means of the pull ring. Do not relax grip on the lever befOi'e throwing. Throw. The lever will ny 
off allowing the striker to fire the primer. In approximately 2 seconds the fuze will ignite the detonator, causing the grenade 
body to split along grooves and release the ,~gent cloud. There will be no fragmentation of the grenade body, 
This grenade has been discontinued by the manufacturer and can no longer be purchased from the factory. 
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LACQUER 
L 

F LASH CAP.....jIl-....... ~ 

DISPERSION 

GRENADE, EXPULSION 

EMISSION PORtS 
AND SEALS 

POWDER 

LEVER 

LAKE ERIE JUMPER REPEATER GRENADE 

CN 

EXPULSION 

CS 

TOTAL WEIGHT ........................... 24 ounces. . . . . . . . . . . . . . . . . . . .. 24 ounces 
FILLER WEIGHT. . . . . . . . . . . . . . . . . . . . . . . . .. 82 gram~ . . . . . . . . . . . . . . . . . . . . .. 70 grams 

ACTIVE AGENT .....•................ , 70 grams. . . . . . . . . . . . . . . . . . . . .. 60 grams 
OTHER ......................... :. . . .. 12 grams . . . . . . . . . . . . . . . . . . . . .. 10 grams 

CATALOG NUMBER ........................ leN .......................... ICS 
CATALOG PRICE (1/69) ..................... $13.75 .. ; ..................... $13.75 
COL 0 R ..........•...................... Red ........................ " Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2 seconds 
3 instantaneous bursts within 4-3/4 seconds 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Steel 
6-1/2 inches with fuze 
2-5/8 inches at base DIAMETER 

MANUFACTURER The Lake Erie Chemical Company 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever against the ~ody of the grenade. 
Pull out the arming pin by means of the pull ring. Do not relax grip on the lever before throwing. Throw. The lever will fly 
off allowing the striker to fire the primer. In approximately 2 seconds the fuze will ignite the first detonator, releasing the 
first agent cloud. As the grenade jumps from 5 to 15 feet on the ground, a second and third burst will be produced at one 
second intervals. There will be no fragmentation of the grenade body. 
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GRENADE, EXPULSION 
EMISSION PORTS AGENT 

EXPELLING 
CHARGE 

AND SEAL 

... x "A'\I"'ON 
CHAMBER 

PR 
WAD 

LAKE ERIE MOB MASTER INSTANTANEOUS DISCHARGE GRENADE 

CN 

DISPERSION EXPULSION 

CS 

TOTAL WEIGHT . . . . . . . . . . . . . . . . . . . . . .. 34 ounces .................. ,034 ounces 
FILLER WEIGHT ............•.......... 125 grams ................... 100 grams 

ACTIVE AGENT . . . . . . . . . . . . . . . . . . .. 106 grams. . . . . . . . . . . . . . . . . .. 85 grams 
OTHER . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 grams . . . . . . . . . . . . . . . . . .. 15 grams 

CATALOG NUMBER ..... , .................. 7 CN .......................... 7 C S 
CATAWG PRICE (1/69) .................. $14.25 ..................... $14.25 
COL 0 R .....................•...... Red ....................... Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

1-3/4 seconds 
Instan taneous 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Steel 
6-3/4 inches 

DIAMETER 3 inches at base 

MANUFACTURER Lake Erie Chemical Company 

NG 

OPERATION Glasp the grenade in the throwing hand with the fingers holding the lever against the body of the grenade. 
Pull out the arming pin by means of the pull ring. Do not relax grfp on the lever before throwing. Throw. The lever will fly 
off allowing the striker to fire the primer. In approximately 1-3/4 seconds the fuze will ignite the expelling charge, blasting 
the agent charge out of the base of its container into the expansion chamber and ultimately out of the expelling ports. There 
will be no fragmentation of the grenade body. 
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GRENADE, EXPULSION 
EMISSION 

PORTS 

EXPANSION 
CHAMBER 

AGENT 
EXPELLING 

CHARGE 

PRESSURE GAS CHAMBER 
WAD PLUG 

TOP CUP 

LAKE ERIE MODEL 34 INSTANTANEOUS DISCHARGE GRENADE 

CN 

DISPERSION EXPULSION 

"-iLL RING 

CS 

TOTAL WEIGHT ................... , .. , .... 20 ounces ..... , ................ 19 ounces 
FILLER WEIGHT ... , ........... , ........... 70 grams ..................... , 50 grams 

ACTIVE AGENT .. , ........... , ......... 60 grams ........... , ......... , 43 grams 
OTHER ............................ , .. 10 graJ11s .... , ................ , 7 grams 

CATALOG NUMBER ............ , .... , ..... 4CN .•................... ··.· 4CS 
CATALOG PRICE (1/69) ............. : ...... $11.30 .. ,.:.................. $11.30 
COL 0 R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Red ....................... ,· Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

1-3/4 seconds 
Instantaneous 
Not recommended * 

CONTAINER BODY MATERIAL 
HEIGHT 

Steel 
6-1/4 inches 

DlAMETER 2-3/8 inches at base 

MANUFACTURER The Lake Erie Chemical Company 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever against the body of the grenade. 
Pull out the arming pir. by means of the pull ring. Do not relax grip on the lever before throwir.g. Throw. The lever will fly 
off allowing the striker to fire the primer. In approximately 1-3/4 seconds the fuze will ignite the expelling charge, blasting 
the agent charge out of the base of its container into the expail1sion chamber and ultimately out of the expelling ports. There 
will be no fragmentation of the grenade body. 

*This grenade can be fired from an AR·15 rifle by means of a special launching fin supplied by Lake Erie Chemical 
Company. • 

142 

-------------

I 
!' 

'J' \ ; 

GRENADE, EXPULSION 

AGENT ____ ~~~~~ 

SLIDER ASSEMBLY 
WITH PRIMER, DELAY 
ELEMENT AND DETONATOR 

ARMING 
SLEEVE 

CBODY 

PLASTIC 
I~~~I-+--- FILLER PLUG 

FIR PIN 

MILlT ARY M25A2 BASEBALL GRENADE 

DISPERSION EXPULSION 

TOTAL WEIGHT .................. : ..... . 
FILLER WEIGHT ....................... . 

ACTIVE AGENT (CS) ................. . 
OTHER. , ....................... , .. . 

CATALOG NUMBER .............. , ..... . 
CATALOG PRICE (1/69) .................. . 
COLOR .............. "., ........... . 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

1.4 to 3 second 
I nstan taneous 
Not recommended 

Plastic 

CN 

CONTAINER BODY MATERIAL 
HEIGHT 
DIAMETER 

3-5/16 with fuse 
2-7 /8 inches 

MANUFACTURER U.S. Government 

. ~ . . . . . . . . . . . . . . . ~ . . . . 

.......... \ ........... . 
• • • • • • • • • • ........ ~ & • • • 

........ I.' .......... . 

...................... 

. .. , .................. .. 

... " ................. . 

CS 

8 ounces 
55 grams 
95% 

5% 
Military 

Brown 

O.PERATION Grasp the. grena~e in the throwing hand with thumb firmly depressing the arming sleeve. Pull out the safety 
pm. by means o.f the pull ring, be1l1g careful to keep arming sleeve in place. Throw. Release of the arming sleeve permits th~ 
sprmg-[oaded shder to travel the length of the burster well to impact on a firing pin at the bottom of the well, exploding the 

(' deton~tor after a I.~ to 3 ~e:ond dela~ and shatterin~ t~e .grenade and dispersing its filling. The grenade body is fragmented 
and pIeces travel wIth suffIcIent velOCIty to produce 1I1Junes. For this reason the grenade should not be exploded close '<,\ 

unprotected personnel. • 
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GRENADE, EXPULSION 
FUZE 

LEVER __ ~·U 

02C; .... _RUPTURE JOINT 

~~f...I.. AGENT 

PENGUIN BASEBALL GRENADE 

CN CS 

DlSP~RSlON EXPULSION 

TOTAL WEIGHT, ............. , " . ,.. . . .. . .. 6 ounces ............ , , . . . . . . 6 ounces 
FIL.LER WEIGHT ........•.......... ',' . . . . .. 40 grams ...•...........•.... , 40 grams 

ACTIVE AGENT ...................... " 20 grams ... \ ........ , . . • . . . .. 20 grams 
OTHER . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. 20 grams ............... , . . . .. 20 grams 

CATALOG NUl\fBER .. . . . . . . . . . . . . . . . . . . . .. G·I .......................... G·8 
CATALOG PRICE (1/69) ... , ................. $9.95. .. . . . . . . . . .. • . . .. . . . ... $10.95 
COL 0 R ................................. Brown ......................... Brown 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

4 seconds 
Instantaneous 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Plastic 
4 inches 
2-7/8 inches DIAMETER 

MANUFACTURER Penguin Industries) Inc. 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever ag~inst the body of the gr~nade. 
Pull out the arming pin by means of the pull ring. Do not relax grip on the lever before throwtng. Throw. The lever wIll fly 
off allowing the striker to fire the primer. Approximately 4 seconds later the fuze will ignite the detonator which will cause 
the plastic body to rupture into two sections, releasing the agent cloud. 
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PULL 

~ING 

GRENADE, PYROTECHNIC 

THREADED 
TOP 

FUZE-...... I--o+--_ .... 

DISPERSION 

COVER 

AGENT 
FUEL 

MIXTURE 

R 

PLASTIC 
BODY 

COVER 

BRUNSWICK SKITTER GRENADE 

CN 

PYROTECHNIC 

- .-' ........ -........ ~ .. 

CENTER 
WELL 

ALUMINUM BODY 

t:IIIIIC!C!lrUl.i PORT 

CS 

TOTAL WEIGHT ....................... 5 ounces ................ ~ .. 5 ounces 
FILLER WEIGHT ................... , ... 38 grams ........... , ...... : 38 grams 

ACTIVE AGENT .......•.......... " 16 grams ................... 16 grams 
OTHER ............•..•.......•... 22 grams. , , , . . . . • . . . . • . • . . . 22 grams 

CATALOG NUMBER ...................•. 6001 .....•..•.......... 5001 
CATALOG PRICE (1/69) .................. $3.50 ................•.. \. $3.50 
COL 0 R .•......•........... , .. , .... Black, red top ................ Black, blue top 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

1·1/2 seconds 
10·15 seconds (CN 20 seconds) 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Plastic covered aluminum 
4 inches with fuze 

DIAMETER \·3/8 inches 

MANUFACTURER Brunswick Corporation 

OPERATION G rasp the grenade in the throwing hand with the fingers holding the lever tight agajnst the body of the 
grenade. Pull out arming pin by means of the \luI! ring. Do not relax grip on the lever before throwing. Throw. The lever will 
fly off ill!owing the striker to fire the primer. Approximately one and a half seconds later the fuze will ignite the charge and 
the agent cloud will be discharged through a hole ruptured in the base of the grenade body. There wi\! be no explosion or 
fragmentation of the grenade body. 

145 

t, 

: . 

I . 
I'

: ,: 



GRENADE, PRYOTECHNIC 
CENTRAL 
PASSAGE 

AGENT/FUEL 
MIXTURE FUZE ADAPTER 

SAFETY LEVER 

FEDERAL 109 POCKET GRENADE 

----------------------------------------~~ eN 

DISPERSION PYROTECHNIC 

PULL RING 

CS 

6 ounces ................. , ..... 6 ounces TOTAL WEIGHT. . . . . . . .. . . . . . ... . . . . .. . . . . 50 grams 
FILLER WEIGHT ................•.......... 50 grams .....................•. 20 grams 

ACTIVE AGENT ...•. " .................. 20 grams ....................... 30 grams 
30 grams ...................... . OTHER ........•........ · .. ··········· 9 CS 
109 CN ' ... ' .................... 10 CATALOG NUMBER....................... 3 5 

CATALOG PRICE .................•... ' .... $ 3.75 .................•..... $ .7 

COLOR ........ , ............ ·········· Red ... , ...................... Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

1·1/2 seconds 
16 seconds 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Aluminum 
4-1/8 inches 
1-3/8 inches DIAMETER 

MANUFACTURER Federal Laboratories, Inc. 

N 

. . h he f'n ers holding the lever tight against the body of the 
OPERATlON Grasp the grenade in the throWln? hand Wit et x. ;i g on the lever before throwing. Throw. The lever will 
grenade. Pull out arming pin b~ means 0: the pull nn~. Do not r la 1~ :half seconds later the fuze will ignite the charg~ and 
fly off allowing the striker to fire the pruner. Approximately one al f h d body There will be no explosion or 
the agent cloud wilt be discharged through an emission port in the base 0 t e grena e . 
fragmentation of the grenade body. . 
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SPAI 

DISPERSION 

'. GRENADE, PYROTECHNIC 

LEVER 

~ 

o 

AGENT EMISSION 
PORTS AND SEALS 

o 

COMPRESSED 
AGENT MIXTURE 

HOLE THROUGH AGENT 
MIXTURE TO FACILITATE 

RAPID DISCHARGE 

FEDERAL SPEDEHEAT GRENADE 

CN 
PYROTECHNIC 

CS 

EMISSIoN 
AND SEALS 

TOTAL WEIGHT ...•....................... 20~ ounces ............•...... : 20 ounces 
FILLER WEIGHT .......................... 370 grams ........•............. 380 grams 

ACTIVE AGENT ........................ 124 grams. . . . . . . . . . . . . . . . . . . .• 104 grams 
OTHER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 246 granls ........•........... , 276 grams 

CATALOG NUMBER .......... , ....•........ 112 .•...........•............ 555 
CATALOG PRICE (1/69) ..................... $11.30 ........................ $11.30 
COL 0 R .............................•... Red . . . . . • . . . . . • . . . . . . . . . • . . .. Blue 

FUZE TIME I second 
AGENt EMISSION TIME 25·35 seconds 
SHOTGUN LAUNCH Yes 
CONTAINER BODY MATERIAL 
HEIGHT 
DIAMETER 

Aluminum 
6-1/4 inches with fuze 
2·5/8 inches at base 

MANUFACTURER Federal Laboratories, Inc. 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever against the body of the grenade. 
Pull out arming pin by means of the pull ring. Do not relax grip on the lever before throwing:Throw. The lever will fly off 
allowing the striker to fire the primer. Approxitnately one second later the fuze will ignite the charge and agent will come out 
of the emission holes. The discharge will last for about 35 seconds. There will be no explosion or fragmentation of the 
grenade body. 
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GRENADE, PYROTECHNIC 

STRIKER 

INSTANTANEOUS 
F 

LEVER 

SEPARATING 

AGENT EMISSION 
HOLE ANO SEAL 

FEDERAL TRIPLE CHASER GRENADE . 

----------------------------'--
CN CS 

DISPERSION PYROTECHNIC 

TOTAL WEIGHT ...............•........... 24 ounces ...............•...... 20~ ounces 
FILLER WEIGHT ...........•.............. 290 grams ..•......•...........•. 265 grams 

ACf!VE AGENT ......................•. 92 gralps .. , ........... , ....... , 72 grams 
OTHER ....... , .. , .... , .... , . , .. , ..... 198 grams .......•...... , •...•... 193 grams 

CATALOG NUMBER ................. · ....... 115 ........... , ...........•.. 515 
CATALOG PRICE (1/69) ..................... $13.75 ........................ $13.75 
COL 0 R . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. Red.......................... Blue 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2 seconds 
25·35 seconds 
Not Recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Aluminum 
6·1l4 inches with fuze 
2-5/8 inches at base DIAMETER 

MANUFACTURER Federal Laboratories, Inc. 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever tight against the body of the 
grenade. Pull out the arming pin by means of tht) pull ring. Do not relax grip on the lever before throwing. Throw. The lever 
will Oy off allowing the striker to fire the primer. Approximately two seconds later the fU7£e wUl ignite the charge, and at the 
same time separate the grenade into 3 parts which will bounce along the ground and function like 3 separate grenades. Agent 
will come out of the emission holes in each section. The agent disch::rge will last for. about 25 seconds. There will be no 
further explosion or fragmentation of the 3 sections once the initial separation is complete. 
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GRENADE, PYROTECHNIC 
AGENT/FUEL. 

EMISSION POR1'S AND SEALS MIXTURE 

... +--FUZE 

ALUMINUM BODY 

LEVER 
LAKE ERIE CONTINUOUS DISCHARGE GRENADE 

CN CS 

DISPERSION PYROTECHNI9 

TOTAL WEIGHT. . . . . . . . • . • . . . . • . . • . . . • . . .. 15 ounces. . . • . • . • . . . . . . • • . . • .• 15~ ounces 
FILLER WEIGHT ................. '.' . . . . . .. 306 grams .............•...... ,'285 grams 

ACTIVE AGENT .....•...........•...... 128 grams .•...........•....... 106 grams 
OTHER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 178 grams. • . . • • • . . . . . • ..•.... .179 granls 

CATAlJOG NUMBER ....................... 2CN .....•..........••........ 2CS 
CATALOG PRICE (1/69) . .. . . • . . .. ... .. . . . .. $11.30 ................. \ ...... $11.30 
COLOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Red ......... \ . • . . . . . . . . . • . . •. Blue 

FUZETlME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2 seconds 
25·30 seconds 
Yes 

CONTAINER BODY MATERIAL 
HEIGHT 

Aluminum 
6·1/2 inches with fuse 
2.5/8 inches at base DIAMETER 

MANUFACTURER The Lake Erie Chemical Company 

OPERATION Grasp the grenade in the throwing hand with the fingers holding the lever against the uody of the grenade. 
Pull out the arming pin by means of the pull ring. Do not relax grip 011 the lever before throwing. Thr.ow. The lever will fly 
off allowing the striker to fire the primer. Approximately two seconds later the fuze will ignite the charge and the agent will 
come out of emission holes located on the body of the grenade. Agent discharge will last for about 25·30 seconds. There will 
be no explosion or fragmentation of the grenade body. 
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GRENADE, PYROTECHNIC 
DELAY PRIMER 

..... __ PULL 
RING 

LAKE ERIE MIGHTY MIDGET 

CN CS 

DISPERSION PYROTECHNIC 

TOTAL WEIGHT .•.......................... 4 ounces ..................... , 4 ounces 
FILLER WEIGHT ........................... 50 grams ..................•... 50 grams 

ACTIVE AGENT ... " ............. , . , , ., 17,5 grams, .•.. " , ......•....• , 14 grams 
OTHER. . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. 32.5 grams ..•.................. 36 grams 

CATALOG NUMBER ..................•..... 98 CN, ......................... 98 CS 
CATALOG PRICE (1/69) . . . • . . . . . .. . • . . •. . $3.75 .....•................ $3.75 
COL 0 R .•....................... : ....... Red . . . . . . . . . . . . . . . . . . . . . . . . .. Blue 

FUZE TIME 
AGENT EMISSION TIME 
LAUNCH 

CONTAINER BODY MATERIAL 
HEIGHT 
DIAMETER 

2.5 seconds 
Minimum 15·20 seconds 
From .38 cal. service revolver or 12 gauge riot shotgun 

Aluminum 
5 inches with fuze 
1·3/8 inches 

SOURCE, The Lake Erie Chemical Company 

OPERATiON Grasp the grenade in the throwing hand and pull out arming pin by means of the pull ring. 
Strike the head of the manual, percussion type fuze sharply against shoe sole, holster, or other firm surface. The blow will 
drive the manual striker against the primer, which initiates the delay prior to ignition of the fuel/agent mixture. During 
burning, the agent/smoke cloud exits from ports located on the upper sides of the body of the grenade. There will be no 
explosion or fragmentation of the grenade body. 

A launcher is available for the .38 ca\. service revolver and 12 gauge shotgun that will permit this grenade to be launched 
for distances up to 100 yards. 
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GRENADE, PYROTECHNIC 
TAPERED 

HOLE 

ASBeSTOS 
DISC 

AGENT/FUEL 
MIXTURE 

STARTER 
MIXTURE 

ASBESTOS 
DISC 

SAFETY LEVER 

MILITARY M7A3 GRENADE 

DISPERSION PYROTECHNIC 

TOTAL WEIGHT ...................... . 
FILLER WEIGHT ..................... . 

ACTIVE AGENT .................. . 
OTHER ......................... . 

CAT A LOG NUMBER ................... . 
CATALOG PRICE (1/69) ................ . 
COLOR •.......................... 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

0.7 to 2.0 seconds 
15·35 seconds 
Rifle launch 

CONTAINER BODY MATERIAL 
HEIGHT 

Steel 
5·3/4 inches 
2·1/4 inches DIAMETER 

MANUF ACTURER U.S. Govel'llment 

CN CS 

· .................. 16 ounces 
· ................. 339 graIns 
· . . . . . . . . . . . . . . . .. I 28 grall1:l 
· ................. 211 grams 

Miiitary 

Gray 

PULL 

RING 

OPERATION Grasp the grenade in the throwing hand with the fingers h01ding the lever again&t the body of the grenade. 
Pull out arming pin by means of the pull ring. Do not relax grip on the lever'before throwing. Th.row. The lever will fly off 
allowing the striker to fire the primer. 0.7 to 2.0 seconds later the fuze will ignite the charge and the agent cloud will be 
discharged from emission holes located in the top and bottom of the grenade body. The M7 A2 differs from the M7 A3 
grenade only in the way in which the filling is manufactured. 
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GRENADE, PYROTECHNIC 
FUZE 

..... --------PULL RING 
fHREADED METAL INSERT 

AGENT/FUEL 

MI XTURF --~"""'"'"'-~ 
(PELLET) 

t~~-------------LEVER 

RUBBER BODY 

NORTHROP RUBBER BALL GRENADE (A V AILABLE MAY 1969) 

DISPERSION PYROTECHNIC 

TOTAL WEIGHT .......................... . 
FILLER WEIGHT ............... " ..... '" .. 

ACfIVE AGENT ....................... . 
OTHER .............................. . 

CATALOG NUMBER ...................... . 
CATALOG PRICE (5/69) ................... . 
CO LOR ............................... . 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

2.5 seconds 
10 seconds 
Not recommended 

CONTAINER BODY MATERIAL 
HEIGHT 

Rubber 
4-3/4 inches 
3-1/4 inches DIAMETER 

MANUFACTURER Northrop Carolina, Inc. 

CN CS 

' ...................... 0.46 pounds 
· ..................... 100 gran1s 
· ................. , ... 60 grams 
· ..................... 40 grams 
, .. , ..... , ............ N-9219 
, ................ , .... $13 Approx. 
. ..................... Black 

OPERA nON Grasp the grenade in the throwing hand with the fingers holding the lever tight against the body of the 
grenade. Pull out arming pin by means of the pull ring. Do not relax grip on the lever before throwing. Throw. The lever will 
fly off allowing the striker to fire the primer. Approximately 2.5 seconds later the fuze will ignite the charge and the agent 
cloud will come out of four emission holes located in the body of the grenade. During discharge the grenade moves rapidly 
along the ground, propelled by the escaping agent. There will be no explosion or fragmentation of the grenade body, in 
as much as this is a soft munition. 
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GRENADE, PYROTECHNIC 
CRIMP 

CENTRAL 
PASSAGE 

AGENT/SMOKE 
MIXTURE EMISSION PORT 

SAFETY LEVER 

PENGUIN BURNING GRENADE 

CN CS 

DISPERSION PYROTECHNIC 

TOTAL WEIGHT. . . . . . . . . . . . . . . . . . . . . . . . . .. 14 ounces ............... , .. ' .. , NR 
FILLER WEIGHT .......................... 230 grams. . . . . . . . . . . . . . . . . . . . .. NR 

ACTIVE AGENT. . . . . . . . . . . . . . . . . . . . . . .. 69 grams, . . . . . . . . . . . . . . . . . . . . .. NR 
OTHER ............................ '" 161 grams ..........•........... NR 

CATALOG NUMBER ....................... G-3 ... , ..... , ........•..•..... NR 
CATALOG PRICE (1/69) ..... '" ......... '" $9.95 ...... ,,, ... , .. , ..•....... NR 
COL 0 R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Silver ........................ " NR 

FUZE TIME 
AGENT EMISSION TIME 
SHOTGUN LAUNCH 

4 seconds 
40 seconds 
Yes 

CONTAINER BODY MATERIAL 
HEIGHT 

Steel 
5-3/4 inches 
2-1/2 inches DIAMETER 

MANUF ACTURER Penguin Industries, Inc. 

PULL 
RING 

OPERA nON Grasp the grenade in the throwing hand with the fingers holding the lever against the body of the grenade. 
Pull out arming pin by means of the pull ring. Do not relax grip on the lever be(ore throwing. Throw. The lever will Oy off 
allowing the striker to fire the primer. Approximately four seconds later the fuze will ignite the filler mixture and 
the smoke/agent cloud will exit through the emission ports. 
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WOODEN HANDLE 

DISPERSION 

WAND, PYROTECHNIC 

PERFORATEO METAL 
CASE COrAINING CS 

LAKE ERIE CHEMICAL WAND 

PYROTECHNIC 

CS 

TOTAL WEIGHT ................. ·········· · ..................... 6 ounces 

FJ:LLER WEIGHT ......................... . ....................... 64 grams 

ACTIVE AGENT .................. : .... . · ..................... 16 grams 

OTHER ............... ··············· . · ..................... 48 grams 

CATALOG NUMBER ....................... . . ..................... 97 

CATALOG PRICE (1/69) .................... . . .............. , ...... $9.95 

COLOR ................................ . · .................. : .. Blue label over 

FUZE TIME 
AGENT EMISSION TIME 

CONT AINER BODY MATERIAL 
HEIGHT 
DIAMETER 

Instantaneous ignition with striker 
4 to 5 min. 

Metal with wooden handle 
Encased 16-3/4"/extended for use 28-1/4" 

SOURCE The Lake Erie Chemical Company 

grey background 

OPERATION The chemical wand is ignited by striking the ignition mixture with the striker provided. When 
ignited, the wand burns downward at a controlled rate, disseminating a continuing cloud of agent. 

The wand is useful under training conditions and also provides an effective dissemination to break up sit-in demonstra-
tions and other low-violence situations where controlled applications are appropriate. 
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CARTRIDGE, EXPULSION 

PROPELLENT 

SH£LLBOOY IGNITiON CHARGE 

FEDERAL SHORT RANGE SHELL 

CN CS 

DISPERSION EXPULSION 

TOTAL WEIGHT .............. , ....... , ..... 8 ounces .. , .................... 8 Ounces 
FILLER WEIGHT ........................... 100 grams ......•............... 100 grams 

ACTIVE AGENT. . . . . . . . . . . . . . . . . . . . . . .. 70 grams ....................... 70 grams 
OTHER . , , .. , .. , . , ......•.............. 30 grams ....................... 30 grams 

CATAWG NUMBER ........................ No. 203 ....................... No. 501 
CATAWG PRICE (1/69) ..................... $ 6.40 ........ " .............. $ 6.40 
COL 0 R . , , , . , . , . , ., . , .............. Silver, Red seal .............. ' ... Silver, Blue seal 

AGENT EMISSION TIME 
MAXIMUM RANGE 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

lnstantaneous 
25-30 feet in still air 
10. (38mm) 
Aluminum 

Federal Laboratories, Inc. 

OPERATION Open the gas dot gun and insert the shell. Close the gun. Hold the gun firmly against the shoulder and fire 
like a shot gun, aiming at the belt level of the target. In still air the maximum immediate range is about 30 feet but a favor
a?le wind will carry the aRent to mor? than 50 yards. When this shell is fired a cloud of micropulverized ag~nl is blasted 
dtrectly from the muzzle of the gun. Wtth the exception of three light wads, the entire discharge consists of filler. This muni
tion can be fired from both 37 and 38mm weapons. 
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CARTRIDGE, EXPULSION 

PROPELLING CHARGE 

LAKE ERIE SHORT RANGE SHELL 

CN CS 

DISPERSION EXPULSION 

TOTAL WEIGHT. . . . . . . . . . . • . . . . . . . • . . . . . .. 12 ounces ...................... 14 ounces 
FILLER WEIGHT ......................... , 114 grams ...................... 100 grams 

ACTIVE AGENT . . . . . . . . . . . . . . . . . . . . . . .. 97 grams .................... " 50 grams 
OTHER . . . . . . . . . • . . . . . • . . • . . . . . . . . . . .. 17 grams. . . • . . . . . . . . . . . . . . . . .. 50 granls 

CATAWG NUMBER ........................ 21 CN ........................ 21 CS 
CATALOG PRICE (1/69) ..................... $6.40 ......................... $6.40 
COL 0 R ......................•..•.. Silver, red seal .................... SUver, blue seal 

AGENT EMiSSION TIME 
MAXIMUM RANGE 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

Instantaneous 
20 feet in still air 
1-1/2 (37mm) 
Stee1 

The Lake Erie Chemical Company 

OPERATION Open the ganiot gun and insert the shell. Close the gun. Hold the gun firmly against the shoulder and fire 
like a shotgun, aiming at the belt level of the target. In ~till air the maximum immed.iate range is about 20 feet, but 
a favorable wind will carry the agent to a distance of more than 50 yards. When the shell is fired a cloud of micropulverized 
agent is blasted directly from the muzzle of the gun. 

This munition can be fired from 37 or 38mm weapons. 
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PROJECTILE, EXPULSION 
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FEDERAL MARK 200 PROJECTILE (CS) 
FEDERAL BLAST DISPERSION PROJECTILE (CN) 

CN 
DISPERSION EXPULSION 

TOTAL WEIGHT .......................... , 8.5 ounces, •..•................. 
FILLER WEIGHT . . . . . . . . . . . . . . . . . . . . . . . . .. 80 grams ...................... . 

ACTIVE AGENT ........................ 55 grams ..................... . 
OTHER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 grains ..................... . 

CATALOG NUMBER. . . . . . . . . . . . . . . . . . . . . .. 233 ..................... . 
CATALOG PRICE (1/69) . . . . . . . . . . . . . . . . . . .. $9.40, .................... . 
COLOR ................................ Red ......................... . 

DELAY TIME 3 seconds 
AGENT EMISSION TIME Instantaneous 
MAXIMUM RANGE 150 yards 
MUZZLE VELOCITY 225 feet per second 
CALIBER 1 ~ (38mm) 
BODY MATERIAL Aluminum 

MANUFACTURER Federal Laboratories, Inc. 

CS 

8.5 ounces 
80 grams 
55 grams 
25 grams 
507 
$9.40 

Blue 

OPERATION Open the gas riot gun by pulling up on the rear of the breech lock. Insert the shell. Close the 
gun. Hold the gun firmly against the shoulder and fire like a shot gun. This munition can be fired from both 37 and 38mm 
weapons. 

When the gun is fired the projectile is propelled from the gun and the delay fuze ignited. In approximately three (3) 
seconds the burster is ignited and the projectile then opens along the rupture grooves and releases a cloud micropulvcrizlld 
agent. The' discharge is instantaneous. The metal projectile will remain in one piece and will not throw off fragmen ts. At 37.So 
elevation, the shell will hit the ground at about 150 yards. Shorter ranges are secured by bouncing the shell along the ground 
or by firing at very high elevations. 
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FEDERAL MARK 7fJ PROJECTILE (C8) 
FEDERAL BLAST DISPERSION PROJECTILE (CN) 

CN 
EXPULSION 

cs 

TOTAL WEIGHT ....................... 8.5 ounces ................... 8.5 ounces 
FILLER WEIGHT . . . . . . . . . . . . . . . . . . . . . . . 80 grams ................... 80 grams 

ACTIVE AGENT .................... 55 gnims ................... S5 grams 
OTHER . . . . . ............... ' .... " 25 grams .,.: ............... 25 grams 

CATALOG NUMBER ................... " 234 ......•........... 505 
CATALOG PRICE (1/69) . . . . . . . . . . . . . . . .. $9.40 ................ " $9.40 
COL 0 R . . . . . . . . . . . . . . • . . . . . . . . . . .. Red ....................... Blue 

DELA Y TIME 3 seconds 
AGENT EMISSION TIME Instantaneous 
MAXIMUM RANGE 90 yards 
MUZZLE VELOCITY 140 feet per second 
CALIBER 1~(38mm) 
BODY MATERIAL Aluminum 

MANUFACTURER Federal Laboratories, Inc. 

OPERATION Open the gas riot gun and insert the shell. Close the gun. Hold the gun firmly against the 
shoulder and fire like a shot gun. This munition can be fired in both 37 and 38rnm weapons. 

At 37.50 elevation the shell will hit the ground at about 90 yards. Shorter ranges are secured by bouncing the shell along 
the ground or by firing at very high elevation. When the gun is fired the projectile is propelled from the gun and the delay is 
ignited. Approximately three (3) seconds later the delay ignites the burster\ which ruptures the projectile along rupture 
grooves to instantaneously release a cloud of micro pulverized agent. The aluminum projectile body will remain in one piece 
and no metal fragments are thrown off during discharge. 

This munition is identical with the Mark 200 round except for a reduced propelling charge. 
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STABILIZER 
WEIGfiT 

PROJECTILE 80M' 

DISPERSION 

PROJECTILE, EXPULSION 

GROOVE TO 
FACILITATE 
RUPTURE OF 
PROJECTILE 

PROJECTILE SAse 

FEDERAL IMPACT FLITE·RITE PROJECTILE 

CN 

EXPULSION 

CS 

TOTAL WEIGHT ............................ 16 ounces ...................... 16 ounces 
FILLER WEIGHT ........................... 80 grams ....................... 80 grams 

ACTIVE AGENT ...................... " 55 grams ...•....•.............. 55 grams 
OTHER .................... ' .......•..•. 25 gran)s ....................... 25 graIns 

CATALOG NUMBER ........................ No. 232 ................ , .....•. No. 509 
CATALOG PRICE (1/69) ..................... $10.65 ..................... :. $10.65 
COLOR ~ ................................. ked .......................... Blue 

FUZE TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

On impact 
Instantaneous 
325 yards 
180 feet per second 
1~(38mm) 
Aluminum 

Federal Laboratories, 1nc. 

OPERA TION Open the gas riot gun by pulling up on the rear of the breech lock. Insert the shell. Close the gUll. Hold the 
gun firmly against the shoulder and fire like a shot gun. The Federal Gas Riot Gun is equipped with a peep sight for usc at 
50 yard range. This sight is on top of the breech lock. Aperatures for 75 and 100 yard range arc located on a leaf sight which 
must be erected before firing at these ranges. This munition can be fired from both 37 and 38mm weapons. 

When the gun is fired the projectile is propelled from the gun. As the projectile leaves the gun 3 fins, or vanes. spring 
into position. This allows the arming pin to be forced away from the fuze body. This arms the projectile. The action of the 
fins, plus the stabilizer weight in the nose of the projectile enable this projectile to be fired with considerable accuraCy. 

When the projectile strikes a soUd target the firing pin strikes the primer, which immediately ignites a detonator .The 
projectile then opens along the rupture grooves and releases a cloud micropulverized agent. The discharge is instantaneous. 
The metal projectile will remain in one piece and will not throw off fragments. 
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PAlMER 

PROJECTILE, EXPULSION 

COP1'ER 

PROpELLING 
CHARGE 

ORIVESCREW 

DELAV FUZE POWDER RETAINER WAD COLOR CODE BAND 

LAKE ERIE LONG RANGE INSTANTANEOUS DISCHAR(lE PROJECTILE 

CN CS 

DISPERSION EXPULSION 

12 12 ounces 
TOTAL WEIGHT 

. . . . . . . . ounces ..................... . ................... 60 
FILLER WEIGHT 

. 67 grams. . . . . . . . . . . . . . . . . . . . . . . grams .. , .. '" ...... , . , .. '" .. '" .. , . . 5 
ACTIVE WEIGHT ...................... , 57 grams. . . . . .•. . .. . . . . . . . . . . .. 1 grams 

, 9 grams 
OTHER 

........ 10 gran1s ...................... . ........................ 16 CS 
CATALOG NUMBER ............ ·:··· .. ····· 16 CN ......... ······, .... • .. · $940 
CATALOG PRICE 0/69) , ............ : ..... .' I' $9

d
AbO , d' .. 'd' ............ 'Sii~e~' ~ith'blue band and 

C 0 L 0 R 
. Silver WIt 1 re an an ........ ,... , .. , . . . . . . . . . . . . . . . . . . . , seal seal 

FUZE TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

6 seconds 
Instantaneous 
ISO yards 
175 feet per second 
1-1/2 (37mm) 
Steel case, aluminum projectile 

The Lake Erie Chemical Company 

OPERATION Open the gas riot gun and insert the shell. Close the gun and fire like a shbtgun with stock firmly against the 

shbulder This munition can be fired in both 37 and 38mm weapons. . I 1 I 
WI~en the gun is fired the firing pin strikes the primer which ignites the propel~ing, charge, producmg gase~ t ;at ~UJ~~ 1 

the ro·cctilc. The propelling gases also ignite a delay element in the base of the proJect~le. As It ~ravels thro~g t.le ~I~I 1e 
proj~cttle tumbles and wobbles as a result of thc ab~ence of a. stabilizing device. ApprOXImately siX seconds after Igmtlon, a 
burster ruptures the projectile, releasing a cloud of mlcropu}venzed agent. . . ' 
The projcctile can also be supplied, on spccial order, with a continuous dIscharge type contam~r of eIther CN or CS. 
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PROPELLING 
CHARGE 

CAIITl!lOGf 
CAlI 

PROJECTILE, EXPLUSION 

FI" 
HiNGE PI,. 

TAlt Fill 
VAllie 

FINCEHIER 
POST 

FUZEAND 
BURSTER TUBE 

ADAPTER 

~I"''' SEAT 

FIRING 
PINBOOV 

FiRlNQ PIN 

BUA51I" 
TUBE 

LAKE ERIE TRU-FLITE BARRICADE PROJECTILE 

CN 

DISPERSION EXPULSION 

- ~ .. ;.- '"j ........ "". ~ ... ," ... 

BURSTING 
CHARGI, 

CS 

TOTAL WEIGHT ................ : .......... 23.3 ounces ...............•.... 23.3 ounces 
FILLER WEIGHT, . , .............•.......... 60 grams ....•.................. 60 grams 

ACTIVE AGENT ........................ 45 grams .................•. , .. ',45 grams 
OTHER ....•.............. , ............ 15 grams ....................... 15 grams 

CATALOG NUMBER ........................ 11 CN ......• ,.,., .....•....... 11 CS 
CATALOG PRICE (1/69) ..................... $10.65 .... , ................... $10.65 
COL 0 R ............................ Silver, Ted nose .•.....•..•.....•. Silver, blue nose 

FUZE TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

On impact 
Instantaneous 
350 yards 
225 feet per second! 
1-1/2 (37mm) 
Steel case, thin steel projectile 

The Lake Erie Chemical Company 

OPERATION Open the gas riot gun and insert the shell. Close the gun and fire like a shotgun with st.ock firmly against the 
shoulder. This munition can be fired in both 37 and 38mm weapons. 

When the gun is discharged the firing pin strikes the primer which flashes into the protJellant. Tile resulting dellagru" 
Hon ejects the projectile from the muzzle of the weapon, permitting the spring loaded fins to open and 6tabililc the projectile 
in flight. Deceleration upon impact causes the firing pin assembly to move forward and stdke the primer, igniting the burster. 
The projectile ruptures and expels a cloud of micropulverized agent. The body fragmcnts and may eject pieces of steel at a 
dangerous velocity. 
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PROJECTILE, EXP,ULSION 
PLASTIC SHIELD 

PROmLlNG CH:::IC ~~6R :!}ic"r,LE A~' _----p-~-!~f_~s~-LC---., 
PRtMER-

~T-

PLASTIC CASE CARDBOARD 
WADS 

AGENT 
c: v 

DIREcnON 

l'ENGUIN BARRICADE PENETRATING CARTRIDGE 

------~====~------------
CN CS 

DISPERSION EXPULSION 

FILLER WEIGHT ......................... . 
ACTIVE WEIGHT •..•..•...... ' ......... . 
OTHFR ..•........• ·················· . 

••••••••• I •••••• , •••• "'" 

• • , • • • ~. • • t • , • • f « • • ". ,. ,. • • • 

~ •• ~_'4 •• ~ •• ~·.~··\··\·· 

CATALOG NUMBER .......•..• · .• ········•·· 
CATALOG PRICE (1/69) ..................... . 

.... 
o 
Z 

0.75 grams 
0.75 grams 
None 
GSA14 . ....................... $12.50 per box of 5 ....................... ~ . 

COLOR ................................. . ••••••• , ••• 1 ••••••• ··«« 

FUZE TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

Impact 
Instantaneous 
75 yards 
1,200 feet per second (estimated) 
12 gauge 
Soft Rubber 

MANUFACTURER Penguin Industries, Inc. 

Grey 

., d d fi d' any standard 12 gauge riot shotgul\ in OPERATION The Barricaded Penetrating Cartndge 15 loade an tre In 

the normal manner. .. .. . char e which projects a soft rubber projectile from the bore of the 
The firing pin strikes the pumer, Igmtm? the ~xi:~hnr~'ecti~ ruptures, releasing the c'w~mical agent load. . . 

weapon for distances up to 75 yards. Upon Impac , p ~. d t d d w'ndow glass at 30 yards. Under normal condltJons, 
The projectile will penetrate 3/4 inch plywood at 30 feet a~ s an ar I • 

the projectile can be accumtely fired at distances up to 35 yar s. 
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PROJECTILE, LIQUID 

BRASS 
BASE 

FIN STABILIZED PLASTIC 
PROJECTILE SHl:LL CASE 

PRIMER ....... 

PROPELLING 
CHARGE 

I 

Q 
j 

\. 

AAI SGA-tOO BARRICADE PROJECTILE 

DISPERSION LIQUID 

TOTAL WEIGHT. , ........ , .. ' ...•...... 
FILLER WEIGHT .......•.............. 

ACTIVE AGENT ............•....... 
OTHER ..................... , ... . 

CATALOG NUMBER ....... , ...•.••.•... 
CATALOG PRICE (1/69) ... , ........•.... 
COLOR ...........•...........•... 

FUZE TIME Impact 
Instantaneolls 
500 yards 

CN 

AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
SIZE 

1000 feet per second 
12 gauge 

• , t •••••• I • I •• t • I • 

• , • • , • , • • • • I , • • ~ • , 

I I ~ .. • I • • • , • ~ • I • • , • 

BODY MAT£IUAL Plastic, Injection Molded 

MANUFACTURER AAI Corporation 

cs 

17,;2 gnllTI$ 

3 cc 
N/R 
N/R 
SGA-100 
$ 3.00 
Red case 

OPERATION The AAI projectile may be fired from all un~hokcd 12 Gauge Shotguns. The injection molded 
plastic projectile contains 3 cubic centimeters of CS in solution. One round will effectively contaminate a 9 ft, x 12 ft. room. 
Following impact and perforation of window or plate glass, the projectile disintegrates and instantaneously dissfltninatcs the 
liqUid riot agent throughout ~hf.l enclosed atmosphere in the form of a vapor-micro-particle aerosol. 'fhe projectile has a 
Oat trajectory out to 100 yards llnd is non-lethal beyond 250 yards. 

Tests indicate penetration capability against automotive safety glass at 100 ft. rangoi ~ inch thick plate glllSS or double 
window plus aluminum screen at 100 yard range. 
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PROJECTILE, PYROTECHNIC 

EXIT PORT 

FUZE BLOCK 

PROJECTILE BOO'1' PROJECTILE BASE 

FEDERAL FLITE·RITE PROJECTILE 

CN 

DISPERSION PYROTECHNIC 

FIN SPRING 

WADS PROPELLENT 

COMPRESSED FIN 
ASSEMBLY 

CS 

TOTAL WEIGHT .•.......................... 16.5 ounces ..................... 16 ounces 
FILLER WEIGHT ........................... 145 grams ...................... 140 grams 

ACTIVE AGENT. . . .. . . . . . . . . . . . . . . . . . .. 42 grams ...................... 42 grams 
OTHER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 103 grams. . . . . . . . . . . . . . . . . . . . .. 98 grams 

CATALOG NUMBER ....................... No. 230, ..................... .. No. 530 
CATALOG PRICE (1/69) ................... ~ $10.65 ....................... $10.65 
COL 0 R .................. : . . . . . . . . . . . .. Red ............ " .... , .. ,.... Blue 

DELAYTlME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATE~IAL 

MANUF ACTURER 

3 seconds 
25·35 seconds 
325 yards 
180 feet per second 
l~ (38mm) 
Aluminum 

Federal Laboratories, Inc. 

OPERATION Open the gas riot gun and insert the shell. Close the gun. Hold the gun firmly against \~ki; shoulder and fire 
like a shot gun. The Federal Gas Riot Gun is equipped with a peep sight for use at SO yard range, This sight is on top of the 
breech lock. Apertures for 75 and 100 yard range ate located on a leaf sight which must be erected before firing at these 
ranges. This munition can be fired on both 37 and 38mm weapons. 

When the gun is fired the projectile is propelled from the gun and the delay is ignited. As the projectile leaves the gun, 
3 fins, or vanes, spring into position. These fins, plus the stabilizer weight in the nose of the projectile enable this projectile 
to be fired with considerable accuracy. Approximately three (3) seconds after the projectile leaves the gun this delay ignites 
the agent charge. Ar;tive agent and smoke will then come out of the exit ports. The discharge will last for about 30 seconds. 
There will be no explosion or fragmentation of the projectile body, This projectile will penet~ate windows, door panels and 
light structures including 1 inch pine boards and ~ inch plywood, 
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PROJECTIlE, PYROTECHNIC 
PROPELLENT CHARGIi 

FUZE BLOCK 

PRIMER PROJECTi LE BASE 

EXIT PORTS 

DELAY 

AGENT/FUEL 
MIXTURE 

PROJECTILE BODy 

FEDERAL SPEDEHEAT PROJECTILE 

CN 

DISPERSION PYROTECHNIC 

-. -"" ',.-. ~'" .,.,.. 

CS 

TOTAL WEIGHT . 
FILLER WEIGHT ....... , .. , .. ,". " ... " .. , . " 10 ounces .. , .. , ... , .. , , " ...... 10 ounces 

ACTIVE AGEN
' T' , , ............ , .. , . • . . .. 142 grams 

.. " ... ' ... , , .... " .140 grams 
OTHER .. , .. , .. , . , , ............ 42 grams 42 ' , , ....•. , ......... ,. , ,grams 

CATAWG N'U' M' 'B'E'R' .. , . , . " .... , , .... , .. , .. , 100 grams 98 ... , , ........•.... , . . . grams 
CATALOG PRICE (1/69) , ................... ,No. 206 .. .. .. . .. .. . .. . .. .. ... No. 560 
COL 0 R .... , . , . , . , . . . . . . . . . . $ 9040, ...... , . . , ..... , .. , . .• $ 9.40 

.............. ," .... , .•.....•.... Red Blue 
......................... ~ ..... * ....... f f • 

DELAY TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

MANUFACtURER 

3 seconds 
25·35 seconds 
150 yards 
225 feet per second 
1)6 (38mm) 
Aluminum 

Federal LaboratOries, Inc. 

~PERATION Open the gas riot gun and insert the shell. Close th B " " 
like a shot gun. This munition can be fired in both 37 d 38 e gun. old the gun fJrmly agatnst the shoulder and fire 

A . an mm weapons 
t maxImum elevation the shell will hit the round at b . 

shell along the ground or by firing at very high elev
g 
l' Wh a o~t ISO ~ar~s. Shorter ranges are secured by bouncing the 

the delay is ignited. Approximately three (3) secon;sl~:'~r then dt
'] e g~n !S flr~d the projectile is propelled from the gUll nnd 

then come out of the exit ports. The discharge willi st ~ b e ~~y IgOltes t e agen.t charge. Active agent and smoke will 
the projectile body. a or a out ~ seconds. There Will be no explosion or fragmentation of 
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PROJECTILE, PYROTECHNIC 

PROPELL.ENT CHARGE 

PRIMER 

FUZE BL.OCK 

DELAY 

PROJECTI LE BAse 

EXIT PORTS 
AGENT/FUEL 

MIXTURE 

PROJECTILE BODY 

FEDERAL SPEDEHEAT PROJECTILE (SHORT'RANGE) 

eN 

DISPERSION PYROTECHNIC 

CS 

TOTAL WEIGHT ............... , ........... 10.5 ounces ........ , ........... 10.5 ounces 
FILLER WEIGHT .......................... 145 grams ............. , , , ..... 140 grams 

ACTIVE AGENT, , . , , , , , , , ... , , . , , ... " 42 grams, , . , , ... , . , .. , . , . , , , , . 42 grams 
OTHER .... , . , , •... , ... , . ' •. , .... , • . .. 103 grams., . , , .. , . , ............• 98 grams 

CATALOG NUMBER".""""".,."",., No, 219 .. , .. """.',.',.".,' No, 570 
CATALOG PRICE (1/69) , . , . , ........ , , , , , , , , $ 9.40 .. , . , , , , , , , , , .. , , , .. , .' $ 9.40 
COL 0 R , , , , , , , , , , .. , , .. , , . , , , , , , , , , , , , .. Red, .... , .... , , ' , . , .. , , . , , " Blue 
DELAY TIME 3 seconds 
AGENT EMISSION TIME 25-35 seconds 
MAXIMUM RANGE 90 yards 
MUZZLE VELOCITY 140 feet per second 
CALIBER 1 ~ (38mm) 
BODY MATERIAL Aluminum 

MANUFACfURER Federal Laboratories) Inc. 

OPERATION Open the gas riot gun and insert the shell. Close the gun. Hold the gun firmly against the 
shoulder and fire like a shot gun. This munition can be fired in both 37 and 38mm weapons. 

At 37.s0 elevation the shell will hit the ground at about 90 yards. Shorter ranges are secured by bouncing the shell along 
the ground or by firing at very )Ugh elevation. When the gun is fired the projectile is propelled ftom the gun and the delay is 
ignited. Approximately three (3) seconds later the delay ignites the agent charge. Active agent and smoke will then come out of 
the exit ports. The discharge will last for ab'out 30 seconds. There will be no explosion Qr fragmentation of the projectile 
body. 

This munition is identical to the SPEDEHEAT 206/560 rounds except for reduced'propelling charge. 
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PRIMER 

PROJECTILE, PYROTECHNIC 

,. 

..... 

SINGLE BASE 
PROPELLING 

CHARGE 

i 

t 
PLASTIC CASE 

DISPERSION 

PLASTIC 
CUP 

QUICK 
MATCH 

FLASH 
HOLE 

AGENT FILLED 
ALUMINUM LE 

PENGUIN LONG RANGE CARTRIDGE 

CN 

PYROTECHNiC 

PLASTIC 
SHELL CASE 

CS 

FILLER WEIGHT 
ACTIVE AGENT' , .. , ... , ...... , ........... 1.5 grams .... ,............. NR 

....... ..... ..... 06 
OTHER. . . . . . . . . . . . . . . . . . . . . . . , . . . . .. . grams,................... NR 

CATALOG NUMBER........ ···,········.0.9 grams .. ,................. NR 
CATALOG PRICE (1/69) . , ... , .. , ........ '$GSA-12 ....... , , " .. , ........ GSA-12(CS) 
COL 0 R ' .......... , . , ... , .. , " 12.50 per box of 5 ............. NR 

.. , .. , .................... , ........ Grey Shell . , .. , .............. , NR 

FUZE TIME 
AGENT EMISSION TIME 
MAXIMUM RANGE 
MUZZLE VELOCITY 
CALIBER 
BODY MATERIAL 

MANUFACTURER 

Instantaneous Ignition 
20 to 30 seconds 
250 yards 
880 feet per second (estimated) 
12 gauge 

Aluminum projectile, Plastic Shell Case 

Penguin Industries, Inc. 

OPERATION The Long-Range Cartridge is loaded and fired in an . 
manner. The firing pin strikes the primer which ignites the propell'n h ~ s~ndar~ 1 ~ gauge flot shotgun in the normal 
projectile is expelled from the bore of the weapon at a low velo~i; cw~~~e an It .e proJecttle',The 1-1/2 inch long aluminum 

When fired, the primer and propellent char e i nites tl Y. a re ahv:ly accurate projection up to 100 yards. 
projectile does not frag!7 ifmt. g g le fuel agent mIxture which burns for about 20-30 seconds. The 
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DISPERSER, EXPLUSION 

NITROGEN 
TANK 

RELEASE 
CONTROL -~~Jl 
HANDLE 

8 & H ENTERPRISES PTG·tOO AND PTG·200 

DISPERSION 

FORMULATION (s) 
OUTPUT 
CAPACITY 

PRESSURIZATION 
Tank Capacity 
Consumption 
Discharge 

WEIGHT LOADED 

EXPULSION 

Dry Nitrogen 

PTG·tOO 37 pounds 
PTG·200 46 pounds 

HEIGHT 28 inches 

CATALOG PRICE (1/69) 

SOURCE 

Micropulverized CS or CN 
Variable, maximum 2.6 pounds per second 
PTG 100 5 pounds/PTG 200 10 pounds 

. 22,000 pounds per square inch 
Discharges 3 tanks of agent 
50 pounds per square inch 

WIDTH 

PTG·IOO 
PTG·200 

PTG·1oo 
PTG·200 

$249.00 
$325.00 

B & H Enterprises, Inc. 

13 inches 
16 inches 

OPERATION PTG-lOO and PTG·200 units are identical in loading and operation. PTG·200 units simply carry 
a double chemical agent supply. These units employ dry nitrogen pressure to expel micropu!verized chemical agents for 
distances exceeding 75 feet in a still air. 

The unit is designed to be reloaded in the field without tools and agent formulations are available in stainless steel con
tainers to facilitate this operation. 

Agent is released in short bursts utilizing a trigger located on the discharge hose nozzle. 
The unit illustrated above is the double tank PTG-200 . 

168 

,») ) 

) 

~"""" ~" ... ,,, .... ",'~. -- ' ... ~ ... , "'" ~ 

DISPERSER, EXPULSION 
FUEL AND PRESSURE UNIT 

~;...._-l".~~~~ .... _~IDSE CONNECTION 

~-"::I4---IIACK PACK UNIT 

MILITARY DISPERSER, PORTABLE, RIOT CONTROL AGENT, M3 -------------------------
DISPERSION 

rORMULATlON (s) 
OUTPUT 
CAPACITY 

PRESSURIZATION 
Tank Capacity 
Consumption 
Discharge 

WEIGHT LOADED 

EXPULSION 

HEIGHT 27 inches 

SOURCE 

Micropulverized C S (CS·l) 
Variable, maximum .32 pounds per second 
2 tanks, 4 pounds per tank 

Compressed Air 
2000 psi 
Discharges 2 tanks of agent 
70 pounds per square inch 

55 pounds 
WIDTH 20 inches 

Military, may be loaned to ciVilian police agencies under 
emergency c01l1ditions. 

. OPER~TI?N ,The M3 Dispenser employs compressed air to expel micropulverized chemical agents for distances 
e~c~edmg 50 feet 10 still au. Generally, the distances of the agent release point or line from the target area will range from a 
nummum. of 50 feet to as far as several hundred feet depending on wind velocity. In a wind of about 7-1/2 miles per kour the 
M3 can dIsseminate an effective concentration over an area from 45 to 75 feet in width to a downwind dIstance up to about 
600 feet. 

The. M9 Portable Irritant Gun permit!> agent release in shm t bursts or in one continuous discharge. The unit may be reo 
loaded m the field and the air tank recharged if compressed air is available. 
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DISPERSER, EXPULSION 

TANKS PRESSUA:,.E -=::::::=t=::~rd._~ 

l!8~~ECTfON ___ &M 

12 Fr i)l OISCHARGE HOSE (1.19 PORTAalE 
fAr,ITANT GUN WITH IHOOT HOSE 
ALSO SUl'I'llEOI 

MILITARY DISPERSER, RIOT CONTROL AGENT, HELICOPTER OR VEHICLE MOUNTED, MS 

DISPERSION 

FORMULATION (s) 
OUTPUT 
CAPACITY 

PRESSURIZATION 
Tank Capacity 
Consumption 
Discharge 

WEIGHT LOADED 

EXPULSION 

HEIGHT 4 feet 

SOURCE 

Micropulverized CS (CS-}) 
Variable, 25 pounds per minute 
50 pounds 

Compressed Air 
2000 pounds per square inch 
Discharges one 50 pound tank of agent 
45 pounds per square inch 

210 pounds 
WIDTH 2-1/2 feet 

Military, may be loaned to civilian police agencies under 
emergency conditions. 

OPERATION The M5 Dispenser utilizes compressed air to force powdered riot control agent into the atmos-

phere from low-flying aircraft or moving ground vehicles. ., .' . , . 
When the M9 Gun Group is employed, up to 50 pounds of mlcropulvenzed CS can be dlSpersf.ld 10 approximately 2 mm-

utes, A helicopter flying at about 66 miles an hour can disseminate an effective concentration of frontage varying from 4,500 
feet to 7,500 feet and, in wind speed of about 22 miles per hour, the effective downwind coverage can be about 1,500 

feet. 
When the M5 is used to disseminate chemical agent from 3. helicopter the flight crew should be masked to avoid the circu-

lation of agent produced by the rotor wash, 
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DISPERSER, EXPULSION 
TRIGGER 
HANDLE 

PRESSURIZED 
AGENT CYLINDER 

r-----------------~-------,~----------'" 
SAFETY 
PIN --I-~. 

EMISSION ____ ...... _ 
NOZZLE 

I 
CYLINDER 
INDICATOR TAB 

PENGUIN CROWD DISPERSER CND·l 

DlSPERSIQN 

FORMULATION (5) 
OUTPUT 
CAPACITY 

l:XPULSION 

CN/X5 
Variable, 1/32 pound (1/2 ounce) per second 
5 ounces 

PRESSURIZATION 
Tank Pressure 
Consumption 

Dry Nitr.ogen 

WEIGHT LOADED 
HEIGHT 12-1/2 inches 

CATALOG PRICE (1/69) 
SOURCE 

215 pounds per square inch 
Discharges one 81 cubic inch tank 

2-1/2 pounds 
DIAMETER 

$32.00 

3-3/4 inches 

Penguin Industries, Inc. 

OPERATION The Penguin Crowd Dispenser is a hand-held dispenser that employs dry nitrogen to project micw
pulverized chemical agent into the atmosphere. The Dispenser has a rallge of from 15 feet to 40 feet in still air with a spread 
of about 15 feet, and a down wind range of about 100 yards, depending upon prevailing wind conditions. 

The pressurized dry nitrogen and chemical agent are both contained in a single reservoir that can be connected to I'~.e 
trigger assembly under field conditions. 

A canvas pouch is provided to carry an assembled Dispenser and one extra disposable reservoir. 
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ING NUT 

m~~~~Y -'---'~'---4--=~\)F===~ 
~2~~T ____ ~~ ______ ~-. 
GAUGE 

& 
PRE·SET 
REGULATOR 

DISPERSION 

FORMULA TlON (8) 
OUTPUT 
CAPACITY 

PRESSURIZATION 
Tank Capacity 
Consumption 
Discharge 

WEIGHT LOADED 

EXPULSION 

PTG-3 35 pounds 
PTG-6 55 pounds 

HEIGHT 24 inches 

CATALOG PRICE (1/69) 

SOURCE 

Tabor YJ'G-3 and YJ'G-6 

Micropulvedzed CS or CN 
Variable, maximum 6 pound, per minute 
PTG·3 8 pounds/PTG-6 16 pounds 

Dry Nitrogen 
21,000 to 23,000 p.s.L 
Discharges 4 tanks of agent 
40 pounds per square inch 

WIDTH 14 inches 
PTG·3 $245.00 
PTG·6 $295.00 
P.M. Tabor Company 

OPERATION PTG-3 and Pl'G-6 units are identical in loading and operation. PTG·6 units simply carry a double 
chemical agent supply. These units employ dry nitrogen pressure to expel rnicropulverized chemical agents fOf distances ex
ceeding 50 feet in a still air. 

The unit is designed to be reloaded in the field without tools and agent formulations are avallable in plastic Gontainers to 
facilitate this opeH~.ion. 

Agent is rel,eased in short bursts utilizing a trigger located on the discharge hose nozzle. 
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DISPERSER, FOG 
FUEL TANK 

I ..... ~ ________ CARRYING 
HANDLE 

CENTRIFUGAL 
.. - .... BLOWER 

ASSEMBLY 

DISPERSION 

FORMULATION (s) 
OUTPUT 
CAPACITY 

FUEL 
Tank Capacity 
Consumption 

FOG 

AIR/AGENT VAPORIZED AGENT 
EXIT PORT INJECTED INTO 

AIR STREAM 
FEDERAL JET -FOGGER 

CS Fog, CN Fog, Inert Fog 
NR gallons per hour 
I qt cannisters (8·10 min) 
Gasoline/On Mixture 

1/4 gallons (45 min) 
3/8 gallons per hour 

WEIGHT 
Empty 
Filled 

LENGTH 

33 pounds, 13 ounces 
37 pounds, 4 ounces 

18 inches HEIGHT 15.5 inches 

$375 CATALOG PRICE (1/69) 
SOURCE Federal laboratories, Inc. 

WIDTH 15 inches 

OPERATION The Federal Jet-Fogger employs a heavy duty 2-cycle industrial type engine as a heat 
source. The engine is also coupled to a centrifugal blower. The fog formulation is sprayed into the exhaust manifold where it 
vaporizes. The vapor is directed to the mouth of the blower where the cool blast condenses it into a fog and the result.ing 
air/agent mixture is expelled from the generator. Palrticle size ranges from 0.5 to 100 Microns, Agent concentration may be 
vaded by rotating the cannister in its mounting on th\~ dispenser. 

This unit is suitable for vehicle or stationary mounting. 
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DISPERSER, FOG 

EXHAUST TUBE 

FORMULATION 
TANK CAP 

EXHAUST TUBE 
GUARD, 

c~~~~~ 
FORMULATioN 
INJECTION 

GO~C MK·:xn AND MK·XII·A PEPPER FOG 

DISPERSION 

FORMULATION (s) 
OUTPUT 
CAPACITY 

FUEL 
Tank Capacity 
Consumption 

WEIGHT 
Empty 
Filled 

LENGTH 

FOG 

46 inches 

CS Fog, CN Fog, lnert Fog 
0-7 gallons per hour > 

1 gallon (10-20 min) 
Gasolfne 
1/5 gallon (45 min) 
1/4 gallon per hour 

19 pounds 
27 pounds 
HEIGHT 

$395 

13-1/4 inches 

o 

WIDTH 

CATALOG PRICE (1/69) 
SOURCE General Ordnar.ce Equipment Corporation 

ENGINE 
ASSEMBLY 

9-5/8 inches 

OPERATION 'fhe Mark XII·A Generator ESmploys the resonant pulse jet principle to generate hot gases flowing 
at high velocity. The high velocity gases atomize the liqUid formulation instantly so that it is vaporized and condensed so 
rapidly that thermal breakdown of the irritant chemical is non-existant or negligible. The fo~ particle size is controllable from 
1 - 50 Microns and beyond, with smaller particle sizes associated with lower formulation flow rates. Operators will learn, 
through experience, the most effective rate of flow and particle size for various tactical situations. 

Specifications are for the newer MK·XU-A which is shorter in overall length and slightly modified from the original 
MK·XII shown in the illustration. 
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DISPERSER, FOG 
FUEL TANK 

CENTRIFUGAL 
.. - ... SLOWER 

ASSEMBLY 

AIR/AGENT 
EXIT PORT 

VAPORIZED AGENT 
INJECTED INTO 

DISPERSION 

FORMULATION (s) 
OUTPUT 
CAPACITY 

FUEL 
Tank Capacity 
Consumption 

FOG 

WEIGHT 
Empty 
Filled 

LENGTH 

31 pounds 
36 pounds 

18 inches 

CATALOG PRICE (1/69) 
SOURCE 

AIR STREAM 

GOEC MK·17 Pepper Fog 

CS Fog, CN Fog, Inert Fog 
5 gallons per hour 

2 • 1 quart cartridges 
Gasoline/Oil Mixture 
3{4 qt. ~45 mm) 
1/4 gallon per Itour 

HEIGHT 12 inchels 

$395 

WIDTH 

General Ordnance EqUipment Corporation 

15 inches 

OPERATION The GOEC MK-17 employs a conventional 2-cycle industrial engine as a heat source. The 
engine is also coupled to a centrifugal blower. The fog formulation is sprayed into the exhaust manifold where it is vaporized. 
The vapor is directed to the mouth of the blower where the cool blast condenses it into a fog and the resulting air agent mix· 
ture is expelled from the generator. Particle size ranges from 0.5 to 100 microns. 

This unit is suitable for vehicle or stationary mounting 
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DISPERSER, LI,QUID 

CARRVING __ ,. 
HANDLE 

I ~::::===::;::::::;;;O--:'_....f-__ ICC 4BW240 
/". - STEEL TANK 

HOSE 

... +--4--~~- STEEL PISTOL GRIP 
ACTUATOR 

MIDDLE WEST MARKETING 5000cc CHEMICAL WEAPON 

DISPERSION 

FORMULATION (5) 

OUTPUT 
CAPACITY 

PRESSURIZATION 
Tank Capacity 
Consumption 
Discharge 

WEIGHT LOADED 

LIQUID 

HEIGHT 1 J inches 

CATALOG PRICE (t/69) 
SOURCE 

Liquid CN 
(.9% CN in solution with synergistic carriers) 
Variable, 70 grams per second 
5 quarts 

Nitrogen 
1,000 pounds per square inch 
Discharges 5 quarts 
150 pounds per square inch 

28 pounds 
DIAMETER 

$125.00 

8-1/2 inches 

Middle West Marketing Company 

OPERATlON The 5000 C.c. Chemical Weapon employs nitrogen to expel a liquid .9% CN formulation for 
distmlces up to 35 or 40 feet in still air. The formulation remains in the liquid state and consequently can be directed toward 
specific targets Or slllall groups of persons in a larger crowd. 

The irritant formulation, which is the same as that employed in the aerosol irritant projector produced by the same manu
facturer, may be released as a continuous stream or in a series of up to 70 one-second bursts. 

The canister cannot be refilled in the field. 
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APPENDIX D 

Chemical Agent Bibliography 

SELECTED CHEMICAL AGENT DOCUMENTS 

Books, articles, and reports designated with a check ( .J ) mark are recommended as basic 
reading for chemical agent officers as discussed in Chapter One. 

Documents identified by an asterisk, (*) have been reprinted under the IACP/ Law Enforcement 
Assistance Administration Chemical Agenb; Program and can be ordered from the Center for Law 
Enforcement Research Information, 1319 Eighteenth Street, N.W., Washington, D. C. 20036. 

, l .J Applegate, Rex, Crowd And Riot Control. Harrisburg: Stackpole, 1964. 

Applegate, Rex, "Tear Gas ... CN and CS," Law and Order, July 1964, p. 41. 

Bowers, M, B., E. J. Owens, and C. L. Punte. CWL Technical Memorandum 24-50. Interim 
Report of CS Exposures in Plant Workers. June 1960. 

Carlton, E. A. and R. E. Morse. Chloroacetophenone. Tolerance Test on Man. Edgewood Arsenal 
Chemical Division No. 130. April 11, 1922. 

* Characteristics of Riot Control Agent CS. Edgewood Arsenal Special Publication, EASP 600-1, 
Department of Army, Maryland, October 1967. 

Chemical, Biological, and Radiological (CBR) Decontamination. Department of Army, July 
1964, Technical Manual, TM 3-220. 

Chemical Weapons and Defense Equipment. Department of Army, February 1967, Technical 
Manual, TM 750-5-15 . 

.J Civil Disturbances and Disasters. Department of Army, March 1968, Field Manual, FM 19-15. 

.J* Coates, Joseph F. Nonlethal Weapons For Use by U. S. Law Enforcement Officers, Study S-271, 
Institute for Defense Analyses, Arlington, Virginia, 1967. 

* Confidential - Loan of Military Equipment for Riot Control. Department of Defense, 
Washington,D. C. (Available From IACP) 

Cook, M. A. The Science of High ,Explosives. New York: Reinhold, 1958. 
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Coon, Thomas F., "A Maze of Confusion Over Amazing Mace," Poiice, November-December 

1968, p. 45. 

Cott, Lawrence V., "Mace is a Four Letter Word," Combat, Vol. I, No.7, December 1968. 

y* Craig, F. N., W. V. Blevins, E. G. Cummings. Breathing Patterns During Human Exposure to CS. 
U. S. Army, Chemical Warfare Laboratories, Maryland, June 1960. 

Crichton, D., W/CDR, M. A. P. Hagg and P. J. R. Bryand, et al. Agents for Riot Control - The 
Selection of T. 792 (O-Chloro-Benzal Malononitrile) as a Candidate Agent to Replace 
CN. Porton Technical Paper No. 651. October 1968. 

Cummings, E. G., F. N. Craig, and W. V. Blevins. CWLR 2323, Physiological Evaluation of the 
E52R26 Civilian Protective Mask. November 1959. 

Davis, T. L. The Chemistry of Powder and Explosives. New York: Wiley and Sons, 1943. 

y* Demek, Mary M., William H. Dennis, David H. Rosenblatt, et al. Decontamination of CS and CS2. 
1. Defensive Research Department, Department of Army, Edgewood Arsenal, 
Maryland, February 1968. 

Employment of Chemical and Biological Agents. Departments of Army, Navy, and Air Force, 
March 1966, Field Manual, FM 3-10,NWlP 36-2, AFM 3554, FMFM 11-3. 

Employment of Riot Control Agents, Flame, Smoke and Herbicides in Counter-guerrilla 
Operations. Department of Army, July 1966, Training'Circular TC 3-16. 

Ferrow, E. S., Gas Warfare. New York: Dutton, 1920. 

y Field Behavior of Chemical, Biological and Radiological Agents. D~partments of Army and Air 
Force, May 1963, Technical and Air Force Manual, TM 3-240, AFM 105-7. 

Forberg, Paul K. and Walter L. Byers, "Chemical Mace: A Non-Lethal Weapon", Journal of 
Trauma. Volume 9,Number 4,1969, p. 339. 

Gongwer, L. E., et al. CWL Tech Memo 24-18. The Compl\fative Effectiveness of Four Riot 
Control Agents. November 1, 1958. 

Gonzales, Thomas A., et al. Legal Medicine, Pathology and Toxicology. Appleton-Century-Crofts, 
Inc., New York, 1954 

Grenades, Hand and Rifle. Department of NaVy Publication, June 1966. Department of Army 
Technical Manual, TM-9-1330-200. Navord OP 3833. 

y* Gutentag, P. J., J. Hart, E. J. Owens, et al. CWLR 2365. The Evaluation of CS Aerosols as a 
Riot-Control Agent in Man. APlil 1960. 

v * Hanley, William C., Berkeley Police Department Use of Chemical Mace. City Manager Report No. 
68-37, Berkeley, California"August 1968. 

y* Hellreich, Alfred, Richard H. Goldman, Nicholas G. Bottiglieri, et al. The Effects of 
Thermally~enerated CS Aerosols on Human Skin. Clinical Research Department, 
Edgewood Arsenal, Maryland, January 1967. 

178 

) 

Hersh, Seymour M. ~hemical and Biological Warfare - America's Hidden Arsenal. New York: 
Bobbs-Memll Company, Inc. 1968. 

Jacobs, M. B. War Gases. New York: Interscience, 1942. 

K. Trouren-Tr~nd and D. Crichton. Demonstration of the Relative Effectiveness of T. 792 and CN 
as RIOt Control Agents. Great Britain Port Demo 1/57. May 1957. 

Keele, C. A., Desiree Armstrong. Substances Producing Pain and Itch. London: Edward Arnold 
Ltd.,1964. ' 

Lemkir, W. Chemistry in Warfare. Oxford: OxfoJ'd Book Company, 1942. 

.../* Leonard, Alvin R. Report of Director of Public Health on Chemical Mace Oakland C l'f ' 
October 1968. . , a 1 ornIa, 

Levine, Robert A., Charles J. Stahl, et al. "Eye Injury Caused by Tear Gas Weapons" Journal of 
Ophthalmology, April 1968, p. 497. ' ' 

"Mace: Great Product Turns Sour," Marketing/Communications, December 1968. 

.../ MacLeod, Ian. F., !ulian E: V~llarreal, and Maurice H. Seevers. Report on Mark IV Chemical Mace. 
UnIVerSIty of MichIgan, June 1968. 

MacLeod, Ia? F., "Chemical Mace: Ocular Effects in Rabbits and Monkeys",Journal of Forensic 
Science, January 1969, p. 34. 

Y Military Chemistry and Chemical Agents. Departments of the Army and Air Force December 
1963. Field Manual, FM-3-215. AFM-355-7. ' 

Page, Joseph A., "Mace for the Masses," Commonweal, Vol. XC, No.5, April 1969. 

Penn, Michell E., "Riot Control Chemicals," Ordnance, Vol. 50, No. 272, September"'October 
1965, p. 192. 

Pierce, H. S. and M. G. Witherspoon. A Digest of Reports Concerning Toxic Effects of 
Chloroacetophenone. Edgewood Arsenal Chemical Division 108. February 28, 1922. 

Prentiss, A. M. Chemicals in War. New York: McGraw-Hill, 1937. 

.../ "Prevention and Control of Mobs and Riots," U. S. Department of Justice Federal Bureau of 
Investigation, April 1967. ' 

Punte, C. L., et al. Inhalation Studies with Chloroacetophenone, Diphenylaminochloroarsine and 
Pelargonic Morpholide - II. Human Exposures. American Industrial Hygiene Associa
tionJournal23, 199-102,1962. 

Punte, C. L., "Some Aspects of Particle Size in Aerosol Studies," Armed Forces Chemical 
Journal, March-April, 1958. 

Punte, C. ~., T. A. ~allard, and,I. T. Weimer. Inh?lation Studies with Chloroacetophenone, 
DIP~eYlammoch~oroars~ne and PelargonIc Morpholide - I. A!1imal Exposures. 
Amencan Industnal Hygzene Association Journal, Volume 23, 1962, p. 194. 
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Punte, C. L., Edmund J. Owens, and Philip J. Gutentag. Exposures to Ortho-Chlorobenzylidene 
Malononitrlle. Arch. Environ. Health, Vol. 6, 1963, p., 366. 

Ransom, C. S. and F. B. Bogart. Chloroacetophenone - Toxicity on Dogs. War Department 
Chemical Warfare Service Research Division American University Exp. Station, 
Washington, D. C. BM Report XXVI, Report No. 91, August 22,19-18, p. 737. 

..j* Reinnagel, Richard E. Considerations in the Use of Irritants in Law Enforcement. New York: 
Cornell Aeronautical Laboratory, Inc., 1968. 

"Reports on Chemical Mace," Department of Public Health and Welfare, Canadian Police Chief, 
April 1969, p. 75. 

..j* Report on the Toxicology of CN, CS, and DM. Directorate of Medical Research, U. S. Army 
Edgewood Arsenal, Maryland, ] 968. 

Rothschild, J. H. Tomorrow's Weapons. New York: McGraw-Hill Book Co., 1964. 

Smith, Cedric M., "Relaxants of Skeletal Musclet Physiological Pharmacology, Vol. 2. New 
York: Academic Press, Inc., 1965. 

Stahl, Charles J. et al. "Forensic Aspects of Tear Gas Pen Guns," Journal of Forensic Sciences, 
October 1968, p. 442. 

Stine, A. A., and W. E. Kirwan. "Chloracetophenone (tear gas) Poisoning: A Chemico-Pathologic 
Report," Journal of Forensic Science, Vol. 9, No.3, July 1964, p. 374. 

Striker, G. E., C. S.Streett, D. F. Ford, et al. EATR 4068. A Clinicopathologic Study of the 
Effects of Riot Control Agents on Monkeys. I. Diphenylamino
chloroarsine.chloroacetophenone (DM-CN) Munition. Medical Research Laboratory, 
Edgewood Arsenal, Maryland. 

Striker, G. E., C. S. Streett, D. F. Ford, et al. EATR 4069. A Clinicophathologic Study of the 
Effects of Riot Control Agents on Monkeys. II. Chloroacetophenone (CN) Grenade). 
Medical Research Laboratory, Edgewood Arsenal, ¥aryland. 

Striker, G. E., C. S. Streett, D. F. Ford, et a'l EATR 4070. A Clinicopathologic Study of the 
Effects of Riot Control Agents on Monkeys. III. Diphenylaminochloroarsine (DM) 
Grenade. Medical Research Laboratory, Edgewood Arsenal, Maryland . 

* Striker, G. E., C. S. Streett, D. F. Ford, et al. A Clinicopathologic Study of the Effects of Riot 
Control Agents on Monkeys. IV - Chilorobenzylidene Malononitrile (CS) Grenade. 
Medical Research Laboratory, Edgewood Arsenal, Maryland, January 1967 . 

..j Swearengen, Thomas. Tear Gas Munitions. Springfield, Illinois: Charles C. Thomas, 1966. 

Tactical Planning for Crowd and Riot Control. Management Information Service, International 
City Managers Association, Report No. 271, August 1966. 

Tear Gas Training Manual. Lake Erie Chemical Company, Rock Creek, Ohio. 

Traming and Equipping Police Crowd and Riot Control Officers and Units. Management 
Information Service, International City Managers Association, Report No. 268, May 
1966. 
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Training ~~!~~r's Tear Gas Blue Book. Federal Laboratories, Inc., Saltsburg, Pennsylvania, 

Treatment of Chemical Agent Casualties. Departments of the Army, Navy and Air Force, January 
1968. Manual TM 8-285, NAVMED P-5041, AFM 160-12. 

Sax, N. I. Dangerous Properties of Industrial Materials. New York: Reinhold, 1962 . 

Wachtel, C. Chemical Warfare. New York: Chemical Publishing Company, 1941. 

Wells, William J. H. B. and W. A. Eldridge. Minimal Lethal Concentrations of Certain 
Lachrymatory Compounds for MiCe for Five Hour Exposures. Edgewood Arsenal 
Medical Research Division Report 76, 1927 . 
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APPENDIX E 

Testing Aerosol IITitant Projector 
Forlllulations 

There are, at the present time, no completely satisfactory standard tests for aerosol irritant projector 
formulations. This is unfortunate and results as much from a lack of concept as from an absence of 
technology. Once the purpose of the projector is agreed upon, formulation criteria can be established and 
supporting test procedures can be evolved without major difficulty by either public or private laboratories. 

This appendix will suggest a rationale for the chemical agent projector and will recommend a series of 
interim tests that can be applied until more adequate evaluation procedures are developed. It should be 
emphasized at the outset that this discussion relates only to formulation, other important physical and per
formance standards are outlined in Chapter Five. 

DEFINITION: Aerosol irritant projectors are hand-held and activated non-lethal weapons designed to 
launch an aerosol liquid chemical formulation into the atmosphere. 

PURPOSE: Projectors are used by law enforcement personnel to deliver irritant chemicals of sufficient 
strength to temporarily incapacitate persons engaged in unlawful acts of violence against other persons 01' 

the police. In rare instances the projector may be employed to prevent an individual from committing an 
act of violence against himself. 

DISCUSSION: Chemical projectors are designed, then, to inflict irritation and discomfort to the degree necessary to 
achieve their purpose - temporary incapacitation of violent persons. They are not intended or recommended for use 
against: • 

a. Persons already incapacitated 

b. Persons incapable of seriously violent activity. 

c. Persons passively engaged in unlawful conduct. 

d. Any person whose immediate and actual behavior does not present a clear and present 
\:J'ueat of physical injury to another human being. 

Projectors should not be used punitively, indiscriminately, or promiscuously. They are not riot control devices to be 
used against large crowds or even small groups unless the behavior of such groups illeets the violence criteria. (This is 
not to suggest that there is anything wrong with the use of liquid riot control agents, but only that their performance 
characteristics might differ substantially from those of the standard aerosol irritant projector under discussion.) 

To argue that some law enforcement personnel or agencies do not employ projectors as recommended above is to 
confuse an education.and training problem with a technological one. The only way to prevent misuse of a weapon is to 
make it harmless. The potential for projector misuse is relevant to formulation selection only to the extent that 
between equally effective formulations the product of choice would be that which could tolerate the widest range of 
misuse without causing undesirable results. 
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CRITERIA: An ideal aerosol irritant projector formulation will instantly incapacitate a violent person 
without permanent injury and with the least possible temporary tra~ma. 

DISCUSSION: What is required is a formulation that produces rapid and temporary incapacitation. It is essential to 
understand that rapid incapacitation is at least as important as the transient nature of the effects produced. In fact, 
if the projector docs not function with a high probability of stopping violent attackers quickly, the device Is of 
little value to police regardless of the other characteristics of the formulation. 

The need for rapid action arises, of course, from the circumstances under which projectors arC employed by the 
police. Because of these same considerations the formulation should produce Its incapacitating effects without the 
necessity of a direct burst of liquid droplets into the eyes. Whether incapacitation results from the action of the 
formulation on the skin, the lacrlmating effects of the vapor, or a combination of both, action must be almost 
Instantaneous. 

In addition to being effective in terms of rapid incapacitation, the formulation should offer a very low risk of 
perm~lm.ent injury. Considering the variations of human physiology, it is doubtful that all risk can ever be 
eliminated from those situations in which chemical weapons are employed. On the other hand, such risk ShOI~ld 
be kept at the lowest possible level. 

Temporary Injury, severity and duration of pain, and discomfort should be held to the lowest level consistent with 
the effectiveness of the weapon. 

EVALUATION: Any adequate evaluation of projector formulations would require a series of labora
tory tests and field experiments thl1t would include at least the assessment of: 

V Injury Potential- eyes, skin, and systemic toxicity. 

V Effectiveness - speed and degree of incapacitation. 

v' Discomfort Level - severity and duration of pain or irritation. 

TEST RECOMMENDATIONS 

A. INJURY POTENTIAL 

In the course of the development and marketing of aerosol irdtant projectors it has become customary 
to subject formulations to the eye irritant test required for certain products under the Federal Hazardous 
Substances Act. (FHSA). 

DEFINITIONS AND INTERPRETATIONS 

§ 191.1 Definitions. 

(a) Act. "Act" as used In this. part mealis the Federal 
Ha~ardous Substances Act. 

(b) Commissioner. "Commissioner;' means the Commis
sioner of Food and Drugs, Food and Qrug Administration., 
Department of Health, Education, and Welfare. 

(c) Hazardous Si.bstances intended or packaged in a form 
suitable lor use in the household. "HazardoUS substances 
Intended or packaged In a form suitable for use In the house
hold" means any hazardou~ substance, whether or not pack
aged, that under any customarY ,or reasonably foreseeable 
condition of purchase, storage, or use may be brought Into or 
around a house, apartment, or other place where people dweU, 
or In or around any relatP.d building or shed, Including but 

not limited to a garage, carport, barn, or storage shed. The 
term Includes such articles as polishes or cleaners designed 
primarily for professional use but that are available In retail 
stores such. as hobby shops for non-professional use. Also 
Included are such Items as anti-freeze and radiator cleaners 
that although principaUy for car use may be store!! in or around 
dweUlng places. The term does not Include Industrial. supplies 
that might be taken Into a home by a serviceman. An article 
labeled as and marketed solely for Industrial use does not 
become subject to this act because of the possibility that an 
mdustr~l worker may misappropriate a 8upplyfor his own 
use. Size of unit or container is not the only.lndex of wheti)er 
the article. is suitable for use In or around the household. The 
testshaU be whether under any reasonably foreseeable con
dition of purchase, ato{age, or use the article may be found 
In or around a dweUlng. 
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Whatever misunderstanding may have existed earlier, it is now clear that projectors intended only for 
police use are not currently considered subject to the provisions of the Federal Hazardous Substance Act. 

Some. of these articles (aerosol Irritant projectors) are sub- 2. For self-protection against would-be attackers. 
ject to the requirements of the Federal Hazardous Substances 
Act because they arc offered to the public and do In fact find Tear gas deviCes sold for warding off vicious animals nre 
their way into the home. Others are distributed only to police subject to registration with the U. S. Department of Agrl-
officers; these are not subject to control under the Federal culture ulidet the Federal Insecticide, Fungicide and Rodent-
Hazardous Substances Act because they are not household lcide Act. ,Products subject to that Act are specifically exempt 
articles. from the,~rovlslons of the Federal Hazardous Substances Act. 

Teargas devices distributed to the public have found The teal' gas devices Intended for self-protection from would-
rather extensive use in two areas: be attllckers, however, arc subject to the Federal Hazardous 

1. For repelling vicious ao.lmals. Substances Act,t 

IStatement by Herbert L. Ley, Jr" M.D., Commissioner of Food and Drugs, Public Health Service, U.S. Department of Health, 
Education, and Welfare, before the Subcommittee on (the) Consumer, Senate Commerce Committee, 21 May, .1969. 

A frequent criticism of the use of the Federal Hazardous Substances Act as an implied endorsement of 
projector formulations was that the eye irritant test was applied while the FHSA skin irritant test and other 
relevant provisions were generally ignored. 

§ 191.1 Definitions 

(g) Irritants. The term "irritant" InclUdes "primary irri
tant to the skin" as well as SUbstances Irritant to the eye or to 
mucoUs membranes, 

(2) The term "primarY irritant" means a substance that is 
not corrosive and that the available data of human experience 
Indicate Is a primary Irritant; or which results In an empirical 
score offlve or more when testp.d by the method described in 
§ 191.11. 

(3) Eye irrita1lts. A substance is an irritant to the eye If the 
available data on human experience indicate that it Is an irritant 
to the eye, or If aposltive test.,esult Is o~tllined whe~ the sub
stance Is tested by the method described in § 191.12. 

§ 191.7 Products requiring special libeling under section 
3(b) of the act. ' 

(a) Human eXperience as reported in the scientific litera
ture and to the Polson Control Centers and the National 
Clearing House for Poison Control Centers, together with 
opinions of informed medical eXperts, establishes that the 
following substances are hazardous: 

(1) Carbon tetrachloride and mixtures containing It. 
(2) Diethylene glycol Includlrig mixtures containing II') 

percent or more by weight of diethylene glycol. 
(3) Ethylene glycol Including mixtures containing 10 per

cent or more by weight of ethylene glycol. 
(4) Products containing S percent or more, by weight, of 

benzene (also known as benzol) and products containing 1.0 
perce.nt or more, by weight, of toluene (also known ItS toluol), 
xylene (also known as xylol), or petroleum dlstlUqtes such as 
kerosine, mineraI seal oil, naphtha, gasoline, mineraI spirits, 
stoddard solvent, and related petroleum distillates. 

(5) Methyl alcohollneludlng mixtures containing 4 per
cent or more by weight of methyl alcohol, 

Such criticism is valid to the extent that the application of the standards of § 191.7 would have eliminated 
some dangerous formulations that included carbon tetrachloride and a high volume, by weight, of kerosene 
or even methyl alcohol in the carrier/solvent component. It is also true that reference to a single FHSA 
standard, if used to suggest product approval or endorsement, is a questionable practice. The primary skin 
irritation test was avoided simply because it is unlikely that any of the present formulations could fully meet 
its requirement.s, 

1. Eye Irritation 

On the other hand, the FHSA eye irritant test, when properly conducted, has proved to be a valuable 
screening test and it is recommended as an interim test for police aerosol irritant formulations. 
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,,,,,EYE IRRITATION TEST 

TESTING PROCEDURES FOR HAZARDOUS 
SUBSTANCES 

" , 

§ 191.12 Test\for eye irritants. 

(a) (1) Six dJbino rabbits are used for each test substance. 
Animal facilities for such procedures shall be so designed and 
maintained as to exciude sawdust, wood chips, or other ex. 
traneous materials that might produce eye irritation. ,,ooth 
eyes of each animal in the test group shall be examined before 
testing,and oilly those animals Without eye defects or irrita
tion shall be used. The animal is held firmly but gently until 
quiet. The test material is placed in one eye of each animal by 
gently pulling the lower lid away from the eyeball to form a 
cup Into which the test substance is dropped. The lids ate then 
gently held together for one second and the, animal Is released. 

" The other eye, Jemalnlng untreated, serves as control. For 
testing liquids, 0.1 milliliter is used. For solids or pastes,100 
milligrams of the test substance Is used, except that for sub
stllnces In flake, granule, powder, or other particulate form the 
amount that has 1I volume of 0.1 milliliter (after compacting 
as much as possible without crushing or altering the Individual 
particles, such as by tapping the measuring container) shall be 
used whenever this volume weighs less than 100 milligrams. 
In such a case, the weight of the 0.1 inQliliter test dose should 
be lecorded. The eyes lire not Washed following instillation of 
test material except as I,)oted below." 

(2) The eyes are ex&miried and the grade or ocular reaction 
is recorded at 24, 48, and 72 hours. Reading of reactions is 
facilitated by use oia binocular loupe, hand sllt-la:mp, or other 
expert means. After the recording of observatioli'-af24 hours, 

any or all eyes may be further examined after applying fluores
cein. for this optional test, one drop or fluorescein sodium 
ophthalmic solution lJ.S~P. or equivalent is dropped directly 
on the cornea. After flushing out the excess fluorescein with 
sodium clllaride solation U.S,P. or equivalent, Injured areas of 
the cornea appear yellow; th.!s is best visualized In a darkened 
room under ultraviolet illumination. Any or all eyes may be 
washed with sodium chloride solutloil U.S.P. or equivalent 
after the 24 hour reading. 

(b) (1) An animal shall be considered as exhibiting II positive 
reaction if the test substance produces at any of the readings 
ulceration of the cornea (other than a fine stippling), or opacity 
of the cornea (other than II slight dulling of the normal luster), 
or inflammation of the iris (other than a slight deepening of 
the folds (or rugae) or a slight circumcorneal injection of the 
blood vessels),or if such substance pr(l!luces Itt the conjunctivae 
(excluding the cornea and iris) an obvious swelling with partial 
eversion of the lids or a diffuse crimson-red with Individual 
vessels not easily discernible. 

(2) The test shall be considered positive if four or more of 
the animals in the test group exhibit a positive reaction. If 
only one animal exhibits a positlve reaction, the test shall be 
regarded as ilegative . .If two or three animals exhibit a positive 
reaction, the test is repeated using a different groillp of six 
animals. The second test shall be considered positive if three 
or more of the animals exhibit !l positive reaction, If only one 
or two animals in the second test exhibit a positive r!laction. 
the test shall be repeated with a different group of six animals. 
Should a third test be needed, the substance will be tegar~ed 
as ,an irritant if any ani~al exhibits a positive resl?onse. 

This test is graded by the scale for scoring ocular lesions illustrated below. Positive values are indicated by a check (../) 
mark, 

SCALE FOR SCORING OctJLAR LESIONS· 
(1), Cornea I,; , 

\ (A) Opacity-degree of density (area most dense taken:t'ot r§a:din~) 
,\ No Opacity ................................................................ ;,. 0

1 
J"~ 

Scattered or diffuse area, details of iris clearly visible ...••••....•..........•..•.•..•... 
EasilY discernible translucent areas, details of iris slightly obscured. . . . . . . . . . . . . . . . . . . . • .. 2 
Opalesce?~ a~ea~, ,no details of iris visible, size of pupil barely discernible . . . . . • . . • • . . . . . . .. 3 
Opaque, Ins InvIsIble ...••.............••....•............••.....•............. 4 

(l) Area of cornea involved 
One quarter (or less) but not zero ..... d ••• , ••••••••• , ••••••••• {~. • • • • • • • • • • • • • • •• 1 
Greater than one quarter, but less than half .... , . . • . . . . . . . . • • . . . . . . . . . .. . . . • • . . . • . .. 2 
Greater than half, but less than three quarters ...••.••. ~ .......... !; ...•... , . . . . • . .•. 3 
Greater than three quarters, up to whole area •..•....•.•................•.........•. 4 

Score equals A x a x 5;:, Total maximum= 80 

Iris 
(A) Values 

Normal: .••....• '· ........ ' ...... ' .........•.•..... 11 •••••••• ,................... 0 
Folds above normal, congestion, swelling, circumcorneal injection (any or all of these or 
) combination of any thereot) iris still reacting to light (sluggish reaction is positive)', . . . . . .. 1 V 
No reaction to light, hemorrhage, gross destruction (any or all of these)' .•.......•....... " 2 

Score equals A x 5 Total maximum- 10 

(Continued) 
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SCALE FOR SCORING OCULAR LESIONS (Continued) 

Conjunctivae 
(A) Redness (refers to palpebral and bulbar conjunctivae excluding cornea and iris) 

Vessels normal .. II •• _ II t ~ •• " • ~ •••••••••• , •••••••••••••• ~ •••••••••••• , ••••••• I •• 0 
Vessels definitely injected, above normal ......••..•...•..•••..........•..•...•..... 1 
More diffuse, deeper crimson ted, individual vessels not ea'sily discernible .....•..••....••• , 2y 
Diffuse beefy red ••.. ',' •.........•...••... " •.......•........•.•.•... '. . . . . . . . .. 3 

(8) Chemosis 
No swelling .•...••... ,'.' .•....•.......... " 10 • Ii, •• , , ••• 10 •••••••••••• , , •••••••• 0 
Any swelling above normal (includes nictitating membrane) ...........•...... '. . .•. . • • .. 1 
Obvious swelling with partial eversion of ljds ... ,................................... '2y 
Swelling With, lids about half closed . . . . . . . . . . .. • • . . . . . . • . . . . . . . . . . • . . • . • . . . . • . • . .. 3 
Swelling with lids about half closed to completely closed .................•...•........ 4 

Score equals (A + B) x 2 Total maximum = 14 
L 4 . . 
The ma?iimJI~n·total score is the sum of all scores obtained f~r the cornea, iris, and conjunctivae. Total 

maximun'l,,!;core possible= 104 

... Adapted from Lehman, A, J. et al., Appraisal of the Safety of Chemicals in Foods, Drugs, and Cosmetics, Assoc. Food and Drug 
Offi~l'ats of the U. S., Austin, Texas, 1959. 0 

2. Skin Irritation 

While the FHSA § 191.11 test for primary skin irritation is too stringent for the evaluation of irritant 
formulations, it can be modified to serve as a meaningful interim skin test. The modified test as outlined 
below is recommended for police aerosol irritant formulations. 

SKIN IRRiTATION TEST. 

Primary irritation to the skin Is measured by a patch-test 
technique on the abraded and intact skin of the ~lblno rabbit, 
cliPP!ld free of hair. A minimum of six subjects are, used in 
abraded and intact skin tests. Introduce under a square patch 
such as surgical gauze measuring 1 inch X 1 inch, two single 
layers thick, 0.5 milliliter (In case of liquids) or 0.5 gram (in 
case \~f solids and semisolids) of the test substalice. Dissolve 
solids in .an appropriate solvent and apply the solution as for 
liquids. The animals are immobilized with patches secured in 
place by adhesive tape. 

An eqlial number of exposures are made on areas of skin 
that have been previously abraded. The abrasions are minor 
incisions through the stratum corneum, but not sufficiently 
deep to disturb the derma or to produce bleeding. After 24 
hours of exposure, the patches are removed and the resulting 
reactions are evaluated on the basis of the designated values 
in the following table: 

Evaluation o!skinreactio"s Value 1 
Erythema and eschar formation; 

No erythema ••.•.••••.•••••••.•••••••.•• 0 
Veryslight erythema (barely perceptible) ••••••• 1 
Well-defined erythema •..•••••.••••••••••• ,. 2 
Moderate to severe erythema •••••••. ,....... 3 
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Severe erythema (beet redness) to slight eschar 
formation (injuries in depth) •••.••.•••••••• 4 

Edema formation: 
No edema ~ •••••.•• \ .. • • • . . -. .............. l 0 
Very slight edema (barely perceptible) ••••••••• 1 
Slight edema (edges of atea well defined by definite 

raising) .. ~ ..... I .............. t .... , , • I • •• 2 
Moderate edema (raised approxlm;(lely 1 millimeter) 3 
severe edema (raised more than 1 millimeter and 

extending beyond the area of exposure) •.••• 4 

IThe"value" recorded for each reading is the average value 
of the six or more animals subject to the test. 

Patches are not replaced and readings are again made at the 
end of a total of 72 hours (48 hours after the first reading), 
96 hours, 120 hours, and 240 hours. 

Add the values for erythema and eschar formation at each 
reading for both Intact and abraded skin. Similarly, add the 
values for edema formation at each reading. The total of tho 
twenty values is divided br 10 to give the irritation score. 
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SKIN iRRIT~TION TEST (Continued) 
ExpOsure ExpolUre 

Time Unit 
~ : 

Houri " Value c , 
Example: (r~commended skin irritation, test) , i ,-

,', 
, Abraded skin 24 2 

c '! ExpollUre l&xpollUre 72 -2 

" Time Unit 86 1 
Hours Value 120 0 

240 0 
I' Sub·total 7" Erythelija and escharlormation: (,J 

Intact skin ' 24 2 
'-~ -72 2 Total 21 96 1 

120 .' 1 Irritation score Is 21 + 10- 2.1 
! 240 0 ., 

The skin Initatlon tllst shall be considered positive If four 

Abraded skin 24' 3 
or, more of the animals In the test group exhibit 1\ positive re-c:. 
action at 240 hours. If only one animal In the test group ex-n 3 hlblts a positive react/on at 240 hours the test shall be regarded 

c' 96 '}~ 
lis negative. If two or three animals exhibit a positive reJlct/on J ! 

120 l~ /, at 240 hours the test Is repeated Using a different group of six 
240 (f 

animals. The second test shall be conside:ed positive if three -Sub·total 14 or more of the animals cllhibit a positive reaction at-240 hours. 
If only one or two of the animals in the second test exhibit a 

Edema formation Ii positive reaction, the test shall be repeated with"a different 
Intact skin 24 ' 0 group of six animals. ShOUld a third test be needed. the sub-

72 1 stance will be regarded as an unacceptable irritant If any animal . 96 exhibits a posItive response. 
120 
240 A positive response Is represented by any value above zero. 

The present purpose of the skin irritation test is to screen out formul~.tions that.may p~oduce pennane~t 
after-effects or systemic toxicity. Once this test procedure has been appl1e~ .to a WIde vanety. of formulatIons 
it may be possible to establish a numerical value cut-off point for acceptabIlIty. In the meantI~e> the 
product of choice will be that formulation which is effective, negative in the eye test, and WhICh has the 
lowest skin irritation value. 

3. Vapor Toxicity 

Underwriter's Laboratories, Inc., has conducted extensive investigations into the life hazards of common 
refrigelants and has issued reports on their characteristics. Although these tests were not c?nducted on 
aerosol irritant formulations they do cover substances that are frequently used af\ the carner/solvent com
ponent of projector formulations. These data are considered useful as.a guide to acu~e toxici~y wher~ persons 
might be exposed to gross concentrations of vapors in the air for relatIvely short penods of h,me. WhI!e 
admittedly not as sophisticated a screening test as mig~t be de.sirable, the r~qui~e~ent of an U~der\~nters' 
toxicity group classification of more than 4 for the major carner/solvent WIll elImmate many hIgh-nsk 
formulations. 
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UNDERWRITER'S LABORATORIES TOXit CLASsIFICATION 

Definition ~ Examples 

Gases or vapors which in concentrations of the order of ~ to 1 Sulfur dioxide 
percent (or durations of exposure of the order of 5 minutes are 
lethal or produce serious injury. 

Gases or vapors which itt concentrations of the order of * to 1" 
percent for durations of exposure of the order of ~ hour are 
lethal or produce serious injury. 

Gases or vapors which in conceqtrations of the order of 2 to 2~ 
percent for durations of exposure of the order of I hour are lethal 
or produce serious injury. 

Gases or vapors which in concentrations of the order of 2 to 2~ 
percent for durations of expoSUre of the order of 2 hours are lethal 
or pf'Oduce serious injury. 

Less toxic than Group 4 but somewhat more toxic than Group 5. 

Intermediate between Groups 4 and 6 

Gases or vapors which in concentrations up to at I.e.':l;:t~about 20 
percent by volume for durations of exposure of the order of 2 
hours do not appear to produce injury. 

Ammonia 
Methyl Bromide 

Carbon Tetrachloride 
Chloroform 
Methyl formate 

Dichlorethylene 
Methyl chloride 
Ethyl Bromide 

Dichloromonofluoromethane 
Ethyl Chloride 
Methylene Chloride 
Trichlorotrifluoroethane 

Azeotropic Mixture of 
Dichlorodifluoromethane 
and 
Unsymmetrical 
Difluoroethane 
Azeotropic Mixture of 
Monochlorodtfluoromethane 
and 
Monochlorodifluoroethane 
Butane 
Carbon Dioxide 
Ethane 
Morlochlorodifluoromethane 
Propane 
Trichloromonofluoroethane 

Dichlorodifluoromethane 
Dichlorotetrafluroethanc 
Monochioropentafluoroethane 

B. EFFECTIVENESS 

While it may be possible to develop animal experiments to judge the speed and degree of incapacitation 
produced by a projector formulation, these characteristics can also be evaluated through simple field tests. 
These tests should, of course, be conducted with fonnulations that meet the injury potential standards dis
cussed in A above. 

LACRIMAl'ION TEST 

USing separate cotton swabs, apply an equal amount offormulation to the cheek, two inches below the ~G'n~er 
of the eye, of six individuals. Using a standard stop watcfi, time the interval between application of the form
Ulation and the onset oflacrimation;Sco!e by adding the individual elapsed time periods am!~l~. 

189 



i 
~ c 

c. 

U· , INCAPACITATION TEST I;"', 

C.onst11lct a"te~t (ange by placing marks OJ). the ground at the distances indicated below. 

B c 

Ft .. ' o· 3 4 5 6 7 9 10 

Testing should be d()neoutof doors o~a calm day. Test subject stands on line B with eyes closed. The pro
Jector is fired from point A with a one second burst aimed to strike thetllst.subject in the lower face. A standard 
stop watch is used to measure the. time interval between formulation impaq! and totaliricapacitatiQn as de-
tetmined by the· subjects inahility to perform simple, tasks on command. '. . 

The test procedure is repeated on six subjects in a manner to preclude each subject from viewing preceding 
tests. A physician should be present during aU tests and aerosol irritant first aid practices should be applied 
upon incaptacitation or as soon as requested by the test subject. In any event, first aid should be applied after 
90 seconds have elapsed from the moment of impact. 

DISCOMFORT LEVEL 

When other formulation standards have been met, the final consideration is the severity and duration 
of pain or irritation. For both humanitarian and practical reasons it is desirable to minimize pain and dis
comfort: In the normal course of events persons upon whom the projector is used will be taken into custody 
and their movement restrained by handcuffs. If severe pain persists, resistance is often prolonged and the 
syrnpathy of bystanders aroused. In either case, additional police problems may develop. 

Unfortunately, the subjective nature of discomfort makes measurement difficult. HoweVer, some 
opinion on this formulation characteristic can be recorded in the process of conducting the effectiveness 
tests recommended in Section B. A simple scale is used to record subjective impressions of severity: 

1. Slight 
2 Mild 
3 Moderate 

4 Severe 
5 Extreme 

Duration can be measured in minutes from impact of formulation to absence of pain and the six dif
ferent time values added and divided by six to achieve a total score. 

Admittedly, both severity and duration of pain cannot be measured with any degree of accuracy, but at 
this phase of the screening process less accuracy is required and minor errors can be tolerated. 

PROCUREMENT PROCEDURE 

For the police administrator, the best possible aI':tangement would be for a central agency, such as the 
National Institute of Law Enforcement and Criminal Justice of the Law Enforcement Assistance Admin
istration, to conduct all of the recommended tests on aerosol irritant projector formulations and make these 
evaluation results available to the police community. Such an evaluation system should be followed up with 
a continuing quality control inspection program. 

In the absence of federal assistance, the department should develop specifications such as those 
suggested in Chapter 5 and initiate competitive bidding. Projectors meeting all other procurement standards 
Hhould be tested for effectiveness and discomfort level and a final selection made. A form similar to Figure 1 
can be completed on each product to facilitate formulation comparisons and insure that all important factors 
are being considered. 
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FIGURE 1 - COMPARISON OF AEROSOL IRRlTANT PROJECTOR FORMULAtiONS 

Injury Potential 
Eyes 

Skin 

Positive 
or 

Negative 

Positive 
or 

Negative 
. and 

Score 
Toxicity Rating of 
Principal Carrier/ 
Solvent 

Effectiveness 

Lacrimation Score 
Incapacitation Score 

Comfort Level 
Severity 

Slight 
Mild 
Moderate 
Severe 
Extreme 

Duration 
(Av. Number Minute:.) 

Other (See Chapter Five) 

Formula Available 
(yes or~o) 

Percent by Volume of Active Agent 
(nono exceed 2% ifeN) 

Non-Flammability 
(yes or no) 

Contamination of Clothing or Equipment 
(yes or no) 

Contamination of Area 
(indoors) 

Nohe 
Mild 
Mod.erate 
Severe' 
Extreme 
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PRODUCT 
A 

PRODUCT 
B 

PRODUCT 
C 

'\ 

":~,--
'~ 



Bulb 
,:/ 

Chemosis 

Conjunctivll 
or 

,1.-
.Conjunctivae 

; .. ' Conjunctivitis 

Cornea 

Diffuse 

Edema 

Erythema 

Eschar 

Eversion 

FHSA 

lris 

Lesion 

Milliliter 

Necrosis 

Nictitating 

Ocular 

Opacity 

Palpebra 

Palpebral 

Pupil 

Toxicity 
f' 

. Translucent 

. Ulcer 

(/ Ulceration 

APPENDIX E GLOSSARY 

Any rounded mass,)ll~~j. bulbar. 

Edema QS'i~Q.njunptiva of the eye. 
." ';. ,'.t,': .~ .. ,\ < IJ 

A delicat~ membrane lining the eyelids and covering the eyeball. 

Inflammation of the conjunctiva. 

The transparent anterior part of the eye. 

Not definitely limited or localized. 

Abnormal accumulation of fluid in intercellular spaces of the body. 

Redness of the skin resulting from congestion of the capillaries. 

A necrotic mass ultimately separating from healthy tissue and being cast off. 

A turning outward. 

F~deral Hazardous Substances Act. 

The round pigmented membrane behind the cornea. 
, 

A site of structural or functional change in body tissue produced by disease-or inj~ry. 
,:../' .) 

Metric llquld measure. Approximately 1/30tlrof one fluid ounce. 

Death of a cell asjM'Je~lt of disease or injury. 
adj. Necrotic.<i'~--

, ~ 

Winking. 

Pertaining to the eye. 

The condition of being opaque: 

Eyelid. 

Pertaining to the eyelid. 

" 

~he opening in the cetr of the iris of the eye. . 7/ 

The quality of exerting tMeteriouseffects on an organism or tissue. 

Slightly penetrable by light rays. 

A local defect, or excavation of the surface of an organ, produced by sloughing of necrotic 
inflammatory tissue. 

Formation of an ulcer. 
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THE EYE AND THE 

LACRIMAL APPARATUS 

Lacrimal ducts 

Lacrimal 

Nasolacrimal--l-----H~r' 
duct 

t 

mal glands 

Excretory ducts 

THE LACRIMAL APPARATUS 

Retina Vessels 

Vitreous Humor 

Choroidal Vessels -=='~~ram~~ 

'---Iris 

~-Pupil 

Aqueous 
Humor 

Lens 

Suspensory Ligament 

Ciliary Body 

SCHEMATIC DRAWING OF THE EVE 
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To separate the pages of this Inanual for use in a three
ring notebook, cut where indicated by the broken line. 

This cut can be I11ade at a nOll1inal cost by any printing 
shop. 
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CONVERSION TABLE OF COMPARATIVE WEIGHTS 
1 grain = 0.065 gram 

1 gram = 0.353 ounce 

1 ounce = 28.350 grams 

1 pound = 16 ounces 

GRAMS EQUIV ALENT IN OUNCES EQUIV ALENT IN POUNDS 

I 0.0353 .002206 

2 0.0706 .004412 

3 0.1059 .006618 

4 0.1412 .008824 

5 0.1765 .011030 

b 0.2118 .013236 

7 0.2471 .015442 

8 0.2824 .017648 

9 0.3177 .019854 

10 0.3530 .022060 

20 0.7060 .044120 

30 1.0590 .066180 

40 1.4120 .088240 

50 1.7650 .110300 

60 2.1180 .132360 

70 2.4710 .154420 

80 2.8240 .176480 

90 3.1770 .198540 

100 3.5300 .220600 

200 7.0600 .441200 

.661800 I 300 10.5900 I 






